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Paravalvular regurgitation after conventional aortic and mitral valve
replacement: A benchmark for alternative approaches
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ABSTRACT

Objective: Paravalvular regurgitation is a known complication after transcatheter
and sutureless aortic valve replacement. Paravalvular regurgitation also may
develop in patients undergoing percutaneous mitral valve replacement. There
are few studies on contemporary surgical valve replacement for comparison.
We sought to determine the contemporary occurrence of paravalvular regurgita-
tion after conventional surgical valve replacement.

Methods: We performed a single-center retrospective database review involving
1774 patients who underwent valve replacement surgery from April 2004 to
December 2012: aortic in 1244, mitral in 386, and combined aortic and mitral
in 144. Follow-up echocardiography was performed in 73% of patients. Patients
with endocarditis were analyzed separately from noninfectious paravalvular
leaks. Statistical comparisons were performed to determine differences in para-
valvular regurgitation incidence and survival.

Results: During follow-up, 1þ or greater (mild or more) paravalvular regurgita-
tion occurred in 2.2% of aortic cases and 2.9% of mitral cases. There was 2þ or
greater (moderate or more) paravalvular regurgitation in 0.9% of aortic and 2.2%
of mitral cases (P ¼ .10). After excluding endocarditis, late noninfectious regur-
gitation 2þ or greater was detected in 0.5% of aortic and 0.4% of mitral cases
(P ¼ .93); there were no reoperations or percutaneous closures for noninfectious
paravalvular regurgitation.

Conclusions: In an academic medical center, the overall rate of paravalvular regur-
gitation is low, and late clinically significant noninfectious paravalvular regurgitation
is rare. The benchmark for paravalvular regurgitation after conventional valve
replacement is high and should be consideredwhen evaluating patients for transcath-
eter or sutureless valve replacement. (J Thorac Cardiovasc Surg 2015;150:860-8)
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PVR in valve replacement surgery. Incidence of PVR at

discharge and in follow-up including and excluding

subacute bacterial endocarditis.
j

Central Message

The incidence of PVR today after conventional

valve replacement is rare and should be com-

pared with transcatheter and sutureless valves.
Perspective

PVR is a known complication of transcatheter

and sutureless valve replacement and should

be compared with the low incidence of PVR in

conventional surgical replacement when coun-

seling patients. As the use of TAVR expands to

lower-risk groups, sutureless aortic valves gain

commercial approval, and trials on transcatheter

MVR begin, this low incidence after conven-

tional replacement should be considered.
See Editorial Commentary page 868.
Supplemental material is available online.

Paravalvular regurgitation (PVR) is a known complication
of transcatheter aortic valve replacement (TAVR) and oc-
curs at a higher rate after TAVR than after conventional
surgical aortic valve replacement (AVR).1 In the Placement
of Aortic Transcatheter Valves (PARTNER) trial for both
inoperable and high-risk surgical patients, the incidence
of mild or greater PVR (�1þ) after TAVR was reported
to be approximately 40%, with 7% to 12%moderate to se-
vere PVR (�2þ) depending on the cohort.2-4 At both 1 and
2 years, PVR 2þ or greater was more common after TAVR
than after surgical AVR (7.0% vs 1.9% at 1 year and 6.9%
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Abbreviations and Acronyms
AVR ¼ aortic valve replacement
MVR ¼ mitral valve replacement
PVR ¼ paravalvular regurgitation
TAVR ¼ transcatheter aortic valve replacement
TEE ¼ transesophageal echocardiography
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vs 0.9% at 2 years). Furthermore, the presence of mild or
greater PVR after TAVR was associated with increased
late mortality.4 The US CoreValve trial reported a higher
incidence of PVR 2þ or greater at 1 year for TAVR versus
surgical AVR (6.1% vs 0.5%), but PVR did not have an
adverse effect on overall survival at 1-year follow-up.5

Conventional surgical AVR has a reported incidence of
PVR between 2% and 17%.6,7 A recent study found an
incidence of PVR 2þ or greater in 4.2% of patients with
surgical AVR.8 Rarely did these studies separate infectious
causes of PVR from noninfectious PVR, possibly a more
appropriate comparisonwith PVR inTAVR.Recent literature
on TAVR reports historical PVR rates in surgical AVR be-
tween 1% and 47%, perhaps significantly higher than the
contemporary surgical PVR frequency.9 Sutureless aortic
valve devices are currently approved in Europe and undergo-
ing clinical trials in theUnitedStates. These devices also have
a notable incidence of PVR.10,11 Furthermore, clinical trials
are beginning for percutaneous mitral valve replacement
(MVR), and PVR will be evaluated in these devices.

The contemporary incidence of PVR in conventional AVR
andMVRmay be significantly lower than reported in the his-
torical literature. With TAVR, sutureless surgical AVR, and
transcatheter MVR facing a technical challenge of PVR,
we reviewed our incidence of PVR after conventional AVR
and MVR for comparison with these new technologies.
Further, we separated the incidence of noninfectious PVR
from infectious PVR to provide a more relevant comparison
with TAVR.
MATERIALS AND METHODS
Patient Selection

A single-center retrospective cohort study was performed using the Car-

diovascular Research Database of the Clinical Trials Unit at the Bluhm

Cardiovascular Institute of Northwestern University. The database was

approved by the Institutional Review Board at Northwestern University

(#STU00012288). Any subject refusing participation in the database was

not included in the analysis, and there were 96 patients (96/1870, 5%)

excluded from this cohort because of refusal to participate. The Cardiovas-

cular Research Database was queried for patients who underwent AVR,

MVR, or double-valve (AVR þ MVR) surgery with or without other

concomitant cardiac procedures, such as coronary artery bypass grafting,

at Northwestern Memorial Hospital from April 2004 to December 2012.

Patients who received aortic valve–sparing root replacement, composite

AVR, aortic homografts, and TAVR were excluded. The study cohort

was divided into 3 groups consisting of patients undergoing AVR only,

MVR only, and AVR þ MVR.
The Journal of Thoracic and Ca
Patients underwent routine intraoperative transesophageal echocardiog-

raphy (TEE) and transthoracic echocardiography before hospital discharge.

Extra care is taken to evaluate the prosthetic valve in postoperative patients

in our laboratory. The information from the intraoperative TEE is available

to the sonographer performing the predischarge transthoracic echocardiog-

raphy and the cardiologist reading the study. This allows for correlation

with additional intraoperative information if PVR is suspected and thus

maximizes the accuracy of the study. Follow-up echocardiography was per-

formed at the discretion of the patient’s primary cardiologist. PVR was

defined as blood flow between the valve sewing ring and the native valve

annulus.12 PVR severity includes only the portion of total regurgitation

resultant from the paravalvular component. The severity of PVR was

graded using the composite echocardiographic criteria recommended by

the American Society of Echocardiography and was standard in our insti-

tution throughout the time period.13,14 PVR was identified by database

review of echocardiography reports. Echocardiographic findings were

analyzed in 3 categories: intraoperative, hospital discharge, and follow-

up. Severity of PVR was recorded and classified to be inclusive of all

PVR. These were categorized as none, trace or trivial, mild (1þ), moderate

(2þ), moderate to severe (3þ), and severe (4þ) regurgitation.We defined 3

different PVR classes: (1) any PVR in follow-up, which includes all PVR

detected on echocardiography, graded trivial to severe; (2) PVR 1þ or

greater, defined to include all regurgitation mild to severe, thus providing

comparison basis with historical literature in surgical valve replacement;

and (3) clinically significant PVR, meaning PVR 2þ or greater (moderate

to severe), whichmost closely resembles the commonly reported PVR rates

in TAVR studies.15-17 All available echocardiogram reports for an

individual patient were reviewed for the presence of PVR. For the

analysis, the most recent echocardiogram report was used to determine

the incidence and severity of PVR as in our review; the presence and

severity of PVR rarely changed during follow-up.

The primary end point was the incidence and severity of PVR intraoper-

atively, at discharge, and in follow-up. A further analysis was performed of

noninfectious PVR incidence in follow-up. Patients after the index North-

western index procedure were diagnosed with infective endocarditis after

valve replacement on the basis of preoperative positive blood cultures, clin-

ical condition of the patient, echocardiogram reports, and intraoperative

findings. This was performed to clarify PVR incidence due to (1) early

technical issues leading to a second crossclamp; (2) other anatomic factors

(eg, calcification or tissue fragility) leading to late PVR, more relevant to

PVR after TAVR; and (3) PVR caused by late endocarditis.

