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Abstract

Mitral valve surgery has evolved over 4 decades from one based on the principles of prosthetic replacement to a
subspecialty with a foundation based on the principles of repair. This review will attempt to enumerate the contemporary
techniques of mitral valve repair and a pathoanatomically directed approach with which to apply them by focusing on

degenerative disease and associated complexities.
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Mitral valve (MV) surgery has evolved over 4 decades
from one based on the principles of prosthetic replace-
ment to a subspecialty based on the principles of repair.
MYV repair has further evolved from the sound princi-
ples of quadrangular resection as a one-size-fits-all
approach to degenerative disease, to a more tailored
approach based on specific anatomic features.'” This
review will attempt to enumerate the contemporary
techniques of MV repair by focusing on a pathoanatom-
ically directed approach to degenerative disease and its
associated complexities.

Classification and Management

Mitral regurgitation (MR) is the most common mitral
pathology affecting adults in the United States over 55
years of age, and it is pathologically classified as either
primary, secondary, or mixed.** Primary MR accounts for
cases of myxomatous degenerative disease and annular
dilatation, secondary MR accounts for functional or
restrictive diseases, and MR is considered mixed when
both pathology categories exist together.’” Degenerative
disease has a 3% overall prevalence in the United States,
and it is the most common global MR etiology (60.7%),
while rheumatic degeneration is the next most common
(22.5%), followed by functional (ischemic or nonisch-
emic) as the third most common etiology.*” The most
common definition of MV leaflet motion used is the
Carpentier classification.'” Type I is normal leaflet motion

such as central MR due to annular dilation or leaflet perfo-
ration, Type II includes excess leaflet motion such as pro-
lapse or flail associated with degenerative primary MR,
Type IIIA occurs when the leaflet is restricted in both sys-
tole and diastole such as in rheumatic disease, and Type
IIIB exists when the leaflet is restricted in systole only
such as with functional secondary MR (Figure 1).

As experience has been gained with regard to the
natural history of severe primary MR, the practice of
watchful waiting is being replaced by earlier referral for
MYV repair, even in asymptomatic patients.”® Of course,
this is based on the ability of the center and surgeon to
guarantee repair rates above 90% to 95% for primary
MR, regardless of whether the patient is symptomatic.®’
Enhancements in imaging quality and improved knowl-
edge of the evidence should facilitate earlier diagnosis
and referral for surgical correction. However, a knowl-
edge and clinical referral gap currently persists as the
majority of patients presenting for surgical correction
today have advanced heart failure symptoms, depressed
ejection fraction, or atrial fibrillation.'®'? This is despite
a current overall repair rate for primary MR now being

'Department of Cardiovascular and Thoracic Surgery, West Virginia
University, Morgantown, WV, USA

Corresponding Author:

Vinay Badhwar, West Virginia University, | Medical Center Drive,
Morgantown, WV 26506, USA.

Email: vinay.badhwar@wvumedicine.org


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/scv
mailto:vinay.badhwar@wvumedicine.org

Alreshidan et al

21

classified if above are normal

Evaluate mitral valve morphology, LV size and function, LA size
* Mild MR is common in normal subjects and does not need to be further

* Dilated LV/Abnormal LVEF or Dilated LA could be cause or consequence of MR
* Isolated wall motion abnormality with preserved LVEF likely cause of MR

* Dilated LV with normal LVEF suggests severe MR

£ Flail leaflet is highly specific for severe MR

h
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| (Carpentier Classification) |
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Example: Known secondary MR due to ischemic
cardiomyopathy with new torn chord and flail leaflet.
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Figure |. Classification of mitral regurgitation based on leaflet motion.
Abbreviations: FMR, functional mitral regurgitation; MR, mitral regurgitation; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection

fraction.
Adapted from O’Gara et al.?

over 80% in the United States, with nearly 20% of iso-
lated MV repair operations being performed through
nonsternotomy minimally invasive techniques, nearly
10% robotically.'" " In several highly experienced cen-
ters where consistent pathoanatomically directed MV
repair techniques are applied, repair rates for primary
degenerative disease may now be achieved in essen-
tially 100% of patients, a growing number of these con-
sistently being achieved robotically."*'°

