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Abstract

Pancreatic duct stents are essential devices for managing chronic pancreatitis, ductal strictures, and
postoperative fistula. Conventional plastic and metal stents effectively facilitate pancreatic drainage but
often cause infection, restenosis, or migration upon long-term implantation. An ideal stent should
provide excellent biocompatibility, efficient drainage, and controllable biodegradation. With advances in
material science and medical-engineering integration, stent technology has evolved from inert

implantation to intelligent degradation. Biodegradable polymers and metals, particularly magnesium
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alloys (Mg-Zn-Mn), offer tunable mechanical strength, corrosion resistance, and in vivo degradability.
Mg-2Zn-1.0Mn alloy achieves balanced strength and corrosion control through compositional
optimization and surface modification. Polymeric stents such as polylactic acid and polydioxanone
demonstrate favorable drainage and avoid secondary removal. Composite biodegradable stents,
exemplified by the multi-rate ARCHIMEDES model, have received international approval. Supported by
3D printing and smart functionalization—such as drug-eluting or shape-memory designs-next-generation
pancreatic stents may achieve integrated functions of support, repair, and tumor inhibition. Future
research should emphasize interdisciplinary material design, degradation kinetics under physiological
conditions, and long-term biocompatibility to accelerate clinical translation.
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Table 1 Comparison of advantages and disadvantages of non-degradable pancreatic duct stents
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Figure 1 Schematic illustration of the three-stage degradation mechanism of Mg-Zn-Mn alloy in real human pancreatic fluid
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Table 2 Comparison of safety profiles of major pancreatic duct stent materials

MR TR TR Ree it S IR AE RS KM 4t
PDX BT OB RN, LW RE AR BT KN 2 e i , Kt W HE N\ — SR IRAIR Rl PR
WAk

PLA FLIR, AT REFE R
BrETETE

Mg*\H,.OH"

PE A (BT R AR R

S ORI PR 1 T 7 JR 3 S i
AEIAEE R DR J2 B TSR A ST et S B B XU

JRTR AR RS R TERAE , OB GO AT REA R R AR KU

AR PR A] S AR A

IE iR EWIBIE AL

PU T H N A WIREAR  (ER] RE R A A A L R D7 A I PU ROTRTE TR

RN BB TEEPE

R TINR I I — 5 TSR TR LB XU

3 EIXXNBMERIEAREN

3.1 3D/ADFTED : RN A F=E L E FI

[ SR N RN R 5 IR X RE & —
M AL, 22 A0S A0y “fE g S 4Rl T,
i 3 AR A S B TT K B S 0 R R LA B B R A S
LA N v N TR I B v N 1701 B YN
WEAGAE P73 m Ak il . BT, 3D AT ER B AR #
N TR Y RN IF K o Lee I 2 1Y v] B
fife N4 SR G T A TE M — AL RE R PCL, IR AT
VO B A, I Zn> WL B IR AN T AE ARG
SR, % AR R B LS R A WA A L LM R
FIAH B B0 P, 7 S s A G g5 R R I R T
Jio My —WEATRE&EA . ARER TR T
20 e AR AN B % 3D 4T B IR S S 48 3 T M e
S, R TO T AT AR SR - T A A T 4
4 Ho 52 BT B4 0 5, 9 7T e B i A= P BT B
2024 4F, K% & BL K 2 0 B 55100 1 12 52 4 0
BE T 48 W U BROR 1 B 0 B . R T CT A
B ok 3D T EE, il PLA BT AT B A ST 4,
IR IR N AT T 308, 2 2MRA s 51%
G5 VR IO Ry R R 1B T A B S B W)

G R L R T R A S AR BRI T L . AD T ERAE 3D 4T
B A FE Al 51T I ) 4 R, I R S R R
RICIZRE W) . DK A B RERIK BE I 55 8 Ge b
BEA LA E 8 2w N pH (R IR RS IR BN R A
&M B AR SRy T TR HET, 3D/M4D FTERATS
AbFETT K 0 BB B, A A AR A R N R
WAL TR R By B o A Skl 2o Xt 22 B aT B A 44 R A
BRem Bt E A0 I, AR EFER AT
Ja& A S, BRI IIRITROR .
3.2 ZThEe—Ek : RENH L E