Surgical Technique
Valves were implanted using conventional, multiple interrupted suture

technique through standard median sternotomy, mini-sternotomy, or thora-

cotomy. Almost all valves were placed with the annulus ringed by interrup-

ted horizontal mattress sutures using pledgeted, braided polyester suture.

The sutures were passed through the sewing ring, and the valves were

seated and secured with hand-tied knots. Continuous, running suture and

mechanical clips were not used. Pledgets were placed below the aortic

annulus (supra-annular valves) or on the left atrial side for mitral valves.

Statistical Analysis
Data continuously distributed were summarized using means� standard

deviations or median with interquartile range (Q1, Q3). Categoric data were

shown as counts and percentages. Baseline characteristics, operative data,

and outcomes were compared between groups using the equal-variance 2-

sample t test, analysis of variance, orWilcoxon rank-sum test for continuous

variables. The chi-square or Fisher exact test was used in group comparisons

involving categoric variables. Overall survival curves were constructed us-

ing the Kaplan–Meier estimator, and groups were compared on the basis of

the log-rank test. Patients were included in the follow-up analysis if they

were alive at 30 days after their operation. Statistical significance was

declared at the 2-sided 5% alpha level, and there were no adjustments for
rdiovascular Surgery c Volume 150, Number 4 861



TABLE 1. Baseline and perioperative characteristics

Variable AVR (N ¼ 1244) MVR (N ¼ 386) AVR þ MVR (N ¼ 144) P value

Age, y 70.0 � 13.1 63.9 � 13.9 67.8 � 13.1 <.001

Female gender 445 (36%) 235 (61%) 95 (66%) <.001

Body mass index 28.5 � 6.2 27.9 � 6.2 27.0 � 5.9 .008

NYHA functional class �III 495 (40%) 199 (52%) 70 (49%) <.001

Ejection fraction 60.0 (50.0-65.0) 60.0 (50.0-63.0) 60.0 (55.0-65.0) .24

Prior stroke 84 (7%) 47 (12%) 17 (12%) .001

Repeat sternotomy 234 (19%) 152 (39%) 53 (37%) <.001

Perfusion time (min) 96.0 (73.0-128.0) 122.0 (96.0-154.0) 169.5 (131.0-197.5) <.001

Crossclamp time (min) 77.0 (60.0-102.0) 87.5 (71.0-112.0) 132.0 (112.0-161.0) <.001

CABG 451 (36%) 88 (23%) 51 (35%) <.001

Aortic valve surgery 1244 (100%) 36 (9%) 144 (100%) <.001

Aortic stenosis 1043 (86%) 22 (7%) 100 (74%) <.001

Aortic regurgitation �2þ 422 (34%) 39 (12%) 72 (52%) <.001

Mitral valve surgery 115 (9%) 386 (100%) 144 (100%) <.001

Mitral stenosis 58 (5%) 121 (35%) 75 (57%) <.001

Mitral regurgitation �2þ 243 (20%) 304 (81%) 97 (68%) <.001

Tricuspid valve surgery 73 (6%) 138 (36%) 41 (28%) <.001

30-d mortality 30 (2%) 21 (5%) 6 (4%) .010

All-cause long-term mortality 201 (16%) 80 (21%) 36 (25%) .008

AVR, Aortic valve replacement; CABG, coronary artery bypass grafting; MVR, mitral valve replacement; NYHA, New York Heart Association.

Acquired Cardiovascular Disease: Mitral Valve Duncan et al

A
C
D

multiplicity. Statistical analysis was completed using SAS statistical soft-

ware (version 9.3; SAS Institute Inc, Cary, NC).
RESULTS
A total of 1774 patients underwent valve replacement

with or without other cardiac procedures. Of these, 1244 pa-
tients (aged 70.0 � 13.1 years) underwent AVR, 386 pa-
tients (aged 63.9 � 13.9 years) underwent MVR, and 144
patients (aged 67.8 � 13.1 years) underwent double-valve
replacement. Concomitant coronary artery bypass grafting
was performed in 33% of patients (590/1774), a cardiac re-
operation was performed in 25% of patients (439/1774),
and an elective procedurewas performed in 84% of patients
(1488/1774). In the aortic position, 98% of patients (1358/
1388) received tissue valve replacement and 2% of patients
(30/1388) received mechanical replacement. In the mitral
position, 94% of patients (496/530) received tissue valve
replacement and 6% of patients (34/530) received mechan-
ical replacement. The 30-day mortality was 2.4% (30/
1244), 5.4% (21/386), and 4.2% (6/144) for patients under-
going AVR, MVR, and AVR þ MVR, respectively. TEE
was performed intraoperatively in 100% of patients, with
transthoracic studies at discharge in 100% and during
follow-up in 73% of total patients (1255/1713), including
72% of patients (873/1214) undergoing AVR only (mean
follow-up, 2.4 � 2.2 years; range, 0-9.4 years), 77% of pa-
tients (279/362) undergoing MVR only (mean follow-up,
2.3 � 2.1 years; range, 0-8.9 years), and 75% of patients
(103/137) undergoing AVR þ MVR (mean follow-up,
2.3 � 2.1 years; range, 0-8.6 years). Clinical follow-up
was available in 90% of patients (1089/1214) undergoing
AVR only, 90% of patients (327/362) undergoing MVR
862 The Journal of Thoracic and Cardiovascular Surg
only, and 88% of patients (120/137) undergoing
AVR þ MVR. Intraoperative and perioperative data are
shown in Table 1. The groups differed significantly in the
majority of measured variables given the different patient
populations and technical aspects of each operation.

Among the 1244 patients undergoing AVR, intraopera-
tive TEE identified 10 patients (0.8%, 10/1244) with PVR
(Figure 1, A and Table E1). Five patients (0.4%, 5/1244)
had trivial to mild regurgitation and did not require a second
crossclamp for PVR repair. Four patients with mild or
greater (�1þ) PVRwere put back on bypass and underwent
a second crossclamp with successful repair of the PVR. One
patient undergoing AVR for complex prosthetic valve endo-
carditis had moderate (2þ) regurgitation that required a sec-
ond crossclamp and had persistent mild (1þ) regurgitation
after repair. In total, 5 patients (0.4%, 5/1244) underwent
a second crossclamp for PVR repair. At discharge, 3 of
1214 patients (0.2%, 3/1214) had PVR 1þ, and there was
no intervention (Figure 2 and Table E2). One patient
(0.1%, 1/1214) with PVR 2þ did not undergo a reoperation
and in follow-up had PVR 1þ. No patient had PVR 3þ or
4þ at discharge. Among the 873 patients who underwent
AVR with follow-up echocardiography, 19 (2.2%, 19/
873) had PVR 1þ or greater at any time point, including
11 (1.3%, 11/873) with PVR 1þ and 8 (0.9%, 8/873)
with clinically significant PVR 2þ or greater. The rate of
PVR 2þ or greater was 0.4% per person-year. Six of the
19 patients with PVR had infectious endocarditis, 4 of
whom had PVR 2þ or greater. After excluding patients
who had PVR related to endocarditis, 9 patients (1.1%, 9/
832) had 1þ noninfectious PVR, 4 patients (0.5%, 4/832)
had PVR 2þ, and none had noninfectious PVR 3þ or 4þ.
ery c October 2015



FIGURE 1. PVR incidence and reinterventions. PVR incidence by severity at discharge and in follow-up including and excluding endocarditis for AVR

(A), MVR (B), and AVR þ MVR (C) cohorts. Reinterventions include second crossclamp for repair during index operation or reoperation in follow-up.

Incidence of PVR 1þ or 2þ or greater was not significantly different between groups at any time point. Significant differences in intraoperative PVR

(P ¼ .009), second crossclamp for repair (P ¼ .003), and reoperation for PVR in follow-up (AVR vs MVR, P ¼ .032). AVR, Aortic valve replacement;

MVR, mitral valve replacement; PVR, paravalvular regurgitation; SBE, subacute bacterial endocarditis.
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FIGURE 2. PVR in valve replacement surgery. Incidence of PVR at discharge and in follow-up including and excluding subacute bacterial endocarditis.

Overall incidence of mild to severe PVR (�1þ) during follow-up was 2.2%, 2.9%, and 2.9% for AVR, MVR, and AVRþMVR cases, respectively. Clin-

ically significant moderate or greater PVR (�2þ) occurred in 0.9% of patients after AVR, 2.2% of patients after MVR, and 0% of patients after

AVR þ MVR, and in only 0.5% of AVR and 0.4% of MVR cases after excluding subacute bacterial endocarditis. AVR, Aortic valve replacement;

MVR, mitral valve replacement; SBE, subacute bacterial endocarditis.
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There were 3 reoperations (0.3%, 3/1089) for PVR related
to endocarditis during follow-up. There were no reopera-
tions for noninfectious PVR.

Among patients undergoing MVR, 8 of 386 (2.1%) had
PVR identified on intraoperative TEE (Figure 1, B). Six pa-
tients (1.6%, 6/386) had a second crossclamp for PVR repair
that was successful in 5 patients, and 1 patient (1/386
[0.3%]) had persistent PVR 1þ after repair but no PVR
on predischarge echocardiography. At discharge, 1 of 362
patients (0.3%) had severe (4þ) PVR but did not undergo
reintervention because of postoperative intracranial hemor-
rhage. There were no patients with PVR 1þ, 2þ, or 3þ at
discharge. There were 279 patients undergoing MVR only
with a follow-up echocardiogram. PVR at any time point
occurred in 8 patients (2.9%, 8/279), including 2 (0.7%,
2/279) with PVR 1þ and 6 (2.2%, 6/279) with PVR 2þ
or greater. The rate of PVR 2þ or greater was 1.1% per
person-year. PVR related to endocarditis accounted for
5 of the 8 instances, including 5 of the 6 with PVR 2þ or
greater. After excluding PVR from endocarditis, 2 patients
(0.9%, 2/229) had noninfectious PVR 1þ and 1 patient
(0.4%, 1/229) had noninfectious PVR 2þ or greater. There
were 4 reoperations (1.2%, 4/327) for PVR, all related to en-
docarditis with no reoperations for noninfectious PVR.

Combined AVR and MVR was performed in 144 pa-
tients. Five patients (3.5%, 5/144) had regurgitation on in-
traoperative TEE, of whom 4 (2.8%, 4/144) with 1þ or
greater PVR underwent a second crossclamp for PVR repair
(Figure 1, C). All intraoperative PVR cases involved the
mitral valve and were successfully repaired. One patient
864 The Journal of Thoracic and Cardiovascular Surg
(0.7%, 1/137) had 1þ aortic PVR at discharge but did not
have a follow-up echocardiogram. There were no patients
with PVR 2þ or greater at discharge. In 103 patients with
follow-up echocardiograms, 3 (2.9%, 3/103) had PVR 1þ
at any time, 1 aortic and 2 mitral, and none had PVR 2þ
or greater. One patient with 1þ mitral PVR had endocardi-
tis, 1 patient had 1þ noninfectious aortic PVR, and 1 patient
had 1þ noninfectious mitral PVR. No patients undergoing
double-valve replacement had PVR in both valves. In the
patients undergoing AVR þ MVR, there were no reopera-
tions for PVR. Across all AVR and MVR cases, there
were no reoperations for noninfectious PVR or catheter-
based reinterventions for PVR.

To determine the differences in PVR incidence and
severity between valves placed in the aortic or mitral posi-
tions, the AVR only and MVR only groups were compared.
In unadjusted analyses, the MVR group underwent signifi-
cantly more second crossclamps for repair of PVR
(P ¼ .016) and required more reoperations for PVR in
follow-up (P¼ .032). There were no significant differences
in incidence or severity of PVR at discharge or in follow-up.

Figure 3 presents Kaplan–Meier survival curves for the pa-
tients undergoing AVR andMVR. Survival based on presence
of PVR at discharge was stratified as no PVR versus any PVR
from trivial to severe. For the survival analysis based on PVR
in follow-up, the 2 groups were stratified as no or trace PVR
versusPVR1þ orgreater.Therewasno significant association
between PVR and survival in AVR cases. PVR at discharge
and in follow-up for MVR cases was significantly associated
with decreased survival (P¼ .0024 andP¼ .01, respectively).
ery c October 2015



FIGURE 3. Kaplan–Meier survival estimates. Kaplan–Meier estimates of medium-term overall survival stratified by presence of trivial of greater PVR at

discharge in patients undergoing AVR (A) andMVR (B) and bymild or greater PVR in follow-up in patients undergoingAVR (C) andMVR (D).AVR, Aortic

valve replacement; FU, follow-up; MVR, mitral valve replacement; PVR, paravalvular regurgitation.
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DISCUSSION
In our study, the overall incidence of mild to severe PVR

