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Results of a prospective, uncontrolled, single-arm study of  
1,351 patients with hiatal hernia operated on exclusively with 
DeltaMesh hiatal reconstruction over a 10-year period
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Introduction

*O�SFDFOU�EFDBEFT
�IJBUBM�IFSOJB
�HBTUSPFTPQIBHFBM� SFGMVY�
EJTFBTF� 	(&3%
� BOE� FYUSBPFTPQIBHFBM� TZNQUPNT�IBWF�
CFDPNF� UIF�NPTU� DPNNPO� HBTUSPJOUFTUJOBM� EJTPSEFS�
XPSMEXJEF
�XJUI�B�QPPMFE�QSFWBMFODF�SBOHJOH�GSPN�BCPVU�
����UP�NPSF�UIBO�����JO�WBSJPVT�DPVOUSJFT��5IF�QVCMJD�
IFBMUI�EJNFOTJPO�NBZ�CF�SFóFDUFE�JO�UIF�GBDU�UIBU�(&3%�
IBT�CFDPNF�UIF�NPTU�DPNNPO�HBTUSPJOUFTUJOBM� TZNQUPN�
JO�PVUQBUJFOU�EJBHOPTJT
�XJUI�OFBSMZ���NJMMJPO�WJTJUT� JO�UIF�
6OJUFE�4UBUFT�BMSFBEZ�JO������	�
�
�

'PS�ZFBST
� UIF�UIFSBQFVUJD�HVJEFMJOFT� GPS�UIFTF�QBUJFOUT�
IBWF� GPDVTFE� PO� UIF� BENJOJTUSBUJPO� PG� QSPUPO� QVNQ�
JOIJCJUPST�	11*T
�JO�WBSJPVT�NPEBMJUJFT
�BMUIPVHI�VQ�UP�����
PG�QBUJFOUT�SFQPSU�QFSTJTUFODF�PG�WBSJPVT�TZNQUPNT�	���
��
5IF�UIFSBQFVUJD�HBQ� JT�XJEFOFE�CZ�UIF�GBDU� UIBU�BOZ�LJOE�
ESVH� UIFSBQZ� DBO�POMZ� BDIJFWF� TZNQUPN�SFMJFG� BOE�OPU�
B�DVSF
�BOE� UIF�VOMJNJUFE�VTF�PG�NFEJDBUJPO� GPS�EFDBEFT�
NVTU�CF�WJFXFE� JODSFBTJOHMZ�DSJUJDBMMZ� 	���
��5IFSFGPSF
�
UIF� UIFSBQFVUJD�HPBM� JO� UIF� GVUVSF�NVTU�VOEPVCUFEMZ�CF�
TVDDFTTGVM�DBVTBM�TVSHJDBM�USFBUNFOU�

5IJT�QPJOUT�UP�UIF�DSVDJBM�RVFTUJPO�PG�XIBU� JT�oDBVTBMp��
The conventional pathophysiological hypothesis considers 
B�EJTFBTFE�BOE�PQFOFE�-&4�UP�CF�DBVTBMMZ�SFTQPOTJCMF�GPS�
(&3%
�EFTQJUF� QFSTJTUFOU� DPODFQUVBM� JODPOTJTUFODJFT
�
XIJDI� BSF�CFJOH� USJFE� UP�CF� FYQMBJOFE�CZ� B� MPOH� MJTU�PG�
IZQPUIFTJTFE� HFOFUJD
� OFVSPMPHJDBM
� IPSNPOBM
� BOE�
FOWJSPONFOUBM�DPGBDUPST
�óBQT
�WBMWFT
�BOE�óBQ�WBMWFT�	����
��
$POTFRVFOUMZ
� UIF�DPNNPO�TVSHJDBM�BOUJ�SFGMVY�BQQSPBDI�
focuses on a variety of therapeutic internal or external 
PFTPQIBHFBM�TUSJDUVSFT�TVDI�BT�HBTUSJD�XSBQQJOH�GSPN�����UP�
����
�PFTPQIBHFBM�XBMM�EFTUSVDUJPO�BOE�TDBSSJOH
�NBHOFUJD�
DMPTVSF
�EJWJTJPO�PG�TIPSU�HBTUSJD�WFTTFMT
�BOE�BMM� GPSNT�PG�
NFTI�JNQMBOUBUJPO�JO�BEEJUJPO�	�����
�

)PXFWFS
�FWFO�BGUFS�EFDBEFT
�UIFSF�JT�TUJMM�OP�DPODFQUVBM�
CSFBLUISPVHI
� GVOEPQMJDBUJPO
�XJUI�BMM� JUT� TIPSUDPNJOHT
�
JT�XJEFMZ�BDDFQUFE�BT�UIF�TVSHJDBM�oHPME�TUBOEBSEp�GPS�BOUJ�
SFGMVY� UIFSBQZ
� BOE�QSBDUJDBMMZ� HBTUSPFOUFSPMPHJTUT� BOE�
HFOFSBM�QSBDUJUJPOFST�TUJMM�DPOTJEFS�TVSHFSZ�BT�UIF�MBTU�PQUJPO
�
OPU�MFBTU�CFDBVTF�PG�UIF�SBUIFS�MJNJUFE�HPPE�TVSHJDBM�SFTVMUT�
in their patients.

/FX � .3* � E B U B � NB Z � P Q FO � V Q � B � D S V D J B M � O FX�
QBUIPQIZTJPMPHJD�DPODFQU��*U� JT�BTTVNFE�UIBU�SFóVY�DPOUSPM�
EPFT�OPU�PDDVS�UISPVHI�B�IZQPUIFUJDBM�-&4
�CVU�UISPVHI�
B� DPNQMFY� DBSEJP�PFTPQIBHP�EJBQISBHNBUJD� JOUFSBDUJOH�
TZTUFN� 	$0%*4
� UIBU� JT� EFUFSNJOFE� CZ� B� DPOUJOVPVT�
EPXOXBSE�SPMMPVU�NPWFNFOU�PG�UIF�IFBSU�POUP�UIF�WFOUSBM�
XBMM�PG�UIF�PFTPQIBHVT
�XIJDI�JT�NPSF�PS�MFTT�POMZ�QBTTJWFMZ�
JOWPMWFE� JO� UIF� TZTUFN��)PXFWFS
� UIF� QPTJUJPO� PG� UIF�
PFTPQIBHVT�BOE�UIF�UISFF�EJNFOTJPOBM�IJBUBM�BSDIJUFDUVSF�
QSPWFE� UP�CF� DSVDJBM�CVU� WVMOFSBCMF� UP� UIF� GVODUJPOJOH�
PG� UIJT� TZTUFN� 	��
��#BTFE�PO� UIFTF�OFX� GJOEJOHT
� UIF�
UFDIOJRVF�PG� MBQBSPTDPQJD�PFTPQIBHPIJBUBM�%FMUB.FTI�
FOIBODFNFOU� 	-0&)%&
�XBT�EFWFMPQFE
�XIJDI� GPDVTFT�
FYDMVTJWFMZ�PO� UIF�DPSSFDU� BOBUPNJDBM� SFDPOTUSVDUJPO�PG�
the oesophagohiatal unit. Fundoplication or other anti-
SFGMVY�QSPDFEVSFT�XFSF� TUSJDUMZ�PNJUUFE� JO� BMM� QBUJFOUT��
'PS� MPOH�UFSN� TUBCJMJTBUJPO�PG� UIF�IJBUVT
� B�OFX� UISFF�
EJNFOTJPOBM�%FMUB.FTI�XBT�BQQMJFE
�XIJDI� JT�TQFDJGJDBMMZ�
EFTJHOFE�UP�NFFU�UIF�TQFDJBM�SFRVJSFNFOUT�PG�B�EFTUSVDUFE�
IJBUVT�BOE�FGòDJFOUMZ�OFVUSBMJTFT�UIF�BYJBM�BOE�UFOTJMF�BDUJOH�
GPSDFT��8F�QSFTFOU� UIF� GPMMPXJOH� BSUJDMF� JO� BDDPSEBODF�
XJUI�UIF�4530#&�SFQPSUJOH�DIFDLMJTU�	BWBJMBCMF�BU�https://
MT�BNFHSPVQT�DPN�BSUJDMF�WJFX����������MT������SD).

Methods

Study design

5IJT� TUVEZ�XBT�DPOEVDUFE�BT�B�QSPTQFDUJWF�VODPOUSPMMFE�
TJOHMF�BSN� DPIPSU� TUVEZ� PWFS� B� ���ZFBS� QFSJPE
� GSPN�
+BOVBSZ������UP�%FDFNCFS�������"MM�QBUJFOUT�DPOTFDVUJWFMZ�
BENJUUFE�XJUI�TZNQUPNBUJD�UZQF�*r*7�IJBUBM�IFSOJBT� GSPN�
(FSNBOZ�BOE�PUIFS�&6�DPVOUSJFT�XIP�NFU�UIF� JODMVTJPO�
DSJUFSJB�VOEFSXFOU�TVSHFSZ�BDDPSEJOH�UP�-0&)%&�VTJOH�
%FMUB.FTI� JO�BMM�DBTFT��/P�PUIFS�BOUJ�SFGMVY�TVSHFSZ�XBT�
QFSGPSNFE��4VSHFSJFT�XFSF�DBSSJFE�PVU�CZ� UXP� TVSHFPOT�
BOE�TVDDFTTJWFMZ� JO�UXP�IPTQJUBMT� JO�#FSMJO
�(FSNBOZ��UIF�
1BSLTBOBUPSJVN�%BIMFN
�%�������	���������
�QSFTFOUMZ�
DMPTFE
�BOE�UIF�%3,�,MJOJLVN�8FTUFOE
�%�������	�����
����
��5IJT� TUVEZ� IBE�OP� DPOUSPM� HSPVQ� BOE�XBT� OPU�
SBOEPNJTFE
�BT�BMM�QBUJFOUT�TQFDJòDBMMZ�XBOUFE�UP�CF�PQFSBUFE�

FOIBODFNFOU�	-0&)%&
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PO�XJUI�-0&)%&�POMZ�XJUIPVU� GVOEPQMJDBUJPO�PS�PUIFS�
UFDIOJRVFT��5IJT�XBT� SFTQFDUFE�BOE
� GPS�FUIJDBM� SFBTPOT
�
QBUJFOUT�XFSF�OPU�QFSTVBEFE� UP�VOEFSHP� GVOEPQMJDBUJPO�
instead.

Ethics approval

5IF� TUVEZ� XBT� DPOEVDUFE� JO� BDDPSEBODF� XJUI� UIF�
%FDMBSBUJPO�PG�)FMTJOLJ�	BT�SFWJTFE�JO�����
��5IJT�TUVEZ�XBT�
BQQSPWFE�CZ�UIF�&UIJDT�$PNNJTTJPO�PG� UIF��S[UFLBNNFS�
#FSMJO
�'SJFESJDITUS����
�%�������#FSMJO
�(FSNBOZ�	BQQSPWBM�
OVNCFS��&UI������

�BOE�MJTUFE�JO�UIF�(FSNBO�$MJOJDBM�5SJBM�
3FHJTUFS�%3,4�	SFHJTUFSFE�OVNCFS��%3,4��������
�CFJOH�
BDDFQUFE�CZ�UIF�8)0�BOE�UIF�*OUFSOBUJPOBM�$PNNJUUFF�
PG�.FEJDBM�+PVSOBM�&EJUPST�	*$.+&
��"MM� JODMVEFE�QBUJFOUT�
TQFDJGJDBMMZ�BTLFE�GPS�-0&)%&��/FWFSUIFMFTT
� UIFZ�XFSF�
FYUFOTJWFMZ� JOGPSNFE�BCPVU� UIF�DPNNPO� GVOEPQMJDBUJPO�
CFJOH�UIF�BDDFQUFE�oHPME�TUBOEBSEp� JO�BOUJ�SFGMVY�TVSHFSZ��
"MM� QBUJFOUT�QSPWJEFE� TJHOFE� JOGPSNFE�DPOTFOU
� BHSFFE�
PO� UIF���ZFBS� GPMMPX�VQ
�DPOTFOUFE� UP� GVSUIFS� TDJFOUJGJD�
VUJMJTBUJPO�PG�UIFJS�BOPOZNJTFE�EBUB
�BOE�XFSF�JOTUSVDUFE�UP�
LFFQ�DMPTF�DPOUBDU�JO�DBTF�PG�BOZ�JSSFHVMBSJUZ��

Inclusion criteria

"MM�UZQF�*r*7�IJBUBM�IFSOJBT�XFSF�JODMVEFE��5IF�EFGJOJUJPO�
PG�oTZNQUPNBUJDp�XBT�CBTFE�PO�UIF�GPMMPXJOH�GPVS�TZNQUPN�
DBUFHPSJFT�� 	"
� GMVJE� SFGMVY� TVDI� BT�IFBSUCVSO
�CFOEJOH�
GPSXBSE�SFGMVY
�OPDUVSOBM�DPVHI
�BOE�B�OFFE�GPS�EJFU�� 	#
�
BFSPTPM�SFGMVY�TVDI�BT�IPBSTFOFTT
� UISPBU�DMFBSJOH
�HMPCVT�
TFOTBUJPO
�TJOVT�TXFMMJOH
�BOE�QPTUFSJPS�MBSZOHJUJT��	$
�DPSF�
TZNQUPNT�TVDI�BT�DIFTU�QBJO
�GFFMJOH�PG�JODBSDFSBUJPO
�DBSEJBD�
TFOTBUJPOT
�CBDL�QBJO
�BOE�EZTQOPFB��	%
�GVODUJPOBM�EJTPSEFST�
TVDI�BT�EZTQIBHJB
�CFMDIJOH
�GBTU�FBUJOH
�BOE�CMPBUJOH�

5IF�JODMVTJPO�DSJUFSJB� GPS�UIF�FOUJSF�TUVEZ�QFSJPE�XFSF�
BT� GPMMPXT�� 	*
�BHF�t���ZFBST� 	NBOEBUPSZ
�� 	**
� JODSFBTJOH�
TZNQUPNT� JO�DBUFHPSJFT�"
�#
�$
�BOE�%�XJUI� TJHOJGJDBOU�
JNQBJSNFOU�PG�EBJMZ� MJGF� 	NBOEBUPSZ
�� 	***
� FOEPTDPQJD�
GJOEJOHT� PG� BO� JODPNQFUFOU� DBSEJB� PS� IJBUBM� IFSOJB
�
JSSFTQFDUJWF�PG� TJ[F� 	NBOEBUPSZ
� 	*7
�PFTPQIBHJUJT�XJUI�B�
4BWBSZr.JMMFS�HSBEF�t��PS�-PT�"OHFMFT�DMBTTJòDBUJPO�HSBEF�
t#�	��
��
�� 	7
�IJTUPQBUIPMPHJDBM� GJOEJOHT�PG�PFTPQIBHJUJT�
PS�#BSSFUUnT�NFUBQMBTJB�PS�EZTQMBTJB�� 	7*
� JOFGGFDUJWFOFTT�
PG�11*T�PS�BEWFSTF�FGGFDUT��BOE�	7**
�QBUIPMPHJDBM� GJOEJOHT�
PG�Q)�NFBTVSFNFOU
�NBOPNFUSZ
�9�SBZ�DPOUSBTU� TXBMMPX�
FWBMVBUJPO
� DPNQVUFE� UPNPHSBQIZ� 	$5

� PS�NBHOFUJD�
SFTPOBODF� JNBHJOH� 	.3*
��1BUJFOUnT�QIZTJDBM� TUBUVT�XBT�
DMBTTJòFE�CZ�UIF�QIZTJDBM�TUBUVT�DMBTTJòDBUJPO�TZTUFN�PG�UIF�

"NFSJDBO�4PDJFUZ�PG�"OFTUIFTJPMPHJTUT�	"4"
�	��
�
5IF�FYDMVTJPO�DSJUFSJB�XFSF�BHF�����ZFBST
� TVTQFDUFE�

BDIBMBTJB�PS�NBMJHOBODZ
�DPNPSCJEJUJFT�UIBU�EJE�OPU� KVTUJGZ�
TVSHJDBM�USFBUNFOU
�BOE�B�EPVCU�BCPVU�EJBHOPTJT�

Patient-reported outcome

#BTJD�EBUB�XFSF�DPMMFDUFE�GSPN�UIF�QBUJFOU�SFDPSET��0VUDPNF�
EBUB�XFSF�DPMMFDUFE�CZ�NFBOT�PG�RVFTUJPOOBJSFT� UISPVHI�
EJSFDU� DPOUBDU�XJUI�QBUJFOUT�CZ�QPTU
�NBJM�PS� UFMFQIPOF�
BU���PCTFSWBUJPO�UJNF�QPJOUT�� 	*
�5�.FEñ���QSFPQFSBUJWF�
TUBUVT
� JG�11*T�XFSF�OPU� BENJOJTUFSFE�� 	**
�5�.FE����
QSFPQFSBUJWF�TUBUVT
� JG�11*T�XFSF�BENJOJTUFSFE�� 	***
�5����
QPTUPQFSBUJWF�TUBUVT
���ZFBS�QPTUPQFSBUJWFMZ�XJUIPVU�11*T��
	*7
�5����QPTUPQFSBUJWF� TUBUVT
���ZFBST�QPTUPQFSBUJWFMZ�
XJUIPVU�11*T��'PSUZ�UISFF�TUBOEBSEJTFE�BOE�PQFO�RVFTUJPOT�
XFSF�BTLFE�QSFPQFSBUJWFMZ�BU�5�.FEñ�BOE�5�.FE�
�BOE�
���BOE����RVFTUJPOT�XFSF�BTLFE�QPTUPQFSBUJWFMZ�BU�5��BOE�
5�
� SFTQFDUJWFMZ��5IF�RVFTUJPOOBJSFT� DPOUBJOFE�WBSJPVT�
RVFTUJPOT�PO�TZNQUPNT
�NFEJDBM�IJTUPSZ
�OVUSJUJPO
�RVBMJUZ�
PG� MJGF
�NFEJDBUJPO
�FYBNJOBUJPOT�QFSGPSNFE
�QPTUPQFSBUJWF�
QSPCMFNT
�BOE�UIFSBQZ�FWBMVBUJPO�	Appendixes 1-3). 

5IF�GPMMPXJOH�TDPSFT�XFSF�JOUFHSBUFE��
�� 5IF� TZNQUPN� TDPSF�XBT� SFEFTJHOFE� CBTFE� PO�

QBUJFOUTn�FNQJSJDBMMZ�GSFRVFOUMZ�SFQPSUFE�DPNQMBJOUT�
UP�TQFDJGJDBMMZ�EFUBJM� UIF�PVUDPNF�PG�"�%�DMBTTJGJFE�
TZNQUPNT�QPTUPQFSBUJWFMZ��5IF�TZNQUPN�TDPSF�IBT�
OPU�ZFU�CFFO�WBMJEBUFE�� *U�XBT�SFDPSEFE�BU�BMM� GPVS�
PCTFSWBUJPO�QPJOUT�PO�B�TDBMF�PG��r�
�SFóFDUJOH�oXFMM�
CFJOHp�XJUI�SFHBSE�UP�B�TQFDJòD�TZNQUPN�BU�B�IJHI�
TDPSF������DPNQMBJOUT�BMM� UIF�UJNF�	EBJMZ
������PGUFO�
	�r�²�XFFL
������PO�BOE�PGG� 	�²�XFFL
������SBSFMZ� 
	�²�NPOUI
��BOE�����OFWFS�	EPFT�OPU�PDDVS
��5IFTF�
UJNF�JOUFSWBMT�XFSF�DIPTFO�UP�IFMQ�QBUJFOUT�EFTDSJCF�
UIF�GSFRVFODZ�PG�UIFJS�DPNQMBJOUT�JO�B�TUSVDUVSFE�BOE�
DPNQBSBCMF�XBZ�	Appendixes 1-3).

�� 5IF�7JTJDL�TDPSF�*�*7
�XIJDI� JT�DPNNPOMZ�VTFE�UP�
BTTFTT�UIF�QBUJFOUnT�HFOFSBM�XFMM�CFJOH
�XBT�SFDPSEFE�
BU�BMM�GPVS�PCTFSWBUJPO�UJNF�QPJOUT
�SFóFDUJOH�oXFMM�
CFJOHp�BU�B� MPX�TDPSF��*���OP�DPNQMBJOUT��**���NJME�
DPNQMBJOUT� SFMJFWFE�CZ�DBSF�BOE�EPDUPS�WJTJUT� BSF�
SBSF��***���NPEFSBUF�DPNQMBJOUT�OPU�SFMJFWFE�CZ�DBSF�
BOE�EPDUPS�WJTJUT�BSF�PGUFO�� *7���OP� JNQSPWFNFOU�
(Appendixes 1-3).

�� 5IF�QBUJFOU�SBUJOH�TDPSF�XBT�JOUSPEVDFE�UP�DBQUVSF�
UIF�QBUJFOUT�BTTFTTNFOU�PG�TVSHJDBM�TVDDFTT�DPNQBSFE�
UP� UIF� SFDBMMFE� FGGFDUJWFOFTT� PG� 11*� USFBUNFOU�
QSFPQFSBUJWFMZ��5IF�BTTFTTNFOU�XBT�NBEF�BU�5��BOE�
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5��PO�B�TDBMF�PG��r�
�SFóFDUJOH�oHSFBU�TVDDFTTp�BU�B�
MPX�TDPSF������FYDFMMFOU������HPPE������TBUJTGZJOH������
TVGGJDJFOU��BOE�����QPPS��5IF�QBUJFOUTn�SBUJOHT�XFSF�
CBTFE�PO�UIF�(FSNBO�TDIPPM�HSBEJOH�TZTUFN�UP�IFMQ�
QBUJFOUT� DMBTTJGZ� UIFJS� SBUJOH� JO� B� GBNJMJBS� TZTUFN�
("QQFOEJYFT��
�).

�� 'PPE� JOUPMFSBODFT�XFSF� SFDPSEFE� BU�5�
�5��BOE�
5�� UP� DBQUVSF� UIFJS�QSPHSFTTJPO�XJUI� SFTQFDU� UP�
UIF�FNQJSJDBMMZ�NPTU� DPNNPOMZ� SFQPSUFE�DSJUJDBM�
ESJOLT�TVDI�BT�XIJUF�XJOF
�TQBSLMJOH�XJOF
�SFE�XJOF
�
ò[[Z�ESJOLT
�GSVJU�KVJDFT
�BOE�DPGGFF
�BT�XFMM�BT�GPPE�
TVDI� BT� TXFFUT
� DBLFT
� DIPDPMBUF
� BOE� UPNBUPFT�
(Appendixes 1-3).

DeltaMesh 

5IF�%FMUB.FTI� JT� B�7�TIBQFE
� ��²��²���NN
� UISFF�
EJNFOTJPOBM�QPMZWJOZMJEFOF� GMVPSJEF�NFTI�EFTJHOFE� UP�
UBSHFU� UIF�TQFDJGJD�BOBUPNZ�PG� UIF�IJBUVT��5IF�UXP�XJOHT�
BOE� UIF� WFSUJDBM� MFOHUIXJTF� SJTJOH� DFOUSBM� GPME� GPSN�
UXP�DPNQBSUNFOUT� UIBU� BEBQU� UIF�QSJODJQMF�PG� B� UISFF�
EJNFOTJPOBM�5�QSPGJMF� 	Figure 1
��5IJT� BMMPXT� GPS� UJHIU�

JOUFSNVTDVMBS�CJ�BOHVMBS� FNCFEEJOH�PG� UIF� DSVSB��5IF�
%FMUB.FTI� JT�EFTJHOFE� GPS� UIF� SFUSPQFSJUPOFBM�QPTJUJPO
�
BOE�UIF�DPOUBDU� JT�BMNPTU�FYDMVTJWFMZ� MJNJUFE�UP�UIF�DSVSB��
5IF�%FMUB.FTI� EPFT� OPU� SFRVJSF� BEEJUJPOBM� GJYBUJPO�
CVU� JT� JOUFHSBUFE� JOUP� SFHVMBS�IJBUVT� TVUVSFT� 	Figure 2). 
	%ZOB.FTI®�%&-5"�CZ�'&(�5FYUJMUFDIOJL�'PSTDIVOHT��
VOE�&OUXJDLMVOHTHFTFMMTDIBGU�NC)
�"BDIFO
�(FSNBOZ
�
BOE� BQQSPWFE� JO�(FSNBOZ�CZ�5·7�4×E
� SFGFSSJOH� UP�
UIF�HVJEFMJOFT�PG� UIF�&VSPQFBO�6OJPO�������&8(�BOE�
��������&(
�DFSUJòDBUF�OVNCFS��(��������������3FW�����
5IF�%FMUB.FTI�IBT�OPU�ZFU�CFFO�BQQSPWFE�CZ�UIF�64�'PPE�
BOE�%SVH�"ENJOJTUSBUJPO�JO�UIF�64"
��

LOEHDE

5IF�QSPDFEVSF� JOWPMWFE�B���USPDBS� UFDIOJRVF�	�²���NN�� 
�²���NN�� �²��NN
�XJUI� UIF� QBUJFOU� JO� UIF� SFWFSTF�
5SFOEFMFOCVSH�QPTJUJPO�BOE� JOTFSUJPO�PG�B����$I��HBTUSJD�
UVCF��'JSTU
�BO� JODJTJPO�XBT�NBEF� JO� UIF�NJOPS�PNFOUVN�
and ventral peritoneal lining of the hiatus. The oesophagus 
BOE� UIF�QPTUFSJPS�WBHBM�OFSWF�CSBODI�XFSF�FYQPTFE�BOE�
UIF�IFSOJBUFE�PSHBOT�XFSF�QSFEPNJOBOUMZ� SFQPTJUJPOFE�
XJUIPVU�SFTFDUJPO�PG�UIF�IFSOJB�TBD��5IF�TIPSUFOFE�EPSTBM�
NFTP�PFTPQIBHVT�XBT�SFMFBTFE�UP�BMMPX�GPS� UIF�OFDFTTBSZ�
PFTPQIBHVT�BTDFOU
�BOE�UIF�QPTUFSJPS� TJEFT�PG�CPUI�DSVSB�
XFSF�FYQPTFE�UP�FOTVSF� GSFF�TQSFBEJOH�PG� UIF�%FMUB.FTI�

DeltaMesh

Length

Centrefold

Base 30 mm

40 mm

11 mm

Right
Leftwing
wing

Figure 1 %FMUB.FTI�EJBHPOBM�GSPOU�WJFX��"U�UIF�CBTF
�JO�UIF�BSFB�PG�
UIF�TUSPOHFTU�UFOTJMF�GPSDFT
�UIF�MBSHFTU�TVSGBDF�BSFB�PG�UIF�XJOHT�JT�
LFQU�SFBEZ�GPS�NVTDMF�JOUFHSBUJPO��5IF�UISFF�EJNFOTJPOBM�TUSVDUVSF�
PG�UIF�5�QSPòMF�SFTVMUT�GSPN�UIF�WFSUJDBMMZ�SJTJOH�DFOUSFGPME�

Figure 2 %FMUB.FTI�DSPTT�TFDUJPO�� 	"
�5IF�XJOHT� BSF�QMBDFE�
SFUSPDSVSBMMZ�XJUI�UIF�$�JO�UIF�NJEMJOF��5IF�TVUVSF�JT�UISFBEFE�JO�
UIF�CBTF�� 	#
�%VSJOH�DMPTVSF
� UIF�TVUVSF�QSFTTFT�CPUI�DSVSB� JOUP�
JUT�DPNQBSUNFOUT�PG�UIF�5�QSPòMF�BOE�FOTVSFT�UJHIU�JOUFHSBUJPO�PG�
NVTDMF�BOE�NFTI��$
�DFOUSFGPME�

DeltaMesh
Abdomen

C

Crus

Wing Wing

Crus

Crus Crus

Mediastinum

A

B
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XJOHT�SFUSPDSVSBMMZ��
5IF� MFGU� IJBUBM� DJSDVNGFSFODF�XBT� EJTTFDUFE�XIJMF�

QSFTFSWJOH� UIF�BOUFSJPS�WBHBM�OFSWF�CSBODI��'JOBMMZ
� UIF�
PFTPQIBHVT�XBT�SFMPDBUFE� UP� JUT�DPSSFDU�WFOUSBM�QPTJUJPO��
)FSOJB�TJ[F�XBT�FTUJNBUFE�BT�UIF�EJTUBODF�CFUXFFO�UIF�EPSTBM�
PFTPQIBHFBM�XBMM�BOE�QPTUFSJPS�DPOóVFODF�PG�UIF�DSVSB�BGUFS�
DPNQMFUF�SFQPTJUJPOJOH��5IF�IJBUVT�XBT�DMPTFE�JO�B�SFWFSTF�
closure procedure: 

'PS�UIJT
�UIF�DSVDJBM�òSTU�TVUVSF�	��1SPMFOF����N
�$5���
1MVT��130-&/&u
�&UIJDPO®�&OEP�4VSHFSZ�*OD�
�64"
�
XBT�QMBDFE�EJSFDUMZ�CFMPX�UIF�PFTPQIBHVT
�UBLJOH��r���NN� 
of the left crus. After extracorporeal threading of the 
%FMUB.FTI�CBTF�UIF�SJHIU�DSVT�XBT�DPSSFTQPOEJOHMZ�HSBTQFE�
JO�B�IPSJ[POUBM� MJOF��5IF�IJBUVT�XBT� GJSNMZ�DMPTFE�BSPVOE�
UIF�PFTPQIBHVT�XJUI�BO� JNNFEJBUF� UJHIU� MPDLJOH� TVUVSF�
VTJOH� BO� FYUSBDPSQPSFBM� LOPU� UFDIOJRVF�VOEFS� UFOTJPO�
BMMPXJOH�B� TNPPUI�SVO�PG� UIF�DPOUSPMMJOH����$I�HBTUSJD�
UVCF��"EFRVBUF� MPOHJUVEJOBM�FYQBOTJPO�PG� UIF�%FMUB.FTI�
BOE�DPNQMFUF�IJBUVT�DMPTVSF�XFSF�FOTVSFE�CZ�POF�PS� UXP�
EPXOXBSE�TVUVSFT��"EEJUJPOBM�%FMUB.FTI�òYBUJPO�PS�BOUJ�
SFóVY�QSPDFEVSFT�XFSF�OPU�SFRVJSFE�	Figure 3).

*O� DBTFT� PG� SFDVSSFODF� BGUFS� UIF�/JTTFO�5PVQFU�
QSPDFEVSF�PS�PUIFS�QSPDFEVSFT
� GVOEPQMJDBUJPO�XBT�SFTFU�
BT� GBS� BT�QPTTJCMF�PDDBTJPOBMMZ�XJUI� GVOEVT� SFTFDUJPO
� JG�
OFDFTTBSZ
� GPMMPXFE�CZ�-0&)%&��*O�DBTFT�PG�SFDVSSFODF�
BGUFS�-0&)%&
� UIF� QSPDFEVSF�XBT� SFQFBUFE�XJUI� BO�
BEEJUJPOBM�TNBMM�%FMUB.FTI
� MFBWJOH�UIF�òSTU�POF�JO�QMBDF��
'VOEPQMJDBUJPO�PS�PUIFS�QSPDFEVSFT�XFSF�OPU�QFSGPSNFE�JO�

any case.

Recurrence

3FDVSSFODF�XBT�QSJNBSJMZ�EFGJOFE�BT�QBUJFOUT�DPNQMBJOJOH�
PG�QFSTJTUFOU�TZNQUPNT
�SFRVJSJOH�11*T�BOE�EJFUBSZ�DIBOHFT�
GPS�SFMJFG
�BOE�SVMJOH�PVU�PG�PUIFS�DBVTFT��$MJOJDBM�TVTQJDJPO�
XBT�BMXBZT�DPOòSNFE�CZ�FOEPTDPQZ
�BOE�JO�DBTFT�PG�EPVCU
�
CZ�Q)�NFBTVSFNFOU�PS�PUIFS�NFUIPET��&BDI�QBUJFOU�XBT�
offered a re-do surgery.

Statistical analysis

%BUB� GSPN�RVFTUJPOOBJSFT�XFSF� USBOTGFSSFE� UP�&YDFM�BOE�
DPOTFDVUJWFMZ�BOBMZTFE�VTJOH�4144®� 	*#.�4144�4UBUJTUJDT
�
33*%��4$3@������� WFSTJPO
�"SNPOL
�/:
�64"
� BOE�
3�WFSTJPO�������� 	3�1SPKFDU� GPS�4UBUJTUJDBM�$PNQVUJOH
�
33*%��4$3@������
�3�$PSF�5FBN�����
�3�'PVOEBUJPO�
GPS�4UBUJTUJDBM�$PNQVUJOH
�7JFOOB
�"VTUSJB
�63-��http://
XXX�3�QSPKFDU�PSH�
�3FHSFTTJPO�NPEFMT�XFSF� GJUUFE�VTJOH�
UIF�PSEJOBM�<$ISJTUFOTFO�3)#�	����

�0SEJOBM�3FHSFTTJPO�
.PEFMT� GPS�0SEJOBM�%BUB
�3�QBDLBHF�WFSTJPO�������������
IUUQT���$3"/�3�QSPKFDU�PSH�>�BOE�CSNT�QBDLBHFT�	��
�

%BUB� BSF�QSFTFOUFE� BT� TUBOEBSE�EFTDSJQUJWF� TUBUJTUJDT�
JODMVEJOH� GSFRVFODJFT
�QSPQPSUJPOT
�NFBOT
�NFEJBOT
�BOE�
RVBSUJMFT��5IF�7JTJDL� TDPSF
� TZNQUPN�TDPSF
�BOE�QBUJFOU�
SBUJOHT�XFSF�BOBMZTFE�VTJOH�IJFSBSDIJDBM�PSEFSFE� MPHJTUJD�
SFHSFTTJPO�NPEFMT�� 4FQBSBUF�NPEFMT�XFSF� DPOTUSVDUFE�

Figure 3 4DIFNBUJD�JMMVTUSBUJPO�PG�IJBUVT�DMPTVSF�XJUI�%FMUB.FTI��	"
�.FBTVSFNFOU�PG�UIF�IJBUBM�EFGFDU�BGUFS�PFTPQIBHFBM�SFQPTJUJPOJOH�
	EPVCMF�BSSPX
��	#
�1PTJUJPO�PG�UIF�BEBQUFE�%FMUB.FTI�XJUI�UIF�CBTF�VQ�BOE�UIF�UJQ�EPXO��5IF�XJOHT�BSF�VOGPMEFE�SFUSPDSVSBMMZ�BOE�UIF�
DFOUSFGPME�SJTFT�JO�UIF�NJEMJOF�	BSSPXT
��	$
�3FWFSTF�DMPTVSF�PG�UIF�IJBUVT
�TUBSUJOH�XJUI�UIF�VQQFS�TVUVSF�ᬅ��$PNQMFUJPO�PG�UIF�DMPTVSF�CZ�
the second suture ᬆ
�FOTVSJOH�IPNPHFOFPVT�MPOHJUVEJOBM�FYQBOTJPO�PG�UIF�%FMUB.FTI�

DeltaMesh for hiatus closure

Crus
Crus

Centrefold

1

2

A B C
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GPS�FBDI�TDPSF�UZQF��'JYFE�FGGFDUT� 	JOEJDBUPS�WBSJBCMFT
� GPS�
NFBTVSFNFOU�PDDBTJPOT�XFSF� JODMVEFE� JO�BMM�NPEFMT
�BOE�
B�UIFSBQZ�JOEJDBUPS�XBT� JODMVEFE�JO�UIF�NPEFM� GPS�QBUJFOU�
SBUJOH��5SFBUNFOU�UJNF�JOUFSBDUJPO�XBT�JOJUJBMMZ�UFTUFE�BOE�
PNJUUFE�GSPN�UIF�GJOBM�NPEFM�CBTFE�PO�B� MJLFMJIPPE�SBUJP�
UFTU�PG� UIF� JOUFSBDUJPO�UFSN��"MM�NPEFMT� JODMVEFE�SBOEPN�
JOUFSDFQUT�HSPVQFE�CZ�QBUJFOUT�

5P�UFTU� UIF�PWFSBMM� UJNF�FGGFDU�PO�TZNQUPNT
�B�NPEFM�
JODMVEJOH�BMM�TZNQUPN�UZQFT�XBT�VTFE
�XJUI�SBOEPN�FGGFDUT�
HSPVQFE�CZ�TZNQUPN�UZQF��3BOEPN�FGGFDUT�GPS�JOEJWJEVBMT�
BOE� TZNQUPN� UZQFT�XFSF� BTTVNFE� UP�CF� JOEFQFOEFOU��
-JLFMJIPPE�SBUJP�UFTUT�XFSF�FNQMPZFE�UP�UFTU�GPS�òYFE�FGGFDUT��
'PPE� JOUPMFSBODF�XBT� DPEFE�BT� B�EJDIPUPNPVT�WBSJBCMF�
BOE�NPEFMMFE�VTJOH� B�NJYFE�FGGFDUT� MPHJTUJD� SFHSFTTJPO�
NPEFM�XJUI� GJYFE�FGGFDUT� GPS�NFBTVSFNFOU�PDDBTJPOT�BOE�
SBOEPN�JOUFSDFQUT�HSPVQFE�CZ�JOEJWJEVBMT�BOE�GPPE�UZQFT
�
SFTQFDUJWFMZ��5IF�MJLFMJIPPE�SBUJP�UFTU�XBT�VTFE�UP�UFTU�UIF�
PWFSBMM�EJGGFSFODFT�BDSPTT�NFBTVSFNFOU�PDDBTJPOT�	5�.FE�
�
5�
�BOE�5�
�

*ODPNQMFUF�BOE�NJTTJOH�EBUB�BSF�NBSLFE�BT�OPU�BWBJMBCMF�
JO� UIF�HSBQIJDBM� QSFTFOUBUJPOT� JO� GJHVSFT� BOE� UBCMFT� PG�
GSFRVFODZ�JO�UIF�TVQQMFNFOUBSZ�

Results

Patient characteristics

"�UPUBM�PG��
����QBUJFOUT�XFSF� JODMVEFE
�PG�XIJDI������
	�����
�IBE�QSJNBSZ�IFSOJB�BOE����	����
�IBE�SFDVSSFODF�
PS� SF�SFDVSSFODF� BGUFS�QSFDFEJOH� TVSHFSZ�VTJOH�/JTTFO�
	O���

�5PVQFU� 	O���

�5IBM� 	O��

�PS�PUIFS�QSPDFEVSFT�
	O��

�QBSUJBMMZ�SF�FOGPSDFE�CZ�POMBZ�NFTI��"MM�*r*7�UZQFT�
PG�IFSOJBT�XFSF� JODMVEFE�CVU�OPU�EJGGFSFOUJBUFE� JO�EFUBJM
�
XJUI�UZQF�*�DMFBSMZ�QSFEPNJOBUJOH��5IF�QBUJFOUT�XFSF�������
NBMF�BOE�������GFNBMF
�XJUI�B�NFEJBO�BHF�PG����ZFBST�
	SBOHF
���r���ZFBST
��%JTFBTF�QFSTJTUFE����ZFBST�JO�������PG�
QBUJFOUT
�BOE��r��
���r��
���r��
�BOE�����ZFBST�JO������
�
�����
������BOE������PG�QBUJFOUT
�SFTQFDUJWFMZ��

5IF�SFHVMBS�11*�NFEJDBUJPO�VTFE�CZ�������PG�QBUJFOUT�
XFSF� QBOUPQSB[PMF
� PNFQSB[PMF
� FTPNFQSB[PMF
� BOE�
SBCFQSB[PMF
� JO�EFTDFOEJOH�PSEFS��5IF�EJBHOPTUJD�NFBTVSFT�
PO� UIF�QBUJFOUT�CZ� UIFJS�EPDUPST� JODMVEFE�TUSFTT�PS����I�
FMFDUSPDBSEJPHSBQIZ� 	�����

�9�SBZ� DPOUSBTU� TXBMMPX�
FWBMVBUJPO�	�����

�.3*�$5�	�����

�BOE�DBSEJBD�DBUIFUFS�
FYBNJOBUJPO� 	����
��1BUJFOUT� IBE� FTUJNBUFE� ��� WJTJUT�
	NFEJBO
� �r��
� UP� UIFJS� HFOFSBM�QSBDUJUJPOFS� BOE� UISFF�
HBTUSPTDPQJFT�	NFEJBO
��r��
�CFGPSF�TVSHFSZ��5IF�QBUJFOUT�
SFQPSUFE� ����� EPDUPSTn� SFDPNNFOEBUJPOT� GPS� GVSUIFS�

UIFSBQZ��$POUJOVFE�NFEJDBUJPO
�DIBOHFT�JO�EJFU
�JODSFBTF�JO�
11*�EPTBHF
�DIBOHFT�JO�HFOFSBM�CFIBWJPVS
�PS�DIBOHF�JO�UZQF�
PG�NFEJDBUJPO�XFSF�SFDPNNFOEFE��
���
����
����
����
�BOE�
���� UJNFT
� SFTQFDUJWFMZ� 	O��
���
������SFDPNNFOEBUJPOT�
DPOTJEFSFE�BO�PQFSBUJPO
�����XFSF�FYQMJDJUMZ� BHBJOTU� JU��
������QBUJFOUT�XFSF�DMBTTJGJFE�BT�"4"��PS�"4"�
������BT�
ASA3. 

5IF�QBUJFOUT�XFSF�PQFSBUFE�CZ� UXP� TVSHFPOT� BOE�BMM�
TVSHFSJFT�XFSF� DPNQMFUFE� MBQBSPTDPQJDBMMZ��%FMUB.FTI�
FOIBODFNFOU�XBT�TVDDFTTGVM� JSSFTQFDUJWF�PG�UIF�IFSOJB�TJ[F�
PS�QSFWJPVT�TVSHFSZ��5IF�IFSOJB�TJ[F�XBT��r��DN�JO������
PG�����QBUJFOUT�BOE��r�
��r�
�BOE��r��DN�JO������
������
�
BOE�����
�SFTQFDUJWFMZ��"O�FOMBSHFE�%FMUB.FTI�XBT�VTFE�
XIFO�SFRVJSFE��5IF�OVNCFS�PG�IJBUBM�IFSOJB�TVSHFSJFT�QFS�
ZFBS�JODSFBTFE�GSPN����JO������UP�����JO�������

5IF�GPMMPX�VQ�SBUF�PG�UIF��
����PQFSBUFE�QBUJFOUT�XJUIJO�
UIF����ZFBS�QFSJPE�GSPN�+BOVBSZ������UP�%FDFNCFS������
XBT�����BU�5��	�
�����
���

�������BU�5��	�����
���

�BOE�
������BU�5��	�����
���
��

%VF�UP�UIF�FOE�PG�UIF�TUVEZ�BGUFS����ZFBST
�PCTFSWBUJPO�
QPJOU�5��DPVME�POMZ�CF� SFBDIFE�CZ��
����QBUJFOUT� BOE�
UIF�RVFTUJPOOBJSF� SFTQPOTF� SBUF�XBT����� 	�����
���
��
0CTFSWBUJPO�QPJOU�5��DPVME�CF�SFBDIFE�CZ�����QBUJFOUT�BOE�
UIF�RVFTUJPOOBJSF�SFTQPOTF�SBUF�XBT�������	�������
��5IF�
DPOUJOVPVT�GPMMPX�VQ�PG�UIF�QBUJFOUT�FOEFE�JO�%FDFNCFS������

Patient-reported outcomes

Symptom score
"�DPNQBSJTPO�PG�5�.FEñ�BOE�5�.FE��DPOGJSNFE� UIBU�
NFEJBO�TZNQUPN�TDPSFT�JNQSPWFE�CZ�POF�QPJOU�GSPN���UP���
PS���UP���XJUI�11*�USFBUNFOU�GPS�IFBSUCVSO
�OJHIUMZ�DPVHI�
BUUBDLT
�CFMDIJOH
�CMPBUJOH
�OBVTFB
�DIFTU�QBJO
�QBMQJUBUJPO
�
BOE�EZTQOPF
�JOEJDBUJOH�SFMJFG�CVU�OPU�DVSF��.FEJBO�TDPSFT�
GPS� PUIFS� GBDUPST
� TVDI� BT� WPMVNF� SFGMVY
� TPSF� UISPBU
�
EZTQIBHJB
�BOE�IPBSTFOFTT
�SFNBJOFE�MBSHFMZ�UIF�TBNF�

5IF�DPNQBSJTPO�PG�PQUJNJTFE�11*�USFBUNFOU�	5�.FE�
�
vs.�-0&)%&�TIPXFE�JODSFBTFE�TDPSFT�BU�5��BOE�5��GPS�BMM�
TZNQUPNT�FYDFQU�EZTQIBHJB�	Figure 4
��5IF�TZNQUPN�TDPSF�
JODSFBTFE�GSPN���UP���BGUFS�TVSHFSZ�FTQFDJBMMZ�GPS�UIF�NBJO�
DPNQMBJOUT�TVDI�BT�IFBSUCVSO
�WPMVNF�SFGMVY
�IPBSTFOFTT
�
BOE�TPSF�UISPBU��"O�BEEJUJPOBM�JNQSPWFNFOU�PG�UIF�TZNQUPN�
TDPSF�GSPN���UP���XBT�TFFO�GPS�QBMQJUBUJPO
�EZTQOPFB
�DPVHI�
BUUBDLT�BU�OJHIU
� BOE�OBVTFB��0OMZ�NJOPS� JNQSPWFNFOUT�
GSPN���UP���XFSF�TFFO�GPS�CFMDIJOH
�CMPBUJOH
�BOE�DIFTU�QBJO��
5IF� MPX�SFTQPOTF� SBUF� GPS�5��NVTU�CF�DPOTJEFSFE��5IF�
PVUDPNF�XBT�DPNQSFIFOTJWFMZ�DPOòSNFE�CZ�UIF�QSPQPSUJPO�
BOE�EJTUSJCVUJPO�PG� TZNQUPN� TDPSJOH�WBMVFT� 	5BCMF�4�
�
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Figure S1
��5IF�UFTU�PG�UIF�PWFSBMM�UJNF�FGGFDU�PO�TZNQUPN�
TDPSFT� JO� UIF� SFHSFTTJPO�NPEFM� TVHHFTUFE�EJGGFSFODFT� JO�
TZNQUPN�TDPSFT�BDSPTT�UIF�EJGGFSFOU�UJNF�QPJOUT�	-JLFMJIPPE�
SBUJP� TUBUJTUJD�� ������ EG�� ��� 1����²��−16� PS�1�������
��
#BTFE�PO�IJFSBSDIJDBM�PSEFSFE� MPHJTUJD�SFHSFTTJPO
�B� KPJOU�
NPEFM�DPVME�CF�HFOFSBUFE�GPS�UIF�QSFEJDUJPO�PG�TZNQUPN�
TDPSFT�BU�5��BOE�5�
�UIVT�QSFEJDUJOH�UIF�QSPCBCJMJUZ�PG�UIF�
QPTUPQFSBUJWF�DPVSTF�BOE�QSPCBCMF�TDPSFT�GPS�FBDI�TZNQUPN�
	EBUB�OPU�TIPXO
�

Food intolerance
5IF�DPNQBSJTPO�PG�5�.FEñ�BOE�5�.FE�� TIPXFE� UIBU�
UIF�DPNQMBJOUT�USJHHFSFE�CZ�DSJUJDBM�ESJOLT�BOE�GPPET�XFSF�

POMZ�TMJHIUMZ�BMMFWJBUFE�CZ�11*��1BUJFOUT�TUJMM�IBE�UP�BEIFSF�
UP�B�EJFU��*O�DPOUSBTU
�BGUFS�TVSHFSZ�BU�5��BOE�5�
�BMM�DSJUJDBM�
GPPET�XFSF�TJHOJGJDBOUMZ�CFUUFS� UPMFSBUFE�� 	Figure 5). (LR 
UFTU������
�EG���
�1��²��−16�PS�1�������
��'SFRVFODJFT�BOE�
NJTTJOH�EBUB�BSF�TIPXO�JO�UIF�TVQQMFNFOU�	5BCMF�4�). 

Visick score
"U�5�.FE�� QSFPQFSBUJWFMZ
�NPTU� QBUJFOUT� SFQPSUFE�
oNPEFSBUF�DPNQMBJOUT�BOE�GSFRVFOU�EPDUPS�WJTJUTp�EFTQJUF�
PQUJNJTFE�11*�UIFSBQZ�SFGMFDUJOH�UIF�NFEJBO�7JTJDL�TDPSF�
PG� ***� 	SBOHF
� *r*7
��$POWFSTFMZ
�BU�5��BOE�5�
�QBUJFOUT�
QSFEPNJOBOUMZ�BUUSJCVUFE�UIFJS� JNQSPWFE�DPOEJUJPO�UP�UIF�
NFEJBO�7JTJDL�TDPSF�PG�**�	SBOHF
�*r*7
��5IF�MPX�SFTQPOTF�

Figure 4 4ZNQUPN�TDPSFT�BU�5�.FEñ
�5�.FE�
�5�
�BOE�5���$PNQBSFE� UP� UIF� TJUVBUJPO�XJUIPVU�11*�NFEJDBUJPO� 	5�.FEñ

�11*�
NFEJDBUJPO�	5�.FE�
�QSPWJEFE�TPNF�JNQSPWFNFOU
�FTQFDJBMMZ�GPS�IFBSUCVSO��"GUFS�-0&)%&�BU�5��BOE�5�
�UIF�IJHIFTU�TZNQUPN�TDPSFT�
XFSF�BDIJFWFE�JO�BMNPTU�BMM�DBUFHPSJFT��%PUT�SFQSFTFOU�NFEJBOT�BOE�USJBOHMFT�SFQSFTFOU�NFBOT��4J[F�PG�UIF�NBSL�DPSSFTQPOET�UP�UIF�OVNCFS�
PG�QBUJFOUT�	/
��11*
�QSPUPO�QVNQ�JOIJCJUPS��-0&)%&
�MBQBSPTDPQJD�PFTPQIBHPIJBUBM�%FMUB.FTI�FOIBODFNFOU�
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SBUF�GPS�5��NVTU�CF�DPOTJEFSFE�	Figure 6
�� 	-3�UFTU������
�
EG���
�1����²��−16�PS�1�������
��5IJT�XBT�DPNQSFIFOTJWFMZ�
DPOGJSNFE�CZ�UIF�QSPQPSUJPO�PG�7JTJDL�TDPSJOH�WBMVFT�BOE�
GSFRVFODJFT�	Figure S2, 5BCMF�4�).

Patient rating
3FUSPTQFDUJWFMZ
�11*� USFBUNFOU�XBT� DPODPSEBOUMZ� SBUFE�
QPPSMZ�BU�5��BOE�5��XJUI� UIF�NFEJBO�TDPSF�PG��� 	SBOHF
�
�r�
�� *OWFSTFMZ
�-0&)%&�XBT� SBUFE�FYDFMMFOU�XJUI� UIF�
NFEJBO�TDPSF�PG���BU�CPUI�5��BOE�5��	SBOHF
��r�
��5IF�
MPX�SFTQPOTF�SBUF� GPS�5��NVTU�CF�DPOTJEFSFE� 	Figure 7). 
	-3�UFTU������
�1����²��−16�PS�1�������
��5IJT�BTTFTTNFOU�
XBT� DPOGJSNFE�CZ� UIF�QSPQPSUJPO�PG� TDPSJOH�WBMVFT� BOE�
GSFRVFODJFT�	Figure S3, 5BCMF�4�). 

$PSSFTQPOEJOHMZ
� UIF�RVFTUJPO� BU�5�� BT� UP�XIFUIFS�
QBUJFOUT�XPVME�SF�UBLF�UIFJS�EFDJTJPO�UP�IBWF�TVSHFSZ�XBT�

BOTXFSFE� BT�EFGJOJUFMZ
� QSPCBCMZ� ZFT
� QSPCBCMZ�OP
� BOE�
EFòOJUFMZ�OP
�CZ������
������
�����
�BOE������PG�QBUJFOUT�
	O����

�SFTQFDUJWFMZ�

Clinical observation

5IF�SFHVMBS�QPTUPQFSBUJWF�DPVSTF�XBT�UIBU�TZNQUPNT�TVDI�
BT�IFBSUCVSO
�WPMVNF�SFóVY
�DIFTU�UJHIUOFTT
�BOE�EZTQOPFB�
TIPVME� EJTBQQFBS� JNNFEJBUFMZ��)FBSU� TZNQUPNT� BOE�
SFTQJSBUPSZ�TZNQUPNT�TVDI�BT�IPBSTFOFTT�BOE�TPSF�UISPBU�
TVCTJEFE�XJUIJO���XFFL��3FHVMBS�GPPE�JOUBLF�XBT�BDIJFWFE�
BGUFS��r��XFFLT��#VSQJOH�XBT�HFOFSBMMZ�OPU�B�QSPCMFN�GPS�
QBUJFOUT�QPTUPQFSBUJWFMZ��11*�NFEJDBUJPO�XBT�EJTDPOUJOVFE�
JNNFEJBUFMZ�PS�HSBEVBMMZ��5IF�BCJMJUZ� UP�WPNJU�XBT�OPU�
FYQMJDJUMZ� BTLFE� JO� UIF�RVFTUJPOOBJSFT
�CVU�XBT� DBTVBMMZ�
DPOGJSNFE�CZ�B� GFX�QBUJFOUT��)PXFWFS
�QBUJFOUT�EJE�OPU��

Figure 5 1SFPQFSBUJWFMZ
�DSJUJDBM�GPPE�XBT�QPPSMZ�UPMFSBUFE�XJUIPVU�USFBUNFOU�	5�.FEñ
��11*�NFEJDBUJPO�TIPXFE�BO�JNQSPWFNFOU�FTQFDJBMMZ�
GPS�IFBSUCVSO
�XIJMF�PUIFS�DPNQMBJOUT�XFSF�POMZ�TMJHIUMZ�BMMFWJBUFE� 	5�.FE�
��"GUFS�-0&)%&�BU�5��BOE�5�
� UIFSF�XFSF�BMNPTU�OP�
SFTUSJDUJPOT�GPS�UIF�QBUJFOUT��11*
�QSPUPO�QVNQ�JOIJCJUPS��-0&)%&
�MBQBSPTDPQJD�PFTPQIBHPIJBUBM�%FMUB.FTI�FOIBODFNFOU�
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NFOUJPO�QSPCMFNT�JO�UIF�HFOFSBM�RVFTUJPOT�BU�5��BOE�5�
�
OPS�EJE�UIFZ�DPOUBDU�UIF�UFBN�JO�BOZ�PUIFS�XBZ��

Recurrence

3FDVSSFODFT�XFSF�DPOUJOVPVTMZ�SFDPSEFE�BOE�PCTFSWFE� JO�
����
���� 	����
�QBUJFOUT�EVSJOH� UIF�PCTFSWBUJPO�QFSJPE�
GSPN�+BOVBSZ������UP�%FDFNCFS�������3FDVSSFODF�PDDVSSFE�
QSJNBSJMZ�XJUIJO�UIF�òSTU���ZFBST�	���
�QPTUPQFSBUJWFMZ�BOE�
EFDSFBTFE�DPOUJOVPVTMZ� JO� UIF� GPMMPXJOH�ZFBST� 	Figure 8). 
%VSJOH�SFPQFSBUJPO
� UIF�%FMUB.FTI�QSPWFE� UP�CF� GJSNMZ�
JOHSPXO� JO� UIF�IJBUVT
�CVU� UIF� WFOUSBM� BSFB� BSPVOE� UIF�
PFTPQIBHVT�TIPXFE�IJBUBM�JOTUBCJMJUZ��"MM�QBUJFOUT�FYQFSJFODFE�
SF�EJTQMBDFNFOU�PG�UIF�PFTPQIBHVT�BOE�BEEJUJPOBM�%FMUB.FTI�
FOIBODFNFOU
�XJUI� UIF� GJSTU�POF�SFNBJOJOH� JO�QMBDF��/P�
QSPDFEVSF�TVDI�BT�GVOEPQMJDBUJPO�PS�PUIFS�XBT�QFSGPSNFE��

5IF�SFDVSSFODF�SBUFT�PG�-0&)%&�GPS�QSJNBSZ�IFSOJB�
BOE�GVOEPQMJDBUJPO�XFSF������	����
���
�BOE������	����

�
SFTQFDUJWFMZ��"NPOH�UIF����QBUJFOUT�XJUI�SFDVSSFODF
����
DPOUJOVFE�DPOTFSWBUJWF� USFBUNFOU
�BOE����VOEFSXFOU�SF�
EP�-0&)%&��3F�SFDVSSFODF�BGUFS�SF�EP�-0&)%&�XBT�
EFUFDUFE�JO������	����
�PG�QBUJFOUT�	Table 1).

4JY�XPNFO� SFQPSUFE� UIFJS� QSFHOBODZ� BGUFS� TVSHFSZ
�
PG�XIJDI� GJWF�IBE�OP�QSPCMFNT� JO� BOE� BGUFS�QSFHOBODZ�
BOE�POF�IBE�B� SFDVSSFODF�BGUFS� UIF� TFDPOE�CJSUI���ZFBST�
QPTUPQFSBUJWFMZ�BOE�XBT�PQFSBUFE�PO�BHBJO��

Morbidity and mortality

'VMM� SFDPWFSZ� GSPN�TVSHFSZ�XBT� SFUSPTQFDUJWFMZ� SFQPSUFE�

Figure 6 7JTJDL�TDPSFT�BU�5�.FE�
�5�
�BOE�5���%FTQJUF�PQUJNJ[FE�
11*� USFBUNFOU
� QBUJFOUT� SFQPSUFE�NPEFSBUF� DPNQMBJOUT�XJUI�
GSFRVFOU�EPDUPS�WJTJUT�XJUI�B�NFEJBO�7JTJDL�TDPSF�PG�***�	SBOHF
�*r
*7
��"GUFS�-0&)%&�BU�5��BOE�5�
�UIF�TDPSF�XBT�EPXOHSBEFE�UP�
NJME�DPNQMBJOUT�BOE�B�NFEJBO�7JTJDL�TDPSF�PG�**�	SBOHF
�*r*7
��%PUT�
SFQSFTFOU�NFEJBO�BOE�USJBOHMFT�SFQSFTFOU�NFBOT��4J[F�PG�UIF�NBSL�
DPSSFTQPOET� UP� UIF�OVNCFS�PG�QBUJFOUT� 	/
��11*
�QSPUPO�QVNQ�
JOIJCJUPS��-0&)%&
� MBQBSPTDPQJD�PFTPQIBHPIJBUBM�%FMUB.FTI�
FOIBODFNFOU�
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Figure 7 1BUJFOU�SBUJOH�PG�USFBUNFOU�FGGJDBDZ� JO�IJOETJHIU�BU�5��
BOE�5���8JUI� UIF�FYQFSJFODF�PG�CPUI� UIFSBQJFT
�QBUJFOUT� SBUFE�
UIF�11*� USFBUNFOU�BT� TVGGJDJFOU�BOE�QPPS�XJUI� UIF�NFEJBO�PG���
	SBOHF
��r�

�XIJMF�-0&)%&�XBT�SBUFE�BT�HPPE�BOE�FYDFMMFOU�
XJUI�B�NFEJBO�TDPSF�PG��� 	SBOHF
��r�
��%PUT�SFQSFTFOU�NFEJBOT�
BOE�USJBOHMFT�SFQSFTFOU�NFBOT��4J[F�PG� UIF�NBSL�DPSSFTQPOET�UP�
UIF�OVNCFS�PG�QBUJFOUT��11*
�QSPUPO�QVNQ�JOIJCJUPS��-0&)%&
�
MBQBSPTDPQJD�PFTPQIBHPIJBUBM�%FMUB.FTI�FOIBODFNFOU�

Figure 8 5JNF�DPVSTF�PG�SFDVSSFODFT�	O���
��.PSF�UIBO�����PG�
UIF�SFDVSSFODFT�BGUFS�-0&)%&�FNFSHFE�XJUIJO�UIF�òSTU���ZFBST�
GPMMPXFE�CZ�JODSFBTJOH�MPOH�UFSN�TUBCJMJUZ��-0&)%&
�MBQBSPTDPQJD�
PFTPQIBHPIJBUBM�%FMUB.FTI�FOIBODFNFOU�
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BU�5�� BGUFS� B�NFEJBO�PG� ��XFFLT� 	SBOHF
� �r���XFFLT
��
$VNVMBUJWFMZ
� ������PG� QBUJFOUT� GFMU� SFDPWFSFE� BGUFS� 
��XFFLT
�����BGUFS���XFFLT
�������BGUFS���XFFLT
� BOE�
������BGUFS����XFFLT�	O����
�

.BKPS�QPTUPQFSBUJWF�DPNQMJDBUJPOT�EFWFMPQFE�JO�����
����
	����
�QBUJFOUT
�PG�XIPN����	�����
�IBE�DPNQMJDBUJPOT�EVF�
UP�SF�TVSHFSZ�BOE����	�����
�SFRVJSFE�PUIFS�DPOTFSWBUJWF�
DBSF�PS�FOEPTDPQJD�JOUFSWFOUJPO��5IF�QSJNBSZ�SFBTPO�GPS�SF�
TVSHFSZ�XBT�EZTQIBHJB�	���QBUJFOUT
��*O����QBUJFOUT�SF�TVSHFSZ�
XBT�QFSGPSNFE�XJUIJO�UIF�GJSTU���XFFLT�QPTUPQFSBUJWFMZ�BU�
EBZ���	NFEJBO
�SBOHF�EBZ��r��
��/JOF�QBUJFOUT�XFSF�JOJUJBMMZ�
USFBUFE�DPOTFSWBUJWFMZ
�CVU�VOEFSXFOU�SF�TVSHFSZ���NPOUIT�
QPTUPQFSBUJWFMZ�	NFEJBO
�NPOUI��r��
��

0UIFS�QBUJFOUT�TIPXFE�B�TVCIFQBUJD�BCTDFTT�UIBU�EJE�OPU�
BGGFDU�UIF�%FMUB.FTI�	POF�QBUJFOU

�B�HBTUSJD�QFSGPSBUJPO�UIBU�
EJE�OPU�BGGFDU� UIF�%FMUB.FTI�	POF�QBUJFOU

� TFWFSF�GVOHBM�
TFQTJT�PG�VOLOPXO�PSJHJO�XJUI�%FMUB.FTI� SFNPWBM� BT� B�
QSFDBVUJPO�	POF�QBUJFOU

�BOE�IBFNPSSIBHF�	UXP�QBUJFOUT
��
.PSUBMJUZ�XBT�PCTFSWFE�JO�POF�	�����
�PG�UIF��
����QBUJFOUT�
EVF�UP�QPPSMZ�NBOBHFE�CMFFEJOH�DPNQMJDBUJPOT�OPU�BTTPDJBUFE�
XJUI�UIF�%FMUB.FTI��

%FMUB.FTI�BTTPDJBUFE�DPNQMJDBUJPOT�FNFSHFE� JO� GJWF�
QBUJFOUT�� *O� UXP�QBUJFOUT
� UIF�%FMUB.FTI�QFOFUSBUFE� UIF�
EJTUBM�PFTPQIBHVT�	���BOE����NPOUIT�BGUFS�TVSHFSZ

�DBVTJOH�
QBJO�BOE�EZTQIBHJB��*O�UIFTF�UXP�QBUJFOUT
� UIF�%FMUB.FTI�
XBT�SFNPWFE�CZ�FOEPTDPQZ
�BOE�UIF�EFGFDU�IFBMFE�XJUIPVU�
GVSUIFS� DPNQMJDBUJPOT�� *O� UISFF�QBUJFOUT
� BTZNQUPNBUJD�
QFOFUSBUJPO�PG� B�%FMUB.FTI�FEHF� JOUP� UIF� TUPNBDI�XBT�
JODJEFOUBMMZ�PCTFSWFE�CZ�DPOUSPM�FOEPTDPQZ�BGUFS�B�NFBO�
PG������NPOUIT�QPTUPQFSBUJWFMZ�XJUI�OP�OFFE� GPS� GVSUIFS�
JOUFSWFOUJPO� UP�EBUF��/PUBCMZ
�%FMUB.FTI�QFOFUSBUJPO�
PDDVSSFE�FYDMVTJWFMZ�JO�QBUJFOUT�XIP�IBE�BMSFBEZ�VOEFSHPOF�
POF�PS�NPSF�/JTTFO�PS�PUIFS�TVSHFSJFT�XJUI�TFWFSF�IJBUBM�
scarring.

Discussion

5IF�TUVEZ�EFTJHO�IBT�EFGJOJUF�NFUIPEPMPHJDBM� MJNJUBUJPOT��

'JSTU
�OP�DPOUSPM�HSPVQ�XBT� GPSNFE�CFDBVTF� UIF�QBUJFOUT�
XIP�DBNF�SFGVTFE� GVOEPQMJDBUJPO�PS�BOZ�PQFSBUJPO�PUIFS�
UIBO�UIF�-0&)%&�QSPDFEVSF�NPTUMZ�EVF�UP�DSJUJDBM�QBUJFOU�
SFQPSUT�PO�UIF� JOUFSOFU�PS�PQQPTJUJPO�GSPN�UIFJS�EPDUPST��
"MUIPVHI� UIJT�NFUIPEPMPHJDBM� EFGJDJFODZ� DPVME�OPU�CF�
BWPJEFE
� JU�DMFBSMZ� GPSDFT�DBVUJPO� JO� UIF� JOUFSQSFUBUJPO�PG�
these data. 

4FDPOE
� UIF�PSJHJO�PG� UIF�QBUJFOUT� GSPN�EJGGFSFOU�QBSUT�
PG�(FSNBOZ� BOE� UIF�&6
� EJGGFSFOU� IFBMUI� JOTVSBODF�
DPNQBOJFT
�DPTU�TUSVDUVSFT
�MBDL�PG�JOUFSFTU�PS�UIF�SFGVTBM�PG�
USFBUJOH�EPDUPST�UP�TDIFEVMF�GVSUIFS�FYBNJOBUJPOT�XJUIPVU�
NFEJDBM� JOEJDBUJPO�QSFWFOUFE�B� TUBOEBSEJTFE� GPMMPX�VQ
�
GPS�FYBNQMF
�CZ�Q)�NFUSJDT�BOE�FOEPTDPQZ��5IJT� GPSN�PG�
GPMMPX�VQ�DPVME�POMZ�CF�DBSSJFE�PVU�JO�QBUJFOUT�XJUI�#BSSFUUnT�
NFUBQMBTJB��)PXFWFS
�UIF�DBSFGVMMZ�DPOEVDUFE�BOBMZTJT�PG�UIF�
QBUJFOU�SFQPSUT�QSPWFE�UP�CF�IJHIMZ�JOGPSNBUJWF�BOE�DMFBSMZ�
PVUQFSGPSNFE�BQQBSBUJWF�EJBHOPTUJDT
�FTQFDJBMMZ�JO�BTTFTTJOH�
PVUDPNF
�EFUFDUJOH�SFDVSSFODF
�BOE�EFDJEJOH�XIFUIFS� UP�
PQFSBUF�BHBJO�	��
��
��

*O� UIJT� DPOUFYU
� JU� TIPVME�CF�OPUFE� UIBU
� TVSQSJTJOHMZ
�
NBOZ�PG�UIF�QSFPQFSBUJWF�SFQPSUT�PG�UIF�QBUJFOUT�BENJUUFE�
GSPN�WBSJPVT�DMJOJDT�BOE�TQFDJBMJTUT�QSPWFE�UP�CF�VOSFMJBCMF
�
JODPNQMFUF
�BOE�FWFO�GBMTF�DPNQBSFE�UP�UIF�JOUSBPQFSBUJWF�
òOEJOHT�JODMVEJOH�FOEPTDPQZ�	��
��
��'PS�UIF�QBUJFOUT
�UIJT�
GSVTUSBUJOH�EJBHOPTUJD�XPSLVQ
�DPNCJOFE�XJUI�UIF�QFSTJTUFOU�
DPNQMBJOUT
�NFBOT�JODSFBTJOH�FYIBVTUJPO
�XIJDI�JT�BOTXFSFE�
CZ�EPDUPST�QSFTDSJCJOH�BOUJEFQSFTTBOUT�PS�BENJUUJOH�UIFN�
UP�QTZDIJBUSJD�JOTUJUVUJPOT�	��
��
��5IF�PCTFSWFE�EJBHOPTUJD�
NJTKVEHFNFOUT� SBJTF� UIF� GVOEBNFOUBM�RVFTUJPO�PG�IPX�
B�NFUIPEPMPHJDBMMZ� SFMJBCMF� BOE� DPNQBSBCMF� QSF�� BOE�
QPTUPQFSBUJWF�EJBHOPTUJD�BTTFTTNFOU�DBO�CF�BDIJFWFE� GPS�
hiatal hernia patients. 

5IJSE
�UIF�TDPSF�TZTUFNT�VTFE�BSF�DSJUJDJTBCMF��5IF�7JTJDL�
TDPSF�JT�DPOTJEFSFE�BO�FTUBCMJTIFE�UPPM�GPS�FWBMVBUJOH�TVSHJDBM�
TVDDFTT�JO�BOUJ�SFóVY�UIFSBQZ�	��
��)PXFWFS
�UIF�7JTJDL�TDPSF�
is undifferentiated and only represents the severity of general 
DPNQMBJOUT�JO�B�HSPTTMZ�TJNQMJòFE�XBZ�	��
��

5IF� TZNQUPN� TDPSF� XBT� OFXMZ� JOWFOUFE� BOE� OPU�

Table 1 3FDVSSFODF�SBUF�BGUFS�-0&)%&

LOEHDE operation,  
n

Recurrence diagnosed,  
n (%)

Recurrence operated,  
n

Re-recurrence diagnosed, 
n (%)

Total 1,351 91 (6.7) 72 5 (6.9)

On primary hernia 1,303 87 (6.7) 68 4 (5.9)

On fundoplication recurrence 48 4 (8.3) 4 1 (25.0)

LOEHDE, laparoscopic oesophagohiatal DeltaMesh enhancement.
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WBMJEBUFE��5IF�SFEFTJHO�PG�UIF�TZNQUPN�TDPSF�XBT�OFDFTTBSZ�
CFDBVTF�UIF�BJN�XBT�OPU�POMZ�UP�NFBTVSF�UIF�PVUDPNFT�PG�
XFMM�CFJOH
�RVBMJUZ�PG� MJGF
�SFGMVY�BOE�SFDVSSFODF
�CVU�BMTP�
UP�EFUFSNJOF� JO�EFUBJM�XIJDI�PG� UIF�WBSJPVT�QSFPQFSBUJWF�
TZNQUPNT�PG�DBUFHPSJFT�"�%�BOE� UP�XIBU�FYUFOU�DBO�CF�
JOGMVFODFE�CZ� UIF�SFDPOTUSVDUJPO�PG� UIF�PFTPQIBHPIJBUBM�
VOJU��5IJT� TIPVME�NBLF� JU�QPTTJCMF� UP� JOGFS� UIF�EFUBJMFE�
functions of the oesophagus that are directly related to the 
IJBUBM�BSDIJUFDUVSF�BOE�$0%*4��5IJT�BQQSPBDI�GPS�UIJT�TUVEZ�
JT�OPU�BEFRVBUFMZ�DPWFSFE�CZ�DPNNPO�TDPSFT�TVDI�BT�7JTJDL�
TDPSF
�2VBMJUZ�PG�MJGF�JO�3FóVY�BOE�%ZQFQTJB�	20-3"%

�
(BTUSPJOUFTUJOBM�4ZNQUPN�3BUJOH� TDBMF� 	(434

�4'����
)FBMUI�4VSWFZ
�PS�(&3%r)32-�	�����
�

5IF�QBUJFOU� SBUJOH� TDPSF�NVTU�OPU� CF� FRVBUFE�XJUI�
BO�PCKFDUJWF� TVDDFTT�PG� UIF�PQFSBUJPO��/FWFSUIFMFTT
� JU� JT�
JNQPSUBOU�GPS�UIF�FWBMVBUJPO�PG�UIJT�OFX�TVSHJDBM�QSPDFEVSF�
UP�LOPX�XIFUIFS�PS�OPU�QBUJFOUT�BSF�TUJMM�CBTJDBMMZ�TBUJTòFE�
XJUI�UIF�PQFSBUJPO�QFSGPSNFE
�FWFO�ZFBST�MBUFS�	��
��

'PSUI
� UIF� DPNNPO� HVJEFMJOFT� GPS� DPNQSFIFOTJWF�
QSFPQFSBUJWF�EJBHOPTUJDT�TVDI�BT�VQQFS�FOEPTDPQZ
�CBSJVN�
PFTPQIBHSBN
�Q)�UFTUJOH
�BOE�NBOPNFUSZ
�PSPQIBSZOHFBM�
Q)�UFTUJOH
�NVMUJDIBOOFM
�BOE�JOUSBMVNJOBM� JNQFEBODF
� JO�
UIF�DPOUFYU�PG�QBUJFOU�TFMFDUJPO�GPS�GVOEPQMJDBUJPO
�XFSF�OPU�
fully adopted in the indication concept of this study (37).  
)PXFWFS
� UIFTF�QSPDFEVSFT� TFSWF� UP�HBJO�QSFPQFSBUJWF�
JOTJHIUT� JOUP� UIF�NVMUJGBDUPSJBM� QBUIPHFOFTJT� PG� SFGMVY�
EJTFBTF�BOE�UIF�EJTUVSCFE�GVODUJPOBMJUZ�PG� UIF�PFTPQIBHVT�
JO�PSEFS�UP�EFDJEF
�XIFUIFS�BOE�IPX�GVOEPQMJDBUJPO�TIPVME�
CF�UBJMPSFE�UP�UIF�JOEJWJEVBMnT�PFTPQIBHVT�GVODUJPO�BHBJOTU�
UIF�CBDLHSPVOE�PG�LOPXO�TJEF�FGGFDUT�TVDI�BT�HBT�CMPBUJOH
�
TFWFSF� EZTQIBHJB
� EJGGJDVMU� CFMDIJOH
� JNQPTTJCJMJUZ� PG�
WPNJUJOH
�PS�XIFUIFS�UIFTF�SJTLT�TIPVME�OPU�CF�UBLFO�BU�BMM��

*U� TIPVME� CF� OPUFE
� IPXFWFS
� UIBU� -0&)%&� JT� B�
DPNQMFUFMZ�EJGGFSFOU� TVSHJDBM� BQQSPBDI�PG� TPMF�BOBUPNJD�
SFDPOTUSVDUJPO� XJUIPVU� XSBQQJOH
� DPOTUSJDUJPO� PS�
even suturing of the oesophagus. Since no definite 
IJTUPNPSQIPMPHJDBM�EJTFBTF�PG� UIF�PFTPQIBHVT�XBT�FWFS�
EFUFDUBCMF
�CVU�POMZ�GVODUJPOBM�EJTUVSCBODFT�PG�UIF�TZTUFN
�
UIF�PFTPQIBHVT�TIPVME�CF�DPOTJEFSFE�B�QSJPSJ�BT�B�IFBMUIZ�
PSHBO�FWFO�JO�SFóVY�QBUJFOUT��

5IJT�QPJOUT� UP� UIF�DFOUSBM�QPJOU�PG� UIJT� TUVEZ
�XIJDI�
TIPXT�UIBU� TUBCMF�SFQPTJUJPOJOH�PG� UIF�PFTPQIBHVT� JO� UIF�
oesophagohiatal unit alone appears to restore all the various 
JNQBJSFE�GVODUJPOT��5IJT�DMJOJDBMMZ�GPVOE�JOUFSEFQFOEFODF�
PG�PFTPQIBHVT�QPTJUJPO� BOE� GVODUJPO� TFFNT� UP� DPOGJSN�
B�OFX�QFSTQFDUJWF�PO� UIF�PFTPQIBHVT��5IFTF� SFTVMUT�BSF�
JO� GVMM� BDDPSEBODF�XJUI� SFDFOU� GJOEJOHT� GSPN�DJOF�.3*�
BOE�9�SBZ�DPOUSBTU� TXBMMPX�TUVEJFT� UIBU� UIF�PFTPQIBHVT�

NJHIU�CF�B�QBTTJWF�QBSU�PG�BO�JOUFSBDUJOH�DBSEJPFTPQIBHFBM�
QFSJTUBMUJD�QVNQ�TZTUFN��%BUB�TIPX�UIF�IFBSU�BDUJOH�BT�UIF�
DFOUSBM�QVNQ�UIBU�USJHHFST�SBQJE�DMFBSBODF�BOE�GVODUJPOBM�
SFGMVY�DPOUSPM�CZ�B�EPXOXBSE�SPMMPVU� JNQVMTF�BMPOH� UIF�
PFTPQIBHVT
�SFGFSSFE�UP�$0%*4�	��
��$PSSFTQPOEJOHMZ
�EBUB�
TIPXFE�UIBU� UIF�GVODUJPO�PG� UIF�TZTUFN�DSVDJBMMZ�EFQFOET�
on the exact position of the oesophagus in the three-
EJNFOTJPOBM�TFU�VQ�PG�UIF�TZTUFN
�XIJDI�JT�DPOUSPMMFE�CZ�UIF�
PFTPQIBHPIJBUBM�VOJU�	��
��*O�UIJT�SFTQFDU
�FOEPTPOPHSBQIZ�
PG�UIF�PFTPQIBHVT�NBZ�CFDPNF�B�QSPNJTJOH�EJBHOPTUJD�UPPM�
JO�GVUVSF��5IFTF�OFX�QBUIPQIZTJPMPHJDBM� GJOEJOHT�TFFN�UP�
FYQMBJO�UIF�TVDDFTTGVM�SFDPWFSZ�PG�UIF�TZTUFNT�GVODUJPOBMJUZ�
BGUFS�-0&)%&
�XIJDI� JO� GBDU� GPDVTFT�FYDMVTJWFMZ�PO�UIF�
SFRVJSFE�UISFF�EJNFOTJPOBM�SFQPTJUJPOJOH�PG�UIF�PFTPQIBHVT��

5IJT� PCTFSWBUJPO� DMFBSMZ� DPOUSBEJDUT� UIF� DPNNPO�
IZQPUIFTJT�PG�B�EJTFBTFE�-&4�PS�FOUJSF�PFTPQIBHVT�JO�SFóVY�
QBUJFOUT�� *U� JT�BMTP� JO�NBSLFE�DPOUSBTU� UP�TUVEJFT�TIPXJOH�
UIBU�IJBUPQMBTUZ�BMPOF�JT�VTVBMMZ�OPU�TVGòDJFOU�UP�QSFEJDUBCMZ�
DVSF�QBUJFOUT�XJUIPVU�GVOEPQMJDBUJPO�	��
��)PXFWFS
�JU�NVTU�
CF�DPOTJEFSFE�UIBU�UIF�VTVBM�TVSHJDBM�BQQSPBDI�UP�IJBUPQMBTUZ�
in the fundoplication procedure is only to close a hole in the 
EJBQISBHN�BOE�OPU� UP�SFTUPSF� GVODUJPO�CZ�SFDPOTUSVDUJOH�
UIF�DSVDJBM�QPTJUJPO�PG�UIF�PFTPQIBHVT��5IFSFGPSF
�UIJT�QBSU�
JT� DPNNPOMZ�VOEFSFTUJNBUFE
� BOE�B�WBSJFUZ�PG�EJGGFSFOU�
UFDIOJRVFT�BSF�VTFE
�TVDI�BT�EPSTBM
�WFOUSBM
�PS�CPUI�TVUVSFT
�
TVUVSFT�UPP�DMPTF�UPHFUIFS
� KFPQBSEJTJOH�DSVSBM�DJSDVMBUJPO
�
BOE�TUJMM� JOUSBDPSQPSFBM�LOPUUJOH�UFDIOJRVFT
�XIJDI�BSF�OPU�
TVJUBCMF�UP�PWFSDPNF�UIF� JODSFBTJOH�USBDUJPO�GPSDFT� JO�UIF�
VQQFS�QBSU�PG� UIF�IJBUVT
� TP� UIBU� KVTU�DSVSB�OBSSPXJOH� JT�
PGUFO�DPOTJEFSFE�TVGòDJFOU��

4FWFSBM� SBOEPNJTFE� USJBMT� UIBU� TQFDJGJDBMMZ�EFBMU�XJUI�
DSVSBM�DMPTVSF�IBWF�SFQPSUFE�QPPS�NFUIPEPMPHJDBM�RVBMJUZ��
4UVEJFT�IBWF�TIPXO�UIBU�B�EFUBJMFE� UFDIOJDBM�EFTDSJQUJPO�
PG�UIJT� JNQPSUBOU�TVSHJDBM�QBSU� JT�DPNQMFUFMZ�PNJUUFE�GSPN�
UIF�NFUIPEPMPHZ�PS� JT�PGUFO�DBTVBMMZ�EJTNJTTFE�BT�B�NFSF�
SPVUJOF�QPTUFSJPS�IJBUVT�SFQBJS��)PXFWFS
�JG�EFTDSJCFE�BU�BMM
�
UIF�DSVSB�BSF�POMZ�BQQSPYJNBUFE
� MFBWJOH�HBQT�BT�XJEF�BT�
�r��DN
�TP�UIBU�UIF�PFTPQIBHVT�NBZ�SFNBJO�VOTUBCMF�JO�BO�
incorrect dislocated position and the pathological opening 
CFUXFFO�UIF�BCEPNJOBM�BOE�UIPSBDJD�DPNQBSUNFOU�QFSTJTUT�
	�����
��5IJT�QSPDFEVSF�JT�DMFBSMZ�EJGGFSFOU�GSPN�UIF�TUBCMF�
SFDPOTUSVDUJPO�PG� UIF�PFTPQIBHPIJBUBM�VOJU� UBSHFUFE�CZ�
-0&)%&�

6OEPVCUFEMZ
� GVOEPQMJDBUJPO� BT� UIF� DPNNPO� oHPME�
TUBOEBSEp�JO�SFóVY�TVSHFSZ�DBO�SFTUPSF�SFóVY�DPOUSPM��5IF�
TVDDFTT�PG�UIF�GVOEPQMJDBUJPO�QSPDFEVSF�IBT�HFOFSBMMZ�CFFO�
BUUSJCVUFE�UP�HBTUSJD�XSBQQJOH�GPS�UIF�FYUFSOBM�TVQQPSU�PG�
UIF�IZQPUIFUJDBM�-&4��4VSQSJTJOHMZ
�IPXFWFS
� UIF�EBUB�EP�
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OPU�TIPX�NBKPS�EJGGFSFODFT�JO�PVUDPNFT�CFUXFFO����
�����
�
����
�BOE������GVOEPQMJDBUJPO
�XIJDI�XPVME�VOEPVCUFEMZ�
CF�FYQFDUFE�XJUI� TVDI� GVOEBNFOUBMMZ�EJGGFSFOU� TVSHJDBM�
QSPDFEVSFT�	�����
��

*O� WJFX� PG� UIF� JEFOUJGJFE� DSVDJBM � JNQPSUBODF� PG�
PFTPQIBHFBM�WFOUSBMJTBUJPO� JO� UIF�IJBUVT
� UIF�SFNBSLBCMF�
TVDDFTT�PG� UIFTF�WBSJPVT� GPSNT�PG� GVOEPQMJDBUJPO�DPVME�CF�
FYQMBJOFE�CZ� UIF� GBDU� UIBU� UIF�EPSTBM�QVMM�UISPVHI�PG� UIF�
gastric cushion eventually pushes the oesophagus into its 
SFRVJSFE�FMFWBUFE�QPTJUJPO�JO�UIF�IJBUVT
�SFTVMUJOH�JO�IFBMJOH�
EFTQJUF�B�QPTTJCMZ� JOBEFRVBUF�IJBUPQMBTUZ�� *O� UIJT�SFTQFDU
�
B�����PS������XSBQQJOH� TIPVME� JOEFFE�CF�PG� TFDPOEBSZ�
JNQPSUBODF�BT�EFNPOTUSBUFE
�SBUIFS�UIBO�UIF�BDUVBM�WPMVNF�
PG�UIF�HBTUSJD�DVTIJPO
�XIJDI�JO�QSJODJQMF�NJHIU�HJWF�TPNF�
NPSF�BEWBOUBHF�JO�/JTTFO�BOE�5PVQFU�QSPDFEVSFT��

5IJT�TVHHFTUT�HBTUSJD�XSBQQJOH�UIVT�TFFNT�UP�CF�NPSF�
JNQPSUBOU�UP�DPNQFOTBUF�GPS�B�QPUFOUJBM� JOBEFRVBUF�IJBUVT�
SFDPOTUSVDUJPO��5IFSFGPSF
� JO�UIF�DBTF�PG�BO�BOBUPNJDBMMZ�
DPSSFDU�SFBSSBOHFNFOU�PG�UIF�PFTPQIBHVT�GSPN�UIF�PVUTFU
�
BT� JO�-0&)%&
� GVOEPQMJDBUJPO� TIPVME�CF� TVQFSGMVPVT��
"DDPSEJOHMZ
� UIF� DPNQMFUF� SFMFBTF� PG� UIF� DVGG� IBE�OP�
OFHBUJWF�FGGFDU�PO�BOZ�PG� UIF����PQFSBUFE� GVOEPQMJDBUJPO�
SFDVSSFODFT� XIFO� GPMMPXFE� CZ� TUBCMF� PFTPQIBHFBM�
SFQPTJUJPOJOH�BDDPSEJOH�UP�-0&)%&�BOE�IJBUBM�JOTUBCJMJUZ�
XBT�QSPWFE�UP�CF�UIF�NPTU�JNQPSUBOU�GBDUPS�BOE�NBJO�DBVTF�
PG�SFDVSSFODZ�JO�UIF�PUIFS�TUVEJFT�BT�XFMM�	�����
�

*O� UIJT�DPOUFYU
� UIF�VOSFTPMWFE�RVFTUJPO�SBJTFT�PG�XIZ�
EJGGFSFOU�UZQFT�PG�IFSOJB�DBO�DBVTF�EJGGFSFOU�TZNQUPNT�TP�
that even different therapeutic approaches are discussed 
	��
��
��8JUI� SFHBSE� UP� UIF�QBUIPQIZTJPMPHJDBM� DPODFQU�
PG�$0%*4
� BYJBM� EJTQMBDFNFOU�PG� UIF� TUPNBDI� JO� UZQF�
*�IFSOJB� DBO� FBTJMZ� DPNQSPNJTF� UIF� DBSEJPPFTPQIBHFBM�
KVODUJPO
�SFTVMUJOH�JO�MPTT�PG�SFóVY�DPOUSPM��)PXFWFS
�XIFO�
UIF�TUPNBDI�TMJEFT�TUSJDUMZ�QBSB�PFTPQIBHFBM� JO�QBSUJDVMBS�
EPSTBM�UP�UIF�PFTPQIBHVT
�XJUIPVU�QVTIJOH�UIF�PFTPQIBHVT�
PVU�PG�UIF�DBSEJBD�QSFTTVSF�[POF�BT�JO�UZQF�**�IJBUBM�IFSOJB
�
1BUJFOUT�IBWF�WBSJPVT�TZNQUPNT�TVDI�BT�JODBSDFSBUJPO
�QBJO
�
EZTQOPFB
�FUD�
�CVU�MJUUMF�PS�OP�TZNQUPNT�SFMBUFE�UP�$0%*4�
GVODUJPO
�F�H�
�SFóVY�DPOUSPM��$0%*4�JT�TUJMM�GVODUJPOBM��

)PXFWFS
� JG� UIF� DBSEJPFTPQIBHFBM� KVODUJPO�CFDPNFT�
JODSFBTJOHMZ�DPNQSPNJTFE
� BT� JO�B� UZQF� ***�NJYFE�IJBUBM�
IFSOJB
�UIFSF�XJMM�JOFWJUBCMZ�CF�B�MPTT�PG�SFóVY�DPOUSPM�BT�XFMM��

5IF�EJGGFSFOU�TZNQUPNT�PG�UIF�EJGGFSFOU�IFSOJB�UZQFT�NBZ�
UIFSFGPSF�CF�FYQMBJOFE�CZ�UIFJS�EJGGFSFOU�JNQBDU�PO�$0%*4��
5IF� DPSSFDU� BOBUPNJDBM� SFDPOTUSVDUJPO� CZ�-0&)%&�
UIFSFGPSF�IFBMFE�BMM�QBUJFOUT� JO�UIF�TBNF�XBZ�SFHBSEMFTT�PG�
UIF�IFSOJB�UZQF��)PXFWFS
�UIF�FYBDU�EJTUSJCVUJPO�PG�IFSOJB�
UZQFT�XBT�OPU� SPVUJOFMZ� SFDPSEFE� JO� UIJT� TUVEZ
�OPU� MFBTU�

CFDBVTF�JO�QSBDUJDF�UIF�QSF��BOE�JOUSBPQFSBUJWF�EJTUJODUJPO�
CFUXFFO�UZQF�*�BOE�***�PS� UZQF�**�BOE�***� JO�QBSUJDVMBS� JT�
JNQSFDJTF��1BSB�PFTPQIBHFBM�IFSOJB�XBT�OPU�GPVOE�UP�CF�B�
SJTL�GBDUPS�GPS�SFDVSSFODF�PS�PUIFS�DPNQMJDBUJPOT�

5P�BDIJFWF� UIF� DSVDJBM�HPBM�PG� MPOH�UFSN� TUBCJMJUZ�PG�
UIF�PFTPQIBHPIJBUBM�VOJU
� UIF�%FMUB.FTI�XBT�EFTJHOFE�
TQFDJGJDBMMZ� GPS� UIF� SFRVJSFNFOUT�PG� B�EFTUSVDUFE�IJBUVT�
("QQFOEJY��
��5IF�MBQBSPTDPQJD�BQQMJDBUJPO�PG�%FMUB.FTI�
IBT�QSPWFO�UP�CF�TJNQMF
�FGGFDUJWF�BOE�TUBOEBSEJTBCMF�BOE�
significantly facilitates and accelerates hiatus closure. 
)PXFWFS
� JO�UIJT�TUVEZ
�B�UPUBM�PG�����
����	����
�QBUJFOUT�
IBE�B�SFDVSSFODF
�JODMVEJOH�BMM�IFSOJB�TJ[FT
�SF�EP�TVSHFSJFT
�
BOE�QPTUPQFSBUJWF� SJTLT� JO� UIF� FWFSZEBZ� MJGF�PG�QBUJFOUT�
(Table 1
��5IF�SFDVSSFODF�SBUF�EVSJOH�DPOUJOVPVT� GPMMPX�
VQ� JODSFBTFE� UP�����
�XJUI�TFWFO�BEEJUJPOBM� SFDVSSFODFT�
PCTFSWFE�CFUXFFO� +BOVBSZ� ����� BOE�%FDFNCFS� ������
3FDVSSFODF�BGUFS�-0&)%&�XBT�BTTPDJBUFE�XJUI�SFOFXFE�
IJBUVT�XFBLOFTT�BOE�EJTQMBDFNFOU�BSPVOE�UIF�PFTPQIBHVT
�
XIJMF�UIF�%FMUB.FTI�XBT�TUJMM�òSNMZ�JOUFHSBUFE�EPXOXBSET�
JOUP�UIF�DSVSB�JO�BMM�QBUJFOUT��3F�-0&)%&�JO�UIF�XFBLFOFE�
BSFB�DBVTFE�UIF�TZNQUPNT�UP�EJTBQQFBS�BHBJO�

0GUFO�OP� TQFDJGJD� SFBTPO� GPS� UIF� SFDVSSFODF�DPVME�CF�
JEFOUJGJFE��)PXFWFS
� SJTL� GBDUPST�XFSF� GPVOE�UP�CF� MPOH�
MBTUJOH� DPVHIJOH
� TUSPOH� TQPOUBOFPVT� QSFTTJOH� JO� UIF�
BOBFTUIFUJD�SFDPWFSZ�QIBTF�EVSJOH�TVSHFSZ
�IJBUVT�BOBUPNZ�
BOE�UIF�BOHMF�PG�DSVSB�JOTFSUJPO�JO�UIF�EJBQISBHN
�TVSHJDBM�
NJTKVEHFNFOU� EVSJOH� SFDPOTUSVDUJPO
� JNQBJSFE� DSVSB�
JOOFSWBUJPO�QSFTVNBCMZ�EVF� UP� USBOTDSVSBM� TVUVSFT
� BOE�
DSVEF�QPTUPQFSBUJWF�FOEPTDPQZ��3JTL�GBDUPST�TVDI�BT�PCFTJUZ
�
TDPMJPTJT
�UZQF�PG�IFSOJB
�BOE�IFSFEJUZ�EJE�OPU�QMBZ�B�SPMF�JO�
UIF�FNFSHFODF�PG�SFDVSSFODF�

*U�JT�TUJMM�UPP�FBSMZ�UP�FYBNJOF�UIF�DPNQBSBCJMJUZ�PG�UIFTF�
SFTVMUT� JO�UIF� MJUFSBUVSF
�HJWFO�UIF�XJEF�SBOHF�PG�EJGGFSFOU�
UZQFT�PG�PQFSBUJPOT
�NBKPS�NFUIPEPMPHJDBM�EJGGFSFODFT� JO�
UFSNT�PG� JOEJDBUJPO
�TVSHJDBM�UFDIOJRVF
�BOE�EFòOJUJPO�BOE�
EFUFDUJPO�PG�SFDVSSFODF
�PS� MBDL�PG�TVDI�JOGPSNBUJPO�	��
�� 
5IFSFGPSF
� B�NFUIPEPMPHJDBMMZ� TUBOEBSEJTFE� TUVEZ�
QSPUPDPM�GPS�IJBUBM�IFSOJBT�TUJMM�TFFNT�OFDFTTBSZ�GPS�SFMJBCMF�
TJHOJòDBODF�BOE�DPNQBSBCJMJUZ�	��
��
�

)PXFWFS
� JU� JT�XPSUI�NFOUJPOJOH� UIBU� SF�PQFSBUJPO�
BGUFS�B�QSFWJPVT� GVOEPQMJDBUJPO�TIPXFE�B�DPNQBSBCMF� MPX�
SFDVSSFODF� SBUF�PG�������5IJT� TVDDFTT� BOE� UIF� BCTFODF�
PG� JOUSBPQFSBUJWF� DPNQMJDBUJPOT� BSF� QSPCBCMZ� EVF� UP�
UIF� TVSHJDBM� GPDVT� CFJOH� TPMFMZ� PO� SF�TUBCJMJTJOH� UIF�
PFTPQIBHPIJBUBM�VOJU�SBUIFS�UIBO�SJTLJOH�SF�GVOEPQMJDBUJPO�
PS�PUIFS�NPEJòFE�TPMVUJPOT�	�����
��

"T� UIF�XPSTU�%FMUB.FTI�BTTPDJBUFE�DPNQMJDBUJPO
� GJWF�
QBUJFOUT�FYQFSJFODFE�UIF�QFOFUSBUJPO�PG�UIF�%FMUB.FTI�JOUP�
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IPMMPX�PSHBOT�FWFO�UIPVHI�UIF�%FMUB.FTI�XBT�DPODFQUVBMMZ�
EFTJHOFE�FYDMVTJWFMZ�GPS�FYUSB�BCEPNJOBM�VTF�UP�BWPJE�TVDI�
SJTLT� 	�����
�� *OUFSWFOUJPO�XBT�OFDFTTBSZ� JO� UXP�DBTFT�PG�
PFTPQIBHVT�QFOFUSBUJPO��5IF�TNBMM�TJ[F�PG�UIF�%FMUB.FTI�
DMFBSMZ� GBDJMJUBUFE�DPNQMJDBUJPO�NBOBHFNFOU�BOE�BMMPXFE�
QVSFMZ�FOEPTDPQJD�NFTI�SFNPWBM�BOE�EFGFDU�DMPTVSF�XJUI�
GJCSJO�HMVF��%FMUB.FTI�QFOFUSBUJPO�XBT�BO�PCTFSWFE�CVU�
SBSF�DPNQMJDBUJPO�UIBU�PDDVSSFE�POMZ�JO�QBUJFOUT�BGUFS�SF�EP�
PS�SF�SF�EP�TVSHFSJFT�XJUI�B�IFBWJMZ�TDBSSFE�JOUSBPQFSBUJWF�
TJUVBUJPO��5IFTF� SJTLT� TFFNFE� BDDFQUBCMF� UP� KVTUJGZ�
%FMUB.FTI�VTF�UP� JNQSPWF�UIF� MPOH�UFSN�SFTVMUT� JO�IJBUBM�
IFSOJB�QBUJFOUT��)PXFWFS
�UIF�MPX�GPMMPX�VQ�SBUF�PG�������
BOE�RVFTUJPOOBJSF�SFTQPOTF�SBUF�PG�������BU�5��EPFT�OPU�
BMMPX�B�DPODMVTJWF�TUBUFNFOU��

Conclusions

5IFTF� DMJOJDBM� EBUB� GSPN��
���� QBUJFOUT� USFBUFE�XJUI�
-0&)%&�BOE�UIF�POHPJOH�TVSHJDBM�FYQFSJFODF�EFNPOTUSBUF�
UIBU�SFDPOTUSVDUJPO�PG� UIF�UISFF�EJNFOTJPOBM�BSDIJUFDUVSF�
PG� UIF�PFTPQIBHPIJBUBM�VOJU�BMPOF�DBO�QSFEJDUBCMZ�SFTUPSF�
SFGMVY�DPOUSPM�BOE�PUIFS� JNQBJSFE�PFTPQIBHFBM� GVODUJPOT��
5IFTF�EBUB�DPOGJSN�UIF�OFX�QBUIPQIZTJPMPHJDBM� GJOEJOH�
UIBU�EZTGVODUJPO�PG�UIF�PFTPQIBHVT�JT�EVF�UP�JUT�NBMQPTJUJPO�
JO�$0%*4��5IF�DPSSFDU�UISFF�EJNFOTJPOBM�SFDPOTUSVDUJPO�
PG� UIF�PFTPQIBHPIJBUBM�VOJU� UIVT� TFFNT� UP�CF� UIF�LFZ� UP�
SFTUPSJOH�BMM� GVODUJPOT�PG�UIF�TZTUFN��5IFTF�SFTVMUT�DMFBSMZ�
DPOUSBEJDU�UIF�DPNNPO�-&4�IZQPUIFTJT��

5IF�VTF�PG� UIF�%FMUB.FTI�IBT�QSPWFO� UP�CF� B� TBGF
�
FGGJDJFOU
� BOE� UJNF�TBWJOH� TVSHJDBM� UPPM� GPS� TUBCMF�IJBUVT�
DMPTVSF��5IFTF�OFX� GJOEJOHT� DBO�IPQFGVMMZ�PQFO�B�OFX�
approach to the pathophysiology of oesophageal function 
BOE�OFX�XBZT�GPS�EJBHOPTUJDT�BOE�UIFSBQZ�JO�UIF�GVUVSF�
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Supplementary

Appendix 1 

Questionnaires at T0 (preoperatively on admission)
26 

 
 

1. ,I�\RX�WDNH�\RXU�DGYLVHG�PHGLFDWLRQ�UHJXODU O\��GR�\RX�VXIIHU�IURP�WKH�IROORZLQJ�FRPSODLQWV"

�3OHDVH�QRWH��All the time = daily often = 2-3x/week   on and off = 1x/week  rarely = 1x/month   never =does not occur)

1. Do you suffer from DFLG�UHIOX[�? 

All the time often on and off rarely never

2. Do liquids or foods come back into \RXU�PRXWK�ZKHQ�EHQGLQJ�RYHU ?

All the time often on and off rarely never

3. Do you suffer from SDLQ�in the upper abdomen or chest? 

All the time often on and off rarely never

4. Do you suffer from problems while VZDOORZLQJ?

All the time often on and off rarely never

5. Do you suffer from KRDUVHQHVV��IUHTXHQW�WKURDW�FOHDULQJ��RU�D�VWXII\�QRVH ? � 

All the time often on and off rarely never

6. Do you suffer from VRUH�WKURDW? 

All the time often on and off rarely never

7. Do you IHHO�VWXIIHG�RU�EORDWHG�in the upper abdomen? 

All the time often on and off rarely never

8. Do you suffer from FRXJK�DWWDFNV�DW�QLJKW? 

All the time often on and off rarely never

9. Do you suffer from IUHTXHQW�DLU�EHOFKLQJ? 

All the time often on and off rarely never

10. Do you suffer from a VLFN�JDVWULF�IHHOLQJ�RU�QDXVHD�? 

All the time often on and off rarely never

11. Do you have to observe a VSHFLDO�GLHW�to prevent worsening of your complaints ?

All the time often on and off rarely never

12. Do you sleep with \RXU�FKHVW�UDLVHG? 

All the time often on and off rarely never

13. Do you eat IDVW? 

All the time often on and off rarely never

14. Do you feel a SDLQIXO�SUHVVXUH�in your chest? 

All the time often on and off rarely never

15. Do you have EUHDWKLQJ�GLIILFXOWLHV�causing SK\VLFDO�UHVWULFWLRQV ? 

All the time often on and off rarely never

16. Do you suffer from VXGGHQ�SDOSLWDWLRQ�RU�DUUK\WKP LD? 

All the time often on and off rarely never

7�
3RVWRSHUDWLYH�4XHVWLRQQDLUH�

PD Dr. med. Eckhard Löhde
/aparoscopic.RHsophago.Kiatal.Geltamesh.Hnforcement �/2(+'(�
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3UHRSHUDWLYH�4XHVWLRQQDLUH��

PD Dr. med. Eckhard Löhde 
/aparoscopic.RHsophago.Kiatal.Geltamesh.Hnforcement��O�RH�K�G�H�� 
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�

7. ,I�\RX�'2�127�WDNH�\RXU�DGYLVHG�PHGLFDWLRQ�UHJXODUO\��GR�\RX�VXIIHU�IURP�WKH�IROORZLQJ�FRPSODLQWV"�

 
�3OHDVH�QRWH� All the time=daily   often=2-3x/week   on and off=1x/week   rarely=1x/month   never=does not occur) 

 

1. Do you suffer from DFLG�UHIOX[? 

All the time      often on and off   rarely   never  

2. Do OLTXLG�RU�IRRGV�FRPH�EDFN�LQWR�\RXU�PRXWK�ZKHQEHQGLQJ�RYHU? 

All the time      often on and off   rarely   never  

3. Do you suffer from SDLQ in the upper abdomen or chest? 

All the time      often on and off   rarely   never  

4. Do you suffer from problems while VZDOORZLQJ? 

All the time      often on and off   rarely   never  

5. Do you suffer from KRDUVHQHVV��IUHTXHQW�WKURDW�FOHDULQJ��RU�D�VWXII\�QRVH?  

All the time      often on and off   rarely   never  

6. Do you suffer from VRUH�WKURDW? 

All the time      often on and off   rarely   never  

7. Do you IHHO�VWXIIHG�RU�EORDWHG in the upper abdomen? 

All the time      often on and off   rarely   never  

8. Do you suffer from FRXJK�DWWDFNV DW�QLJKW? 

All the time      often on and off   rarely   never  

9. Do you suffer from IUHTXHQW�DLU EHOFKLQJ? 

All the time      often on and off   rarely   never  

10. Do you suffer from a VLFN�JDVWULF�IHHOLQJ�RU�QDXVHD? 

All the time      often on and off   rarely   never  

11. Do you have to observe�D�VSHFLDO�GLHW�to prevent worsening of your complaints?� 

All the time      often on and off   rarely   never  

12. Do you sleep with your�FKHVW�UDLVHG? 

All the time      often on and off   rarely   never  

13. Do you eat IDVW?�

All the time      often on and off   rarely   never  

14. Do you feel a SDLQIXO�SUHVVXUH in your chest? 

All the time      often on and off   rarely   never  

15.   Do you have EUHDWKLQJ�GLIILFXOWLHV and SK\VLFDO�UHVWULFWLRQV? 

All the time      often on and off   rarely   never  

16. Do you suffer from VXGGHQ�SDOSLWDWLRQ�RU�DUUK\WKPLD? 

All the time      often on and off   rarely   never  
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Appendix 2 Questionnaires at T1 (1 year postoperatively) 

 
  

�

�

7�
3RVWRSHUDWLYH�4XHVWLRQQDLUH�

PD Dr. med. Eckhard Löhde
/aparoscopic.RHsophago.Kiatal.Geltamesh.Hnforcement �/2(+'(�

1. 2QH \HDU�DIWHU�WKH�/2(+'( SURFHGXUH� GR�\RX�VXIIHU�IURP�WKH�IROORZLQJ�FRPSODLQWV"

�3OHDVH�QRWH� All the time=daily   often=2-3x/week   on and off=1x/week   rarely=1x/month   never=does not occur)

1. Do you suffer from DFLG�UHIOX[? 
All the time often on and off rarely never

2. Do liquids or foods come back into ����������������������������? 

All the time often on and off rarely never

3. Do you suffer from SDLQ�in the upper abdomen or chest? 
All the time often on and off rarely never

4. Do you suffer from problems while VZDOORZLQJ? 

All the time often on and off rarely never

5. Do you suffer from KRDUVHQHVV��IUHTXHQW�WKURDW�FOHDULQJ��RU�D�VWXII\�QRVH?
All the time often on and off rarely never

6. Do you suffer from VRUH�WKURDW? 
All the time often on and off rarely never

7. Do you IHHO�VWXIIHG�RU�EORDWHG�in the upper abdomen? 
All the time often on and off rarely never

8. Do you suffer from FRXJK�DWWDFNV�at night? 
All the time often on and off rarely never

9. Do you suffer from IUHTXHQW�DLU�EHOFKLQJ? 
All the time often on and off rarely never

10. Do you suffer from a VLFN�JDVWULF�IHHOLQJ�RU�QDXVHD? 
All the time often on and off rarely never

11. Do you have to observe a VSHFLDO�GLHW�to prevent worsening of your complaints   ?
All the time often on and off rarely never

12. Do you sleep with your FKHVWUDLVHG? 
All the time often on and off rarely never

13. Do you eat IDVW? 
All the time often on and off rarely never

14. Do you feel a SDLQIXO�SUHVVXUH�in your chest? 
All the time often on and off rarely never

15. Do you have EUHDWKLQJ�GLIILFXOWLHV�causing SK\VLFDO�UHVWULFWLRQV?
All the time often on and off rarely never

16. Do you suffer from VXGGHQ�SDOSLWDWLRQ�RU�DUUK\WKPLD? 
All the time often on and off rarely never

FKHVW�UDLVHG"

Appendix 2 

Questionnaires at T1 (1 year postoperatively)
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Appendix 3 Questionnaires at T5 (5 years postoperatively) 

 
  

7�
3RVWRSHUDWLYH�4XHVWLRQQDLUH�

PD Dr. med. Eckhard Löhde
/aparoscopic.RHsophago.Kiatal.Geltamesh.Hnforcement �/2(+'(�

1.  )LYH�\HDUV�DIWHU�WKH�/2(+'(�SURFHGXUH��GR�\RX�VXIIHU�IURP�WKH�IROORZLQJ�FRPSODLQWV"

�3OHDVH�QRWH��All the time=daily   often=2-3x/week   on and off=1x/week   rarely=1x/month   never=does not occur)

1. Do you suffer from DFLG�UHIOX[? 
All the time often on and off rarely never

2. Do liquids or foods come back into ����������������������������?

All the time often on and off rarely never

3. Do you suffer from SDLQ�in the upper abdomen or chest? 
All the time often on and off rarely never

4. Do you suffer from problems while VZDOORZLQJ? 
All the time often on and off rarely never

5. Do you suffer from KRDUVHQHVV��IUHTXHQW�WKURDW�FOHDULQJ��RU�D�VWXII\�QRVH? 
All the time often on and off rarely never

6. Do you suffer from VRUH�WKURDW? 
All the time often on and off rarely never

7. Do you IHHO�VWXIIHG�RU�EORDWHG�in the upper abdomen?
All the time often on and off rarely never

8. Do you suffer from FRXJK�DWWDFNV�at night? 
All the time often on and off rarely never

9. Do you suffer from IUHTXHQW�DLU�EHOFKLQJ? 
All the time often on and off rarely never

10. Do you suffer from a VLFN�JDVWULF�IHHOLQJ�RU�QDXVHD? 
All the time often on and off rarely never

11. Do you have to observe a VSHFLDO�GLHW�to prevent worsening of your complaints   ?
All the time often on and off rarely never

12. Do you sleep with your FKHVW�UDLVHG? 
All the time often on and off rarely never

13. Do you eat IDVW? 
All the time often on and off rarely never

14. Do you feel a SDLQIXO�SUHVVXUH�in your chest? 
All the time often on and off rarely never

15. Do you have EUHDWKLQJ�GLIILFXOWLHV�causing SK\VLFDO�UHVWULFWLRQV? 
All the time often on and off rarely never

16. Do you suffer from VXGGHQ�SDOSLWDWLRQ�RU�DUUK\WKPLD? 
All the time often on and off rarely never

Appendix 3 

Questionnaires at T5 (5 years postoperatively)
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Figure S1 4ZNQUPN�TDPSFT�TQMJU�JOUP�QSPQPSUJPOT�PG�TDPSJOH�WBMVFT��1SPQPSUJPOT�DPOòSN�UIBU�XJUIPVU�11*�NFEJDBUJPO�	5�.FEñ
�QBUJFOUT�
SFQPSU�B�XJEF�SBOHF�PG�DPNQMBJOUT�PDDVSSJOH�EBJMZ�BOE�EVSJOH�B�XFFL� 	1SFEPNJOBOU�TDPSFT��r�
��11*� USFBUNFOU� 	5�.FE�
�TIPXT�BO�
BMMFWJBUJOH�FGGFDU
�FTQFDJBMMZ�GPS�IFBSUCVSO
�CVU�NBOZ�DPNQMBJOUT�QFSTJTU�	1SFEPNJOBOU�TDPSFT��r�
��$VSF�PG�QBUJFOUT�JT�POMZ�BDIJFWFE�BU�5��
BOE�5�
�BT�TZNQUPN�TDPSFT�QSFEPNJOBOUMZ�JNQSPWF�UP��r��
Symptom score: ����BMM�UIF�UJNF�	EBJMZ
������PGUFO�	�r�Y�XFFL
������PO�BOE�PGG�	�Y�XFFL
������SBSFMZ�	�Y�NPOUI
������OFWFS�	EPFT�OPU�PDDVS
��
/"���OPU�BWBJMBCMF��5�.FEñ���QSFPQFSBUJWF�XJUIPVU�11*��5�.FE����QSFPQFSBUJWF�XJUI�11*��5�����ZFBS�QPTUPQFSBUJWFMZ��5������ZFBST�
postoperatively.

36 

Figure S1 Symptom scores split into proportions of scoring values. Proportions confirm that without PPI 

PHGLFDWLRQ� �7�0HGí� patients report a wide range of complaints occurring daily and during a week 

(Predominant scores 1–2). PPI treatment (T0Med+) shows an alleviating effect, especially for heartburn, 

but many complaints persist (Predominant scores 2–3). Cure of patients is only achieved at T1 and T5, 

as symptom scores predominantly improve to 3–4. 

Symptom score: 0 = all the time (daily); 1 = often (2–3x/week); 2 = on and off (1x/week); 3 = rarely 

(1x/month); 4 = never (does not occur); NA = not available. 7�0HGí = preoperative without PPI; 

T0Med+ = preoperative with PPI; T1= 1 year postoperatively; T5 = 5 years postoperatively. 
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Table S1�4ZNQUPN�TDPSF�GSFRVFODJFT

Observation point Frequency total Missing data Valid total

T0Med+ n=1351 n=59 n=1292 (100%)

T1 n=1351 n=424 n=927 (100%)

T5 n=1351 n =1151 n=200 (100%)

Valid total values were used to describe frequencies and proportions of symptoms such as such heartburn, volume reflux, cough attacks 
at night, hoarseness, sore throat, belching, bloating, nausea, dysphagia, chest pain, palpitation, and dyspnoea. T0Med− = preoperative 
without PPI; T0Med+ = preoperative with PPI; T1= 1 year postoperatively; T5 = 5 years postoperatively. To note: Due to the end of the 
study after 10 years, the observation point T1 could only be reached by 1287/1351 patients and observation point T5 by 529/1351 
patients.
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Table S2�'PPE�JOUPMFSBODF�GSFRVFODJFT

Observation point Frequency total Missing data Valid total

T0Med− n =1351 n=192 n=1159 (100%)

T0Med+ n=1351 n=50 n=1301 (100%)

T1 n=1351 n=484 n=867 (100%)

T5 n=1351 n =1151 n=200 (100%)

Valid total values were used to describe frequencies and proportions of food intolerances for critical drinks such as white wine, sparkling 
wine, red wine, fizzy drinks, fruit juices, and coffee, as well as food such as sweets, cakes, chocolate, and tomatoes. T0Med− = 
preoperative without PPI; T0Med+ = preoperative with PPI; T1= 1 year postoperatively; T5 = 5 years postoperatively. To note: Due to 
the end of the study after 10 years, the observation point T1 could only be reached by 1287/1351 patients and observation point T5 by 
529/1351 patients.

Figure S2�7JTJDL�TDPSFT�TQMJU� JOUP�QSPQPSUJPOT�PG�TDPSJOH�WBMVFT��1SPQPSUJPOT�DPOòSN�UIBU�EFTQJUF�PQUJNJTFE�11*�NFEJDBUJPO�BU�5�.FE�
�
BMNPTU�OP�QBUJFOU�GFMU�DVSFE�QSFPQFSBUJWFMZ�BOE�DPOUJOVFE�EPDUPS�WJTJUT�XFSF�SFRVJSFE��5IF�7JTJDL�TDPSF�UIBU�CFTU�EFTDSJCFE�UIF�TUBUF�PG�IFBMUI�
XBT�***��1PTUPQFSBUJWFMZ
�BU�5��BOE�5�
�QBUJFOUT�QSFEPNJOBOUMZ�BUUSJCVUFE�UIFJS�DPOEJUJPO�UP�7JTJDL�TDPSF�*r**��7JTJDL�TDPSF��*���OP�DPNQMBJOUT��
**���NJME�DPNQMBJOUT�SFMJFWFE�CZ�DBSF�BOE�EPDUPS�WJTJUT�BSF�SBSF��***���NPEFSBUF�DPNQMBJOUT�OPU�SFMJFWFE�CZ�DBSF�BOE�EPDUPS�WJTJUT�BSF�PGUFO��*7�
��OP�JNQSPWFNFOU��/"���OPU�BWBJMBCMF��5�.FE����QSFPQFSBUJWF�XJUI�11*��5������ZFBS�QPTUPQFSBUJWFMZ��5������ZFBST�QPTUPQFSBUJWFMZ��
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of the study after 10 years, the observation point T1 could only be reached by 1287/1351 patients and 

observation point T5 by 529/1351 patients. 

 
Figure S2 Visick scores split into proportions of scoring values. Proportions confirm that despite 

optimised PPI medication at T0Med+, almost no patient felt cured preoperatively and continued doctor 

visits were required. The Visick score that best described the state of health was III. Postoperatively, at 

T1 and T5, patients predominantly attributed their condition to Visick score I–II. Visick score: I = no 

complaints; II = mild complaints relieved by care and doctor visits are rare; III = moderate complaints 

not relieved by care and doctor visits are often; IV = no improvement. NA = not available. T0Med+ = 

preoperative with PPI; T1 = 1 year postoperatively; T5 = 5 years postoperatively.  

 

 
  

Visick score
Proportion, on of scores
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Table S3 7JTJDL�TDPSF�GSFRVFODJFT

Observation point Frequency total Missing data Valid total Visick I Visick II Visick III Visick IV

T0Med+ n=1351 n=50 n=1301 (100%) n=9 (0.7%) n=322 (24,8%) n=760 (58,4%) n=210 (16,1%)

T1 n=1351 n=431 n=920 (100%) n=364 (39,6%) n=446 (48,5%) n=82 (8,9%) n=28 (3%)

T5 n=1351 n =1151 n=198 (100%) n=98 (49,5%) n=90 (45,4%) n=10 (5%) n=0 (0%)

Valid total values were used to describe frequencies and proportions of the Visick score. T0Med+ = preoperative with PPI; T1 = 1 year 
postoperatively; T5 = 5 years postoperatively.
Visick score: I = no complaints; II = mild complaints relieved by care and doctor visits are rare; III = moderate complaints not relieved by 
care and doctor visits are often; IV = no improvement. To note: Due to the end of the study after 10 years, the observation point T1 could 
only be reached by 1287/1351 patients and observation point T5 by 529/1351 patients.

Figure S3�1BUJFOU�SBUJOHT�PG�UIFSBQFVUJD�FGòDBDZ�TQMJU� JOUP�QSPQPSUJPOT�PG�TDPSJOH�WBMVFT�SFUSPTQFDUJWFMZ��3FUSPTQFDUJWF�FWBMVBUJPO�PG�UIF�
UIFSBQFVUJD�FGòDBDZ�BU�5��BOE�5���11*�NFEJDBUJPO�XBT�JOWFSTFMZ�BTTFTTFE�JO�GBWPVS�PG�-0&)%&��3BUJOH�TDPSF������FYDFMMFOU������HPPE������
TBUJTGZJOH������TVGòDJFOU��BOE�����QPPS��/"���OPU�BWBJMBCMF��5������ZFBS�QPTUPQFSBUJWFMZ��5������ZFBST�QPTUPQFSBUJWFMZ�
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Table S4 Patient rating frequencies 

TREATME
NT 

FREQUEN
CY TOTAL 

MISSIN
G DATA 

VALI
D 
TOTA
L 

SCORE 
1 

SCORE 
2 

SCOR
E 3 

SCORE 
4 

SCORE 
5 

T1 
PPI MED. N=1351 N=506 

N=845 
(100
%) 

N=17 
(2%) 

N=23 
(2,7%
) 

N=73 
(8,6
%) 

N=202 
(23,9
%) 

N=530 
(62,7
%) 

T5 
PPI MED. N=1351 N=1166 

N=185 
(100
%) 

N=4 
(2,2%
) 

N=7 
(3,8%
) 

N=15 
(8,1
%) 

N=40 
(21,6
%) 

N=119 
(64,3
%) 

T1 
LOEHDE N=1351 N=449 

N=902 
(100
%) 

N=610 
(67,6
%) 

N=193 
(21,3
%) 

N=57 
(6,3
%) 

N=20 
(2,2%
) 

N=22 
(2,4%
) 

Patient rating Proportion of scores 

Pr
op

or
tio

n

Score values 
1 2 3 4 5 NA

LOEHDE procedure T1 

1 2 3 4 5 NA

LOEHDE procedure T5 

0.0

0.2

0.4

0.6

0.8

0.0

0.2

0.4

0.6

0.8

PPI treatment T1 PPI treatment T5 

Patient rating 
Proportion of scores 

Score values 

Pr
op

or
tio

n 

Table S4 1BUJFOU�SBUJOH�GSFRVFODJFT

Treatment Frequency total Missing data Valid total Score 1 Score 2 Score 3 Score 4 Score 5

T1 PPI med. n=1351 n=506 n=845 (100%) n=17 (2%) n=23 (2,7%) n=73 (8,6%) n=202 (23,9%) n=530 (62,7%)

T5 PPI med. n=1351 n=1166 n=185 (100%) n=4 (2,2%) n=7 (3,8%) n=15 (8,1%) n=40 (21,6%) n=119 (64,3%)

T1 LOEHDE n=1351 n=449 n=902 (100%) n=610 (67,6%) n=193 (21,3%) n=57 (6,3%) n=20 (2,2%) n=22 (2,4%)

T5 LOEHDE n=1351 n=1158 n=193 (100%) n=142 (73,6%) n=36 (18,6%) n=7 (3,6%) n=5 (2,6%) n=3 (1,5%)

Valid total values were used to describe frequencies and proportions of the patient ratings. Patient rating: 1 = excellent; 2 = good; 3 = 
satisfying; 4 = sufficient; and 5 = poor. T1 = 1 year postoperatively; T5 = 5 years postoperatively. To note: Due to the end of the study after 
10 years, the observation point T1 could only be reached by 1287/1351 patients and observation point T5 by 529/1351 patients.
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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�


