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Abstract

Key words

Background and Aims: Laparoscopic hiatal hernia repair (LHHR) is the gold-standard surgical
treatment for hiatal hernia (HH), but postoperative recurrence remains a challenge due to hiatal
enlargement and disruption of the phrenoesophageal ligament. This study aimed to assess the feasibility,
safety, and short-term efficacy of a novel three-dimensional small intestinal submucosa (3D-SIS) patch
designed for circumferential crural reinforcement and ligament-like reconstruction in a porcine LHHR
model.

Methods: Twelve healthy pigs (35-40 kg) were equally randomized into non-mesh group, SIS flat patch
group, and 3D-SIS patch group. All animals underwent LHHR and Nissen fundoplication under general
anesthesia. In the non-mesh group, the hiatal defect was closed with interrupted sutures. In the SIS flat
patch group, a U-shaped SIS patch was placed posterior to the esophagus to reinforce the crura and fixed
with medical glue. In the 3D-SIS patch group, an intraoperatively assembled three-dimensional patch
was applied, consisting of an upper keyhole-shaped layer for circumferential diaphragmatic
reinforcement, a tubular middle part encircling the abdominal esophagus, and a lower small keyhole-
shaped patch covering the gastroesophageal junction, all fixed with medical glue. After 3 months,
laparotomy was performed to assess recurrence, patch integration, and complications, followed by
biomechanical and histological evaluations.

Results: All procedures were completed successfully with no deaths or major complications. Operative
time was slightly longer in the patch groups, while blood loss was similar. No hernia recurrence or patch
migration was observed at 3 months. Biomechanical testing revealed higher ultimate load and Young's
modulus in both SIS groups than in the non-mesh group. Histological analysis demonstrated
neovascularization and collagen deposition in the patch groups, with the 3D-SIS patch showing more
complete circumferential integration and ligament-like tissue formation.

Conclusion: The 3D-SIS patch is feasible and safe in porcine LHHR. It provides circumferential
diaphragmatic reinforcement and promotes phrenoesophageal ligament-like regeneration, offering a new
concept for reducing postoperative recurrence and reconstructing the anti-reflux barrier.

Hernia, Hiatal; Herniorrhaphy; Laparoscopes; Biological Patch; Porcine

CLC number: R655.4
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A: SCIRSISHMA K LHHR /R B B: SZAASIS 4 sed
A: Schematic illustration of the 3D-SIS patch and its application in hiatal hernia repair; B: Photograph of
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Figure 2 Intraoperative images

A: Position of Trocar placement; B: Esophagus and diaphragmatic hiatus; C: Nissen

fundoplication; D: Non-mesh group-hiatal closure with interrupted sutures only; E: SIS flat patch group "U"-shaped SIS

patch reinforcing the crura after hiatal closure; F: 3D-SIS patch group-3D SIS patch reinforcing the crura after hiatal

closure
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Table 1 Modified semi-quantitative adhesion scoring
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R3 EYHFMRER (n=4, 7 +5)

Table 3 Results of biomechanical testing (n=4, x + s)

MBI 2 ff (N) 1.48+0.42 5.86+0.25 6.46+0.57
W RS (mm) 20.81+3.04 45.90+2.26 41.53+2.69
5 [t (MPa) 0.07+0.02 0.13+0.01 0.16+0.02
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Figure 3 Histological sections of the diaphragm (x200; scale bar=200 pm) and abdominal esophagus (x8; scale bar=5 000 pm)

A: Diaphragm; B: Esophagus
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x4 BARNINTFRROARFES(1=16, n (%) ]

Table 4 Histological scores of four quadrants of the diaphragm in each group [n=16, n (%)]

