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Abstract

This review focused on whether subvalvular techniques are more effective than isolated restrictive annuloplasty in
addressing ischemic mitral regurgitation (MR). Searching identified 445 papers and, following a selection process,
we ended up with 10 articles. Two were propensity-matched studies, four retrospective and four prospective, non-
randomized studies. The end points of interest were late recurrence of MR, other early echocardiographic outcomes of
mitral function and early mortality. All studies focusing on echocardiographic measurements showed improved results in
the groups where subvalvular repair techniques were used. In almost all studies, the recurrence of MR postoperatively
was less when subvalvular techniques were used. No difference in early or in-hospital mortality was demonstrated in all
four studies that included comparisons. We conclude that subvalvular techniques in combination with annuloplasty are

safe and may better address ischemic MR than the use of annuloplasty ring alone.
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Introduction

Ischemic MR is caused by global or localized left ven-
tricular remodelling related to chronic coronary
artery disease rather than pure valvular disease. Apart
from decreased closing forces of the mitral valve due
to ventricular systolic dysfunction and mitral annular
dilatation, mitral valve tethering caused by left ven-
tricular remodeling and subsequent papillary muscle
displacement is the predominant cause of ischemic
MR. Reduction annuloplasty by undersizing the
mitral annulus 1-2 sizes has been the standard proce-
dure for years. However, a recurrence of moderate-
to-severe mitral regurgitation in 9-30% of patients
within 6 months of repair has been noted,’? which
prompted the development of new techniques focus-
ing on the subvalvular apparatus rather than the
annulus and on how to improve on the predominant
cause, the mitral valve tethering. We reviewed the lit-
erature to provide evidence on whether the use of
adjunct subvalvular techniques are more effective
than isolated restrictive annuloplasty.

Methods

A literature review was performed from January 2000
to April 2016 with the use of PubMed database. The
terms for search were: [ischemic mitral regurgitation]
OR [approximation] OR [relocation] OR [chordal]
AND [papillary muscle]. Studies identified in the ref-
erences of these articles were also screened for suit-
ability of inclusion. Figure 1 presents the flow chart of
the selection process. Although this review focuses on
comparisons of outcomes following annuloplasty vs.
subvalvular techniques + annuloplasty, we included
studies with the absence of a control group when they
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Records identified through
database searching (n=445)

Additional records identified
through other sources (n=2)

(n=433)

Records after duplicates removed

Records screened (n=433)

Records excluded (n=403)

Full-text articles assessed
for eligibility (n=30)

Full-text articles excluded
because they were
reviews or experimental

studies, had lack of
population homogeneity,
didn’t include early echo-
cardiographic/mortality
data (n=20)

Studies included in
qualitative synthesis (n=10)

Figure 1. Flow chart depicting the selection of studies included in the review.

represented the only available literature evidence on
the described technique.

Results

Four hundred and forty-five articles were identified of
which ten provided the best evidence, focusing mainly
on the recurrence of mitral regurgitation (MR), early
echocardiographic outcomes of mitral function and
mortality. A summary of the findings is presented in
Table 1. Almost all the studies concluded that a repair of
the subvalvular apparatus in conjunction with a annulo-
plasty of the mitral valve had improved early echocar-
diographic outcomes and rates of MR recurrence.
However, no difference in mortality was identified
between patients who had a subvalvular repair or not.
Borger et al.’> compared echocardiographic data in
patients who had secondary chords cutting plus an
annuloplasty and those undergoing an isolated conven-
tional restrictive mitral annuloplasty. Measurements
from intraoperative transesophageal echocardiogram
demonstrated a more significant decrease in tenting
area as well as increased reduction in the distance
between the free edge of the anterior mitral valve leaflet
and the posterior left ventricular wall in the chord-cut-
ting group. No difference was noted in the postoperative

change of mitral annulus and tenting height as well as in
the in-hospital mortality between the groups. However,
patients in the chordal-cutting group had lower rates of
recurrent MR.

Langer et al.* studied a matched group of 30 patients
with severe leaflet tethering. Each group underwent a
restrictive mitral annuloplasty plus an adjunctive papil-
lary muscle repositioning with a transventricular suture
(RING+STRING) or an isolated mitral annuloplasty
(RING). Intraoperative echocardiogram demonstrated
a decrease in tenting height and area. The distance
between the posterior papillary muscle and the aorto-
mitral continuity was also reduced. Recurrent MR>2+
was observed in six of the patients of the RING group
and in only one in the RING+STRING group.

Hvass et al.> studied 37 patients who underwent an
intraventricular peripapillary muscle sling completed
by a mitral annuloplasty ring. The annuloplasty was
normal or undersized. Early residual MR was none-to-
trivial in 31 and mild in two of the patients. Ninety-
five percent of the patients survived the postoperative
period.

Fattouch et al.® matched two groups of 55 patients with
severe MR with the use of propensity scoring analysis. One
group had undergone papillary muscle relocation (PMR)
in conjunction with normal-size mitral annuloplasty and

Downloaded from prf.sagepub.com at Imperial College London Library on September 7, 2016


http://prf.sagepub.com/

Athanasopoulos et al.

*A1se]dOJNDIIIUBA (A ‘UONEBIOISDI JBINDLIIUDA [BDISUNS YAS ‘AIse|dojnuue 9ANDLIASA Yy ‘uonedofa. dpsnw Atejjided uoriaisod ty|Wdd @Psnw Atejjided uoriaisod :|dd 29|jes] dAJeA [eniw Jolidisod AW ‘uoisuadsns appsnw Atejjided

‘NS ‘Buls appsnw Auejjided g4 ‘uonewixoadde appsnw Ai

ded :y|\d ‘o|8ue BuliayIal I9|jea)| [eadiw JoliRIsod 1\ d (uonedSnSad [BAIW tyY|A DWN|OA JI|0ISAS-PUS JBNJLIIUSA P3| (ASTAT (UORIR.IY UONISIB JBNdLIIUSA Y3 (4IAT]

{9LUN|OA J1|0ISBIP-PUS JBINJLIIUSA Y3| ACQIAT DPHIUSA 3] AT 24npadoud doQ Mo ‘4aysue.s pue Ind 1] D Bupand [eapoyd :DD Bul Aisejdojnuue Yy 9|83 SARA [B3IW JOLIIUE IAY 9]3U. SULIDYIS) 19|Je3] [E.IIW JOLIDIUR /Ty

Apnis paziwopue.-uou ‘azis a|dwies |[ews suonelwI]
‘pasn Aiseidojnuue Su pidry

dnoug jo.auod ou ‘azis s|dwes |[ews suoneliwI]
‘pawLioiad Aasedojnuue Sul [eip.aediiad

‘3ull & 01 pasedwod synsad Jewndogns sapiaoad yaiym dnoud H7 sy ui
pasn sem pueq e ‘Apnis paziwopue.-uou ‘azis a|dwes |[ews :suoneiwr]
*dno.u8 HH-uou aya u Suls & pue dnoa8 57 aYa Ul pasn sem pueq

9zis a|dwes |[ews ‘Apnas paziwopueJ-uou ‘9Andadso.3ay :suonelwi]
sdnoJ3 Jsyao g aya ul pasn sem
Bula pazis -an.3 pue dnous vy ul paw.oyiad Asejdojnuue aAndLIASSY

*dno.3 |0.auod ou ‘Apmis aAnd3dso.nad ‘azis sjdwies |[ews :suonewI]
'pasn sem 3uls Lisejdojnuue pazis-an. |

'syjnsa. 3undaye A|qissod ‘syusned 7| ul paurioyad sem Aiseidojnoliusa
o3| ‘@2uaJaa.d 5,u0a8.1Nns 01 ANP SINSDI PaIdBYE dARY IYSIW Selq
uoMnd3|as ‘“Apnis paziWopue.-uou ‘azis a|dwes |[ews :suonelw]

‘doasod >pam | usel sauswLNsED}

‘syusned |[e ul pawiopiad Aisejdojnuue aAndLIISSY

azis a|dwes |[ews :suoneIWI]
‘paaJoda. eaep diydeaSoipaedoyds Alies oN
'pasn sem azis 3uld [ew.ou ‘dnoud Yd Y u|

dno.3 jo.3uod ou ‘azis s|dwes |[ews :suoleIWI
"pazisJapun Jo [ew.ou sem Aisejdojnuue ay |

K1119A9s Y| Jo Suipe.d sAnelnuenb

-1WSS JO 3sN ‘ApN3s PaZIWOPUEI-UOU ‘DAIIASOUY suoneIIWI]
‘Apnas o1ydes3oipaedoyda aAnesadoeaiul 1B Ud)E) SIUSWSINSES||
'syuaned |je ui pauriopad sem Aiseidojnuue sARdLISSY

JIW 3U9234 Jo adudferaud Juaydly e pey dnoud Sunand -epaoyd

ay) ul syuaned ‘Apnis paziwopuel-uou ‘9ANdadso.1ay [suonelwi]
‘Apmas o1ydeaBolpaedoyds

[eadeydosasueay sAneIodoRIIUI JB USHEI SIUSWSINSES|]

'sdno.g yroq

ul pasn Suizisiepun sjeispow/pueq Asejdojnuue s39|dwodul ‘9|qixs|4

‘do-350d JeaA | $S9] SWO09q 03 S40W Pasea.dap Ing ‘dnous \yy 03 patedwiod
uaym do-aud um1eau8 auaM yd Pue Y ‘dnous yiWd ays uj "sdnous yaoq ui
pasea.dap yadep uoneideod pue uoneideod jo Juswade|dsip Jole3sod ‘do-isod
SaWN[OA AT J9mo| pey dnous |\ "dnous Jayaia ul p1da1ap 10U SeM Y|\
9jeJopow [enpisad ‘A4aduns Jaije yauow auQ “Aferiow [eadsoy-ul Aep-og ON

*dno.2 yiNd 242 Ul AJuo JuedyIuBis sem
xapul A3d1isyds d1joaselp pue 21j03sAs ul asea.d9q "dno.d y|d Ul 39|§es| JoliIue
93 Jo eoJe AIABDUOD Ul 35BD.ID3P JuRdYIUSIS 90| "sdno.s a1 usamiaq (£ |°0=d)

AQ3AT Pue (7]°0=d) ASIAT ul @se2.03p Ul 2dua.a41p ON “(80'0=d) dno.s viNd
a3 ur sqow pasea.dul 43A7 (100°0=d) dnous yd 2Y3 Ul S4ow pasea.dsp Yl

*dnou8 5> ay3 ul sauaned aya Suowe palunddo Ajeriow Alies oN
(#10" 0=d ‘g'0F1"| "sA 9°0F9°0) dno.s
VY 242 ul ueys dnous Yy + DD Y3 Ul JaMo| ApuediiuSis Sem Y| [enpIsay

'sdnoJ3 aya usamiaq JaYIP 3, UPIP Y|Al JO SIUSIINIBI WIOJ) WOPad4
'sdnoug aya Suowie Jayip Apuedyiusis Jou pip saed Aljeriow [eadsoy ay )

% Aeriow yeam-9 ‘%7 :Ajeriow [exdsoy-u)

*dno.g yd 943 Ul JOMO]| SEM SSBIIDUI
aya pue sdnou3 yioq ul pasea.dul AW 4o dj3ue Suliayia | a8ueyd ,UpIp TAWY
Jo 9j3ue 3uriayaal ‘sdnoul yaoq uj ‘sausned Jo Aue ul punoy Y|y [enpisad ON

(T o=d
%G "SA %9°¢€) Ajeatow [eadsoy-ur ur sauausyip oN 70'0=d ‘dnous vy sya
10 %G°| | 'SA dnou8 YV + YINd Y2 JO %/'E Ul PAAISSQO SEM +T<Y|N IUDIINIDY

%S :Aeriow [eAdsoy-U| ‘%6 i+ | <Yl WOy Wwopaa.y Alieg

"dno.3 ONIYLS+ONIY 342 Ul

(Ww g€F/€ 03 WW pFH§ WOJ) padnpaJ AIINUNUOD [B1IWI-01I0E 3Y) PUE [dd 242
U99MIDq 9DUBISIP B3 PUB (WD TOFQ'| O3 (WD 6'0F6 € WOJ)) BOJR pUB (WW |F9
01 WW 7FH| wody) 3y3iay Sunusa sy "sdnousd yaoq ur paroaduwil Y4 dIWSYds|
*dnoud ONYLS + ONIY 9y utausned | ur Ajuo pue dnoud HNY 2y jo sausned
9 Ul £198.NnS U31JE $IP9M § 01 T SE A|JED SB PIAIIS]O SEM +7 <Y IUDLINDDY

