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Abstract

Background: Valve repair is the treatment of choice for native mitral valve regurgitation. The feasibility of repair
when the defect is caused by acute infective endocarditis (IE) is debated. This study aims to compare the outcome
of repair and replacement procedures, to report the rate of repair in a single surgical center, and to review the
literature on this topic.

Results: We retrospectively analyzed 108 patients with native mitral IE, potentially eligible for surgical repair. Of
these 108, 90 (83%) underwent surgery, and 18 were treated conservatively. Among the 90 surgical patients, 57
(63%) underwent valve replacement and 33 valve repair (37%). The mean follow-up duration was 3 years. The two
primary endpoints were mortality and freedom from recurrent endocarditis. Secondary endpoints were the post-
operative incidence of major adverse events (hospitalization for any cause, pacemaker implantation, new onset of
atrial fibrillation, sternal dehiscence), left ventricular systolic function (LVSF), and valvular function at 1-year
echocardiographic follow-up. All-cause mortality was lower for valve repair, although not significantly (p = 0.86), as
well as nonfatal adverse events (p = 0.92) and relapse rate (p = 0.20) at 3 years. We did not find differences
between the two groups at echocardiographic follow-up, neither for left ventricular systolic function (p = 0.22), nor
for valvular continence (p = 0.28).

Conclusions: In our experience, the mid-term outcome of repair in IE is comparable to valve replacement and
should be considered whenever possible, as in degenerative valve disease. The review of the literature supports this
strategy.
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Background

Treatment of infective endocarditis (IE) is surgical in pa-
tients with complications: heart failure, a paravalvular ex-
tension of the infection, sepsis unresponsive to antibiotics,
systemic embolism despite appropriate antibiotic therapy,
and occasionally for large vegetation. While the treatment
of choice for degenerative mitral valve regurgitation is
valve repair, this is often challenging in IE because of
structural damage and concerns regarding durability. For
eradication of infection, all grossly infected tissue must be
removed, limiting the possibility of repair. In expert hands,
however, it can be approached by different techniques.

In patients undergoing surgery for mitral, several studies
and meta-analyses have suggested a more favorable survival
following valve repair, compared to replacement [1-8]. These
data derive from small, retrospective observational studies,
and a selection process triaging milder patients for repair rep-
resents a likely bias. On the other hand, randomized trials ap-
pear scarcely feasible in this setting, owing to the rarity of IE
and different clinical profiles of candidates for the two proce-
dures. Thus, there is still a need for further single-center inves-
tigation in this field that is the base for future meta-analyses.
We assessed the feasibility and outcomes of valve repair in a
consecutive series of IE patients seen in a surgical center in
Florence and provided 1-year echocardiographic follow-up.

Methods

Patient selection

During the last 3 years, we have collected all the cases
admitted to our department between January 2013 and
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December 2019 with a definite diagnosis of IE, according
to modified Duke University criteria [9]. In this way, we
have generated a single-center registry of IE, consisting
now of 363 patients and 294 variables. Among these 363
cases, we retrospectively selected 108 consecutive pa-
tients with a definite diagnosis of native mitral valve IE.
Of these 108, 90 were treated surgically and constituted
our study cohort: 57 underwent valve replacement (63%)
and 33 valve repair (37%) (Fig. 1). Of these 90 patients,
20 also had a second infected valve (19 aortic and one
tricuspid): aortic valves were replaced in all cases, while
the tricuspid one was repaired (Fig. 2).

Data collection method, diagnostic work-up, and sur-
gical indications are reported in another study con-
ducted on the same registry, focusing on embolic risk
stratification in patients with IE [10].

Operative technique

Surgical planning was re-evaluated intraoperatively, based
on direct valve inspection. Underlying valve disease in pa-
tients treated with valve repair and replacement is re-
ported in Table 1 and the surgical procedures for valve
repair for each specific lesion are listed in Table 2. An ex-
ample of mitral repair is reported in Fig. 3.

Follow-up and study endpoints

The follow-up duration was calculated from the time of IE
diagnosis to the final contact. A structured phone interview
was implemented to update the follow-up of all patients to
December 2019. In a subset of 32 patients, 1l-year

v

Fig. 1 Study flow chart

90 surgery
57 replacement

A/

v




Scheggi et al. The Cardiothoracic Surgeon (2020) 28:27

Page 3 of 10

Battiti 3D 1

with arrows in each view
A\

Fig. 2 Echocardiographic images of the patient with mitral and tricuspid IE. a 3D transesophageal view of mitral valve. b 2D transesophageal
view of mitral valve. ¢ Transthoracic four chamber view before surgery. d Transthoracic four chamber view after surgery. Vegetation is marked

echocardiographic follow-up was performed (13 repairs, 19 re-
placements). The two primary endpoints were mortality and
freedom from recurrent endocarditis, comparing repair and
replacement procedures. Secondary endpoints were the post-
operative incidence of major adverse events (hospitalization
for any cause, pacemaker implantation, new onset of atrial fib-
rillation, sternal dehiscence), left ventricular systolic function

(LVSF), and valvular function at 1l-year echocardiographic
follow-up of the two procedures. LVSF was measured through
left ventricular ejection fraction (LVEF) at 1-year follow-up
and normalized for pre-operative EF; the logarithm of the ratio
of LVEF at follow-up and LVEF had a normal distribution.
Valvular regurgitation was estimated by the PISA method
(Proximal Isovelocity hemispheric Surface Area).

Table 1 Underlying valve disease in patients treated with valve repair and replacement

Pathology (mitral) Valve repair, n = 33 Valve replacement, n = 57 p

Vegetation—anterior leaflet, n (%) 4(12) 8 (14) 0.49
Vegetation—posterior leaflet, n (%) 10 (30) 19 (33) 0.22
Bileaflet vegetation, n (%) 7210 21 37) 012
Ruptured chordae/leaflet prolaps, n (%) 721 7(12) 0.26
Leaflets’ erosion/retraction, n (%) 3(9) 23) 0.26
Perforation, anterior leaflet, n (%) 4(12) 6 (10) 0.81
Perforation, posterior leaflet, n (%) 2 (6) 10 (30) 012
Bileaflet perforation, n (%) 1(3) 4(7) 042
Annular abscess, n (%) 2 (6) 8 (24) 024




Scheggi et al. The Cardiothoracic Surgeon (2020) 28:27 Page 4 of 10

Table 2 Surgical procedures for valve repair

Mitral lesion (n) Repair procedure N (%)
Vegetation (21) Quadrangular/triangular resection 8 (38)
Vegetectomy 7 (33)
Peeling 6 (28)
Associated ring annuloplasty 19 (90)
Perforation (7) Patch repair of perforations 4 (57)
Direct suture repair of perforations (anterior leaflet) 3(42)
Associated ring annuloplasty 6 (86)
Abscess (2) Patch repair of perforations 2 (100)
Associated ring annuloplasty 1 (50)
Chordal rupture (7) Quadrangular/triangular resection 6 (86)
Neochordae implantation 1(14)
Associated ring annuloplasty 7 (100)
Erosion/retraction (3) Quadrangular/triangular resection 2 (67)
Neochordae implantation 1(33)
Associated ring annuloplasty 3 (100)

Fig. 3 Mitral endocarditis with perforation of the anterior leaflet. a, b After careful debridement and removal of the infected tissue, a large hole is
left in the body of the anterior mitral leaflet. The perforation is repaired with an appropriate size fresh autologous pericardial patch (c). The final
test with saline demonstrates a perfectly competent mitral valve (d)
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Statistical analysis

We used the chi-square test to compare proportions, the
Mann-Whitney test to compare continuous variables with
non-normal distribution, and the two-tailed Student’s ¢ test
for continuous variables with normal distribution. We per-
formed univariable and multivariable analyses using logistic
regression and general linear models. We used the Kaplan-
Meier method to estimate the univariate cumulative inci-
dence of events and event-free survival. All tests were 2-
sided, and statistical significance was defined as a p value <
0.05. Analyses were performed with SPSS 23.0 package.

Results

The mean age at the time of surgery was 63.6 + 13.5
years. Of 90 operated patients, seven had undergone
previous surgical valve repair. The mean vegetation
length was 11.6 + 7.7 mm. Blood cultures were posi-
tive in 81% of cases (Streptococci 31%, Staphylococcus
aureus 19%, negative coagulase staphylococci 11%, en-
terococci 13%, Gram-negative, fungi, and other Gram-
positive 6%). IE was at its first occurrence in 83 pa-
tients (92%) and relapse in seven (8%). Embolic events
were reported at the time of admission in 45 patients
(50%), in 23 of whom involving the central nervous
system. Early surgery (within 2weeks of diagnosis)
was performed in 70 patients (78%), with valve
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replacement in 57 (63%) and valve repair in 33 (37%).
The repair was performed more frequently in patients
with IE involving two valves (12/33 vs. 8/57, p =
0.014), in patients with a first episode of IE (33/33 vs
50/57, p = 0.036), and in patients affected by spondy-
lodiscitis (7/33 vs 4/57, p = 0.048). Moreover, vegeta-
tion length was significantly smaller in patients
undergoing repair (p = 0.001; best predictive thresh-
old for replacement at ROC analysis 8.5 mm, AUC
0.78; Fig. 4). The presence of endocarditis involving
two valves, the combination of endocarditis and spon-
dylodiscitis, having a first episode of IE rather than a
relapse, and the vegetation length were not associated
with a higher mortality at Kaplan-Meyer survival ana-
lysis nor with a higher relapse rate.

The other baseline clinical characteristics were similar
in the repair and replacement groups (Table 3).

At multivariable analysis, variables independently asso-
ciated with repair procedure were vegetation length (OR
0.78, 95% CI 0.69-0.87, p = 0.000), male gender (OR 5.0,
95% CI 1.2-20.7, p = 0.025), and severe valvular dys-
function (OR 0.10, 95% CI 0.02-0.48, p = 0.004).

At echocardiographic follow-up, the logarithm of the
ratio of LVEF at follow-up and basal was not statistically
different between the two groups (p = 0.22). Severe
valvular regurgitation was reported only in 1 patient that
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Fig. 4 ROC curve of vegetation dimension for replacement; AUC 0.78, p = 0.001
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Table 3 Demographic, clinical, echocardiographic, and microbiological characteristics in 90 surgical patients affected by IE on native

mitral valve treated with valve repair or replacement

Variable Repair (n = 33) Replacement (n = 57) p value
Second valve infection 12 (36%) 8 (14%) 0014
Vegetation length (mm), mean + SD 6.99 + 7.14 1435 + 6.78 0.001
Spondylodiscitis, n (%) 721 4(7) 0.048
Gender (women), n (%) 6 (18) 20 (35) 0.088
First episode of IE, n (%) 33 (100) 50 (88) 0.036
Age (years), mean + SD 63.7 £13.1 636 £ 139 0.96
BMI, mean + SD 241 £ 44 255 +£45 033
Diabetes, n (%) 4 (12) 16 (28) 0.079
Chronic kidney disease, n (%) 4(12) 17 (30) 0.056
Arterial hypertension, n (%) 13 (39) 33 (58) 0.091
Previous malignancies, n (%) 5(15) 10 (17) 0.76
Dyslipidemia, n (%) 7 (23) 18 (33) 0.29
Pacemaker, n (%) 103) 5(9) 0.58
Drug abuse, n (%) 3 (9 5(9) 0.29
Paravalvular extension, n (%) 39 7(12) 0.63
Severe valvular dysfunction, n (%) 20 (61) 41 (59) 0.26
LVEF (%), mean + SD 585 £90 60.0 £ 105 048
TAPSE (mm), mean + SD 223+50 231 +£60 0.67
EuroScore-ll 94 + 288 98 £ 137 093
Early surgery, n (%) 28 (85) 42 (74) 022
Streptococcus spp./, n (%) 13 (40) 15 (26) 0.19
Staphylococcus aureus, n (%) 6 (18) 11 (19) 0.89
Negative coagulase staphylococci, n (%) 2 (6) 8 (14) 036
Enterococci, n (%) 5(15) 6 (10) 0.51
Other, n (%) 103) 4(7) 0.60
Negative cultures, n (%) 6 (18) 13 (23) 0.57

LVEF left ventricular ejection fraction, TAPSE tricuspid annular plane excursion

had undergone repair, due to residual tethering in severe
ventricular dysfunction, without significant difference
between the two groups (p = 0.28).

We registered 19 deaths among 90 surgical patients
(21%). Three of them were drug abusers and died from
complications related to the abuse. The EuroSCORE 2
of the remaining 16 dead patients was 17.3 (SD 13.9,
maximum 56.2). Since the follow-up duration was differ-
ent among patients of our cohort, mortality was extrapo-
lated from Kaplan-Meyer curves. All-cause short-term
(30days, 3 + 3% vs 4 £ 2% for repair and replacement,
respectively) and long-term (3years, 26 + 9 vs. 36 +
11%) mortality was lower for valve repair (Fig. 5), al-
though not significantly (p = 0.86), as well as nonfatal
adverse events (15 + 4 vs. 20 + 2%, p = 0.92) and relapse
rate (1 £ 1% vs. 3 + 1%, p = 0.20) at 3 years. The absence
of statistical significance probably depends on the rela-
tively small size of the sample.

Discussion

The feasibility of mitral valve repair in patients with infect-
ive endocarditis is still a matter of debate, since it seems
to vary significantly among different centers [11-22]. Al-
though most studies agree about the benefits of repair,
any single experience adds strength to recommend this
strategy.

The main value of the present study is therefore to
share a single-center experience that can be useful for
future meta-analyses; moreover, we seized the opportun-
ity to review the recent literature about this topic.

Our data reinforce the preference for mitral repair
over replacement in IE, not only for the good results in
terms of mid-term mortality and relapse rate, but also
for 1-year echocardiographic results. More than one
third of patients with native mitral valve IE could be
managed (in most cases early after diagnosis) with valve
repair, with mid-term outcomes (3years) similar to
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those obtained with replacement, but with potentially
better long-term results. LVEF and valvular continence
at follow-up are surrogate endpoints that reflect long-
term durability and safety of valve repair.

In our experience, selection for repair was largely
based on the qualitative assessment of valvular damage
by experienced cardiologists and surgeons.

The repair was particularly favored in the presence of
spondylodiscitis to lower the risk of relapse in a subset of
patients with an active infective focus. The presence of
spondylodiscitis, which may act as a persisting infective
focus, should be considered one further reason to attempt
at valve repair in IE whenever anatomically feasible, in
order to possibly reduce the risk of early relapse.

Notably, most of the baseline features were similar in
repair and replacement cohorts.

At multivariable analysis, the main independent pre-
dictors of the feasibility of repair were vegetation dimen-
sion that was significantly smaller in the repair group,
and the entity of mitral regurgitation, where severe re-
gurgitation was inversely associated with the procedure
of repair, so we can conclude that the ultimate decision
could not be foreseen a priori. While guidelines and al-
gorithms are desirable for IE, these findings suggest that
there is no real substitute for direct clinical experience
in IE management.

During the last 20years, many attempts have been
undertaken to repair the mitral valve in IE, avoiding the
insertion of prosthetic material in infected tissue; the re-
view of the literature shows that an ever-increasing

percentage of mitral IE has been judged amenable to
valve repair worldwide in the last years, especially if sur-
gery was performed in an early stage (Table 4).

Reconstructive surgery in inflammatory tissue may be
hard, and the feasibility of repairing infected mitral
valves for acute IE has been reported to vary consider-
ably [11-18]. In a systematic review of 24 studies on this
issue, Feringa et al. [3] observed that valve repair was
possible in approximately 39% of patients presenting
with mitral valve IE, but some recent experiences report
a higher feasibility rate, even over 80% [19-21].

The repair rate in our study was similar to that reported
in the review of Feringa et al., but clearly lower than the
feasibility reported by Defauw et al. of 66% [21] or by de
Kerchove et al. of 80% [22]; on the other hand, we regis-
tered a lower in-hospital mortality (4%) than the latter
two, who reported 15.4% and 16%, respectively. We fa-
vored safety, at the price of a lower rate of complex repair
procedures, with similar long-term survival rate.

Similar to the degenerative MR experience, valve re-
pair recently became the procedure of choice in IE, as
confirmed by several studies [18-22]. Patients who
undergo mitral valve repair need significantly fewer rein-
terventions during the early post-operative period and
long-term follow-up and have less long-term IE relapses
and cerebrovascular events.

The hard task of the surgeon is to balance the risks con-
nected with repair failure with the numerous advantages of
a successful repair. This challenge probably gives the reason
for the high variability of repair feasibility in the literature.
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Table 4 Review of the literature concerning mitral valve repair in IE

First Study Number Repair Replacement Infected Primary Secondary Results
author,  design of valve endpoints endpoints
year patients
Hendren  Retrospective 22 22 0 Mitral Clinical results of ~ In-hospital Mitral repair had a low mortality and
WG. single-center repair mortality no reinfections.
etal, cohort study
1992 [1]
Podesser  Retrospective 22 22 0 Mitral Survival rate at 1-  In-hospital Mitral valve repair in IE had a low
BK etal, single-center 5years mortality incidence of complications and a
2000 [2]  cohort study good medium-term survival.
Feringa Systematic 1194 470 724 Mitral Morbidity and Repair had lower early and late
HH. etal, review mortality mortality, less reoperations, lower rate
2007 [3] of adverse events.
Ishikawa  Retrospective 40 4 31 Mitral Intra-operative In-hospital Good operative results after infective
S.etal,  single-center and results mortality sites resection.
2008 cohort study aortic
valves
Huang Retrospective 40 39 1 Mitral Clinical and In-hospital Good clinical results of mitral repair
XS. etal, observational echocardiographic  mortality with favorable atrial and ventricular
2009 [5]  study results of repair remodeling and valvular function.
Omoto T. Retrospective 22 15 7 Mitral In-hospital Survival rate  Mitral valve repair in IE is feasible and
et al, single-center mortality at 1-5years s associated with a larger reduction
2011 [6]  cohort study of end diastolic ventricular volume.
Concerns about durability of large
resection.
Evans CF. Systematic Event-free Repair was associated with lower
et al, review survival mortality (< 10%), better survival rate
2011 [7] (>80% at 5 years), lower relapse rate,
and neurologic complications.
De Retrospective 137 109 28 Mitral Hospital mortality ~ Freedom Hospital mortality was 16%. At 8
Kerchove  single-center from mitral years, overall survival was 62% + 10%
etal, cohort study valve repair  with no differences between patients
2012 [22] failure with or without patch repair (p = .5).

Freedom from mitral valve repair
failure was 81% + 14% in patients
with patch repair and 90% + 10% in
patients without patch repair (p =

09).
Chang Retrospective 26 11 6 In-hospital No patients had residual
HW. single-center mortality regurgitation post-operatively nor at
et al, cohort study follow-up. None in-hospital death.
2014 [8]
Zhao D.  Systematic Mitral Morbidity and Event-free Repair had a better overall survival
etal, review and mortality survival and event-free survival.
2014 [11] aortic
valves
Mick SL. Systematic Mitral Mortality Valve repair had a lower in-hospital
etal, review and long-term mortality and lower
2015 [12] risk of neurological events and
relapse.
Rostagno  Retrospective 34 34 0 Mitral Survival rate at 1= Event-free Repair was associated with good
C.etal, single-center 5years survival rate long-term results.
2017 [13]  cohort study
Toyoda Retrospective 1979 367 1603 Mitral Long-term survival  Recurrent Repair is associated with better
etal, multicentric endocarditis  survival and lower risk of recurrent
2017 [23]  study and mitral infection.
reoperation
Hu Y.N. Systematic 779 779 0 Mitral Mortality Short-term mortality after mitral
et al, review repair in |E was 6%; freedom from
2018 [14] reintervention was >90% at 5 years

and > 85% at 10 years. Long-term re-
sults support adequate durability of
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First Study Number Repair Replacement Infected Primary Secondary Results
author,  design of valve endpoints endpoints
year patients
repair.
Liu J.Z. Meta-analysis 633 265 368 Mitral Operative Post- Good post-operative results and
etal, mortality. Survival  operative survival.
2018 [15] rate at 1-5 years results
Solari S. Retrospective 192 155 37 Mitral Overall survival. Repair had a good durability and low
et al, single-center Event-free survival rate of IE relapse.
2018 [17]  cohort study
Harky A, Meta-analysis 8978 2906 6072 Mitral Morbidity and Repair had lower relapse rate, better
etal, mortality event-free survival, and overall sur-
2018 [18] vival at 1-5 years.
Lee HA Retrospective 1999 424 1575 Mitral Morbidity and Mitral repair for IE has better
etal, multicenter mortality perioperative and late outcomes than
2018 [19]  study mitral replacement.
Okaday  Retrospective 171 147 24 Mitral Survival, freedom Mitral valve repair was highly
et al, single-center from reoperation, successful using autologous
2020 [20]  study and event-free pericardium, chordal reconstruction,
survival and ring annuloplasty if required.
Long-term results were acceptable.
Defauw  Retrospective 149 97 52 Mitral Survival Recurrence,  Beyond 1 year post-surgery, replace-
RJetal, single-center reintervention ment was associated with decreased
2020 [21]  study survival.

Okada et al. [20] reported even 86% rate of mitral
valve repair, with an in-hospital mortality of 0.7%. How-
ever, 67% of patients undergoing valve repair had healed
at the time of surgery, and only 33% had active infective
endocarditis. For this reason, their valuable experience
does not fully answer the query of the feasibility of valve
repair in IE. Moreover, in order to prevent embolic
events, early surgery is generally preferred over delayed
surgery, which is recommended only for conditions that
may increase operative mortality, such as large volume
(> 2 c¢m) intracranial hemorrhage.

Solari et al. [17] recently showed that an early repair-
oriented surgical approach can achieve high repair rates
with a good long-term durability of the repair and a very
low rate of recurrence of endocarditis.

In a recent multicentric study in New York and California
states, Toyoda et al. [23] reported a mitral repair rate of
19% in 1970 patients with IE; this percentage is probably
more representative of the real world. Consistently with the
literature, their experience confirmed that repair was asso-
ciated with better survival and lower risk of recurrent infec-
tion compared with valve replacement. Radical removal of
all infected material and inflamed tissue is a key issue for
successful operative technique, using the broad spectrum
of surgical armamentarium to recreate a normal-
functioning valve with the available vital tissue. Patching
of perforations, vegetectomy, and resection of the involved
leaflet and leaflet patching with an autologous or bovine
pericardium, commissural debridement, and reconstruc-
tion, left ventricular abscess debridement with annular

patch reconstruction and leaflet re-suspension with artifi-
cial chordae, sliding plasty, flip-over technique, and ring
annuloplasty can all be employed to obtain a perfect func-
tional result [22]. Finally, when a repair is not possible
and replacement becomes mandatory, the choice be-
tween mechanical and bioprosthetic valves should be
made based on usual clinical considerations.

The main limitations to be acknowledged for our
study are its retrospective nature, based on a single-
center experience, and consequently on a relatively
small cohort. However, since our hospital is the refer-
ral center, our population covers the entire spectrum
of IE in the region and is, therefore, representative of
real-world experience. As discussed, criteria for repair
are largely based on expert consensus and operative
strategy has to be confirmed or changed after direct
inspection by an expert surgeon, and no pre-specified
criteria exist. This may limit the generalizability of
our results to other centers and populations, but we
all are aware that prospective studies would be useful
but hardly feasible due to practical considerations.

Conclusions

Outcome of repair in IE guarantees a more favorable out-
come than valve replacement and should be considered
whenever possible in IE as in degenerative valve disease.
Identifying patients who will benefit from surgery, opera-
ting them timely and following technically individualized
surgical approach may decrease the mortality and mor-
bidity of mitral valve IE.
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