=] Tob 4 SIS 21 SEAR SIS HM A4
0 3(18.75) 4(25.00) 1(6.25)
1 11(68.75) 7(43.75) 8(50.00)
2 2(12.5) 5(31.25) 7(43.75)
3 0(0.00) 0(0.00) 0(0.00)
4 0(0.00) 0(0.00) 0(0.00)
Wt
0 7(43.75) 6(37.50) 6(37.50)
1 8(50.00) 9(56.25) 9(56.25)
2 1(6.25) 1(6.25) 1(6.25)
3 0(0.00) 0(0.00) 0(0.00)
4 0(0.00) 0(0.00) 0(0.00)
214k
0 4(25.00) 4(25.00) 2(12.50)
1 8(50.00) 6(37.50) 5(31.25)
2 3(18.75) 4(25.00) 6(37.5)
3 1(6.25) 2(12.50) 3(18.75)
4 0(0.00) 0(0.00) 0(0.00)
ot IKES
0 0(0.00) 5(31.25) 4(25.00)
1 3(18.75) 6(37.50) 8(50.00)
2 7(43.75) 5(31.25) 4(25.00)
3 4(25.00) 0(0.00) 0(0.00)
4 2(12.5) 0(0.00) 0(0.00)
it
0 — 11(68.75) 9(56.25)
1 — 5(31.25) 7(43.75)
2 — 0(0.00) 0(0.00)
3 — 0(0.00) 0(0.00)
4 — 0(0.00) 0(0.00)
b 5%
0 = 1(6.25) 3(18.75)
1 — 7(43.75) 5(31.25)
2 — 2(12.50) 5(31.25)
3 = 6(37.50) 3(18.75)
4 — 0(0.00) 0(0.00)
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SIS - A 20 F1 ST A SIS b F 4 i WL 2380 A 34 W (E4A) o SR SIS b 4l 0y i B i 410
Al ULER R AN N R A A%, kb A B R R T UL B 45 SR S IR LR 400 AL (&14B) .

http://'www.zpwz.net



5510 1]

AR F AR RET B AR R T RIS A B AT AT R 2175

SMA

AR SIS KM SIS H-4H

y e |

SMA

SR SIS #h A

El4 RANAMEREENREILRE (x200; LLFHIR: 200 pm)

Figure 4 Immunofluorescence staining of the diaphragm and abdominal esophagus (x200; scale bar=200 pm)

B: Esophagus

HAj, LHHR 2 #%) Z A 0] A8 Y7 HH /Y9 4 b

MEF AT O, EARJRE R RJPRE & R 2t
FAT T Z M2 PR JR AR, Hd, il

FHAN B A9 Tz B, R ARk, At A A
HREEFMEDMHEEMALBEH T ZHT
SFLAB AN (HBAE R Z R TR Em, Gt
zﬁhﬁﬁ%%MWEﬂ%%E NS v 5E
BRI AR SIS b, JF 75 sh W A AL g B T
LHHR&NI%PH HIETTEA, BEBRRIZNA &
SIS #b i 7E LHHR iy al 471 | % 2tk K H TR T)
AL . S5 B, BHALSTAR SIS A AU EA R
U 0 B A RN A I S R, T LR AR 2 2L
O RVER R IR A ) A R 6 A T T R R Y AE AR

VEGF

TR it VEGF

A: B B: B
A: Diaphragm;

R BEARZEFLAN A S5 R P AL T 8 i SR
B85 H Z 0B R B 2 R A L
. B THEZML (lower esophageal sphincter, LES)
N His MR, T GET By R IX, I i B I8 )4
A £ 8 Bl 2 — 20 &5, BE4T LHHR B 23 %
WY R B K GEY i HI i B il s, =
MARFEESRAIE S, 8 mE kK
G A R R A I AT R R N R S (B RS
WHREBEEW N WEREE 2RSS
PR AN IBEE IR R, DL R o W
B H 55 X GEY /9 FREIME &, BA DHE 2 %
P2 T b F AR Rt T 20 T AL IX Y = G2
EE ., AR T LR REE KR TR
RUS7 AR SIS b R, 78 I L 0 A Bk L R0 &b A 38 ]

http://www.zpwz.net



2176 W E AR A R

5 34 4

pNE eI N - N e = I R I P AN RN
SgSMusEEREE, KBl BEREEDN, L
KAl FEH AL AL AU #D 38 35 T GEJ, LAJSi& LES T g
K& His A o @it L b =42 18 0 & 4 1T LA
TR GEJ 5 MR WU i i 5 G =, TR s 3 g 47t
S BRI e, TR B A SO D AR S R K

H T LHHR X — 897 & br ME R RRBE M, B X
LHHR 1 21 ) S 56 0 58 A 6 BRI, 35 4 b —Fp ok
R sy, HRES X5 Ak
FEARRL, BE S 5 b Mo B HLIG R F AR /E i 2
J¥ & LHHR #H G 58 1 AR Sh A e 8 . 5 S i Bl g
ARVLAE ) R B — By o2, B 2L XS RAECK,
AT Ay A /0N (1 G ABE AR, G R R T TR BT AR A
SEFLAGRIII SraG 2RISR B 5 SIS F B &
AMAE L, FH ST AR SIS b F A8 T R B S i R
Bf i) S AR b, 25 56 UE T 48 LHHR w56 & fifi
S AR SIS b A8 #h IR R AR b 7R kAR T R K
B, BARSRTEAEN . REIraEEAEE3 N,
SARSISH R A EEARE 3N A NEEEWE, T
BB AR I & &, HEEEA R WIE &,
E S 57 A SIS Ab F i A e ek R Z sk e, K
MR (8 = 2 25 8 BT 0T RE b FRAROR 5 B & R R4
B

AW 58 P fe T B, R AR IR A AR
FARBCR, WLE B 78 37 4K SIS #h A 41 1 S 56 3h )
KIEmAT, HEEERAE, WA E
SR A S5 NLIR) A £ 4 25 45 ] UE R, B R
TBEEMWFESN ., X~ SELARU R MET
g P AR B T RS, EAFER MW, 7K SIS b
R TR 5 T8 B G £ A8 1) R 25 4 3 O 2L
HE 23 6] 24 21 1 AR 00 Ty o SIS R R E I R R
P BPER . B RO L W e ZROME R
Sy F 5, T IE L R AR A AT R 5 A Ak e 4l 4
L R TV N R SR G S Ayl DA
G3AT, T REE— A B AN 2 B R e SR T AR R
AT 52 B ) BE 1 25 40 B P A o X — B R A SE il
487 B i F 98 b i R i, B 574 SIS
#h A AE ) RE R B A O E A AR, R
SEAR SIS #h B sk HLAA L L A8 IR R A B
LES (¥ 1, W] g 18 3 98 Bt B it e i 1 & #5 OC it
EH -

A 32 R R 21 22 oy BT I 5 SR B IE T 58
HI AR SR 45 2R, B 5 i sg & At , O Ah

http://'www.zpwz.net

& #M IR AE T, R B 4R I AL gk RE AN
PO AERE 1, IR R — o U . k4,
N F RE A% 00 38R B AL 2 DR AR R A i A KA
RFREIEH LB E N E B, SIS A 45 57 1k SIS
R HLAE AR 2 I v ) A% 0 B G R G B
25 5%, ULBH AR B2 6] 4G R ) o5 AR OR 2 6 b R A
JE AT R 7 AR S R o ST A SIS b 4 L 2L AT A
B F SISV Fral, =25 B AE F 574K SIS #h F g %
SIS LS G2 R IR JE I, SIS SF R 2SR F Y
“U” AN AT IRV S = . BN RRIEAT T &
EONE, KR AREES —. B oR2W. XHX
MR HRGE R, HH & &8 W B 24 LT J7 A A o R
B B, B U RN R BT IR AL
T BT RS 8 T P A e — B, Rk, A
PR AER B OR, STAKSIS AN AR — . 4
PRI 20 o 35 5 SIS V- 4, B IR R B R AR
5o XFRB, ST SIS #h R AR IR LA S FUE B 5 T
RS

ZE I, SCAKSIS #h 78 LHHR A J 3 R 4 1)
ALATPE R 22 4k, I FLRE 9% 52 30 2R R Jin (@ 1% AL )
[, fE2F R B B A e . o i Y
el AR ALE, BH R ALY R L
g S WALE s, SRR E KRR, A
WF 58 BB T Z A FE T 56 7E T GEJ 5 iR WX — 7.4k 5)
BRYLER, B BIS7 AR SIS #b A A 2 (6] #4 B9 1 J2: 41 X
W ST AR g B A5 kTt B 7R IR A O
I GEJ (A4 BRI ) 254 AR AR J5 2 & % o % 4b
F T E B AR W A R IE A AT R DR B K, H
BB B A, S Y 45 T4 R R i A 4R
TR BT .