TR S TE N B — LA S A 1) 2 T BB AR I
4 ARCHIMEDES =2 48 % fin i g #0052 & 52 %€ o7,
X SR T AT $2 7 80% , i PPDO-BaSO, & & 521
UESE, B R LR n R e A R G W e Y 24
WUk I S SR BE N 4 AR 2 B 24 ) sl AR S M I
U7 e Rt B [ N RO S B 8 9 7]
Hie KB B2 el /b 4 B AR I B o5 SRy A T R
i1 GelMA 7K BE SR J2 4k Ar g e, T S 45
AR YT 3 G 2R KR R AE R R R 2 A
A S SR SR E A AR A, ] AR ) RO B
Rof AR JE e i 3 2 AU )

http://www.zpwz.net



1898 HE L

NS

T

5 34 45

4 IeREURESARETE

41 MR hEILEFRRYE

SRR R E AN TGS L B RO T R 4T 2
FE AR B AZ O ST, AT R A S R T & 3ot
o, FEAT I R A R BR A . BAT IS0 R iR
B W (simulated body fluid, SBF) M, {H &
PR 2B ST PPRESE , SBF 5 B S I T4 4 fige AH 56 1
.0.63,  JtH JG ¥k ATA0L 19 2 11 il ) AR . AR
RUBE BB TF & R 2 F v, R B e A
I IR BE T 14 [ A 8 ) 24 80T .
4.2 EYREME EEFDNEYBESSE

DLBE B 4 SCAR R ), FLAE JBR R PR 58 P ol 7 A
Mg™ . H, K OH™ 4 1iij BF 5% & B JL 0] 40 48 i i Mg
i, AR HE G, BESRPTMRE AR, XX T R
TRk B R A e A R B, (N T R P B A Y R
FH . ALHE H, 78 N B AP 2 0 K e AT A T
HE— 25 g, At nT % i A R R R A MR
FEAE R RE R TG N R e, W
A

Mo - AR, WA = e ik
S LR EAENESEER T, RO A AL
BEThAEBLEE , HEHME L LLES, 8 B
3D FT BN S48 7] fE 08 ok B 2T 48 40 it A KB, H &
TE B BRI RE o
4.3 IGKREN : AR ERFARAEMILE

BT TR S 07 A THT I (1% o S 1 21 A 2 1
ARCHIMEDES 37 4% f 48 € 3K 15 FDA s fit, {H 24
U AR 2 40 B SRR 248, A AL BT S SR
JPAR MM R % HOE A BAE ST B, nT &
SCHRNT ARG R BOR T , BRAE T BPR AR
AN R Rz, AR R R AR
2Nz WG RN, 145 ARCHIMEDES 57 42 {3
i 510 (k) 3fs 42 o At =F b i g s e, R S e
IR A fFRIE . 5 =, WA ILE S
B mG , BE TR &8 B 4 St i %
FFAREMIEE, B0 R K B 9K 30 A Rk st
AN WA 2 BT AR R SR T R S ek b, BbAh, B
7 L LS AURCHE A T T R S AR
ARG, MABEBIEE T HENA, FE75A
PE AL 2 i 48 445 5O %) AT I B AR 15 3T

http://www.zpwz.net

5 IZNEHREE

JR A SR A ATRTT TR G B AR A, LM
B BE R IR 9T BOR B e MR, NS R S
BRI, 20 20 80 AF AR LA i T
VR 18 P 97 R G E U E [ 3 s e - = e S )
HLPERE T, (AR A SRS . U RgE . 5
YR AE AN RS, AR K, AR AT B AR S 4R T
AT . AW E et LR ¥ Eee, A
AR R B RS LR Bk, HESEE
e, ZHOH A IR T35 B B s S48
AL B AT B e A AT R RE R R
() 0 2B AR A U T BRA SRy, BRRCSE Al 4
b (1 Q3Medical A7 87 Y JE A 52 4238 1o B3 CE A
UEAN FDA 4tk ), 17 rh [l 7 25 i A 5 90 Ja 36 B 58 1
(AN KR F R A e TRERBR DO,
AR5 ARG Ty AT A 2280

Ko IR AL T ILA . () A48T
PR RHARIC . AW 2=l g 3 3 48 L
farit; ) APt dl . BT R LA A I B
3 Ik i e N A RE Y BE A AT D, SE B S AR AL
SE G (3) m S YRR R AT A N R AR
SIS RAR R, WUEE e 5T R @) R
WA e A . RS Im IR TR oK L R R R Al B
U5, TR R S AR e M BT, BRSPS
e, WA AT E R RE A MR K TR A B SR
B BT HLE s ImOR BN 2 5 ST RO
B B WA LA ) 5 A S 3 1 PR B BT Y T A
Fo YETRXN “RPADE" Em “WERL
A, R LSRR BN A AR S -
BE - — IR EZ e A

