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Entroduction

ln the cra of structural heart disease where catheter―

based treatment is prevailing,surgery may have a

unique role For cxample,surgery may bc potentially

advantageOus in functiOnal miす al regurgitadon(FⅣ lR),a

ventricular disease that nOt only needs val■7ular treatment

but also requircs a ventricular intervention. B eing

stilntllated by thc innovative work by Kron`′ ノ́.(1),We

reportcd anterior rclocation of Papillary nluscles and

showed thatitimprovcs LV inction and FMR(2,3).The

revised vcrsion〔 i.e.,papillav heads opdmization(PHO)]

can anleliorate tethering of both anterior and PosteriOr

lcancts(4)

Sincc PIIO surgew is a litde cOmplcx,here we providc

informadon ofsafcguards and Pitfalls.

Surgical safeguards,Pitfa‖ s and comments

ldentincation ofpropcrly― indicated patients

During thc surgertt careful inspection of the valve and

subvalvular apparatus is important.■ ethered leancts and

dislocated Papillary heads can bc repairable but thickened

or shortcncd leanets or chordae may not be Lヽriadon in

Papillary muscles lnay inake surgeヮ lcss effecdve,as、 vill be

describcd belowl

Papillaly nluscles and their hcads

u‐l.cn a padent has papillaヮ inusclcs Of norma1 0r typical

sttucture[i.C.,a couple of heads arising liom thc anterior

papillaw musclc(/PM)and a few heads ioln dlc posterior

paPilla7 muscle(PPM)],PHO is wellindicated.

In such cascs,we place polytctranuoroethylcnc(PTFE)

sutures to the posterior head ofthe PPⅣ l,putit through the

anterior head of dle PPル I and then tle the suttlrc to stabilize

the paplllav heads complex(4)(Fi酢 ″ fИ )・

Carc should be takcn to avoid tearing thc muscle、vhen

the papillary hcad,esPecially the postcrior head,seenls thin

and fTaが le;in such cases,wc rccomlnend Putung the sutllrc

in a morc pro対 mal part of tllc papilla7 heads

Adi thc above procedures are done deep insidc thc lcft

vcntricle.Therefore,chordae tcndineac and thebesian

b100d may intcrfere with thcm.We rec011■ mend using

ⅣlICS instruments which have a long arin and sinall dP In

addidon,the PPルl hcads arc inore diflicult to scc and so、 /c

placc annu10plasw suturCS irst,、 vhiCh ilnprovcs cxpOSurc of

dle PPM.

Vヽhen thc P2 scgment is supportcd by a smaH

indcpendent papillary lnuscle which dircctly arises froln

the postcrior LV、van,。 nc cannot necessarily conncct

the papillary head to the antcrior seglllent as it inay tear

the papillary musclc.In such cases,、 vc rcconlinend patch

augincntadon()f thc P2 scgincnt or I〕 lacenlcnt of artiticial

chordae from dlc anterior PPM hcad to P2

Natural chordae tendineae

Using the PTFE suturcs,wc reSuSpend them to the mid―

anterior annulus(Fプ g7r′で f3)It iS iluportant tO avoid

hoo遍 ng the suttlres with natural chordac.

Wc bring thc suturcs via the inidlinc oF the lllitral

valve、vhere chordae are allllost cOnlpletcly abscnt,、 vhich

pro宙des enOugh spacc to work in(■ さヽι7で 2)
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Figurc l lAI Both anterior and PosteriOr papillary heads of each

Papilla7 muscle are being connected by PTFE sutures,(B)the

PTFE suturesヽ Vere placed through the mid― anterior annulus

and tllen the annuloplaslr ring./ヽ へ,anterior head of the antcrior

paplllary muscle;ミ、postcrior head of the anterior papilla7

muscle;PA,anterior head of the posterior Papillaw muscle;PR

POSterior head of the posterior papillaヮ musclc_Citcd flom the

reference“ )

