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Appendix 4 

Delta Mesh background and Technical notes

Introduction
4UBCMF�IJBUBM� SFDPOTUSVDUJPO� JT�NBOEBUPSZ� GPS� TVDDFTTGVM�
IJBUBM�IFSOJB� TVSHFSZ��)PXFWFS�QPTUPQFSBUJWF�TUBCJMJUZ� JT�
DIBMMFOHFE�CZ�TJHOJòDBOU�BYJBM��BOE�CJMBUFSBM�BDUJOH�UFOTJMF�
GPSDFT� UFOEFS� BOE� WVMOFSBCMF�NVTDMFT�XJUIPVU� GBTDJBM�
FOWFMPQFT�BOE�WBSJBUJPOT�PG�UIF�TQFDJòD�UISFF�EJNFOTJPOBM�
BOHVMBS�DPNQPTJUJPO�PG�UIF�FTPQIBHFBM�IJBUVT�JO�UIF�TBHJUUBM�
BOE� GSPOUBM� QMBOFT��7BSJPVT� UFDIOJRVFT� PG� POMBZ�NFTI�
BQQMJDBUJPO�IBWF�OPU� TIPXO�B� USBOTQBSFOU�CSFBLUISPVHI�
DPNQBSFE�UP�DPOWFOUJPOBM�IJBUBM�IFSOJB�TVSHFSZ�

5IFTF�SFTVMUT�MFE�UP�B�GVOEBNFOUBMMZ�OFX�DMPTVSF�DPODFQU�
UIBU�EPFT�OPU�BJN�UP�DPWFS�UIF�EFGFDU�CVU�UP�JOEVDF�TUBCMF�
JOUFSOBM�SFJOGPSDFNFOU�PG�UIF�DSVSB��5IFSFGPSF�B�OFX�UZQF�
PG�NFTI�XBT�EFWFMPQFE�UIBU� JT� TQFDJGJDBMMZ�BEBQUFE�UP�UIF�
UISFF�EJNFOTJPOBM�BOBUPNZ�PG� UIF�IJBUVT�BOE� JUT� TQFDJGJD�
GVODUJPOBM�SFRVJSFNFOUT��

Innovation
5IF�VOEFSMZJOH�QSJODJQMF�PG�UIF�%.�JT�UIF�BOBUPNJDBM�BOE�
functional reconstruction of the disrupted esophageal hiatal 
VOJU�BHBJOTU� UIF�CBDLHSPVOE�PG� JUT�DSVDJBM� JNQPSUBODF� GPS�
$0%*4��$FOUSBM�SFRVJSFNFOUT�GPS�UIF�%.�XFSF�BWPJEBODF�
PG�BO�JOUSB�BCEPNJOBM�QPTJUJPO�FYDMVTJWF�DPOUBDU�POMZ�XJUI�
UIF�UBSHFUFE�DSVSB�NVTDMF�TIJFMEJOH�GSPN�BEKBDFOU�BCEPNJOBM�
PSHBOT�JOEVDUJPO�PG�B�TUBCMF�UISFF�EJNFOTJPOBM�NVTDMF�NFTI�
DPNQMFY�DPOTUSVDUJPOBM�SFTJTUBODF�UP�UIF�QSFWBJMJOH�BYJBM�BOE�
CJMBUFSBM�UFOTJMF�GPSDFT�TBGF�BOE�FBTZ�NFTI�òYBUJPO�TNBMM�TJ[F�
BOE�TJNQMF�IBOEMJOH�JO�MBQBSPTDPQJD�QSPDFEVSFT�

Results
Shape and material

5IF�%.�JT�7�TIBQFE���Y��Y���NN�JO� TJ[F�� *U� JT�CBTFE�
PO� UIF� UISFF�EJNFOTJPOBM� QSJODJQMF� PG� B� 5�QSPGJMF�
XIJDI�DSFBUFT� UXP� MPOHJUVEJOBM�DPNQBSUNFOUT� GPS� TUBCMF�
FNCFEEJOH�PG�UIF�MFGU�BOE�SJHIU�DSVT��5IJT�DSFBUFT�B�UISFF�
EJNFOTJPOBM�CJ�BOHVMBS�BEIFTJPO�TZTUFN�XJUI�BO�FOMBSHFE�
JOUFHSBUJPO�TVSGBDF�GPS�UIF�NVTDMF�UJTTVF��5IF�%.�JT�NBEF�
PG�QPMZWJOZMJEFOF�óVPSJEF�XIJDI�CFTU�NBUDIFT�UIF�OBUVSBM�
DPOTJTUFODZ�PG�UIF�DSVSB�BOE�GBDJMJUBUFT�TVSHJDBM�BEKVTUNFOU�
UP�UIF�JOEJWJEVBM�BOBUPNZ�
Centrefold

The centerfold arises vertically along the longitudinal 
NJEMJOF�PG� UIF�XJOHT�BOE�EFUFSNJOFT� UIF�EFDJTJWF� UISFF�
EJNFOTJPOBM� TUSVDUVSF� PG� UIF�%.�� *U� DSFBUFT� UIF� UXP�
DPNQBSUNFOUT� PG� UIF� 5�QSPGJMF� GPS� DPNQSFIFOTJWF�
NVTDMF�FNCFEEJOH�BOE�QSPWJEFT�BO�BDUJWF�FEHF�UP�FEHF�

JOUFSMPDLJOH�PG�UIF�DSVSB��5IF�%.�IFJHIU�JT� MJNJUFE�UP����
NN�XIJDI�UIVT�BMMPXT�GPS�DPNQMFUF�DPWFSBHF�CZ�UIF�DSVSB��
The centerfold supports the longitudinal and torsional 
TUBCJMJUZ�PG� UIF�%.�BOE�BMXBZT�FOTVSFT� JUT� TUBOEBSEJ[FE�
FYBDU�DPODFOUSJD�QPTJUJPOJOH�JO�UIF�IJBUBM�NJEMJOF�
Bilateral wings

#PUI�XJOHT�VOGPME� BVUPOPNPVTMZ� SFUSPDSVSBMMZ� EVF� UP�
UIF�DPOTUSVDUJPO�BOE�FMBTUJDJUZ�PG� UIF�%.��5IFZ�IBWF�B�
NBYJNVN�XJEUI�PG����NN�BU�UIF�CBTF�UP�QSPWJEF�JOUFOTJWF�
NVTDMF� JOUFHSBUJPO� JO� UIJT� BSFB� PG�NBYJNVN�BYJBM� BOE�
CJMBUFSBM�UFOTJMF�GPSDFT�BOE�UP�DSFBUF�B�TUBCMF�SFUSPDSVSBM�CBDL�
TIJFME�UP�QSPUFDU�UIF�DSVSB�GSPN�UIF�USBOTFDUJOH�GPSDFT�PG�UIF�
straining hiatal sutures. As the tensile forces in the hiatus 
EFDSFBTF�UPXBSET�UIF�QPTUFSJPS�UIF�%.�DBO�UBQFS�UPXBSET�
UIF�UJQ�XJUIPVU�MPTJOH�TUBCJMJUZ��5IF�SFTVMUJOH�EFMUB�TIBQF�PG�
UIF�%.�TJHOJGJDBOUMZ� GBDJMJUBUFT�SFUSPDSVSBM�QPTJUJPOJOH�PG�
UIF�XJOHT�CFIJOE�UIF�DSVSB�
Location

5IF�%.� JT� QMBDFE� JO� UIF�XJEFOFE� FTPQIBHFBM� IJBUVT�
JOWFSUFE�XJUI�UIF�CBTF�VQ�BOE�UIF�UJQ�EPXO�EJSFDUMZ�CFMPX�
UIF�FTPQIBHVT��8IFO� UIF� UISFBEFE� GJSTU�IJBUBM� TVUVSF� JT�
DMPTFE�UIF�%.�JT�BVUPNBUJDBMMZ�QPTJUJPOFE�DPODFOUSJDBMMZ�
DPWFSFE�CZ�CPUI�DSVSB�BOE�TIJFMEFE� GSPN�UIF�BCEPNJOBM�
cavity. 
Fixation