VB TTak 5 0. FAATE 55T ke & sk AR 4R
B R hM IR R Uk & A I RS A
He i FAE BRI, LW HASE, RB B Fe b 3R iE
R A M E AR, TG, IR T e
WA

B R: AR ERRAELA BT R,
% % 30k

[1] Dumonceau JM, Delhaye M, Tringali A, et al. Endoscopic

treatment of chronic pancreatitis: European society of



559 0] FOEM, F A RE IR R IR NG E A A E AR E T a0l H 1899
gastrointestinal endoscopy (ESGE) guideline-updated August £ie.2023.03.016.

2018[J]. Endoscopy, 2019, 51(2): 179-193. doi: 10.1055/a-0822~
0832.

(2] BRSEF, BMUE, 20k, 45 BB SR M R YT SRS

i 98 BT 0 W 57 4 (0], v S AR R A A 2023, 32(9):
1379-1386. doi:10.7659/j.issn.1005-6947.2023.09.011.
Chen LP, Zhao CS, Peng B, et al. Efficacy of early pancreatic duct
stent placement in treatment of acute necrotizing pancreatitis: a
report of 57 cases[J]. China Journal of General Surgery, 2023, 32
(9):1379-1386. doi:10.7659/j.issn.1005-6947.2023.09.011.

[3] Giuliani T, Marchegiani G, Girgis MD, et al. Endoscopic placement
of pancreatic stent for "Deep" pancreatic enucleations operative
technique and preliminary experience at two high-volume
centers[J]. Surg Endosc, 2020, 34(6): 2796-2802. doi: 10.1007/
s00464-020-07501-y.

[4] Dibirov MD, Khachatryan NN, Erin SA, et al. Results of 300
pancreatic duct stenting in acute pancreatitis[J]. Khirurgiia (Mosk),
2020(11):86-92. doi:10.17116/hirurgia202011186.

[5] Nabi Z, Lakhtakia S. Endoscopic management of chronic
pancreatitis[J]. Dig Endosc, 2021, 33(7): 1059-1072. doi: 10.1111/
den.13968.

[6] Hirashita T, Iwashita Y, Fujinaga A, et al. Short internal pancreatic
stent reduces pancreatic fistula in pancreatoduodenectomylJ].
Langenbecks Arch Surg, 2021, 406(3): 721-728. doi: 10.1007/
$00423-020-02036-1.

[7] Dai Y, Lu X, Jiang L, et al. The impact of pancreatic duct stent
placement on the clinically relevant postoperative pancreatic fistula
rate for high-risk anastomoses: a systematic review and meta-
analysis[J]. BMC Gastroenterol, 2025, 25(1): 116. doi: 10.1186/
$12876-025-03700-w.

[8] Ogura T, Onda S, Takagi W, et al. Placement of a 6 mm, fully
covered metal stent for main pancreatic head duct stricture due to
chronic pancreatitis: a pilot study (with video) [J]. Therap Adv
Gastroenterol, 2016, 9(5): 722-728. doi: 10.1177/1756283X1665
1855.

[9] Karstensen JG, Novovic S, Hansen EF, et al. EUS-guided drainage
of large walled-off pancreatic necroses using plastic versus lumen-
apposing metal stents:a single-centre randomised controlled trial[J].
Gut, 2023, 72(6):1167-1173. doi:10.1136/gutjnl-2022-328225.

[10] Tringali A, Vadala di Prampero SF, Landi R, et al. Fully covered
self-expandable metal stents to dilate persistent pancreatic strictures
in chronic pancreatitis: long-term follow-up from a prospective
study[J]. Gastrointest Endosc, 2018, 88(6):939-946. doi: 10.1016/j.
2ie.2018.08.019.

[11] Han S, Obando JV, Bhatt A, et al. Biliary and pancreatic stents[J].
Gastrointest Endosc, 2023, 97(6): 1003-1004. doi: 10.1016/].

[12] Pfau PR, Pleskow DK, Banerjee S, et al. Pancreatic and biliary
stents[J]. Gastrointest Endosc, 2013, 77(3):319-327. doi: 10.1016/].
2ie.2012.09.026.