"dnou3 vy + DD ay ul (10°0=d HF 1| "SA £FHT) AT 401BISO—TAWY
Qouesip ay3 ul pue (]0'0=d ‘%EF | SA %EFES) ©SJB SUnual Ul uondNpa.
J91e249) (6°0=d ‘%01 'SA %6) Aeriow [eadsoy-ul ur a3ustayip oN ‘dnous wy
+ DD aya ul | Ajuo pue dnousd vy aya ul Y 3ua.Ind9. pey sauaned  doisog

s1ydesoipaesoydy
Ajeg jAierioly
Al4eg g 3UBINIDY

s1ydesoipaesoydg
AlIe3/ N [enpisay

Ayjerow
A3 Y1 [enpisaYy

Ajeriow Ajaeg
/I $O 3UB.LINDSY

Ajjeriow A|eg

c1ydes3oipaedoydy
Ajaeg

Aujeriol Ajaeg
YA 2UB.IN>2Y

Ajersow
A3 Y1 [enpisaYy

s1ydes3oipaedoydy
Al4eg g4 3UB1IndeYy

o1ydesoipesoydy
Alreg/Aeaioly Alreg
TN 3UD4INd9Y

8 = YUAS +
NSWd + VINd + VY
1=V

Sl =40Q +dv
Sl =
400 + ¥V + VId

9C=Wd
9 =Vd + 2D

¥€=dA + 4V + VINd
9T =YV + VId
0€ =Wy

6y =
WV + dWdd + 1D

€l =Vvd

¥l =Vd + VINd

99 =Wd
S5 =YV + YWd

LE =YV + SWd

0€ = ONN

0€ =
ONNLS + ONINY

6y =V
€ =Vd+ 2D

ul 241D
(£107) e 30 1yonSewe

1184ng de-Joyroipae) [ Jng
(1107) e 30 redopuey

0184ng dseAolpJeD) deloy |
[ (#107) e 30 sJoyeRD

mm.,_zm JSEBAOIpJED) dedoy |
uuy (§107) e 30 esBlepm

¢34ng JeJoy ] uuy
(€£107) '[e 30 eoueiqedde)

,84ng

aseAolp.e) deaoy] (¢107)
‘[e 39 aqeue|

48.ng dseAOIp.IRD) dRIOY |
[ (2107) ‘e 32 yanomney

¢3.ng dseAoIp.IeD) ROy |
[(0107) "Te 3@ sseAH

LuoneINdIID
(6007) e 32 J4a8ueT]

mm.,_ NG dSeAolpJe]) dedoy |
[ (£007) e 3 4eB10g

sjuswwio)

synsay Aoy

sswodnQ

(s)dno.3 auaney

Apmg

'sanbiuysa] JenAjeAqng *| djqeL

Downloaded from prf.sagepub.com at Imperial College London Library on September 7, 2016


http://prf.sagepub.com/

Perfusion

the other only a restrictive mitral annuloplasty (RA). No
difference was identified in the in-hospital mortality
between the groups. Two (3.6%) and three (5.4%) patients
died in the PMR group and the isolated RA group, respec-
tively. Recurrent MR rates were less in the PMR group.

Manabe et al.” compared patients who had papillary
muscle approximation (PMA) and restrictive annulo-
plasty to those who had isolated annuloplasty. No residual
MR was identified one week post-op for any of the patients.
In both groups, the tethering angle of the anterior leaflet
didn’t change. The tethering angle of the posterior leaflet
increased in both groups and the increase was lower in the
PMA group. As the tethering angle is attenuated, but not
completely eliminated, the authors conclude that PMA
may not have a strong effect on mitral valve configuration.

Coppabianca et al.® investigated 49 patients who had
coronary surgery plus mitral valve repair using the cut-
and-transfer and posterior papillary muscle relocation
techniques. All the patients received a true-size, semi-rigid,
complete annuloplasty ring. The in-hospital mortality was
2% and all discharged patients were alive at six weeks.