(�1þ) during follow-up was 2.2% for patients undergoing
AVR, 2.9% in patients undergoing MVR, and 2.9% in pa-
tients undergoing combined AVRþMVR. The incidence of
clinically significant moderate or greater PVR (�2þ) was
0.9% after AVR, 2.2% after MVR, and 0% after
AVR þ MVR. After excluding patients with endocarditis,
noninfectious PVR 2þ or greater occurred in only 0.5%
of AVR and 0.4% of MVR cases. In unadjusted analyses,
patients undergoing MVR were significantly more likely
The Journal of Thoracic and Ca
than patients undergoing AVR to require early reinterven-
tion for PVR during the initial operation and reoperation
for PVR during subsequent follow-up. The incidence or
severity of PVR did not differ significantly between AVR
and MVR cases.

Previous Studies of Surgical Paravalvular
Regurgitation
There is renewed interest in PVR because its prevalence

is significantly higher after TAVR than after surgical AVR,
and historical surgical literature is often cited for
rdiovascular Surgery c Volume 150, Number 4 865
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comparison. Recent TAVR and surgical PVR studies report
that mild PVR after surgical AVR is not uncommon, with
reported PVR rates between 1% and 47%.9,18-20 In the
most frequently cited studies, conventional surgical AVR
has a reported PVR incidence between 2% and
17%.6,7,12,21 In comparison, the overall incidence of PVR
1þ or greater after AVR in the current study was 2.2%.
Sponga and colleagues8 reported an incidence of moderate
to severe PVR of 4.2% in 3201 patients undergoing surgical
AVR from 1992 to 2011. In our study, clinically significant
PVR 2þ or greater occurred in 0.9% of patients.

After MVR, the reported incidence of PVR ranges be-
tween 7% and 22%.6,7,21,22 The current data indicate an
overall incidence of PVR 1þ or greater of 2.9% and PVR
2þ or greater of 2.2% among patients undergoing MVR.
Advances in surgical valve technology, refinement of
surgical technique, and experience have most likely
contributed to contemporary PVR rates at or below the
lower end of the historical reported incidence, even with
ever-improving echocardiographic technology. In a recent
study, Taramasso and colleagues19 reported that the surgical
treatment of PVR is still high and that long-term outcomes
remain suboptimal. Future comparisons with TAVR data
and emerging technologies such as sutureless AVR and
percutaneous MVR should consider the significantly lower
contemporary rate of PVR after surgical AVR and MVR.

Comparison With Transcatheter Aortic Valve
Replacement Studies

In the PARTNER trial, moderate to severe PVR occurred
in 7% to 12% of patients after TAVR.2,4 Two other recently
published randomized controlled trials of TAVR contribute
further to the evidence base. In the CoreValve trial,
moderate to severe PVR was reported in 6.1% of patients
at 1 year.5 The CHOICE trial reported more than mild aortic
PVR in 4.1% versus 18.3% of the balloon-expandable and
self-expandable TAVR groups, respectively.23 Several
meta-analyses of TAVR studies report overall rates of mod-
erate to severe PVR of 7.4%, ranging from 3.9% to 15.8%
depending on the valve type.24,25 To our knowledge, the
current data are the first to separate a noninfectious PVR
incidence that provides a more similar surgical AVR
group for comparison with TAVR. The 1.6% incidence of
noninfectious PVR 1þ or greater and 0.5% incidence of
noninfectious PVR 2þ or greater after surgical AVR
further reinforce the conclusion that TAVR results in PVR
rates that are higher than those of contemporary surgical
AVR. Second- and third-generation TAVR valves have
been developed with 1 of their goals being to address
PVR. Many are in early clinical trials in Europe and North
America, and short-term follow-up is now appearing in the
published literature. Several clinical studies have reported
30-day results with PVR of moderate or greater in 1% to
3.5% of patients and 15% to 28% with mild PVR.26-28
866 The Journal of Thoracic and Cardiovascular Surg
Available results at 1 year reported moderate to severe
PVR of 6.2% and mild PVR of 24.1%.29 These newer-
generation TAVR valves have improved on the incidence
of PVR after TAVR but still remain higher than the contem-
porary late PVR incidence in surgical AVR reported in this
study of 1.3% mild and 0.9% moderate to severe with a
noninfectious incidence of 0.5% moderate to severe PVR.

Many of the clinical trials for TAVR have included a sur-
gical control group undergoing surgical AVR who had
similar comorbidities and surgical risk estimates. The rates
of PVR 2þ or greater in the surgical controls are sometimes
reported but rarely highlighted in these studies. In the
PARTNER trial, PVR in patients randomized to surgical
AVR occurred in 1.9% at 1 year and 0.9% at 2 years.4 Like-
wise, the CoreValve trial reported moderate to severe PVR
in 0.5% of patients undergoing surgical AVR at 1 year.5

These results are consistent with both the overall and the
noninfectious clinically significant PVR rates we observed
in this study.

Comparison With Sutureless Aortic Valve Literature
Sutureless AVR is undergoing clinical trials in the United

States, but these devices are approved for use in Europe.
There are already multiple studies reporting outcomes at
short-term follow-up. PVR after sutureless AVR has a re-
ported overall rate ranging from 2.3% to 8.1%, with clini-
cally significant moderate to severe PVR ranging from
0.3% to 0.9%. In these early studies of sutureless AVR, re-
intervention for PVR at the time of initial operation is
necessary in up to 4.3% of patients, and later reoperation
is required in 0.9% to 4.3%.10,11,30 These short-term
PVR rates compare favorably to those in our study, but
the need for reintervention and reoperation for PVR after
sutureless AVR appears to be higher. This will need to be
followed as clinical trials and longer-term follow-up expe-
rience in cohort and ongoing US studies are reported.

Study Limitations
This is a retrospective review of prospectively collected

data. It is a single-center study in an academic medical cen-
ter and included experienced surgeons; thus, the current re-
sults may not be generalizable. However, this study was
performed in a teaching program. Therewere approximately
one quarter of patients without follow-up echocardiograms,
reflecting the referral nature of the practice, which may
introduce potential selection bias into the analysis. This
could result in underreporting the incidence of PVR in the
cohort. It is not unexpected to have a proportion of patients
without follow-up echocardiography in this cohort, with a
mean follow-up of less than 2.5 years, because the new
American Society of Echocardiography andAmericanHeart
Association/American College of Cardiology guidelines do
not recommend follow-up echocardiogram for surveillance
until 5 to 10 years after surgery in the absence of a change
ery c October 2015
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in clinical status.14,31 On the contrary, the postdischarge
echocardiograms may have a higher incidence of PVR,
because patients with endocarditis and patients with a
murmur, hemolysis, heart failure, or other suspicion may
be more likely to undergo echocardiography. Clinical
follow-up information was available in approximately
90% of patients with 100% undergoing predischarge echo-
cardiography and 73% of patients with an echocardiogram
in follow-up. For comparison, studies frequently cited for
the historical incidence of PVR report 54% to 57% of
patients with echocardiographic follow-up.7,21 Echo-
cardiographic data were not evaluated by a centralized
core echocardiography laboratory. This may have caused
some variability in the identification of PVR and grading
of its severity, but American Society of Echocardiography
criteria were routinely used in the echocardiography
laboratory. However, indeterminate regurgitation was
included in the analysis and attributed to PVR, although
some cases may have been valve related. In addition, some
patients received mechanical valves (2% aortic and 6%
mitral) that could interfere with the detection of PVR due
to shielding. This is a small proportion that would likely
have a small effect on the overall PVR incidence.

CONCLUSIONS
In an academic medical center with a significant propor-

tion of patients undergoing complex valve operations, the
overall rate of PVR after AVR and MVR was low. Early in-
traoperative PVR requiring intervention was rare. Late clin-
ically significant noninfectious PVR in AVR and MVR was
rare, and there were no reoperations for noninfectious PVR.
The benchmark for PVR by conventional surgical AVR or
MVR is extremely high. As the use of TAVR expands to
lower-risk groups, sutureless aortic valves gain Food and
Drug Administration approval, and clinical trials on trans-
catheter MVR begin, this benchmark should be considered
when counseling patients on valve replacement options.
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EDITORIAL COMMENTARY
Percutaneous aortic and mitral valve implantation. Is it ready to
match the results of contemporary surgical valve replacement?
Manuel J. Antunes, MD, PhD, DSc
Coimbra, Portugal.

head of print Aug 13,

, University Hospital,

Manuel J. Antunes, MD, PhD, DSc

Central Message

Surgical aortic (or mitral) valve replacement re-

mains the gold-standard against which percuta-

neous valve implantation must be compared.

See Article page 860.
In this issue of the Journal, Duncan and colleagues1 deal
with the problem of paravalvular regurgitation after conven-
tional aortic and mitral valve replacement as a ‘‘benchmark
for alternative approaches.’’ The authors1 sought to deter-
mine the contemporary occurrence of paravalvular regurgi-
tation after conventional surgical valve replacement. To this
end, they analyzed retrospectively 1630 patients who under-
went aortic and/or mitral valve replacement surgery at their
institution over an 8.5-year period. Follow-up echocardiog-
raphy was performed in 73% of patients and a �2þ (mod-
erate) paravalvular regurgitation occurred in 0.9% of aortic
valve replacement and 2.2% of mitral valve replacement
patients (0.4% if infective endocarditis is excluded). They
thus conclude that ‘‘the overall rate of paravalvular
regurgitation is very low and late clinically significant struc-
tural (noninfectious) paravalvular regurgitation is rare’’1
ery c October 2015
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TABLE E2. Paravalvular regurgitation incidence by severity

None Trace/trivial 1þ (mild) 2þ (moderate) 3þ (moderate to severe) 4þ (severe)

AVR only

At discharge (N ¼ 1214) 1195 (98.4%) 15 (1.2%) 3 (0.2%) 1 (0.1%) 0 (0.0%) 0 (0.0%)

In follow-up (N ¼ 873) 845 (96.8%) 9 (1.0%) 11 (1.3%) 5 (0.5%) 1 (0.1%) 2 (0.2%)

In follow-up (no SBE) (N ¼ 832) 810 (97.4%) 9 (1.1%) 9 (1.1%) 4 (0.5%) 0 (0.0%) 0 (0.0%)

In follow-up (SBE) (N ¼ 41) 35 (85.4%) 0 (0.0%) 2 (4.9%) 1 (2.4%) 1 (2.4%) 2 (4.9%)

MVR only

At discharge (N ¼ 362) 360 (99.5%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.3%)

In follow-up (N ¼ 279) 267 (95.7%) 4 (1.4%) 2 (0.7%) 0 (0.0%) 4 (1.4%) 2 (0.7%)

In follow-up (no SBE) (N ¼ 229) 225 (98.3%) 1 (0.4%) 2 (0.9%) 0 (0.0%) 1 (0.4%) 0 (0.0%)

In follow-up (SBE) (N ¼ 50) 42 (84.0%) 3 (6.0%) 0 (0.0%) 0 (0.0%) 3 (6.0%) 2 (4.0%)

AVR/MVR

At discharge (N ¼ 137) 136 (99.3%) 0 (0.0%) 1 (0.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

In follow-up (N ¼ 103) 97 (94.2%) 3 (2.9%) 3 (2.9%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

In follow-up (no SBE) (N ¼ 88) 84 (95.5%) 2 (2.3%) 2 (2.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

In follow-up (SBE) (N ¼ 15) 13 (86.7%) 1 (6.7%) 1 (6.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

AVR, Aortic valve replacement; MVR, mitral valve replacement; SBE, subacute bacterial endocarditis.

TABLE E1. Paravalvular regurgitation

Variable AVR only 1244 MVR only 386 AVR þ MVR 144 P value

Intraoperative PVR 10 (0.8%) 8 (2.1%) 5 (3.5%) .009

Back on bypass for PVR repair 5 (0.4%) 6 (1.6%) 4 (2.8%) .003

Discharge 1214 362 137

PVR 1þ 3 (0.2%) 0 (0%) 1 (0.7%) .32

PVR �2þ 1 (0.1%) 1 (0.3%) 0 (0%) .58

Follow-up 873 279 103

PVR 1þ 11 (1.3%) 2 (0.7%) 3 (2.9%) .24

PVR �2þ 8 (0.9%) 6 (2.2%) 0 (0%) .12

Follow-up excluding SBE 832 229 88

PVR 1þ 9 (1.1%) 2 (0.9%) 2 (2.3%) .55

PVR �2þ 4 (0.5%) 1 (0.4%) 0 (0%) .81

Reoperation 1089 327 120

Reoperation for PVR in follow-up 3 (0.3%) 4 (1.2%) 0 (0%) .06

AVR, Aortic valve replacement; MVR, mitral valve replacement; PVR, paravalvular regurgitation; SBE, subacute bacterial endocarditis.
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