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Research advances in diagnosis and treatment of in-stent restenosis
after superior mesenteric artery stent implantation

HU Songjie, YIN Xiaoliang, LANG Dehai

(Department of Vascular Surgery, Ningbo No. 2 Hospital, Ningbo, Zhejiang 315010, China)

Abstract

Intestinal ischemia and hypoxia can occur when the superior mesenteric artery (SMA) becomes
narrowed or occluded, leading to insufficient blood perfusion. This condition can result in mucosal
damage and ischemic necrosis of the intestinal tissue. Restoring blood flow and relieving luminal

stenosis is crucial for preventing intestinal necrosis. In recent years, endovascular stent implantation has
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become one of the primary treatment modalities for SMA stenosis due to its minimally invasive nature
compared to open surgical revascularization. It offers advantages such as shorter hospitalization, reduced
risk of complications, and lower mortality rates. The procedure has demonstrated favorable short-term
clinical outcomes and is consistently recommended in guidelines. However, as stent implantation has
become more widely used, in-stent restenosis (ISR) has gained attention after SMA stent implantation.
Studies have indicated that patients with SMA stenosis treated with stents are more likely to develop ISR
than those who undergo open surgical revascularization. Therefore, managing patients after SMA stent
implantation is essential, including maintaining medication therapy to achieve long-term stent patency,
early identification and diagnosis of ISR through ultrasound and imaging examinations, and selecting
appropriate timing for reintervention. Dual-function ultrasound (DUS) and computed tomography
angiography (CTA) demonstrate high sensitivity and specificity for ISR diagnosis and have replaced
digital subtraction angiography (DSA) as the preferred preoperative diagnostic and screening tools. Due
to the severe consequences of SMA ischemic lesions, such as intestinal necrosis, timely intervention is
crucial. Therefore, patients presenting with relevant clinical symptoms of ISR should undergo secondary
surgery as soon as possible. The surgical approach can involve repeating endovascular angioplasty and/
or stent implantation. For patients with recurring lesions or anatomical constraints that make repeat
endovascular repair difficult, traditional open surgical procedures, such as SMA bypass surgery, can be
considered a more durable option, particularly in high-risk patients. Here, the authors conduct a literature
review on ISR following SMA stent implantation, aiming to summarize and consolidate the current
knowledge on preventive strategies, diagnostic approaches, and treatment advancements for ISR.
Mesenteric Artery, Superior; Constriction, Pathologic; Stents; Graft Occlusion, Vascular; Review
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JHT CTA X fig 2 I 8 Jok e 7 R B2 47 73 9%, 5 DSA.
DUS FI # 3t Ik 1 & &
angiography , MRA) A It , CTA & #iF B J& & & i
Wy, CTA XS 2 PR Vg & Bkl i 12 W A
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A FEER YT HAT I 25 MG T 1 EEA B/
B 25 BT BE I 25 o BT/ B o7 7 3l bk 6 A ] 28
PR S P © A5 B ERTE ,  H X T i A Y TR
PUBEIR YT BB S . LR KA 25 07 S A8 T ot i
IR e (SO RCTRE W s IR N D R E NS
T MAS AR5 25 9y 7 A S il B b, I Hosk A il
PR 5T 45 3 1) B AR BIE 2 2% o 2017 4F RO 1M 4

http://www.zpwz.net



940 W E AR A

532 4

HABH S HER I B I IR YT RIS 32 3~12 D H 1
CXUEE” B /NHOIAITH, van Dijk ZEPOIF R ) — 01
KT 4 AR SR 5 A R S AR 9T 8 P T AR Gk o
X L 0 T A B BRI 9 R T PR S 2R A AR
JE¥EZ 12 ARy BT P /MRIRYT, R
LB B F IEARIAIT o Zhou 257N MAS A Ji H &% #
FTLLOCERT P NG ST, R TR S R AR
PUEE A B, MR P MR T . K
TY R, B i = T m K = A i ALk
BHam Mgy, = 35T R e Y R e e Or H 24
A2 A R TR DG I IS P B BL X BRAE 5