Wakasa et al.® studied 90 patients who underwent a
mitral valve repair. Thirty patients had a restrictive
annuloplasty and 60 had a PMA along with a true-sized
ring implanted. From these 60 patients, 34 also under-
went a left ventriculoplasty. Thus, three different groups
were created, as shown in Table 1. Hospital mortality
rates did not significantly differ among the groups
(p=0.9). Freedom from recurrence of MR also didn’t dif-
fer among them (p=0.58).

Calafiore et al.!® compared patients who underwent
chordal cutting and a restrictive annuloplasty to those
who had an isolated restrictive annuloplasty. A band
was used in the former group and a ring in the latter
one. The postoperative residual MR was significantly
lower in the chordal-cutting group and no early mortal-
ity occurred in this group.

Mandegar et al.!! studied 30 patients who under-
went a true annuloplasty ring along with a Dor proce-
dure to reconstruct the left ventricle. In half of these
patients a PMA was also performed. The group who
had a PMA showed greater decrease in MR and
increase in left ventricular ejection fraction when
compared to the other group. No difference was shown
in the postoperative changes of left ventricular vol-
umes between the groups. However, the concavity area
of the anterior leaflet decreased more significantly in
the PMA group and the systolic and diastolic spheric-
ity index decreased significant only in this group.

Yamaguchi et al.!? investigated 22 patients with severe
ischemic MR who had a restrictive annuloplasty. In eight
of them, a PMA, a papillary muscle suspension and a
surgical ventricular restoration were also performed. In
the whole series, there was no 30-day in-hospital mortal-
ity. Patients who had PMA had lower LV volumes

post-op. Posterior displacement of coaptation and coap-
tation depth decreased in both groups. It is important to
note that, although the PMA group started with greater
anterior and posterior mitral leaflet tethering angles,
these decreased more in this group to become less one
year post-op when compared to the other group.

Discussion

Current guidelines support a mitral valve operation in
patients with severe ischemic MR who undergo coronary
artery bypass graft (CABG) surgery.!® In a recent study
comparing patients with moderate ischemic MR who
either had a CABG alone or a combined CABG and a
mitral valve repair, no difference was found in overall sur-
vival, hospital re-admissions or adverse events.!# The two-
year moderate or severe residual MR was higher in the
CABG alone group. Furthermore, in the current literature,
a controversy exists as to whether a mitral valve repair or a
replacement is more beneficial. A few studies report no sig-
nificant difference in postoperative survival between mitral
valve repair and replacement,'>-!7 but others have con-
cluded that a mitral valve repair is preferable to replace-
ment in terms of postoperative survival.'%1° Acker et al.,?°
in the first prospective, randomized trial, again identified
no difference in survival between patients undergoing a
repair or replacement. However, a big difference was shown
in 12-month residual MR (32.6% in the repair group vs.
2.3% in the replacement group). This observation can be
explained by focusing on the subvalvular apparatus and,
more specifically, on the effects of left ventricular dilata-
tion, tethering of mitral leaflets and papillary muscle dis-
placement toward the apex on overall valve competence.

There has been a previous meta-analysis?! and a best
evidence topic review?? by Mihos et al. on the same topic
and both have also demonstrated the supremacy of the
subvalvular techniques in dealing with ischemic MR.
We supplement our review by including additional
papers and presenting the full gamut of available tech-
niques for repair of the subvalvular apparatus. For
homogeneity reasons, we have excluded studies which
presented data from mixed populations.?>** As is evi-
dent from a review of the current literature, the subval-
vular techniques deal with greater efficiency on this
pathology than a simple annuloplasty.

The selection of the most suitable technique will be
based on individual pathology characteristics. It is piv-
otal to have a detailed echocardiographic assessment
preoperatively, which will aid in the selection process. A
PMA or a RING + STRING technique will address an
increased interpapillary muscle distance as well as an
elevated tenting height whilst PMR will be helpful only
on an elevated tenting area or coaptation depth based on
the reported data.*® Chordal cutting, on the other hand,
will mobilize a restricted anterior leaflet and decrease the
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tenting area and, finally, the cut-and-transfer technique
will have an effect on decreasing the coaptation depth.>8

Conclusion

The various subvalvular techniques for addressing isch-
emic MR are safe as shown by the low mortality rates
and the improved echocardiographic outcomes. Thus, it
is important that they should be evaluated in larger
studies to clarify their use in daily practice.
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