Pathoanatomic Assessment

Contemporary MV surgery is safe with overall excellent
30-day outcomes.'"'* Nevertheless, to achieve superior
repair rates with long-term durability, the importance of
programmatic attention to pathoanatomically directed sur-
gery cannot be overstated. The imaging cardiologist, mitral
surgeon, and cardiac anesthesiologist each play an integral
role in mitral heart teams to ensure that image-guided
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operative strategies are implemented for optimal results.
Once the diagnosis is correctly made and the type and
severity of MR identified by the referral process, it is really
up to the intraoperative team to clearly identify the detailed
mechanism of the MR along with the potential pitfalls in
order to finally craft the operative approach before skin
incision is made. It is this final step of a mutual under-
standing on MR mechanism and strategic approach that
defines excellence in outcome-driven MV repair centers.

Intraoperative transesophageal interrogation is not the
time to make the diagnosis of MR severity. Instead, it is the
essential moment to carefully assess the pathoanatomy of
the lesion(s) and to identify anatomic risk factors that
should be avoided in tailoring the correct repair solution
for each individual patient by using all means neces-
sary.>>!3171% This exercise, most commonly performed by
the echo-boarded cardiac anesthesiologist, should not
focus on the obvious lesion such as a P2 flail, but on iden-
tifying the potential secondary mechanisms that could be
masked by an obvious lesion. After a thorough 2-dimen-
sional assessment where the majority of these features can
be identified, 3-dimensional (3D) reconstruction with/
without color flow may clarify or confirm potential subtle
surgical pitfalls. The specific areas of focus for the imag-
ing anesthesiologist or cardiologist to greatly assist the
mitral surgeon may include the identification of the fol-
lowing: (a) the existence of anterior mitral leaflet (AML)
prolapse—either masked by an obvious posterior mitral
leaflet (PML) lesion or an AML pseudo-prolapse lesion if
the PML is restricted; (b) locating the existence of com-
missural prolapse at the medial or lateral location as a
separate lesion—this is a commonly missed diagnosis per-
haps best identified in the bicommisural view or with 3D;
(c) PML clefts adjacent to the primary lesion—this is best
identified with 3D and very important to avoid a technical
error of over resecting the primary PML lesion and expos-
ing clefts for residual MR; () mitral annular calcification
with secondary and tertiary PML chordal impingement/
tethering—perhaps best identified in the long-axis views
of the PML or with the ventricular view on 3D; (¢) AML
secondary chordal tethering resulting in lack of coaptation
or primary AML prolapse—this is best identified in long-
axis views and they can be most useful for the surgeon to
divide if felt to be contributing to the lack of coaptation;
and (f) predictors of systolic anterior motion (SAM) to
include an acute aorto-mitral angle, reduced coaptation-
septal distance, hyperdynamic small left ventricular cavity,
and excess AML or PML height—all relevant to the sur-
geon to focus on PML height reduction techniques.

When identifying the lesion(s) in need of repair, it is
important to also identify the tissue features of the leaflets
involved in the pathology. Type II lesions can occur in a
spectrum of myxomatous degeneration. Repair techniques
may vary depending on how focal or diffuse the leaflet

involvement may be. Fibroelastic deficiency, most com-
mon in older patients, is a focal phenomenon usually
involving the P2 segment of the PML without much thick-
ening or myxoid changes to other areas of the valve. When
the majority of the PML is diffusely thickened with promi-
nent clefts and increased PML height but with minimal
AML involvement, this is known as forme fruste. Bileaflet
involvement with diffuse myxoid thickening and excess
tissue is commonly known as Barlow’s disease.>>'>*" On
initial valve assessment by intraoperative echocardiogra-
phy, it is imperative to recognize that as the degree of myx-
omatous degenerative involvement increases, so does the
potential existence of secondary mechanisms enumerated
earlier. In fact, special vigilance is required if the patient
has forme fruste or bileaflet/Barlow’s pathology and is of
advanced age as the existence of secondary mechanisms
are all but assured, and these should be identified and a
pathoanatomic surgical solution formulated prior to com-
mencing the operation.

Pathoanatomically Directed MV
Repair

The principle tenets of MV repair include 4 main compo-
nents: (a) restoration of the depth of AML-PML coaptation
to greater than 5 mm; (b) stabilization and remodeling of the
mitral annulus; (c¢) restoration of normal leaflet motion
without tension to the leaflets; and (d) elimination of MR to
trace or less on the immediate postoperative transesopha-
geal echocardiogram.>* If the surgical MV repair adheres to
all of these principles, operative success can be consistently
achieved and long-term durability most often assured.

Traditional quadrangular resection techniques, involv-
ing resecting all of P2 then anastomosing P1 to P2 after
performing annular compression sutures in order to mini-
mize leaflet tension, have enjoyed durable outcomes in
young patients with focal disease.”’ However, due to its
limited application to advancing pathologies, most sur-
geons have largely abandoned this technique in favor of
limited resection or nonresection techniques using polytet-
rafluoroethylene (PTFE) neochordal support.? Durable
outcomes and equivalent hemodynamic results have been
achieved with both limited resection and nonresection
techniques.”?® Though some advocate for one approach
over the other, given the broad array of pathologic findings
now amenable for durable MV repair and the mainstream
application of minimally invasive and robotic techniques,
the contemporary MV surgeon must be versatile in all
available reconstructive methods.

Only following a detailed understanding of the precise
mechanism of the MR by imaging, including the identifi-
cation of potential secondary mechanisms, should the
MYV operation commence. It remains quite common that
even with what may appear to preoperatively be quite
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GRADE | PATHOANATOMIC FEATURES

ECHOCARDIOGRAPHY

OPERATIVE FINDINGS REPAIR OPTIONS

- Annular dilatation
1 - Isolated posterior leaflet prolapse
or single segment flail

- Focal resection and
valvuloplasty with ring
annuloplasty

- PTFE neochord support
- Ring/band annuloplasty

- Diffuse myxomatous disease
2 predominantly of posterior leaflet
(forme fruste)

- Partial resection and sliding
leaflet valvuloplasty

- Multi-segment PTFE neochord
support

- Ring/band annuloplasty

- Diffuse bi-leaflet myxomatous
disease (Barlow's)
- Anterior leaflet flail

- Partial resection and sliding
leaflet valvuloplasty
- Multi-segment PTFE neochord

- Secondary Type IIIB disease with
severe tethering
- Severe mitral annular calcification

3 . . support
) Multl-segmﬁ.ant ﬂ;.all - Secondary chordal transfer
- Focal posterior mitral annular 3 .
calcification - Focal calcium resection
- Ring/band annuloplasty
_ iy .
Endocarditis & leaflet perforation - Reconstruction with patch
or annular abscess augmentation
4 - Rheumatic Type llIA disease - Subvalvular mobilization

- Radical annular reconstruction
- Ring/band annuloplasty

By

Figure 2. The West Virginia University Pathoanatomic Complexity Score.

Abbreviation: PTFE, polytetrafluoroethylene.

clear Type II disease, patients may have combined
pathologies such as focal restrictive Type IIIA or IIIB
disease. One should be particularly suspicious of this
when patients with primary MR due to a flail leaflet pres-
ent in a decompensated state with advanced symptoms
and left ventricular dilatation. Patients with true mixed
etiologies deserve special attention as this may increase
the technical complexity to achieve a durable repair. To
assist in identifying pathoanatomic features and tailoring
which surgical strategies may be most effective for suc-
cessful MV repair, use of a preoperative 4-grade com-
plexity score may be helpful (Figure 2).

Grade 1 disease includes straightforward annular dila-
tation alone or focal single-segment prolapse/flail that is
often readily treated by focal triangular resection or
PTFE neochords and annuloplasty. This is the common
category of annular dilatation associated with left atrial
dilatation and for fibroelastic deficiency or Type II pri-
mary MR with P2 prolapse in which MV repair should be
essentially 100% achievable in all experienced centers.
Should a nonresection strategy be considered, important
technical points for PTFE chord placement include the
following: (a) placement of the PTFE chords in the mid-
papillary muscle body and not too close to the head to
avoid entanglement with native chords, (b) assure that

the sutures are directed into the central orifice between
the papillary muscles to avoid subvalvular impingement
in diastole, and (c) placement of the PTFE chords aligned
with the ipsilateral papillary muscle matched to the
appropriate length of adjacent normal chords to avoid
excess tension during systole.