AW FAAFAE— B SR BRYE TS R 2 Ak . 1 %8,
SEIREA RN, AT RE R M 2 S A0 AT SE M R A
ek, DR R — P T R R AR T 5 LA
BUEAR BT S5 . FLUk, T AR R B R
55200 3 ) 0 ) 75 AR IR, A W 98 B U R )
W3, KRAEVEAL S AR SIS #h R i K 8 2
SR, I ELAF S 5 2R % ST 44 SIS #b B Fi R & AR oh
F T %k 5 IF 30 i = A SUR PR . IR AR
o FEAE A — R bR AL A N 2B, AN [A]
Sl (AP AT BEAF A6 4D e JLAT AL 78 B 2 R i
R 22 5%, T 5% 0 #h 14 ) 2 Pk 58 S 4L N T
Ptk o Bt SRk 058 N i — 2 T R AS 4
JE45 G AN FR Ja B R 5 3 & M EE A i S i



55 10 9]

R, F FATRANGHET E*

AR ERINE R

Mo B E AT AR 2177

(1) B i 3k 72 5 Ty “# e e Ak, AT RE B A A4 R
52 A WA st fR) L s/ B B DR 3 OG) S 2 SR s )
M A AR B SEME S AT AR MR A, AT
FARM AR FR A . BT B ES% & AR br
XA T BE R 8 A AR AT A AL, 3X AT RE
B 1 %t b R S B VR G 22 4k B TR, ROR I 45 A
YR S G R R U . X HH B R R R B
J A AR D RE AR AR EAT RS HT .

ARWFFEH A 223 T 75 HH g sh i B vpr | £5
LHHR Jf 5% 37 AK SIS b R #E AT #b o 744 SIS #bh
76 LHHR VB AT AT, 01 42 4 1 R0 A8 2 0050
B HORALRE % S B0 UL R R a0 %% #)
JL AT AR AR o I8 28 A AR S5 AL DB B, (HL ST 44 SIS
TS fE S M B LES T, ¥ GEJ 5 RALAY IE
B G A IE RRIRAR J5 B R AT — P B E

VEZTTRK 7 . RN Tl B ER A AT
RART HIBWE HESH ERBEBARBIRE A
B AR F K B R T XA R R ARET A R
Kb Lkt k. PR AVEH st ASA PT STk, I F A
T AP,

A BZ b AR EAE R A A A PR B
RAET AR PEBGSISTF A (B 5 C-IHM—6 X
13-P), AE#28m8 % 2 b R AE st A AR A
PRS0 R R, AR, BB E . i T
Bl FREHF IR TR M EREE MBS AL
Aok,

2% Uk

[1] Fass R, Boeckxstaens GE, El-Serag H, et al. Gastro-oesophageal
reflux disease[J]. Nat Rev Dis Primers, 2021, 7(1):55. doi: 10.1038/
s41572-021-00287-w.

[2] Muysoms FE, Antoniou SA, Bury K, et al. European Hernia
Society guidelines on the closure of abdominal wall incisions[J].
Hernia, 2015, 19(1):1-24. doi:10.1007/s10029-014-1342-5.

[3] M, Shep, JORAG. “ Sl HoR TR IR I B e RS Ui s #h & B

JEAT BT A PR I]. P R SRR R, 2025, 34(4): 640~
647. doi:10.7659/j.issn.1005-6947.250111.
Xue P, Ma N, Zhou TC. Application of the "necktie technique" in
laparoscopic esophageal hiatal hernia repair and fundoplication
surgery[J]. China Journal of General Surgery, 2025, 34(4): 640—
647. doi:10.7659/j.issn.1005-6947.250111.

[4] Nie Y, Xiong Y, Guan L, et al. Laparoscopic fixation of biological

mesh at hiatus with glue and suture during hiatal hernia repair[J].
BMC Surg, 2021, 21(1):158. doi:10.1186/s12893-021-01151-0.

[5] Kohn GP, Price RR, DeMeester SR, et al. Guidelines for the
management of hiatal hernia[J]. Surg Endosc, 2013, 27(12):4409-
4428. doi:10.1007/s00464-013-3173-3.

[6] rhE BRI 2SN BRI > 22 B B8 RPIR 2T AR X AR
AF R, | R BT P25 I BESN R I 7 2> A 2R
FLATFN S RO SIR T AR . &5 2L I B B4 R w
PUIAIE I 58 T AR 2D PR AR TR B (2025 O], T R APk
&, 2025, 34(4):600-613. doi: 10.7659/j.issn.1005-6947.250074.
Youth Committee of the GERD Specialty Group, Surgical Branch
of the Chinese Medical Doctor Association; Hiatal Hernia and
GERD Specialty Group, Hernia and Abdominal Wall Surgery
Branch of the Guangdong Medical Doctor Association.
Laparoscopic  standardized  seven-step  surgical  operative
guidelines for hiatal hernia and gastroesophageal reflux disease
(2025 edition) [J]. China Journal of General Surgery, 2025, 34(4):
600-613. doi:10.7659/j.issn.1005-6947.250074.

[7] Hoffmann H, Glauser P, Adolf D, et al. Mesh vs. non-mesh repair
of type I hiatal hernias: a propensity-score matching analysis of
6533 patients from the Herniamed registry[J]. Hernia, 2024, 28(5):
1667-1678. doi:10.1007/s10029-024-03013~z.

[8] Latorre-Rodriguez AR, Rajan A, Mittal SK. Cruroplasty with or
without mesh? A systematic literature review with a novel time-
organized proportion meta-analysis[J]. Surg Endosc, 2024, 38(4):
1685-1708. doi:10.1007/s00464-024-10683-4.

[9] Petric J, Bright T, Liu DS, et al. Sutured versus mesh-augmented
hiatus hernia repair: a systematic review and meta-analysis of
randomized controlled trials[J]. Ann Surg, 2022, 275(1): e45—-e51.
doi:10.1097/SLA.0000000000004902.

[10] Angeramo CA, Schlottmann F. Laparoscopic paraesophageal hernia
repair: to mesh or not to mesh. systematic review and meta-
analysis[J]. Ann Surg, 2022, 275(1): 67-72. doi: 10.1097/
SLA.0000000000004913.

[11] 47283, XTREE, DR, 45 . I B B i R LAME AR Y IR RACR

A3 BT BFE ST i A 0], H T AR RE 2R R, 2018, 27(10): 1273
1278. doi:10.7659/].issn.1005-6947.2018.10.009.
Yang HQ, Liu YT, Chen J, et al. Clinical efficacy of laparoscopic
hiatal herniorrhaphy: a report of 51 cases[J]. China Journal of
General Surgery, 2018, 27(10): 1273-1278. doi: 10.7659/].
issn.1005-6947.2018.10.009.

[12] Analatos A, Héakanson BS, Ansorge C, et al. Hiatal hernia repair
with tension-free mesh or crural sutures alone in antireflux surgery:
a 13-year follow-up of a randomized clinical trial[J]. JAMA Surg,
2024, 159(1):11-18. doi:10.1001/jamasurg.2023.4976.

[13] Cao GX, Huang Y, Li K, et al. Small intestinal submucosa:

http://www.zpwz.net


http://dx.doi.org/10.1038/s41572-021-00287-w
http://dx.doi.org/10.1038/s41572-021-00287-w
http://dx.doi.org/10.1007/s10029-014-1342-5
http://dx.doi.org/10.7659/j.issn.1005-6947.250111
http://dx.doi.org/10.7659/j.issn.1005-6947.250111
http://dx.doi.org/10.1186/s12893-021-01151-0
http://dx.doi.org/10.1007/s00464-013-3173-3
http://dx.doi.org/10.7659/j.issn.1005-6947.250074
http://dx.doi.org/10.7659/j.issn.1005-6947.250074
http://dx.doi.org/10.1007/s10029-024-03013-z
http://dx.doi.org/10.1007/s00464-024-10683-4
http://dx.doi.org/10.1097/SLA.0000000000004902
http://dx.doi.org/10.1097/SLA.0000000000004913
http://dx.doi.org/10.1097/SLA.0000000000004913
http://dx.doi.org/10.7659/j.issn.1005-6947.2018.10.009
http://dx.doi.org/10.7659/j.issn.1005-6947.2018.10.009
http://dx.doi.org/10.7659/j.issn.1005-6947.2018.10.009
http://dx.doi.org/10.1001/jamasurg.2023.4976

2178 W E AR A R

5 34 4

superiority, limitations and solutions, and its potential to address
bottlenecks in tissue repair[J]. J Mater Chem B, 2019, 7(33):5038-
5055. doi:10.1039/c9tb00530g.

[14] Oelschlager BK, Pellegrini CA, Hunter J, et al. Biologic prosthesis
reduces recurrence after laparoscopic paraesophageal hernia repair:
a multicenter, prospective, randomized trial[J]. Ann Surg, 2006, 244
(4):481-490. doi:10.1097/01.51a.0000237759.42831.03.

[15] Zhang C, Liu D, Li F, et al. Systematic review and meta-analysis of
laparoscopic mesh versus suture repair of hiatus hernia: objective
and subjective outcomes[J]. Surg Endosc, 2017, 31(12):4913-4922.
doi:10.1007/s00464-017-5586—x.

[16] Schlosser KA, Maloney SR, Prasad T, et al. Mesh reinforcement of
paraesophageal hernia repair: Trends and outcomes from a national
database[J]. Surgery, 2019, 166(5): 879-885. doi: 10.1016/].
surg.2019.05.014.

[17] Yu HX, Han CS, Xue JR, et al. Esophageal hiatal hernia: risk,
diagnosis and management[J]. Expert Rev Gastroenterol Hepatol,
2018, 12(4):319-329. doi:10.1080/17474124.2018.1441711.

[18] Rochefort M, Wee JO. Management of the difficult hiatal hernia[J].
Thorac Surg Clin, 2018, 28(4): 533-539. doi: 10.1016/).
thorsurg.2018.07.001.

[19] Rajkomar K, Wong CS, Gall L, et al. Laparoscopic large hiatus
hernia repair with mesh reinforcement versus suture cruroplasty
alone: a systematic review and meta-analysis[J]. Hernia, 2023, 27
(4):849-860. doi:10.1007/s10029-023-02783-2.

[20] Salehi N, Marshall T, Christianson B, et al. Comparative anatomic
and symptomatic recurrence outcomes of diaphragmatic suture
cruroplasty versus biosynthetic mesh reinforcement in robotic
hiatal and paraesophageal hernia repair[J]. Surg Endosc, 2024, 38
(11):6476-6484. doi:10.1007/s00464-024-11257-0.

[21] Brown AM, Nagle R, Pucci MJ, et al. Perioperative outcomes and
quality of life after repair of recurrent hiatal hernia are
compromised compared with primary repair[J]. Am Surg, 2019, 85
(5):556-560.

[22] Tran A, Putnam LR, Harvey L, et al. Cruroplasty as a standalone
treatment for recurrent hiatal hernia repair[J]. Hernia, 2024, 28(5):
1817-1822. doi:10.1007/s10029-024-03088-8.

[23] Panici Tonucci T, Aiolfi A, Bona D, et al. Does crural repair with
biosynthetic mesh improve outcomes of revisional surgery for
recurrent hiatal hernia? [J]. Hernia, 2024, 28(5): 1687-1695. doi:
10.1007/s10029-024-03023-x.

[24] Saad AR, Velanovich V. Anatomic observation of recurrent hiatal
hernia: recurrence or disease progression? [J]. J Am Coll Surg,
2020, 230(6):999-1007. doi:10.1016/j.jamcollsurg.2020.03.011.

[25] Saad AR, Velanovich V. Laparoscopic antireflux surgery: are old
questions answered?mesh hernioplasty[J]. Arq Bras Cir Dig, 2022,

http://'www.zpwz.net

35:e1710. doi:10.1590/0102-672020220002¢1710.

[26] Carrera Ceron RE, Oelschlager BK. Management of recurrent
paraesophageal hernia[J]. J Laparoendosc Adv Surg Tech A, 2022,
32(11):1148-1155. doi:10.1089/1ap.2022.0388.

[27] Geerts JH, de Haas JWA, Nieuwenhuijs VB. Lessons learned from
revision procedures: a case series pleading for reinforcement of the
anterior hiatus in recurrent hiatal hernia[J]. Surg Endosc, 2024, 38
(5):2398-2404. doi:10.1007/s00464-024-10703-3.

[28] UMK, A, £33 . BB RN G I & E 2N si i T
ARECA LI AR E B RO L T4, 2016, 3(2):95-96.
Zhao C, Zhang Q, Wang WY. Experience in surgical cooperation of
animal experiments on gastroesophageal reflux disease combined
with hiatal hernia[J]. Chinese Journal of Gastroesophageal Reflux
Disease: Electronic Edition, 2016, 3(2):95-96.

[29] Zets, SROCHE, SRAF NP S YRR BRI ST D). SEER B )

5 I 8 E %, 2024. https:/link. cnki. net/urlid/31.1954.
Q.20241224.1459.014. [FI45 8 %]
Fei B, Guo WK, Guo JP. Research Progress on Animal Models of
Hernia Disease[J]. Laboratory Animal and Comparative Medicine,
2024. https:/link. cnki. net/urlid/31.1954. Q. 20241224.1459.014.
[Online ahead of print]

[30] Amigo N, Zubieta C, Riganti JM, et al. Biomechanical features of
reinforced esophageal hiatus repair in a porcine model[J]. J Surg
Res, 2020, 246:62-72. doi:10.1016/j.js5.2019.08.026.

[31] Adam Young D, McGilvray KC, Ehrhart N, et al. Comparison of in
vivo remodeling of urinary bladder matrix and acellular dermal
matrix in an ovine model[J]. Regen Med, 2018, 13(7):759-773. doi:
10.2217/rme-2018-0091.

[32] Dimou FM, Velanovich V. Dynamics of hiatal hernia recurrence:
how important is a composite crural repair?[J]. Hernia, 2024, 28(5):
1571-1576. doi:10.1007/s10029-024-03136-3.

[33] TR, B, B 5O, 55 B AL LT BB L8 A [0 11

LR WAERI]. AP AR R BE SMRL R AR TR, 2022, 16(1):1-7.
doi:10.3877/cma.j.issn.1674-392X.2022.01.001.
Yin J, Yang HQ, Lu JH, et al. Micro consensus among experts on
the selection and fixation of hiatal hernia repair materials[J].
Chinese Journal of Hernia and Abdominal Wall Surgery: Electronic
Edition, 2022, 16(1): 1-7. doi: 10.3877/cma. j. issn. 1674—
392X.2022.01.001.

[34] KA, BERIA, 2KIBAZ, 55 . AR T BN AR BEATAE AR AR

V19 11 A IO T JE JR2 (0. G R AP BE 2% 3, 2024, 32(9):904-907. doi:
10.3969/j.issn.1005-6483.2024.09.003.
Zheng RT, Zhao MX, Di ZS, et al. Clinical progress in the
application of biodegradable mesh in abdominal wall hernia
repair[J]. Journal of Clinical Surgery, 2024, 32(9): 904-907. doi:
10.3969/j.issn.1005-6483.2024.09.003.


http://dx.doi.org/10.1039/c9tb00530g
http://dx.doi.org/10.1097/01.sla.0000237759.42831.03
http://dx.doi.org/10.1007/s00464-017-5586-x
http://dx.doi.org/10.1016/j.surg.2019.05.014
http://dx.doi.org/10.1016/j.surg.2019.05.014
http://dx.doi.org/10.1080/17474124.2018.1441711
http://dx.doi.org/10.1016/j.thorsurg.2018.07.001
http://dx.doi.org/10.1016/j.thorsurg.2018.07.001
http://dx.doi.org/10.1007/s10029-023-02783-2
http://dx.doi.org/10.1007/s00464-024-11257-0
http://dx.doi.org/10.1007/s10029-024-03088-8
http://dx.doi.org/10.1007/s10029-024-03023-x
http://dx.doi.org/10.1007/s10029-024-03023-x
http://dx.doi.org/10.1016/j.jamcollsurg.2020.03.011
http://dx.doi.org/10.1590/0102-672020220002e1710
http://dx.doi.org/10.1089/lap.2022.0388
http://dx.doi.org/10.1007/s00464-024-10703-3
https://link.cnki.net/urlid/31.1954.Q.20241224.1459.014
https://link.cnki.net/urlid/31.1954.Q.20241224.1459.014
https://link.cnki.net/urlid/31.1954.Q.20241224.1459.014
http://dx.doi.org/10.1016/j.jss.2019.08.026
http://dx.doi.org/10.2217/rme-2018-0091
http://dx.doi.org/10.2217/rme-2018-0091
http://dx.doi.org/10.1007/s10029-024-03136-3
http://dx.doi.org/10.3877/cma.j.issn.1674-392X.2022.01.001
http://dx.doi.org/10.3877/cma.j.issn.1674-392X.2022.01.001
http://dx.doi.org/10.3877/cma.j.issn.1674-392X.2022.01.001
http://dx.doi.org/10.3969/j.issn.1005-6483.2024.09.003
http://dx.doi.org/10.3969/j.issn.1005-6483.2024.09.003
http://dx.doi.org/10.3969/j.issn.1005-6483.2024.09.003
http://dx.doi.org/10.3969/j.issn.1005-6483.2024.09.003

510 3 R, F FATRANGHET E*

AR R ILILB TAT AR 2179

[35] AR, XA, ST, 45 . AWh v 58 ikt v JH TR I B e

B RALAME A PRI 75 0 22 Ak M — 301 22 vt of I
FE[0). P S A AMRE 2R R, 2024, 44(4):447-451. doi: 10.19538/j.
¢jps.issn1005-2208.2024.04.16.
Du HD, Liu XL, Nie YS, et al. Comparison of short-term clinical
efficacy and safety between biological and synthetic mesh in
laparoscopic hiatal hernia repair: a multicenter controlled study[J].
Chinese Journal of Practical Surgery, 2024, 44(4): 447-451. doi:
10.19538/j.cjps.issn1005-2208.2024.04.16.

[36] Zheng Z, Shang Y, Wang N, et al. Current advancement on the
dynamic mechanism of gastroesophageal reflux disease[J]. Int J
Biol Sci, 2021, 17(15):4154-4164. doi:10.7150/ijbs.65066.

[37] BTy ARVL - 2 Mt e AR, B FRIR, % . BB PUSOR TR
1SN 57 0] PR AR TR 2 2 5 L TR,
2014, 8(4):44-46. doi:10.3877/cma.j.issn.1674-3946.2014.04.093.
Alimujiang*MSYT, Kelimu, Aikebaier, et al. Establishment of
laparoscopic anti-reflux surgery training model in pigs[J]. Chinese

Journal of Operative Procedures of General Surgery: Electronic

AT]2026 FEHERNETZH
AH 2026 FEHEINBLTHW T, RiLGTE,

E1H  FFRESMRHIG R 5 SRR TR R

$E2H RESMIEKRS SRR

FE3H FRERIMNEHIE RS EIRFAR

F48 BEME REREIMNIERMS IRKAR
E5H ZLAR.RRBRIMIG RS LR

E6H MmMEIMIGKRSZWRHR

Edition, 2014, 8(4): 44-46. doi: 10.3877/cma. j. issn. 1674-
3946.2014.04.093.

[38] Zhao Y, Peng H, Sun L, et al. The application of small intestinal
submucosa in tissue regeneration[J]. Mater Today Bio, 2024, 26:
101032. doi:10.1016/j.mtbi0.2024.101032.

[39] Inaba CS, Oelschlager BK, Yates RB, et al. Characteristics and
outcomes of patients undergoing paraesophageal hernia repair with
selective use of biologic mesh[J]. Surg Endosc, 2022, 36(2): 1627~
1632. doi:10.1007/500464-021-08399-w.

(AXm#t RF)

Z83C5| AR BB, XK, T, A RS DA R T R AR
Jr TR B R AR T B R AT BT (0], o [ e A A e Ak
2025, 34(10):2168-2179. doi: 10.7659/j.issn.1005-6947.250299

Cite this article as: Zhao MX, Zhao XF, Wang P, et al. Feasibility
study of a novel three-dimensional small intestinal submucosa patch in
porcine hiatal hernia repair[J]. Chin J Gen Surg, 2025, 34(10):2168—
2179. doi: 10.7659/j.issn.1005-6947.250299

SET7H  FTRERNEER SRR
8H REEMEEA SIRAKTR
FoH MRERMEEMSIRKHR
£108 JnSEEIMHIGR S ERTAR
FE1H  FREEMEER S IRRT R
E128 MESMIEA SRR R

http://www.zpwz.net


http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2024.04.16
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2024.04.16
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2024.04.16
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2024.04.16
http://dx.doi.org/10.7150/ijbs.65066
http://dx.doi.org/10.3877/cma.j.issn.1674-3946.2014.04.093
http://dx.doi.org/10.3877/cma.j.issn.1674-3946.2014.04.093
http://dx.doi.org/10.3877/cma.j.issn.1674-3946.2014.04.093
http://dx.doi.org/10.1016/j.mtbio.2024.101032
http://dx.doi.org/10.1007/s00464-021-08399-w
https://dx.doi.org/10.7659/j.issn.1005-6947.250299
https://dx.doi.org/10.7659/j.issn.1005-6947.250299