[13] Anderloni A, Fugazza A, Maroni L, et al. New biliary and
pancreatic  biodegradable stent placement: a single-center,
prospective, pilot study (with video)[J]. Gastrointest Endosc, 2020,
92(2):405-411. doi:10.1016/j.gie.2020.02.049.

[14] Fan H, Li N, Zhang XG, et al. A review on pancreatic duct stents:
materials and emerging trends[J]. Biomed Mater, 2025, 20(3):
032004. doi:10.1088/1748-605x/adcb7d.

[15] Song G, Zhao HQ, Liu Q, et al. A review on biodegradable biliary
stents: materials and future trends[J]. Bioact Mater, 2022, 17:488-
495. doi:10.1016/j.bioactmat.2022.01.017.

[16] Johanson JF, Schmalz MJ, Geenen JE. Simple modification of a
pancreatic duct stent to prevent proximal migration[J]. Gastrointest
Endosc, 1993, 39(1):62-64. doi:10.1016/s0016-5107(93)70013-9.

[17] Ferrari G, Silveira da Silva L, Cerruti R, et al. Development and
characterization of 3D printed ethylene vinyl acetate (EVA) as drug
delivery device for the treatment of overactive bladder[J]. Drug
Dev Ind Pharm, 2024, 50(4): 285-296. doi: 10.1080/
03639045.2024.2311177.

[18] Hori Y, Ichino Y, Naitoh I, et al. Impact of physiologically shaped
pancreatic stent for chronic pancreatitis[J]. Sci Rep, 2021, 11(1):
8285. doi:10.1038/s41598-021-87852~1.

[19] Takuma K, Okano N, Kimura Y, et al. Development of irreversible
pancreatic ductal change triggered by pancreatic duct stenting in
chronic pancreatitis[J]. J Gastroenterol Hepatol, 2024, 39(12):2746~
2751. doi:10.1111/jgh.16733.

[20] Lam R, Muniraj T. Fully covered metal biliary stents:a review of
the literature[J]. World J Gastroenterol, 2021, 27(38): 6357-6373.
doi:10.3748/wjg.v27.i138.6357.

[21] Ko SW, So H, Oh D, et al. Long-term clinical outcomes of a fully
covered self-expandable metal stent for refractory pancreatic
strictures in symptomatic chronic pancreatitis:an 11-year follow-up
study[J]. J Gastroenterol Hepatol, 2023, 38(3): 460-467. doi:
10.1111/jgh.16105.

[22] Li Q, Wang S, She J, et al. Mg-Zn-Mn alloys degradation in
pancreatic fluid: Trypsin disrupts passivation for stent design[J]. J
Magnes Alloys, 2025. doi: 10.1016/j. jma. 2025.06.003. [Online
ahead of print]

[23] Schitzlein E, Kicker C, Sohling N, et al. 3D-printed PLA-bioglass
scaffolds with controllable calcium release and MSC adhesion for
bone tissue engineering[J]. Polymers (Basel), 2022, 14(12): 2389.
doi:10.3390/polym14122389.

et al.

[24] da Silva D, Kaduri M, Poley M, Biocompatibility,

http://www.zpwz.net


http://dx.doi.org/10.1055/a-0822-0832
http://dx.doi.org/10.1055/a-0822-0832
http://dx.doi.org/10.7659/j.issn.1005-6947.2023.09.011
http://dx.doi.org/10.7659/j.issn.1005-6947.2023.09.011
http://dx.doi.org/10.1007/s00464-020-07501-y
http://dx.doi.org/10.1007/s00464-020-07501-y
http://dx.doi.org/10.17116/hirurgia202011186
http://dx.doi.org/10.1111/den.13968
http://dx.doi.org/10.1111/den.13968
http://dx.doi.org/10.1007/s00423-020-02036-1
http://dx.doi.org/10.1007/s00423-020-02036-1
http://dx.doi.org/10.1186/s12876-025-03700-w
http://dx.doi.org/10.1186/s12876-025-03700-w
http://dx.doi.org/10.1177/1756283X16651855
http://dx.doi.org/10.1177/1756283X16651855
http://dx.doi.org/10.1136/gutjnl-2022-328225
http://dx.doi.org/10.1016/j.gie.2018.08.019
http://dx.doi.org/10.1016/j.gie.2018.08.019
http://dx.doi.org/10.1016/j.gie.2023.03.016
http://dx.doi.org/10.1016/j.gie.2023.03.016
http://dx.doi.org/10.1016/j.gie.2012.09.026
http://dx.doi.org/10.1016/j.gie.2012.09.026
http://dx.doi.org/10.1016/j.gie.2020.02.049
http://dx.doi.org/10.1088/1748-605x/adcb7d
http://dx.doi.org/10.1016/j.bioactmat.2022.01.017
http://dx.doi.org/10.1016/s0016-5107(93)70013-9
http://dx.doi.org/10.1080/03639045.2024.2311177
http://dx.doi.org/10.1080/03639045.2024.2311177
http://dx.doi.org/10.1038/s41598-021-87852-1
http://dx.doi.org/10.1111/jgh.16733
http://dx.doi.org/10.3748/wjg.v27.i38.6357
http://dx.doi.org/10.1111/jgh.16105
http://dx.doi.org/10.1111/jgh.16105
http://dx.doi.org/10.1016/j.jma.2025.06.003
http://dx.doi.org/10.3390/polym14122389