Mitral armulus

ヽヽ石e place the PTFE suture through the inid― anterior

annulus frOn■ the vcntricular sidc to the atrial sidc This

stcp is often regarded as dittcult;ifthc suturc gOes too closc

tO the aordc valve,it lnay cause aordc regurgitadon,and if

it gocs to tl■ e lealct side,it lllay causc lllitral rcgurgitadon

Or tissue tca■ In ordcr to avoid such colnplicadons,、 vc put

the suture just l-2 inm away flom the annuloplasw Suture

On thc leanct sidc Sincc thc sumrc、 vill bc conllcctcd to thc

ring in thc ncxt stCP,it Mri‖ noc(listort thc lctlict shtlpc

VヽЪ en the ncedlc docs nOt reach thc annulus easill we

use a large Frcnch― eye necdlc、 vhich illakcs thc procc(lurc

easicr.A potcntlal hazard of using such a big needle is that

it can reach or hit thc aortic valve lllore easily´
「
hus,、ve
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Figure 2 There is amplc sPace around the midline of the anteriOr

lealct 力,amplc sPace bcovccn the APル l and PPⅣI chordac,PNI,

anterior PaPillary muscle;PPM,poste五 or Papilla7 musclc;′ プ゙lL,

ュntcrior lnitral leanct

use a step― by―step approach;we handlc tl■ c big needle just

tO`tOuCh'the nliddle of the anterior leaflet whch is usuany

visible and thcn bring it a couPlc oflllln toward thc annulus,

tOuching the leanet again.By rcpeadng thc prOcedure,、 vc

can safcly reach the argct Point(=｀″夕)・

Annuloplasty五ng

After putting the annuloplasty sutures through the ring,

we put dle ring down to the annulus.We placed the PTFE

suturcs」瞳ough the ring and after adjustIInent of the sutllre

tension/1ength,we ded thcm up.

Howeve■ sometimes the PTFE sutllres werc cut by dle

metal inside of the五ng.ルloreovet the fricdon be3veen the

suture and the Hng mateHal may makc the tension control

inaccurate.Therefore,wc putthe PTFE suturc around(not

thrOugh)dle ring and de it after tcnsion attustment.

Tensiol■ /1entth COntrc1l ofthc PTFE sutures

Thc most reproduciblc lnethOd of tcnsion control is to

put the suture via the aordc curtain tO outside the heart,

and later tO adiust the tension under thc guidance Of

transesophagcal ccho after tcrnlinating cardiopullnOnav

bypass.Sincc ths methOd is dnle consunling,we often use

an alternadve approach.V/e inise saline into thc 3″ via the

lelt atrium (i.c.,the standard saline testl and then pull the

PTFE suturcs undl we scc some prolapse tOward the lcft

atrium.Thc suturcs are subscqucndy ded(Figι π イ).′rter

COllling Or thc cardiopullnonaw bypass,the above prolapse
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Figure 3 A large needle makes the procedure easier.In■ ages sho、vn depict the opcratiOn before(lc■ Panel),during(middle),and after(五 gh0

tllc PTFE sumrcs arc Placcd tllrOugll ttc mid antcrior annulus iom thc lclt vclltriCIC tO thc lcR atrium出 /1L,antcrior mitraHcnnct PML,

POStCriOr nlitral leanct

Figurc 4 A llletilod to control thc tcnsion oF thc PTFE sutures.Left pancl,inision Of thc saline into thc LVi middlC Panel,bcfOre

pull"lg tllc suturcs,bOth icalcts wcrc visiblc lloni thc lclt atriumi ri」lt Pancl,a■cr pulling the sutllrcs,tllc alltcrior lcanct sccnlcd slightly

prOlapsillg,which was ncutralized by tethering a■ er coming ofl the cardiopulmonav bypass Red arrows indicate that some tension is

ュPPlicd tO thc suturcs ANIL,■ 1ltCriOr nitral lc■ lct PⅣH′,POstCrior mitrallcalct l′
A,lcft atrium
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