Grade 2 disease involves more diffuse PML disease
with minimal to no involvement of the AML. This is often
accompanied by multi-scallop involvement, often with
clefts and more diffuse myxoid leaflet changes consistent
with forme fruste. Attention to be directed at identifying
potential echocardiographic SAM predictors in these cases
as well as other secondary mechanisms. These patients
may often require some form of PML height reduction as
part of a successful repair. This may be achieved by multi-
segment PTFE neochordal reconstruction or focal partial
resection and sliding leaflet valvuloplasty (Video 1; all
supplementary videos are available in the online version of
the article). In some cases, where the clefts are not promi-
nent but diffuse P2 disease exists and PML height reduc-
tion is desired, a triangular resection in conjunction with
PTFE supported leaflet re-approximation, or a “respectful
resection,” may be utilized.”> These techniques require
careful preoperative imaging and intraoperative inspection
to avoid SAM. When performing variations on PML
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resection methods, it is important to divide secondary and
tertiary chords felt to contribution to the diffuse nature of
the disease. This step can be most helpful to both debulk
the excess PML tissue while preserving primary chordal
connection and leaflet motion during diastole.

Grade 3 disease involves bileaflet myxomatous pathol-
ogy such as Barlow’s or when the flail involves the AML
or several segments of both leaflets. This category may
also be utilized when focal posterior MAC is involved in
the diffuse PML or bileaflet presentation. Surgical tech-
niques for MV repair would be cumulative to those applied
for Grade 2 disease but may include multi-segment PTFE
support, focal resection of the MAC involved in second-
ary/tertiary tethering of the PML, and/or the use of second-
ary chordal transfer for primary support (Video 2). Steps
outlined for Grade 2 become even more important when
faced with secondary and tertiary PML chordal involve-
ment of MAC or in states of mixed restriction.

Grade 4 disease may involve more invasive and com-
plex MAC that may necessitate some degree of resection
and annular reconstruction.”’ This category also applies to
cases of rheumatic Type IIIA leaflet tethering that may
require leaflet augmentation with autologous pericar-
dium,”® cases of Type IIIB restriction without inferobasal
aneurysms that may require adjunctive leaflet or subvalvu-
lar remodeling techniques, or cases of acute bacterial
endocarditis with associated leaflet destruction and annu-
lar involvement that may require radical debridement and
patch reconstruction in order to restore leaflet coaptation
(Video 3). These cases comprise the most complex cases
for repair and require the surgeon to call on the entire
armamentarium of techniques used for Grades 1 to 3 dis-
ease. Autologous patch use can be fresh or fixed with glu-
taraldehyde based on institutional preference, though there
is an increasing trend toward minimal fixation or fresh
pericardial use to avoid late leaflet calcification. Should
the surgeon or center not be prepared or experienced in
these techniques, total chord-sparing MV replacement
may be a very reasonable and safe alternative.

Future Directions

As more centers become versatile with the application of
advanced MV repair techniques to increased image-guided
pathoanatomic complexity, so should their pursuit of close
longitudinal patient follow-up. Technical advancements
must be matched with quality assessment and patient safety.
Postoperative transthoracic echocardiography either pre-
dismissal or within 30 days should become minimum stan-
dard of care in all advanced mitral programs, and 1-year
echocardiographic follow-up should be encouraged.
Surgeons and centers accomplished in MV repair com-
monly embark on development of minimally invasive and
robotic programs. For fully developed pathoanatomically

directed MV programs, robotic technology may become a
tool not just reserved for the Grade 1 patients with straight-
forward pathology, but a standard approach for all Grades
and all-comers including the elderly or infirm as a manner
in which to perhaps actually decrease the morbidity of a
sternotomy approach.'®***

Conclusions

Repair of MR in the setting of advancing pathologic
complexity can be successful using a variety of proven
techniques. Understanding the pathoanatomic mecha-
nism of MR with thorough preoperative imaging is
essential to navigate predictable pitfalls and tailor pathol-
ogy-specific repair solutions to achieve durable long-
term outcomes.
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