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Introduction

The 2020 American College of Cardiology focused update on the mitral regurgitation (MR)
pathway provides an excellent summary of the decision-making trees in the treatment
of severe MR, in which 2 main branches of the flowchart are suggested depending on
whether MR is primary or secondary. Surgery is suggested as preferable over transcatheter
edge-to-edge repair (TEER) in primary MR that needs intervention. The decision-making
for secondary MR generally prioritizes TEER over surgery according to the guidelines, but
further stratification is necessary based on the pathophysiologic mechanisms of MR. TEER
is probably the more suitable option in secondary MR caused by left ventricular dysfunc-
tion or dilatation, given the high perceived surgical risks, despite the lack of sufficient evi-
dence in support of overt clinical benefits from surgical therapy in these patients. In atrial
functional MR associated with atrial fibrillation (AF), however, concomitant ablation of AF
seems to be a desirable option, as it has been demonstrated to be a key factor leading to
improved survival, reduced stroke risk, and more durable mitral and tricuspid function in
patients undergoing mitral surgery. Therefore, atrial functional MR requiring intervention
may be best treated by surgical therapy that combines mitral repair and AF ablation in the
majority of patients. This particular issue, however, needs further research to obtain scien-
tific evidence to guide optimal management strategies.
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ness of TEER may be just a glimpse of the widespread ex-
pansion of its applications in the future. This possibility is

Two recent multi-center randomized trials have demon-
strated that transcatheter edge-to-edge repair (TEER) is an
effective treatment for primary mitral regurgitation (MR)
as compared with surgical therapy and that it also im-
proves survival in well-selected patients with functional
MR with reduced left ventricular (LV) function in compar-
ison to guideline-directed medical therapy [1,2]. These
landmark clinical trials opened the era of transcatheter
mitral valve (MV) therapies for the treatment of severe
symptomatic MR at the time of the consecutive triumphs
of transcatheter aortic valve replacement (TAVR) for severe
aortic stenosis, as TAVR was first performed for high-risk/
inoperable patients, and its indications then expanded to
include low-risk patients, with overwhelmingly excellent
outcomes [3-6]. As with TAVR, the demonstrated effective-

welcome from the perspectives of both the surgical and
medical communities, as TEER would be a valuable addi-
tion to the options available to treat patients suffering from
severe MR presenting with diverse baseline characteristics.
However, TEER is not merely a possibility for the future;
instead, it is already becoming a part of our daily practice,
as we have seen a surging trend in its use in recent years [7].

The promising clinical results of this emerging tran-
scatheter therapy in heart valve diseases have led to urgent
calls to update practice guidelines so that they reflect the
most up-to-date scientific evidence, and TEER is one of the
core issues in these discussions [8,9]. The 2020 American
College of Cardiology focused update on the MR pathway
provides an excellent summary of the decision-making
trees in the treatment of severe MR, in which 2 main branch-
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es of the flowchart are suggested depending on whether
MR is primary or secondary [8].

TEER versus surgery in primary mitral
regurgitation

For primary MR, the updated consensus considers surgi-
cal therapy to be the more preferable option, saving TEER
only for patients with prohibitive surgical risk. This rec-
ommendation is principally grounded in the results of a
randomized controlled trial (the Endovascular Valve Edge-
to-Edge Repair Study [EVEREST] II trial) [1]. Despite the
proven superiority of TEER over MV surgery in terms of
lower rates of blood-product transfusion and prolonged
ventilation, TEER was associated with a higher reinterven-
tion rate for MV dysfunction (20% versus 2%, p<0.001) [1].
With regard to other major safety measures, no significant
differences were found between the TEER and surgery
groups in the rates of myocardial infarction, the require-
ment for urgent surgery due to an adverse event, stroke, re-
nal failure, wound infection, gastrointestinal complica-
tions, and atrial fibrillation (AF). Based on the greater
efficacy of surgery, but a similar safety profile regarding
“serious” adverse events demonstrated by the EVEREST II
trial, it seems reasonable that the current updated guide-
lines recommend surgery over TEER in low-to-intermedi-
ate risk groups to treat severe primary MR. For surgical
therapy, repair is definitely preferable over replacement
whenever feasible given the risks associated with implant-
ing prosthetic valves in cases such as infective endocardi-
tis, thromboembolic complications, structural or
non-structural valve dysfunction, and anticoagulation-re-
lated hemorrhage.

TEER versus surgery in secondary
mitral regurgitation

For symptomatic secondary MR with a reduced left ven-
tricular ejection fraction (LVEF), a separate decision-mak-
ing flow is offered by the guidelines, in that further strati-
fication is performed depending on the requirement for
coronary revascularization. In cases where coronary revas-
cularization is required, MV surgery is saved only for se-
lected cases where coronary lesions are in need of coronary
artery bypass grafting or for cases requiring other com-
bined surgical procedures. Otherwise, percutaneous coro-
nary intervention combined with TEER is suggested as the
preferred option. This recommendation is perhaps ground-
ed in the perceived high risks of surgery in cases of severe

450  http://www.jchestsurg.org

ischemic MR despite the lack of sufficient evidence in sup-
port of the overt clinical benefits of undertaking MV sur-
gery in these patients [10-12]. Decision-making within sur-
gical therapy is also complex with regards to choosing
between repair and replacement, as well as selecting the re-
pair technique—a downsized annuloplasty ring with or
without adjunctive procedures on the sub-valvular appara-
tus or on the LV. The clinical implications of these proce-
dural variables in surgical therapy have yet to be deter-
mined, and therefore, the guidelines remain conservative
regarding surgical therapy in severe MR secondary to LV
dysfunction.

Meanwhile TEER has emerged as a convincing modality
in the management of secondary MR. Although the MI-
TRA-FR trial (Multicentre Study of Percutaneous Mitral
Valve Repair MitraClip Device in Patients with Severe Sec-
ondary Mitral Regurgitation) failed to demonstrate any sig-
nificant benefits of TEER in reducing all-cause mortality
and unplanned hospitalizations due to heart failure during
1 year post-intervention [13], the COAPT trial (Cardiovas-
cular Outcomes Assessment of the MitraClip Percutaneous
Therapy for Heart Failure Patients With Functional Mitral
Regurgitation) showed significantly superior clinical out-
comes in the 2-year rates of heart failure hospitalization
(primary endpoint) and all-cause mortality (secondary
endpoint) with TEER as compared with guideline-directed
medical management [2]. On the basis of the COAPT trial
findings, the Food and Drug Administration (FDA) ap-
proved the use of the MitraClip device (Abbott, Abbott
Park, IL, USA) for the treatment of patients with symp-
tomatic secondary MR (=moderately severe), reduced LV
function (LVEF 20%-50%) and relatively preserved LV di-
mension (LV end-systolic diameter <70 mm) despite maxi-
mally tolerated guideline-directed medical therapies. With
the same criteria, the Korean FDA approved the MitraClip
device for use in the management of secondary MR in
2020.

On the basis of this background, TEER is the preferred
option over surgery when an intervention is judged to be
needed in cases of severe secondary MR. Meanwhile, sur-
gery is saved only for cases where a transcatheter interven-
tion is deemed inappropriate or for those in need of surgi-
cal coronary revascularization. However, this seemingly
reasonable summary of the recommendations in fact needs
careful interpretation.
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Atrial versus ventricular functional
mitral regurgitation

The pathophysiologic mechanisms of secondary MR
have clinical implications when it comes to the correction
of MR by surgical or transcatheter interventions [14]. The
2 prototypes of functional MR—atrial and ventricular
functional MR—are depicted in Fig. 1. Most patients with
secondary MR have a dilated LV with wall motion abnor-
malities with consequent systolic tethering of the MV leaf-
lets, while some of them exhibit regional wall motion ab-
normalities in the inferobasal or posterobasal segments
even without global LV dysfunction and dilatation [15].
This entity fits the term “ventricular functional MR”. Sec-
ondary MR may also occur by pure annular dilation in pa-
tients with severe left atrial (LA) dilation, which has been
termed “atrial functional MR” [16]. Atrial functional MR is
most commonly seen in patients with persistent or
long-standing persistent AF, and is associated with relative
preservation of LV function and size. Despite its unique
pathophysiology, atrial functional MR has received less at-
tention; however, management recommendations need to
take into account the mechanism of MR (AF) and the po-
tential indications for rhythm control, as the guidelines
denote [8,14]. In particular, catheter-based AF ablation
would not be recommended in these patients, who are
deemed to be appropriate candidates for surgical manage-
ment of coexisting MR [17]. In this sense, surgical MV re-

Atrial functional Ventricular functional
mitral regurgitaion mitral regurgitation
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Fig. 1. Two types of secondary mitral regurgitation based on patho-
physiologic mechanisms: atrial (A) and ventricular (B) functional
mitral regurgitation. LV, left ventricle; PM, papillary muscle.

pair combined with AF ablation seems to be the ideal op-
tion to treat atrial functional MR instead of transcatheter
therapy (TEER with or without catheter-based AF abla-
tion). There at least seems to be a need for separate deci-
sion-making trees within the entity of secondary MR,
while the recent focused update mainly focused on cases
occurring secondary to ventricular impairment, without
sufficient detail on how to manage atrial functional MR as
a distinct entity.

Atrial functional mitral regurgitation:
TEER or surgery?

In a recent study that evaluated the outcomes of 74 pa-
tients undergoing TEER for functional MR, the authors
demonstrated that baseline AF was associated with a sig-
nificant reduction in survival rates over a period of 5 years,
and multivariable analyses confirmed that AF was a signif-
icant and independent predictor of long-term mortality
(hazard ration [HR], 2.65; 95% confidence interval [CI],
1.12-6.47; p=0.027) [18]. This paper provides the insight
that TEER may have limited value as a disease modifier in
the presence of AF in cases where AF is a causal contribu-
tor to MR. In addition, from a technical standpoint, the
primary driving force producing MR in atrial functional
MR is annular dilatation, wherein 2 edges of the anterior
and posterior leaflets are more displaced than in ventricu-
lar functional MR, and capturing these displaced edges
with the device may be more challenging, posing a greater
risk of treatment failure. More fundamentally, annular dil-
atation—the primary driver of atrial functional MR—is
not addressed by TEER alone, and therefore additional an-
nuloplasty (transcatheter) would be needed in some pa-
tients for more durable repair. The burden of procedures in
this scenario, however, may exceed that of surgical therapy,
as minimally-invasive surgical approaches have evolved in

Table 1. Factors favoring surgical therapy over transcatheter therapy
in atrial functional mitral regurgitation

Factors

Relatively preserved left ventricular function to endure surgical risks

Technical difficulty of transcatheter therapy in capturing displaced
leaflet edges

Effective mitral ring annuloplasty available

Effective surgical ablation against atrial fibrillation available

Concomitant tricuspid repair for advanced tricuspid regurgitation
available

Minimally invasive approaches available for all of the above
procedures at once
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their own right to offer more comfortable and earlier post-
operative recovery.

Lessons from surgical studies: insights
into ablation of atrial fibrillation

Chen and colleagues retrospectively analyzed the surgi-
cal outcomes of 82 patients with atrial functional MR, all
of whom had AF at baseline [19]. Among these patients
undergoing surgical MV repair, 63.4% underwent concom-
itant surgical AF ablation. Of note, freedom from recurrent
MR after surgery was significantly superior in those un-
dergoing AF ablation compared with patients who did not
receive AF ablation, with 3-year rates of 93.8% versus 44.2%
(p=0.035). In addition, the outcome gap in MR recurrence
between these 2 groups was even more prominent in pa-
tients with smaller LAs (<60 mm). These findings indicate
that ablation of AF may also contribute to more durable
MYV function in the long-term following MV repair in atri-
al functional MR.

Compelling evidence has also been reported from larger
observational studies that concomitant ablation of AF
during MV surgery is associated with improved survival
and decreased risks of stroke and heart failure [20-24]. For
instance, in a study involving 1,229 patients undergoing
rheumatic MV surgery in the presence of AF, concomitant
AF ablation resulted in far superior rhythm outcomes
(freedom from AF at 5 years, 76.5% versus 5.0%; p<0.001),
reduced overall mortality (HR, 0.62; 95% CI, 0.46-0.83;
p=0.002) and a lower incidence of systemic thromboem-
bolic events (HR, 0.49; 95% CI, 0.32-0.76; p=0.001) during
long-term follow-up, as demonstrated by rigorous adjust-
ments for pre-specified variables by propensity score mod-
eling [25]. In another study, surgical AF ablation had the
strongest impact on preventing tricuspid regurgitation (TR)
progression over any other factors among 1,208 patients
with mild baseline TR undergoing MV surgery [26]. This
preventive effect of AF ablation against the progression of
TR has also been demonstrated in a number of surgical
studies [20,21,27]. These study results augment the body of
evidence showing that concomitant AF ablation is import-
ant for restore and maintaining tricuspid valve function.
This is an important notion in atrial functional MR be-
cause advanced TR is found in the vast majority of these
patients, and the decision-making on how to manage TR
should also be considered in relation to concomitant AF
ablation.

Taking the knowledge cultivated from surgical studies
into consideration, surgical therapy is probably the prefera-
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ble treatment option in atrial functional MR, saving TEER
as only indicated in high-risk or inoperable patients. In
other words, the term “severe secondary MR” should not
automatically be perceived as an indication for TEER. No-
tably, the early surgical outcomes of atrial functional MR
seem acceptable, given relatively preserved LV function,
relative to those in patients with MR caused by LV dys-
function. As LV systolic dysfunction is a well-known risk
factor for postoperative adverse outcomes, the surgical risk
may be tolerable in the majority of patients presenting with
atrial functional MR [28]. Table 1 summarizes the poten-
tial strengths of surgical therapy over TEER for severe atri-
al functional MR. Most importantly, the decision to under-
take surgery or TEER should be based on an individualized
approach, and shared decision-making with discussions
within the heart team is the ideal pathway in the manage-
ment of MR.

Conclusion

In conclusion, surgery seems to be preferable over TEER
in primary MR that needs intervention, while the deci-
sion-making for secondary MR seems to need further
stratification depending on the pathophysiologic mecha-
nism of MR, as TEER is generally the more suitable option
in ventricular functional MR, while atrial functional MR
may be best treated by surgical MV repair combined with
AF ablation in the majority of patients. This particular is-
sue, however, needs further research to offer scientific evi-
dence to guide optimal management strategies.
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