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Abstract

Introduction: Paravalvular leak (PVL) is a well-recognized complication after mitral valve
replacement (MVR). However, there are only a few studies analyzing leak occurrence and
postoperative results after surgical MVR. The aim of this study was to assess the rate and
determinants of early mitral PVL and to evaluate the impact on survival.

Methods: We performed a retrospective analysis involving patients who underwent
MVR from January 2012 to December 2019 at our Institution. Postoperative
transthoracic echocardiography evaluation was done for all subjects before hospital
discharge. Multivariable analysis was carried out by constructing a logistic regression
model to identify predictors for PVL occurrence.

Results: Four hundred ninety-four patients were enrolled. Operative mortality was
4.9%. Early mitral PVL was found in 16 patients (3.2%); the majority were mild (75%).
Leaks occurred more frequently along the posterior segment of the mitral valve
annulus (62.5%). Only one individual with moderate-to-severe PVL underwent
reoperation during the same hospital admission. Multivariable analysis revealed that
preoperative diagnosis of infective endocarditis was the only factor associated with
early leak after MVR (odds ratio: 4.96; 95% confidence interval: 1.45-16.99;
p =.011). Overall mortality at follow-up (mean follow-up time: 4.7 [SD: 2.5] years)
was 19.6% and favored patients without early mitral PVL.

Conclusion: The incidence of early PVL after MVR is low. PVL is usually mild and
develop more frequently along the posterior segment of the mitral valve annulus.

Preoperative diagnosis of infective endocarditis increases the risk of PVL formation.
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1 | INTRODUCTION

Paravalvular regurgitation or leak (PVL) is a known complication of
surgical valve replacement characterized by eccentric jets originating from
the outside of the sewing ring. The PVL can result from technical failure,
which can be identified intraoperatively or by early postoperative
echocardiographic assessment. It may also develop as a late complication
of valvular operation as a consequence of suture dehiscence caused by
prosthetic infection or the gradual resorption of incompletely debrided
annular calcification. Surgical mitral valve replacement (MVR) has a
reported incidence of early PVL between 1.9% and 8%.%° Although most
PVL are trivial-to-mild and have a benign course, moderate-to-severe PVL
may cause hemolysis, heart failure through MV regurgitation, or both.
To our knowledge, only a few papers have analyzed mitral PVL incidence
and pattern profiles, and little attention has been paid to the potential
relationship between anatomical and surgical factors and PVL occurrence.
Our retrospective study, therefore, attempted to assess the incidence and
risk factors of early PVL after conventional MVR, and to evaluate the
impact on survival. Further, we separated the PVL incidence for infectious
endocarditis versus noninfective endocarditis patients as a benchmark for

emerging approaches such as transcatheter-MVR (TMVR).

2 | MATERIALS AND METHODS

2.1 | Ethical statement

The institutional review board approved submission and publication
of the retrospective study and waived the need for informed patient
consent.

2.2 | Study design and population

This was an observational retrospective single-center analysis in
which we collected data from patients who underwent isolated or
combined surgical MVR at Circolo Hospital between January
2012 and December 2019. Inclusion and exclusion criteria are
described in Table 1. Demographic parameters (e.g., age, sex, and

comorbidities) were collected. The etiology of mitral valve

TABLE 1 Study inclusion and exclusion criteria
Inclusion criteria

Adult patients (218 years) underwent conventional MVR
Isolated or combined MVR

MVR for native or prosthetic mitral valve disease (redo)

MVR in elective, urgent, or emergent clinical status

Postoperative TTE evaluation before hospital discharge

disease, including active infective endocarditis, degenerative
regurgitation, ischemic/functional tethering, and rheumatic dis-
ease was ascertained. The type of prosthesis implanted, associ-
ated surgery, and duration of operation were recorded.
In-hospital mortality and main postoperative complications were
also collected. Most of the subjects had a complete transeso-
phageal echocardiographic (TEE) evaluation intraoperatively after
weaning from cardiopulmonary bypass (CPB). In our institution,
transthoracic echocardiogram (TTE) is performed systematically
after MVR, before discharge, as a part of the clinical follow-up.
Patients who died in the hospital were excluded from the analysis
if a postoperative TTE was not performed. Operative mortality
was defined as any death within 30 days after surgery or during
the same hospital admission. Information about long-term
survival was obtained from the Regional Institutional Health
Database System. The study protocol was approved by the
Institutional Ethics Committee (No. 6/2020).

2.3 | Surgical procedure

All operations were performed under aorto-bicaval cannulation,
moderate systemic hypothermia, and cold cardioplegic arrest through
median sternotomy. MVR was performed using an everting or
noneverting pledgeted horizontal mattress suture technique.
The use of continuous suture technique was avoided. If planned,
concomitant cardiac procedures were performed in the standard
fashion. The following parameters were documented by surgeon at
the time of operation: the presence of annular calcification, the type
of anatomopathological lesion, the size of the prosthetic valve, and
the type of suture technique used for the implantation of the mitral

valve prosthesis.

2.4 | Echocardiography evaluation

Early mitral PVL was defined as PVL detected by postoperative
TTE performed before hospital discharge. Echocardiography
was performed with patients in the left lateral decubitus

position. Color Doppler was used to assess the competence of

Exclusion criteria

Pediatric patients (<18 years old)

MVR for congenital valve disease or anomalies
Minimally invasive mitral valve surgery
Transcatheter MVR

Patients dead in-hospital in which at least one postoperative TTE was not available

Abbreviations: MVR, mitral valve replacement; TTE, transthoracic echocardiography.
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prosthetic valves. A flow within the orifice of the prosthesis was
considered transvalvular or physiologic regurgitation. Deviations from
this pattern (i.e., asymmetric, or eccentric jet originating from outside of
the sewing ring) were considered PVL. The severity of PVL was assessed
semiquantitatively using visual estimation and graded from mild to
severe, as recommended by the American Society of Echo-
cardiography.” The location of the leakage was established by analyzing
the mitral annulus in a clock-wise format from a surgeon's view, as

suggested by the De Cicco et al.”

2.5 | Statistical analysis

Values were expressed as mean (standard deviation) or counts and
percentages. Differences between patients with and without early
mitral PVL in baseline characteristics and intraoperative data were
analyzed using x? test or Fisher's exact test for categorical variables
and Student's t test or Mann-Whitney U test for continuous
variables, as appropriate. For continuous variables, the normality
assumptions were verified with the Shapiro-Wilk tests. Multiple
imputations was performed for missing values, including in the
analysis only variables presenting up to 10% of missing data.
Variables that had >10% missing values were nonessential to the
purpose of the study and were not included in the analysis.
Backward stepwise logistic regression was used to identify
independent risk factors for early PVL, with the variables showing
statistical significance (p <.2) in univariate analysis as covariates.
Survival rates were estimated using Kaplan-Meier method and
groups (patients with vs. patients without early mitral PVL) were
compared on the basis of the log-rank test. Statistical analyses
were performed using the SPSS v.24.0 (Statistical Package for
Social Science, SPSS Inc.). A p<.05 was considered statistically

significant.

Ischemic/Functional Disease

7,3%

Rheumatic Disease

18,4%

FIGURE 1 Proportion of patients
undergoing mitral valve replacement for each
underlying etiology of mitral valve disease
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3 | RESULTS

3.1 | Baseline characteristics and surgical details

During the 8-year study period, 494 patients (mean age 68.4 [SD:
11.3] years; 44.5% men) underwent MVR procedures at our
Institution. Pre-existing hypertension was the most common
comorbidity (64.8%), followed by dyslipidemia (32.2%) and diabetes
mellitus (14.6%). Clinical state at surgery was elective in 88.5% of
cases. One hundred and sixty-one patients (32.6%) underwent
isolated MVR, while combined procedures were performed in
333 subjects (67.4%). A redo operation was undertaken in
75 individuals (15.2%). The most common underlying etiologies
for MVR were degenerative (48.6%) and rheumatic valve disease
(18.4%); active infective endocarditis accounted for 12.8% of the
cases (Figure 1). Almost 20% of patients presented with calcifica-
tion of the mitral valve annulus (MVA). In two-thirds of the cases,
the mitral valve was replaced with a bioprosthesis; 167 subjects
(33.8%) received a mechanical valve. Noneverting pledgeted
horizontal mattress sutures were used in 276 (55.9%) MVR
procedures, while everting suture was applied in 218 (44.1%),
according to surgeon's preference. Average CPB and aortic cross-
clamp time were 154.4 (SD: 55.5) minutes and 121.1 (SD: 45.3)
minutes, respectively. TEE was performed intraoperatively in
approximately 95% of patients, and no significant mitral PVL
requiring immediate reintervention was detected. The demographic

and operative data of the enrolled subjects are shown in Table 2.

3.2 | Outcomes and determinants of early PVL

Operative mortality rate was 4.9% (24 of 494 patients), with three

early deaths occurring in the PVL group. The main postoperative

Other

Infective Endocarditis

12,9%
12,8%

- Degenerative Disease
48,6%



MATTEUCCI T AL

1562 JOURNAL OF
—LWI A% CARDIAC SURGERY

TABLE 2 Baseline characteristics, operative data, and early outcome of the study patients
Total

Clinical characteristics MVR (n =494)
Mean age (years) 68.4 (11.3)
Age > 65 years 331 (67)
Female 275 (55.7)
Male 219 (44.3)
Mean BSA 25 (4.8)
Surgical priority

Elective 437 (88.5)

Urgent/emergency 57 (11.5)
Previous cardiac surgery 75 (15.2)
Indication for MVR

Stenosis 139 (28.1)

Regurgitation 292 (59.1)

Endocarditis 63 (12.7)
Annular calcification 99 (20)
Isolated MVR

Yes 161 (32.6)

No 333 (67.4)
Valve type

Bioprosthetic 327 (66.2)

Mechanical 167 (33.8)
Median valve size (mm) 28.3 (2.3)
Type of interrupted

suture

Everting 218 (44.1)

Noneverting 276 (55.9)
Type of atriotomy

Single 478 (96.8)

Biatrial 16 (3.2)
Mean CPB time (min) 154.3 (55.5)
Mean cross-clamp 121.1 (45.3)

time (min)

Operative mortality 24 (4.9)

Note: Data are shown as number (%) or mean (SD), as appropriate.

PVL PVL
absent (n=478) present (n=16) p Value
68.3 (11.4) 71.5 (5.6) .27
317 (66.3) 14 (87.5) .133
264 (55.2) 11 (68.7) 41
214 (44.8) 5(31.2)
25.1 (4.7) 24.6 (8.3) .73
424 (88.7) 13 (81.2) .59
54 (11.3) 3(18.7) .60
72 (15.1) 3(18.7) .96
135 (28.2) 4 (25) .99
285 (59.6) 7 (43.7) 31
58 (12.1) 5(31.2) .061
93 (19.5) 6 (37.5) .145
158 (33) 3(18.7) .35
320 (66.9) 13 (81.2)
317 (66.3) 10 (62.5) .96
161 (33.7) 6 (37.5)
28.3 (2.3) 27.7 (2.3) .32
212 (44.3) 6 (37.5) 77
266 (55.7) 10 (62.5)
463 (96.9) 15 (93.7) .98
15 (3.1) 1(6.2)
154.3 (55.8) 155.5 (47.3) .93
120 (45.4) 124.4 (42) .70
21 (4.4) 3(18.7) .037

Abbreviations: BSA, body surface area; CPB, cardiopulmonary bypass; MVR, mitral valve replacement; PVL, paravalvular leak.

complications included: acute kidney injury requiring hemofiltration
(24; 4.9%), respiratory complications (72; 14.6%), new-onset atrial
fibrillation (206; 41.7%), bleeding requiring reoperation (30; 6.1%),
stroke (6; 1.2%), and intra-aortic balloon pump (IABP) support for low
cardiac output syndrome (11; 2.2%). Early mitral PVL was detected in
16 subjects (3.2%); after excluding patients with preoperative

endocarditis, PVL occurred in only 2.5% of MVR (11 patients). Twelve
patients had mild PVL, one had mild-to-moderate and two had
moderate PVL. One subject presented with moderate-to-severe
regurgitation and underwent reintervention during the same hospital
admission; the patient died from multiorgan failure on the first
postoperative day. PVL occurred more frequently along the posterior
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FIGURE 2 Location (above) and severity
(below) of early paravalvular leak (PVL) after
conventional mitral valve replacement

m Mild m Mild-to-Moderate

TABLE 3 Multivariable logistic regression analysis to assess risk
factors for early mitral PVL
Univariate
analysis Multivariable analysis
Variable p Value Odds ratio (95% CI) p Value
Age > 65 years 133 0.26 (0.06-1.18) .082
Infective .061 4.96 (1.45-16.99) .011
endocarditis
Annular 145 2.86 (0.96-8.51) .059

calcification

Abbreviations: Cl, confidence interval; PVL, paravalvular leak.

segment of the MV annulus (10; 62.5%). PVL locations and severity are
shown in Figure 2. Early mitral PVL was more frequent in older
(>65 years old) patients (4.2% vs. 1.2%; p=.133), in subjects with
infective endocarditis (7.9% vs. 2.5%; p = .061), and in those with mitral
annular calcification (6% vs. 2.5%; p =.145). However, multivariable
logistic regression analysis revealed that preoperative diagnosis of
infective endocarditis was the only factor associated with the
development of early mitral PVL (odds ratio: 4.96; 95% confidence
interval: 1.45-16.99; p=.011; Table 3). During the follow-up (mean
follow-up time: 4.7 [SD: 2.5] years) late deaths occurred in 73 patients
(7.9%), with two deaths in patients with mitral PVL. No patients
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37,5%

AML

PML

62,5%

75%

12,5%
6,25%

[

6,25%

Moderate Moderate-to-Severe

required reoperation for the progression of the PVL. Overall
cumulative survival was compared based on the presence, or not, of
early PVL after MVR. Analysis revealed that patients with PVL had
poorer survival when compared to subjects with no PVL, but this trend

did not reach statistical significance (p =.114; Figure 3).

4 | DISCUSSION

MVR is a common procedure in cardiac surgery with a low in-hospital
mortality rate and considerable benefits in terms of quality of life and
long-term survival.® Despite the refinement of surgical technique and
recent advances in prosthesis design and tissue preservation, leading
to more efficient and durable artificial heart valves, the postoperative
course after MVR is not yet completely free of complications. One of
the most frequent determinants of reoperation is PVL.”> However,
only a few reports in the available literature evaluated the incidence
and predictors of early PVL after conventional MVR in contemporary
series.”>” The main findings of the current study were as follows:
(i) early PVL occurs in approximately 3% of MVR operations; (i) most
PVL (93.7%) after MVR are mild or moderate; (iii) the main risk factor
for postoperative PVL development is preoperative infective en-
docarditis; (iv) such a complication develops more frequently (62.5%)
in the posterior segment of the MV annulus.
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FIGURE 3 Kaplan-Meier estimates of
survival stratified by presence or absence of early
paravalvular leak (PVL) after standard mitral valve
replacement
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PVL, a regurgitant flow between the sewing ring and the native
valve annulus, can occur early or late, even several years, after valve
replacement. The real incidence of mitral PVL is unclear and differs
widely among registries. Indeed, the reported incidence ranges from
1.9% to 8% in contemporary series.>® In the current analysis, mitral
PVL in the early postoperative period was detected in 3.2% of the
patients. Previous articles suggested that body surface area (BSA),
suture technique, the presence of MVA calcification, and the type of
the prosthesis were associated with mitral PVL.>®” However, we did
not find such factors to reflect the previous findings. Indeed, the only
independent predictor for PVL, in the present analysis, was
preoperative diagnosis of infective endocarditis, which is in accord-
ance with the study of Hwang and colleagues.® In the context of
infective endocarditis, the presence of abscesses and fragile
inflammatory tissue may cause leakage that progress with time.
To avoid this complication, particularly in cases with locally
uncontrolled infection, excision of infected and devitalized tissue
should be followed by repair of associated defects to secure
valve fixation. Besides, the development of a PVL in the early
postoperative period, in a patient with preoperative diagnosis of
infective endocarditis, may indicate a failure to control the infection.
In patients with endocarditis, therefore, appropriate antibiotic
therapy should be promptly instituted and surgery, whenever
possible, postpone to allow 1 or 2 weeks of antibiotic treatment.

Although we observed a higher rate of early PVL in patients with
mitral annular calcification, this correlation did not reach statistical
significance in multivariable analysis. Notwithstanding, as also
advocated by Yanartas et al,' we suggest that MV annulus
calcifications should be completely removed, whenever feasible, at
the time of surgery otherwise the residual calcium can cause a reason
for the development of early PVL after MVR. Dhasmana and
colleagues revealed the suture technique to be associated with a
high incidence of mitral PVL. Our study results were in disagreement

with the latter study. This might be owing to the fact that we avoided
the continuous suture technique, which has demonstrated to be
related with PVL occurrence following valve replacement in the
previous series.>* Early PVL, in fact, is usually related to disruption
of the annular tissue during the sewing ring suture. In an attempt to
avoid such a serious complication, it's our practice to performed MVR
using a pledgetted horizontal mattress suture technique. The findings
of the present study seem to indicate that the pledgetted mattress
suture, protecting the tissue from being cut through during tying, may
be effective in preventing PVL.

Location of PVL around MV has been poorly investigated.
De Cicco et al.” demonstrated that PVL occurs more frequently at the
anterolateral and posteromedial segments of MVA. In our study, the
most common leakage locations were around the posterior segment
of the MVA. The collagen fibers distribution in the MVA is not
homogeneous, either quantitatively or qualitatively.? In fact, a well-
formed chord-like fibrous annulus is not present all around the MVA,
particularly along the posterior sector of the annulus®’; the intrinsic
anatomic weakness of the posterior segment of the annulus could
explain the highest rate of PVL encountered in this area, as well as
the proximity of the circumflex artery and the risk of damaging this
vessel with sutures.

Managing patients with PVL is often challenging since there is no
effective medical therapy, thus making reoperative cardiac surgery or
percutaneous PVL closure the only two reasonable options.”*
Despite there is widespread agreement among cardiologists and
surgeons alike that moderate-to-severe PVL should be corrected
immediately, the management of subjects with mild-to-moderate
and moderate leaks has not been elucidated yet. Furthermore, there
is a paucity of data regarding the incidence of PVL and the time
course in the available literature. Previous reports have shown that
the majority of PVL after surgical valve replacement are clinically not
significant and seem to have a benign course in the absence of
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endocarditis.**> Early mild PVL, in fact, may spontaneously resolve
with the endothelialization of the sewing ring.*” In this study, patients
with mild or moderate PVL at the time of hospital discharge did not
require reintervention during follow-up. However, the current
analysis also demonstrated that individuals with mitral PVL had a
trend, albeit not statistically significant, toward worse survival when
compared to those without leakage. Our results mirror those of
another study by Cho et al. who reported poor prognosis over time in
patients with PVL after MVR, even with mild and moderate leaks.*®
Thus, in patients who develop > mild-to-moderate PVL early after
MVR surgery, an aggressive therapeutic approach can be considered.
Anyhow, due to the small sample size and the relatively short follow-
up period, further and dedicated studies are required to provide
evidence and confirm such an assumption.

The present report confirms the direct link between MV annulus
calcification and PVL. Mitral annular calcification is a well-known
challenge for cardiac surgeons. Interestingly, in recent years
transcatheter MVR (TMVR) has been raised as an alternative
approach to surgery for inoperable patients with severe mitral valve
disease and extensive annular calcification. The initial data on follow-
up are encouraging, however, potential concerns may relate to
the risks of the prothesis atrial displacement and PVL. Besides,
because of the complexity of the mitral valve apparatus, TMVR poses
unique and potentially fatal complications, such as left ventricular
outflow tract obstruction.’” This study provides important references
with which TMVR can be compared. Indeed, we report the PVL rate
for nonendocarditis patients, as a benchmark for alternative
approaches.

The present study has certain limitations which deserve additional
comment. First, it was a single-center study in an academic medical
center with inherent bias, thus the current results may not be
generalized. Second, we only focused on the incidence of PVL in the
immediate postoperative period, the late occurrence of leakage was
not evaluated. Third, echocardiographic data were not evaluated by a
centralized core echo laboratory; this may have caused some variability
in the identification and localization of PVL, and grading of its severity.
Even though 494 subjects were operated during the study period, the
group of interest comprised of 16 individuals only; larger sample sizes
are required to better establish the natural course of early PVL, and
establish the impact on survival. Finally, only all-cause mortality was
assessed, specific causes of mortality were not investigated.

5 | CONCLUSIONS

Early PVL represents a rare complication after conventional MVR. PVL
occurs more frequently along the posterior segment of the MVA, and
in the majority of the cases is mild. Preoperative diagnosis of infective

endocarditis significantly increases the risk of PVL development.
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