1900 W E AR A 55 34 45

biodegradation and excretion of polylactic acid (PLA) in medical
implants and theranostic systems[J]. Chem Eng J, 2018, 340:9-14.
doi:10.1016/j.cej.2018.01.010.

[25] Ng F, Nicoulin V, Peloso C, et al. In vitro and in vivo hydrolytic
degradation behaviors of a drug-delivery system based on the blend
of PEG and PLA copolymers[J]. ACS Appl Mater Interfaces, 2023,
15(48):55495-55509. doi:10.1021/acsami.2c13141.

[26] Laukkarinen J, Lamsé T, Nordback I, et al. A novel biodegradable
pancreatic stent for human pancreatic applications: a preclinical
safety study in a large animal model[J]. Gastrointest Endosc, 2008,
67(7):1106-1112. doi:10.1016/j.gie.2007.10.013.

[27] Parviainen M, Sand J, Harmoinen A, et al. A new biodegradable
stent for the pancreaticojejunal anastomosis after
pancreaticoduodenal resection: in vitro examination and pilot
experiences in humans[J]. Pancreas, 2000, 21(1): 14-21. doi:
10.1097/00006676-200007000-00047.

[28] Nuutinen JP, Clerc C, Reinikainen R, et al. Mechanical properties
and in vitro degradation of bioabsorbable self-expanding braided
stents[J]. J Biomater Sci Polym Ed, 2003, 14(3): 255-266. doi:
10.1163/156856203763572707.

[29] Nordback I, Réty S, Laukkarinen J, et al. A novel radiopaque
biodegradable stent for pancreatobiliary applications: the first
human phase I trial in the pancreas[J]. Pancreatology, 2012, 12(3):
264-271. doi:10.1016/j.pan.2012.02.016.

[30] Saito Y, Minami K, Kobayashi M, et al. New tubular bioabsorbable
knitted airway stent: biocompatibility and mechanical strength[J]. J
Thorac Cardiovasc Surg, 2002, 123(1): 161-167. doi: 10.1067/
mtc.2002.118503.

[31] Bartholomew RS. PDS (polydioxanone suture): a new synthetic
absorbable suture in cataract surgery. A preliminary study[J].
Ophthalmologica, 1981, 183(2):81-85. doi:10.1159/000309144.

[32] Liu Y, Zhang P. Characterization of compression behaviors of fully
covered biodegradable polydioxanone biliary stent for human body:
a numerical approach by finite element model[J]. J] Mech Behav
Biomed  Mater, 2016, 62: 128-138. doi: 10.1016/.
jmbbm.2016.04.029.

[33] Cahen DL, van der Merwe SW, Laleman W, et al. A biodegradable
non-covered self-expandable stent to treat pancreatic duct strictures
in chronic pancreatitis:a proof of principle[J]. Gastrointest Endosc,
2018, 87(2):486-491. doi:10.1016/j.gie.2017.08.018.

[34] Siiki A, Rinta-Kiikka I, Sand J, et al. A pilot study of
endoscopically inserted biodegradable biliary stents in the
treatment of benign biliary strictures and cystic duct leaks[J].
Gastrointest Endosc, 2018, 87(4): 1132-1137. doi: 10.1016/].
£ie.2017.10.042.

[35] Mauri G, Michelozzi C, Melchiorre F, et al. Benign biliary

http://www.zpwz.net

strictures  refractory to standard bilioplasty treated using

polydoxanone  biodegradable  biliary  stents: retrospective
multicentric data analysis on 107 patients[J]. Eur Radiol, 2016, 26
(11):4057-4063. doi:10.1007/s00330-016-4278-6.