5IF�%.�GJYBUJPO�BOE�IJBUBM� DMPTVSF�BSF� TJNVMUBOFPVTMZ�
BDIJFWFE�CZ� UIF� SFWFSTF� DMPTVSF� UFDIOJRVF��5IF�DSVDJBM�
GJSTU� TVUVSF� 	��1SPMFOF����N�$5���1MVT��130-&/&u�
Ethicon®�&OEP�4VSHFSZ� *OD��64"
� UBLFT� �r���NN�PG�
UIF� MFGU� DSVT�EJSFDUMZ�CFMPX� UIF� FTPQIBHVT� JT� UISFBEFE�
FYUSBDPSQPSFBMMZ�BMPOH� UIF�%.�CBTF�BOE�BGUFS� JOTFSUJPO�
PG� UIF�%.�UISPVHI�BO����NN�USPDBS� UIF� SJHIU� DSVT� JT�
DPSSFTQPOEJOHMZ�HSBTQFE� JO�B�IPSJ[POUBM� MJOF��$MPTVSF� JT�
QFSGPSNFE�XJUI�B�UJHIU�MPDLJOH�TVUVSF�JO�UIF�FYUSBDPSQPSFBM�
UFDIOJRVF�VOEFS� UFOTJPO��5IJT� GJSTU� TVUVSF�OFVUSBMJ[FT�BMM�
CJMBUFSBMMZ�BDUJOH� GPSDFT��5IFSFGPSF�BMM�PUIFS�����TVUVSFT�
GVSUIFS�CFMPX�POMZ�DBQUVSF�CPUI�DSVSB�BOE�UIF�CBTF�PG�UIF�
DFOUFSGPME�BOE�QSPWJEF�UIF�òOBM�DMPTVSF�PG�UIF�IJBUBM�EFGFDU��
"EEJUJPOBM�òYBUJPO�JT�OPU�SFRVJSFE�

Discussion
0OMBZ�NFTI�UFDIOJRVFT� JO�DPNNPO�IFSOJB�TVSHFSZ� GPDVT�
PO�UIF�TJNQMF�CVU�TVDDFTTGVM�BQQSPBDI�UP�DPWFS�B�EFGFDU�CZ�
BO�BUUBDIFE�óBU�NFTI��)PXFWFS�UIFTF�UFDIOJRVFT�SFRVJSF�B�
MBSHF�NFTI�UJTTVF�DPOUBDU�BSFB�SFMJBCMF�TUSVDUVSFT�GPS�NFTI�
GJYBUJPO� UIF�BCTFODF�PG� TFOTJUJWF�BEKBDFOU�IPMMPX�PSHBOT�
BOE�QSFEPNJOBOU�BYJBM�JOTUFBE�PG�CJMBUFSBM�UFOTJMF�GPSDFT��"MM�
UIPTF�QSFQPTJUJPOT�BSF�BCTFOU�JO�UIF�IJBUBM�BSFB��*O�QBSUJDVMBS�
IJBUBM�IFSOJB�SFQBJS�JT�OPU�BCPVU�TPNFIPX�DMPTJOH�B�EFGFDU�
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CVU�BCPVU�SFTUPSJOH�B�GVOEBNFOUBM�GVODUJPOBM�TUSVDUVSF�UIBU�
JT�QBSU�PG�UIF�JOUFSBDUJOH�PSHBO�TZTUFN�$0%*4��

5IFSFGPSF� UIF� TQFDJGJD� BSDIJUFDUVSF� PG� UIF� IJBUVT�
XBT� USBOTGFSSFE� UP� B� DPSSFTQPOEJOH� UISFF�EJNFOTJPOBM�
DPNQPTJUJPO�PG� UIF�%.�NBUDIJOH� UIF� SFRVJSFNFOUT�PG�
JOOFS�IJBUBM� FOIBODFNFOU��5IF�5�QSPGJMF� JT�EFTJHOFE� UP�
BDUJWBUF�TUBCMF�FEHF�UP�FEHF�JOUFSMPDLJOH�PG�UIF�DSVSB�BOE�
UP�BDIJFWF�IJHI�KPJOU�TUBCJMJUZ�JO�B�CJ�BOHVMBS�GVTJPO�TZTUFN��
5IFTF�DPOTUSVDUJPOBM� BEWBOUBHFT�FYDFFE� UIF� TUBCJMJUZ�PG�
DPNNPO�TJOHMF�BOHVMBS�TZTUFNT�XJUI�óBU�TVSGBDF�DPWFSJOH�
POMBZ�NFTIFT�	Figure S4). 

%VF�UP�JUT�SFUSPDSVSBM�QPTJUJPO�UIF�%.�JT�TIJFMEFE�GSPN�
BCEPNJOBM�PSHBOT�BOE�DPOUBDU�JT�GPDVTFE�BMNPTU�FYDMVTJWFMZ�
PO� UIF� UBSHFUFE�DSVSB��%FTQJUF� JUT� TNBMM� TJ[F� UIF� UISFF�
EJNFOTJPOBM�TUSVDUVSF�TFFNT�UP�QSPWJEF�TVGGJDJFOU�TVSGBDF�
BSFB�GPS�EFFQ�NVTDMF�JOUFHSBUJPO�

5IF�FBTZ�IBOEMJOH�PG� UIF�%.� JT�CBTFE�PO� UIF� TNBMM�
TJ[F� FMBTUJDJUZ� BOE�FBTF�PG� HSBTQJOH� UIF� DFOUFSGPME� GPS�
QPTJUJPOJOH��'BTU�BOE�SFMJBCMF�%.�BODIPSJOH� JT�PCUBJOFE�
CZ� JOUFHSBUJPO� JOUP�UIF�SFHVMBS�TVUVSFT�PG� UIF�IJBUPQMBTUZ�
UIVT�QSPWJEJOH�B�UJNF�TBWJOH�TJNQMJòDBUJPO�JO�MBQBSPTDPQJD�
QSPDFEVSFT��5IF�%.�DPOTUSVDUJPO�BOE�UIF�SFWFSTF�DMPTVSF�
UFDIOJRVF�FOTVSF� UIBU� UIF�DFOUFSGPME� JT�BMXBZT�FYBDUMZ� JO�
UIF� JOUFSDSVSBM�NJEMJOF�BGUFS�DMPTVSF�BOE�CPUI�XJOHT�BSF�
SFUSPDSVSBMMZ�VOGPMEFE� SFHBSEMFTT�PG�IFSOJB� TJ[F� UJTTVF�
RVBMJUZ�PS�TVSHJDBM�WBSJBUJPOT�

5IF�%.�MFOHUI�JT� JOUSBPQFSBUJWFMZ�BEKVTUFE�UP�UIF�TJ[F�
PG� UIF�EFGFDU��5IF�SFWFSTF�DMPTVSF� UFDIOJRVF�OFVUSBMJ[FT�
BMM� UFOTJMF� GPSDFT�BMSFBEZ�CZ� UIF� GJSTU� TVUVSF��5IFSFGPSF�

BMM� GVSUIFS�TVUVSFT�DBO�CF�QPTJUJPOFE�RVJDLMZ� UFOTJPO�GSFF�
BOE�BU�B�XJEF�EJTUBODF��5IJT�OPU�POMZ�TBWFT�UJNF�CVU�BMTP�
IFMQT�UP�QSFTFSWF�UIF�DSVDJBM�CMPPE�TVQQMZ�UP�UIF�DSVSB��5IF�
EFWFMPQFE�QSPQPSUJPOT�PG�UIF�%.�BSF�TVJUBCMF�GPS�UIF�WBTU�
NBKPSJUZ�PG�IJBUBM�IFSOJB�QBUJFOUT��)PXFWFS�B�SFBEZ�NBEF�
%.�JO�EJGGFSFOU� TJ[FT�BOE�EFTJHO�DPVME�CF�BO� JNQPSUBOU�
PQUJPO� JO� UIF� GVUVSF�BOE�NBZ�FYQBOE� JOEJDBUJPO� GPS� UIF�
UISFF�EJNFOTJPOBM� DMPTVSF� UFDIOJRVF�PG� J�F�� JODJTJPOBM�
hernias.