7 BEMRE

i PR S BN R I TR TT SMA B A8 O AR 11 =
BTz —, A/, R8BI R 48 .
SR ISR AT3 SR 2 R W] ROk A 367 ML, LR B,
T A AL AT DLk AN RS R, RS I CTA 55
BER A A B T2 0 B2 W, B R
SRR R S B . %) DR ISR BAH 56 I R i IR 1) S8
MRS R TR T IR, FAITK
o7 AR LA A i R R N IR T SR IT T
Ao A AT BB /IR 25 W6 9T A B T 4
SCHGE M E A OR T 24 22 A i [ I 2 0 5 BT
BRYT L SR AT IE PR b B 2 A 5C 0 Bl L X 8
GEMOETIEBOE SR, B, IR AR i — 25
5tk 25 ) %k BRI 5, LA O i K 2 4x A BT 24 42 1t
RN

A BFR: REHFRARELEA SN R

B TTRR B W A 00 S s 0 A A 30
ERLBEE FF R Rk LG8 R g ERME2E
IH

[1] Beaulieu RJ, Arnaoutakis KD, Abularrage CJ, et al. Comparison of
open and endovascular treatment of acute mesenteric ischemia[J]. J
Vasc Surg, 2014, 59(1):159-164. doi: 10.1016/j.jvs.2013.06.084.

[2] Goldman MP, Reeve TE, Craven TE, et al. Endovascular treatment
of chronic mesenteric ischemia in the setting of occlusive superior
mesenteric artery lesions[J]. Ann Vasc Surg, 2017, 38:29-35. doi:
10.1016/j.avsg.2016.08.009.

© WA )3 of [ FF I F A EPTA

[3] Fioole B, van de Rest HJ, Meijer JR, et al. Percutancous
transluminal angioplasty and stenting as first-choice treatment in
patients with chronic mesenteric ischemia[J]. J Vasc Surg, 2010, 51
(2):386-391. doi: 10.1016/j.jvs.2009.08.055.

[4] Peck MA, Conrad MF, Kwolek CJ, et al. Intermediate-term
outcomes of endovascular treatment for symptomatic chronic
mesenteric ischemia[J]. J Vasc Surg, 2010, 51(1): 140-147. doi:
10.1016/1.jvs.2009.06.064.

[5] Brancati MF, Burzotta F, Trani C, et al. Coronary stents and
vascular response to implantation: literature review[J]. Pragmat
Obs Res, 2017, 8:137-148. doi: 10.2147/POR.S132439.

[6] Scott RA, Panitch A. Macromolecular approaches to prevent
thrombosis and intimal hyperplasia following percutaneous
coronary intervention[J]. Biomacromolecules, 2014, 15(8): 2825-
2832. doi: 10.1021/bm5007757.

[7] Zhou Y, Ryer EJ, Garvin RP, et al. Outcomes of endovascular
treatments for in-stent restenosis in patients with mesenteric
atherosclerotic disease[J]. J Vasc Surg, 2019, 69(3): 833-842. doi:
10.1016/1.jvs.2018.08.166.

[8] Morgan CE, Mansukhani NA, Eskandari MK, et al. Ten-year
review of isolated spontaneous mesenteric arterial dissections[J]. J
Vasc Surg, 2018, 67(4):1134-1142. doi: 10.1016/j.jvs.2017.08.071.

[9] Min SI, Yoon KC, Min SK, et al. Current strategy for the treatment
of symptomatic spontaneous isolated dissection of superior
mesenteric artery[J]. J Vasc Surg, 2011, 54(2): 461-466. doi:
10.1016/1.jvs.2011.03.001.

[10] Z=ak, FRUE, B SR, 45 . 352 BN TE B AN I 11 R I

SRR GG AR 2 W B I R (0], P ST MR R AR,
2022, 42(2): 179-186. doi: 10.19538/j. cjps. issnl005-
2208.2022.02.11.
Li B, Wang FW, Qiu ZQ, et al. Imaging anatomy of celiac trunk-
superior mesenteric artery system in 352 patients with biliary tract
diseases and its clinical significance[J]. Chinese Journal of
Practical Surgery, 2022, 42(2): 179-186. doi: 10.19538/j. cjps.
issn1005-2208.2022.02.11.

[11] Duran M, Pohl E, Grabitz K, et al. The importance of open
emergency surgery in the treatment of acute mesenteric
ischemia[J]. World J Emerg Surg, 2015, 10: 45. doi: 10.1186/
s13017-015-0041-6.

[12] Gnanapandithan K, Feuerstadt P. Review article: mesenteric
ischemia[J]. Curr Gastroenterol Rep, 2020, 22(4):17. doi: 10.1007/
$11894-020-0754~x.

[13] Wirtzfeld N, Assira A, Van Houte B, et al. Endovascular
management of chronic mesenteric ischemia: retrospective single-
centre study[J]. Rev Med Liege, 2022, 77(2):98-103.

[14] Ben Hammamia M, Ben Mrad M, Hadhri S, et al. Endovascular

http://www.zpwz.net


http://dx.doi.org/10.1016/j.jvs.2013.06.084
http://dx.doi.org/10.1016/j.avsg.2016.08.009
http://dx.doi.org/10.1016/j.avsg.2016.08.009
http://dx.doi.org/10.1016/j.jvs.2009.08.055
http://dx.doi.org/10.1016/j.jvs.2009.06.064
http://dx.doi.org/10.1016/j.jvs.2009.06.064
http://dx.doi.org/10.2147/POR.S132439
http://dx.doi.org/10.1021/bm5007757
http://dx.doi.org/10.1016/j.jvs.2018.08.166
http://dx.doi.org/10.1016/j.jvs.2018.08.166
http://dx.doi.org/10.1016/j.jvs.2017.08.071
http://dx.doi.org/10.1016/j.jvs.2011.03.001
http://dx.doi.org/10.1016/j.jvs.2011.03.001
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2022.02.11
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2022.02.11
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2022.02.11
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2022.02.11
http://dx.doi.org/10.1186/s13017-015-0041-6
http://dx.doi.org/10.1186/s13017-015-0041-6
http://dx.doi.org/10.1007/s11894-020-0754-x
http://dx.doi.org/10.1007/s11894-020-0754-x

5 6 11

VAR, F ABE LI RIRBNGRRED T W R #E 941

treatment of chronic mesenteric ischemia[J]. J] Med Vasc, 2019, 44
(5):318-323. doi: 10.1016/j.jdmv.2019.06.001.

[15] Anandan AS, Silva M. Chronic mesenteric ischemia: diagnosis &
management[J]. Ann Med Surg (Lond), 2022, 80: 104138. doi:
10.1016/j.amsu.2022.1041338.

[16] Molyneux K, Beck-Esmay J, Koyfman A, et al. High risk and low
prevalence diseases: Mesenteric ischemia[J]. Am J Emerg Med,
2023, 65:154-161. doi: 10.1016/j.ajem.2023.01.001.

[17] Kvietys PR. The Gastrointestinal Circulation[M]. San Rafael (CA):
Morgan & Claypool Life Sciences, 2010. doi: 10.4199/
CO0009ED1V01Y201002ISP00S.

[18] Sana A, Vergouwe Y, van Noord D, et al. Radiological imaging and
gastrointestinal tonometry add value in diagnosis of chronic
gastrointestinal ischemia[J]. Clin Gastroenterol Hepatol, 2011, 9(3):
234-241. doi: 10.1016/j.cgh.2010.11.006.

[19] Kaufman DP, Sanvictores T, Costanza M. Weibel Palade
Bodies[M]. In: StatPearls [Internet], 2022. Treasure Island (FL):
StatPearls Publishing, 2023.

[20] Clair DG, Beach JM. Mesenteric ischemia[J]. N Engl J Med,2016,
374(10):959-968. doi: 10.1056/NEJMral503884.

[21] Tallarita T, Oderich GS, Macedo TA, et al. Reinterventions for stent
restenosis in patients treated for atherosclerotic mesenteric artery
disease[J]. J Vasc Surg, 2011, 54(5): 1422-1429. doi: 10.1016/.
jvs.2011.06.002.

[22] Oderich GS, Erdoes LS, Lesar C, et al. Comparison of covered
stents versus bare metal stents for treatment of chronic
atherosclerotic mesenteric arterial disease[J]. J Vasc Surg, 2013, 58
(5):1316-1323. doi: 10.1016/1.jvs.2013.05.013.

[23] Barnes JA, Columbo JA, Ponukumati AS, et al. Long-term
outcomes of mesenteric stenting and analysis of In-stent restenosis
duplex velocity criteria[J]. Ann Vasc Surg, 2020, 68:226-233. doi:
10.1016/j.avsg.2020.04.064.

[24] Atkins MD, Kwolek CJ, LaMuraglia GM, et al. Surgical
revascularization versus endovascular therapy for chronic
mesenteric ischemia: a comparative experience[J]. J Vasc Surg,
2007, 45(6):1162-1171. doi: 10.1016/j.jvs.2007.01.067.

[25] Kougias P, Huynh TT, Lin PH. Clinical outcomes of mesenteric
artery stenting versus surgical revascularization in chronic
mesenteric ischemia[J]. Int Angiol, 2009, 28(2):132-137.

[26] Jia ZZ, Su HB, Chen WH, et al. Endovascular treatment of patients
with isolated mesenteric artery dissection aneurysm: bare stents
alone versus stent assisted coiling[J]. Eur J Vasc Endovasc Surg,
2019, 57(3):400-406. doi: 10.1016/j.¢jvs.2018.08.057.

[27] Hang C, Chen WH, Su HB, et al. Distal edge Stenosis after stent
placement for isolated superior mesenteric artery dissection:

mechanisms and risk factor analysis[J]. Cardiovasc Intervent

© WA )3 of [ FF I F A EPTA

Radiol, 2019, 42(8): 1095-1101. doi: 10.1007/s00270-019-
02244-3.

[28] Hohenwalter E. Chronic mesenteric ischemia: diagnosis and
treatment[J]. Semin Intervent Radiol, 2009, 26(4): 345-351. doi:
10.1055/s-0029-1242198.

[29] Jager KA, Fortner GS, Thiele BL, et al. Noninvasive diagnosis of
intestinal angina[J]. J Clin Ultrasound, 1984, 12(9): 588-591. doi:
10.1002/jcu.1870120913.

[30] Thomas S, Huber, Md P, et al. Chronic mesenteric ischemia:
clinical practice guidelines from the Society for Vascular
Surgery[J]. J Vasc Surg, 2021, 73(1): 87S-1158S. doi: 10.1016/j.
jvs.2020.10.029.

[31] Moneta GL, Yeager RA, Dalman R, et al. Duplex ultrasound
criteria for diagnosis of splanchnic artery stenosis or occlusion[J]. J
Vasc Surg, 1991, 14(4):511-518.

[32] Zwolak RM, Fillinger MF, Walsh DB, et al. Mesenteric and celiac
duplex scanning: a validation study[J]. J Vasc Surg, 1998, 27(6):
1078-1087. doi: 10.1016/s0741-5214(98)60010-0.

[33] Schoch DM, LeSar CJ, Joels CS, et al. Management of chronic
mesenteric vascular insufficiency: an endovascular approach[J]. J
Am Coll Surg, 2011, 212(4): 668-675. doi: 10.1016/].
jamcollsurg.2010.12.043.

[34] AbuRahma AF, Abu-Halimah S, Bensenhaver J, et al. Optimal
carotid duplex velocity criteria for defining the severity of carotid in
-stent restenosis[J]. J Vasc Surg, 2008, 48(3): 589-594. doi:
10.1016/§.jvs.2008.04.004.

[35] Chi YW, White CJ, Thornton S, et al. Ultrasound velocity criteria
for renal in-stent restenosis[J]. J Vasc Surg, 2009, 50(1): 119-123.
doi: 10.1016/1.jvs.2008.12.066.

[36] Mitchell EL, Chang EY, Landry GJ, et al. Duplex criteria for native
superior mesenteric artery stenosis overestimate stenosis in stented
superior mesenteric arteries[J]. J Vasc Surg, 2009, 50(2):335-340.
doi: 10.1016/1.jvs.2008.12.071.

[37] Green J, Ryer E, Borden N, et al. Defining duplex ultrasound
criteria for In-stent restenosis of the superior mesenteric artery[J].
Ann  Vasc Surg, 2021, 74: 294-300. doi: 10.1016/.
avsg.2020.12.023.

[38] Soult MC, Wuamett JC, Ahanchi SS, et al. Duplex ultrasound
criteria for in-stent restenosis of mesenteric arteries[J]. J Vasc Surg,
2016, 64(5):1366—1372. doi: 10.1016/1.jvs.2016.06.103.

[39] Olson MC, Fletcher JG, Nagpal P, et al. Mesenteric ischemia: what
the radiologist needs to know[J]. Cardiovasc Diagn Ther, 2019, 9
(S1):S74-87. doi: 10.21037/cdt.2018.09.06.

[40] Ginsburg M, Obara P, Lambert DL, et al. ACR Appropriateness
Criteria® imaging of mesenteric ischemia[J]. ] Am Coll Radiol,

2018, 15(11S):S332-340. doi: 10.1016/j.jacr.2018.09.018.

http://www.zpwz.net


http://dx.doi.org/10.1016/j.jdmv.2019.06.001
http://dx.doi.org/10.1016/j.amsu.2022.104138
http://dx.doi.org/10.1016/j.amsu.2022.104138
http://dx.doi.org/10.1016/j.ajem.2023.01.001
http://dx.doi.org/10.4199/C00009ED1V01Y201002ISP005
http://dx.doi.org/10.4199/C00009ED1V01Y201002ISP005
http://dx.doi.org/10.1016/j.cgh.2010.11.006
http://dx.doi.org/10.1056/NEJMra1503884
http://dx.doi.org/10.1016/j.jvs.2011.06.002
http://dx.doi.org/10.1016/j.jvs.2011.06.002
http://dx.doi.org/10.1016/j.jvs.2013.05.013
http://dx.doi.org/10.1016/j.avsg.2020.04.064
http://dx.doi.org/10.1016/j.avsg.2020.04.064
http://dx.doi.org/10.1016/j.jvs.2007.01.067
http://dx.doi.org/10.1016/j.ejvs.2018.08.057
http://dx.doi.org/10.1007/s00270-019-02244-3
http://dx.doi.org/10.1007/s00270-019-02244-3
http://dx.doi.org/10.1055/s-0029-1242198
http://dx.doi.org/10.1055/s-0029-1242198
http://dx.doi.org/10.1002/jcu.1870120913
http://dx.doi.org/10.1002/jcu.1870120913
http://dx.doi.org/10.1016/j.jvs.2020.10.029
http://dx.doi.org/10.1016/j.jvs.2020.10.029
http://dx.doi.org/10.1016/s0741-5214(98)60010-0
http://dx.doi.org/10.1016/j.jamcollsurg.2010.12.043
http://dx.doi.org/10.1016/j.jamcollsurg.2010.12.043
http://dx.doi.org/10.1016/j.jvs.2008.04.004
http://dx.doi.org/10.1016/j.jvs.2008.04.004
http://dx.doi.org/10.1016/j.jvs.2008.12.066
http://dx.doi.org/10.1016/j.jvs.2008.12.071
http://dx.doi.org/10.1016/j.avsg.2020.12.023
http://dx.doi.org/10.1016/j.avsg.2020.12.023
http://dx.doi.org/10.1016/j.jvs.2016.06.103
http://dx.doi.org/10.21037/cdt.2018.09.06
http://dx.doi.org/10.1016/j.jacr.2018.09.018

942 HE AR R K

532 4

[41] Schaefer P, Pfarr J, Trentmann J, et al. Comparison of noninvasive
imaging modalities for stenosis grading in mesenteric arteries[J].
Rofo, 2013, 185(7):628-634. doi: 10.1055/s—-0033-1335212.

[42] Wilson DB, Mostafavi K, Craven TE, et al. Clinical course of
mesenteric artery stenosis in elderly Americans[J]. Arch Intern
Med, 2006, 166(19):2095-2100. doi: 10.1001/archinte.166.19.2095.

[43] Thomas JH, Blake K, Pierce GE, et al. The clinical course of
asymptomatic mesenteric arterial stenosis[J]. J Vasc Surg, 1998, 27
(5):840-844. doi: 10.1016/s0741-5214(98)70263-0.

[44] Bjorck M, Koelemay M, Acosta S, et al. Editor's choice -
management of the diseases of mesenteric arteries and veins:
clinical practice guidelines of the European society of vascular
surgery (ESVS)[J]. Eur J Vasc Endovasc Surg, 2017, 53(4):460—
510. doi: 10.1016/j.¢jvs.2017.01.010.

[45] Zeller T, Rastan A, Schwarzwilder U, et al. Treatment of instent
restenosis following stent-supported renal artery angioplasty[J].
Catheter Cardiovasc Interv, 2007, 70(3): 454-459. doi: 10.1002/
ccd.21220.

[46] Di Mario C, Marsico F, Adamian M, et al. New recipes for in-stent
restenosis: cut, grate, roast, or sandwich the neointima? [J]. Heart,
2000, 84(5):471-475. doi: 10.1136/heart.84.5.471.

[47] Mallios A, Blebea J, Buster B, et al. Laser atherectomy for the

AT2023 FFHAER A BT RHE

AT 2023 FFHERABFLZAWNT, WG

treatment of peripheral arterial disease[J]. Ann Vasc Surg, 2017, 44:
269-276. doi: 10.1016/j.avsg.2017.04.013.

[48] Kozuch PL, Brandt LJ. Review article: diagnosis and management
of mesenteric ischaemia with an emphasis on pharmacotherapyl[J].
Aliment Pharmacol Ther, 2005, 21(3): 201-215. doi: 10.1111/
j-1365-2036.2005.02269.x.

[49] Sutphin D, Stevens S, Kirzeder D, et al. Acute thrombosis of a
mesenteric artery drug-eluting stent following clopidogrel
cessation[J]. Vasc Endovascular Surg, 2007, 41(6): 564-567. doi:
10.1177/1538574407306242.

[50] van Dijk LID, Harki J, van Noord D, et al. Covered stents versus
Bare-metal stents in chronic atherosclerotic ~Gastrointestinal
Ischemia (CoBaGlI): study protocol for a randomized controlled

trial[J]. Trials, 2019, 20(1):519. doi: 10.1186/513063-019-3609-8.
(ALtp# fEH)

A5 AR EWA,M,?%%, I e M ) S B W
FERAE ST IR 582 R[], [ 3d AP B2 AR, 2023, 32(6):936-
942. doi: 10.7659/j.issn.1005—6947.2023.06.016

Cite this article as: Hu SJ, Yin XL, Lang DH. Research advances in
diagnosis and treatment of in-stent restenosis after superior mesenteric
artery stent implantation[J]. Chin J Gen Surg, 2023, 32(6): 936-942.
doi: 10.7659/j.issn.1005-6947.2023.06.016

F1H HEEMSIERELHR ET7H  FRESMURRBIRRS BT R
E2H PREMEER SIRKRFR £8H PEEIMIEREIRA S BT R
$E38 BRIERHSHSSRARTT EoH RRARSMEHIE IR S BRI R
E4H BAMEEMSIRKRHR £108 BINHGEKRES ERIfAR
58 RARERMENISESSRAIRT F118 FREBEIABRSIMNIRRIRR S EMF R
£6H MmMERFRFRSENEST F128 MmMEIMIRFBIRKS ERMFR
o B 38 S A 2 4
© WA I3 # [ % 8 S B 4 3 BT http://www.zpwz.net


http://dx.doi.org/10.1055/s-0033-1335212
http://dx.doi.org/10.1001/archinte.166.19.2095
http://dx.doi.org/10.1016/s0741-5214(98)70263-0
http://dx.doi.org/10.1016/j.ejvs.2017.01.010
http://dx.doi.org/10.1002/ccd.21220
http://dx.doi.org/10.1002/ccd.21220
http://dx.doi.org/10.1136/heart.84.5.471
http://dx.doi.org/10.1016/j.avsg.2017.04.013
http://dx.doi.org/10.1111/j.1365-2036.2005.02269.x
http://dx.doi.org/10.1111/j.1365-2036.2005.02269.x
http://dx.doi.org/10.1177/1538574407306242
http://dx.doi.org/10.1177/1538574407306242
http://dx.doi.org/10.1186/s13063-019-3609-8
https://dx.doi.org/10.7659/j.issn.1005-6947.2023.06.016
http://dx.doi.org/10.7659/j.issn.1005-6947.2023.06.016

	1     SMA缺血概述
	2     支架在SMA缺血中的应用结果良好
	3     支架植入后出现ISR的问题
	4     ISR的超声及CTA等影像学诊断
	5     ISR的再干预治疗
	6     支架植入后的药物治疗
	7     总结和展望