[36] Dumoulin FL, Plassmann D. Tissue hyperplasia following
placement of a biodegradable stent for a refractory esophageal
stricture: treatment with Argon plasma coagulation[J]. Endoscopy,
2012, 44(Suppl 2 UCTN): E356-E357. doi: 10.1055/s—-0032—
1310021.

[37] Mazzola M, Bertoglio CL, Giani A, et al. Novel biodegradable
internal stent as a mitigation strategy in  high-risk
pancreaticojejunostomy: technical notes and preliminary results[J].
Surg Today, 2022, 52(7): 1115-1119. doi: 10.1007/s00595-022~
02488-6.

[38] Li J, Lv Y, Chen Z, et al. Citric acid loaded hydrogel-coated stent
for dissolving pancreatic duct calculi[J]. Gels, 2024, 10(2):125. doi:
10.3390/gels10020125.

[39] Pan M, Zhao C, Xu Z, et al. Radiopaque chitosan ducts fabricated
by extrusion-based 3D printing to promote healing after
pancreaticoenterostomy[J]. Front Bioeng Biotechnol, 2021, 9:
686207. doi:10.3389/fbioe.2021.686207.

[40] Kang X, Zhang A, Zhang X, et al. Corrosion barriers induced by
nano-heterogeneous structure in a biodegradable MgZn-based
metal[J]. J Magnes Alloys, 2024, 4: 13. doi: 10.1016/.
jma.2024.04.032.

[41] Wang D, Jiang X, Chen C, et al. Adjustable corrosion and
mechanical properties of Mg-Zn-Ca-Ni alloys for fracturing
materials[J]. J Magnes Alloys, 2025, 13(6): 2618-2635. doi:
10.1016/j.jma.2024.07.011.

[42] Hashemi M, Alizadeh R, Langdon TG. Recent advances using
equal-channel angular pressing to improve the properties of
biodegradable Mg-Zn alloys[J]. J Magnes Alloys, 2023, 11(7):
2260-2284. doi:10.1016/j.jma.2023.07.009.

[43] Bahmani A, Arthanari S, Shin KS. Corrosion behavior of Mg-Mn-
Ca alloy:influences of Al, Sn and Zn[J]. J] Magnes Alloys, 2019, 7
(1):38-46. doi:10.1016/j.jma.2018.11.004.

[44] Xu B, Song Y, Yang K, et al. Magnesium metal and its corrosion
products: promising materials for tumor interventional therapy[J]. J
Magnes Alloys, 2023, 11(3): 763-775. doi: 10.1016/).
jma.2023.02.007.

[45] Sugimoto J, Romani AM, Valentin-Torres AM, et al. Magnesium
decreases inflammatory cytokine production: a novel innate
immunomodulatory mechanism[J]. J Immunol, 2012, 188(12):
6338-6346. doi:10.4049/jimmunol.1101765.

[46] Lotscher J, Lindez AMI, Kirchhammer N, et al. Magnesium

sensing via LFA-1 regulates CD8" T cell effector function[J]. Cell,


http://dx.doi.org/10.1016/j.cej.2018.01.010
http://dx.doi.org/10.1021/acsami.2c13141
http://dx.doi.org/10.1016/j.gie.2007.10.013
http://dx.doi.org/10.1097/00006676-200007000-00047
http://dx.doi.org/10.1097/00006676-200007000-00047
http://dx.doi.org/10.1163/156856203763572707
http://dx.doi.org/10.1163/156856203763572707
http://dx.doi.org/10.1016/j.pan.2012.02.016
http://dx.doi.org/10.1067/mtc.2002.118503
http://dx.doi.org/10.1067/mtc.2002.118503
http://dx.doi.org/10.1159/000309144
http://dx.doi.org/10.1016/j.jmbbm.2016.04.029
http://dx.doi.org/10.1016/j.jmbbm.2016.04.029
http://dx.doi.org/10.1016/j.gie.2017.08.018
http://dx.doi.org/10.1016/j.gie.2017.10.042
http://dx.doi.org/10.1016/j.gie.2017.10.042
http://dx.doi.org/10.1007/s00330-016-4278-6
http://dx.doi.org/10.1055/s-0032-1310021
http://dx.doi.org/10.1055/s-0032-1310021
http://dx.doi.org/10.1007/s00595-022-02488-6
http://dx.doi.org/10.1007/s00595-022-02488-6
http://dx.doi.org/10.3390/gels10020125
http://dx.doi.org/10.3390/gels10020125
http://dx.doi.org/10.3389/fbioe.2021.686207
http://dx.doi.org/10.1016/j.jma.2024.04.032
http://dx.doi.org/10.1016/j.jma.2024.04.032
http://dx.doi.org/10.1016/j.jma.2024.07.011
http://dx.doi.org/10.1016/j.jma.2024.07.011
http://dx.doi.org/10.1016/j.jma.2023.07.009
http://dx.doi.org/10.1016/j.jma.2018.11.004
http://dx.doi.org/10.1016/j.jma.2023.02.007
http://dx.doi.org/10.1016/j.jma.2023.02.007
http://dx.doi.org/10.4049/jimmunol.1101765

%o FORM, T FARE LRM B KR

MR PR\ B A fE T AR N R T Rk A4 T 1901

2022, 185(4):585-602.¢29. doi:10.1016/j.cell.2021.12.039.

[47] Vivier E, Rebuffet L, Narni-Mancinelli E, et al. Natural killer cell
therapies[J]. Nature, 2024, 626(8000): 727-736. doi: 10.1038/
s41586-023-06945-1.

[48] Yang F, Xue Y, Wang F, et al. Sustained release of magnesium and
zinc ions synergistically accelerates wound healing[J]. Bioact
Mater, 2023, 26:88-101. doi:10.1016/j.bioactmat.2023.02.019.

[49] Chu J, Gao J, Wang J, et al. Mechanism of hydrogen on cervical
cancer revealed by RNA

suppression high-throughput

sequencing[J]. Oncol Rep, 2021, 46(1): 141. doi: 10.3892/

0r.2021.8092.

[50] Jiang Y, Liu G, Zhang L, et al. Therapeutic efficacy of hydrogen-
rich saline alone and in combination with PI3K inhibitor in non-
small cell lung cancer[J]. Mol Med Rep, 2018, 18(2):2182-2190.
doi:10.3892/mmr.2018.9168.

[51] Chen H, Xie K, Han H, et al. Molecular hydrogen protects mice

against polymicrobial sepsis by ameliorating endothelial
dysfunction via an Nrf2/HO-1 signaling pathway[J]. Int
Immunopharmacol, 2015, 28(1): 643-654. doi: 10.1016/.

intimp.2015.07.034.

[52] Manivasagan P, Ashokkumar S, Manohar A, et al. Biocompatible
calcium ion-doped magnesium ferrite nanoparticles as a new family
of photothermal therapeutic materials for cancer treatment[J].
Pharmaceutics, 2023, 15(5): 1555. doi: 10.3390/
pharmaceutics15051555.

[53] Yan H, Shang W, Sun X, et al. "All-in-one" nanoparticles for
trimodality ~ imaging-guided intracellular ~ photo-magnetic

hyperthermia therapy under intravenous administration[J]. Adv

Funct Materials, 2018, 28(9): 1705710. doi: 10.1002/
adfm.201705710.

[54] Chang L, Tian L, Liu W, et al. Formation of dicalcium phosphate
dihydrate on magnesium alloy by micro-arc oxidation coupled with
hydrothermal treatment[J]. Corros Sci, 2013, 72: 118-124. doi:
10.1016/j.corsci.2013.03.017.

[55] Zhang D, Peng F, Qiu J, et al. Regulating corrosion reactions to
enhance the anti-corrosion and self-healing abilities of PEO coating
on magnesium[J]. Corros Sci, 2021, 192: 109840. doi: 10.1016/].
corsci.2021.109840.

[56] Middleton JC, Tipton AJ. Synthetic biodegradable polymers as

orthopedic devices[J]. Biomaterials, 2000, 21(23):2335-2346. doi:
10.1016/s0142-9612(00)00101-0.

[57] Ferrandez-Montero A, Lieblich M, Sanchez-Herencia Al, et al.
Colloidal processing as a successful alternative to produce PLA/Mg
composites with tailored mechanical and biodegradation
properties[J]. Colloids Surf B Biointerfaces, 2025, 255:114906. doi:
10.1016/j.colsurfb.2025.114906.

[58] Deng Y, Li Z, Huang Y, et al. Hepatotoxicity induced by polylactic
acid microplastics: The mediating role of gut microbiota and uric
acid metabolism[J]. J Adv Res, 2025:52090-1232(25)00661-7. doi:
10.1016/j.jare.2025.08.055. [Online ahead of print]

[59] Lee H, Won DS, Park S, et al. 3D-printed versatile biliary stents
with nanoengineered surface for anti-hyperplasia and antibiofilm
formation[J]. Bioact Mater, 2024, 37: 172-190. doi: 10.1016/.
bioactmat.2024.03.018.

[60] Boyer CJ, Boktor M, Samant H, et al. 3D printing for bio-synthetic
biliary stents[J]. Bioengineering (Basel), 2019, 6(1): 16. doi:
10.3390/bioengineering6010016.

[61] Xiang F, Yao C, Guan G, et al. Application of 3D printing to design
and manufacture pancreatic duct stent and animal experiments[J].
Bioengineering (Basel), 2024, 11(10): 1004. doi: 10.3390/
bioengineering11101004.

[62] Shakibania S, Ghazanfari L, Raeeszadeh-Sarmazdeh M, et al.
Medical application of biomimetic 4D printing[J]. Drug Dev Ind
Pharm, 2021, 47(4): 521-534. doi: 10.1080/
03639045.2020.1862179.

[63] Jang SI, Fang S, Baek YY, et al. Local delivery of gemcitabine
inhibits pancreatic and cholangiocarcinoma tumor growth by
promoting epidermal growth factor receptor degradation[J]. Int J

Mol Sci, 2020, 21(5):1605. doi:10.3390/ijms21051605.
(AXm#t RF)

305 R VE I, B, EEAE, BB SRR R R
HERE  AAE PEAA B R REAR A B2 T RA BT[], b [ AR e
&, 2025, 34(9):1892-1901. doi: 10.7659/j.issn.1005-6947.250466
Cite this article as: Yin JY, Yi ZC, Wang YJ, et al. Advances in the
development of novel pancreatic duct stent materials: from inert
implantation to intelligent degradation through medical-engineering
integration[J]. Chin J Gen Surg, 2025, 34(9):1892-1901. doi: 10.7659/
j.1ssn.1005-6947.250466

http://www.zpwz.net


http://dx.doi.org/10.1016/j.cell.2021.12.039
http://dx.doi.org/10.1038/s41586-023-06945-1
http://dx.doi.org/10.1038/s41586-023-06945-1
http://dx.doi.org/10.1016/j.bioactmat.2023.02.019
http://dx.doi.org/10.3892/or.2021.8092
http://dx.doi.org/10.3892/or.2021.8092
http://dx.doi.org/10.3892/mmr.2018.9168
http://dx.doi.org/10.1016/j.intimp.2015.07.034
http://dx.doi.org/10.1016/j.intimp.2015.07.034
http://dx.doi.org/10.3390/pharmaceutics15051555
http://dx.doi.org/10.3390/pharmaceutics15051555
http://dx.doi.org/10.1002/adfm.201705710
http://dx.doi.org/10.1002/adfm.201705710
http://dx.doi.org/10.1016/j.corsci.2013.03.017
http://dx.doi.org/10.1016/j.corsci.2013.03.017
http://dx.doi.org/10.1016/j.corsci.2021.109840
http://dx.doi.org/10.1016/j.corsci.2021.109840
http://dx.doi.org/10.1016/s0142-9612(00)00101-0
http://dx.doi.org/10.1016/s0142-9612(00)00101-0
http://dx.doi.org/10.1016/j.colsurfb.2025.114906
http://dx.doi.org/10.1016/j.colsurfb.2025.114906
http://dx.doi.org/10.1016/j.jare.2025.08.055
http://dx.doi.org/10.1016/j.jare.2025.08.055
http://dx.doi.org/10.1016/j.bioactmat.2024.03.018
http://dx.doi.org/10.1016/j.bioactmat.2024.03.018
http://dx.doi.org/10.3390/bioengineering6010016
http://dx.doi.org/10.3390/bioengineering6010016
http://dx.doi.org/10.3390/bioengineering11101004
http://dx.doi.org/10.3390/bioengineering11101004
http://dx.doi.org/10.1080/03639045.2020.1862179
http://dx.doi.org/10.1080/03639045.2020.1862179
http://dx.doi.org/10.3390/ijms21051605
https://dx.doi.org/10.7659/j.issn.1005-6947.250466
http://dx.doi.org/10.7659/j.issn.1005-6947.250466
http://dx.doi.org/10.7659/j.issn.1005-6947.250466