5IF� %.� DPODFQU � TFFNT � UP � F M JNJOB UF � WB S JPVT�
EJTBEWBOUBHFT�PG�DPNNPO�UXP�EJNFOTJPOBM�POMBZ�NFTIFT�
BT� UIF� HSFBU� WBSJBCJMJUZ� JO� UFSNT� PG� TJ[F� TIBQF� UZQF�
QMBDFNFOU�òYBUJPO�BOE�TVSHJDBM�BTTFTTNFOU��'VSUIFSNPSF�
EVSJOH� MBQBSPTDPQJD� QPTJUJPOJOH�PG� B� GMBU� POMBZ�NFTI�
UIF�EJBQISBHN�JT� TUSBJHIUFOFE�BOE�TUSFUDIFE�CZ�UIF�$0��
QSFTTVSF��)PXFWFS�$02� WFOUJOH� JOFWJUBCMZ� DBVTFT� UIF�
EJBQISBHN�UP� GBMM�CBDL� UP� JUT�OPSNBM�BOBUPNJDBM� BOHMFT�
MFBEJOH�UP�VODPOUSPMMFE�GPMEJOH�PG�UIF�òYFE�POMBZ�NFTI�XJUI�
UIF�SJTL�PG�VOEFòOFE�NFTI�UJTTVF�BEIFTJPO�DPNQMFYFT�GPVOE�
at recurrency surgery.

Conclusions
5IF�OFX�UISFF�EJNFOTJPOBM�%.�QSPWJEFT� UIF� TUBCMF�CJ�
BOHVMBS�DSVSB�DMPTVSF�GPS�IJBUBM�IFSOJB�QBUJFOUT��5IF�OFXMZ�
EFTDSJCFE� UFDIOJRVF�PG� SFWFSTF� DMPTVSF� JT� TJNQMF� UJNF�
TBWJOH�BOE�JOUFHSBUFT�DSVSPQMBTUZ�BOE�%.�òYBUJPO�XJUIPVU�
UIF�OFFE� GPS� BEEJUJPOBM� TVUVSFT��5IF� UISFF�EJNFOTJPOBM�
%.�DMPTVSF�DPODFQU� JT� TUBOEBSEJ[FE� SFQSPEVDJCMF� BOE�
JOEFQFOEFOU�PG�UIF�TIBQF�PS�TJ[F�PG�UIF�IJBUBM�IFSOJB�

Figure S4 $PNQBSJTPO�PG�IJBUBM�DMPTVSF�DPODFQUT��	"
�%FTQJUF�UIF�IJBUBM�DPWFSBHF�CZ�BO�JOUSBBCEPNJOBM�POMBZ�NFTI�BYJBM�GPSDF�WFDUPST�ᬅ 
DPOUJOVPVTMZ�TUSBJO�UIF�TVUVSFT�CFUXFFO�UIF�DSVSB�	$
�BOE�CJMBUFSBM�GPSDFT�ᬆ�BEEJUJPOBMMZ�QVMM�UIF�NVTDMFT�BQBSU�VOEFSOFBUI�UIF�NFTI��	#
�*O�
%FMUB.FTI�JNQMBOUBUJPO�UIF�BYJBM�GPSDFT�TVQQPSU�UIF�òSN�QSFTTJOH�PG�UIF�DSVSB�JOUP�JUT�SFUSPBCEPNJOBM�DPNQBSUNFOUT�BOE�UIF�CJMBUFSBM�GPSDFT�
BSF�SFTJTUFE�CZ�UIF�FEHF�UP�FEHF�JOUFHSBUJPO�PG�UIF�DSVSB�XJUI�UIF�DFOUSFGPME�


