N
N

N

HAL

open science

Results of retrograde open mesenteric stenting for acute
thrombotic mesenteric ischemia

Arnaud Roussel, Nellie Della Schiava, Raphaél Coscas, Quentin Pellenc, Tarek

Boudjelit, Olivier Goéau-Brissonniere, Olivier Corcos, Patrick Lermusiaux, Marc

Coggia, Yves Castier

» To cite this version:

Arnaud Roussel, Nellie Della Schiava, Raphaél Coscas, Quentin Pellenc, Tarek Boudjelit, et al.. Results of
retrograde open mesenteric stenting for acute thrombotic mesenteric ischemia. Journal of Vascular Surgery,

2019, 69, pp.1137 - 1142. <10.1016/j.jvs.2018.07.058). ¢hal-03486063)

HAL Id: hal-03486063
https://hal.science/hal-03486063v1

Submitted on 20 Dec 2021

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY-NC 4.0 - Attribution - Non-commercial use - International
License


https://hal.science/hal-03486063v1
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0741521418320949
Manuscript 399d1074a973d10dc141b8cScacfdaec . L. .
Results of retrograde open mesenteric stenting for acute thrombotic mesenteric ischemia

Amaud REuSsel, MD* > *

arnaudkiem.roussel@gmail.com

Nellic BENSISEREVE, MD® °

Raphass| (689688, MD" ¢

Quentin [BEIEAE, MD® b ©

Tarek EOUGISIT, MD® ©

Olivier (E0SAUIBTSSORNISIE, MD, PhD" ®

Olivier [G8FE88, MD" °

Patrick Efmusianx, MD, PhD® ®

Marc 8ggid, MD, PhD"°

Yves [@@stigt, MD, PhD>®:©

on behalf of the Association Universitaire de Recherche en Chirurgie Vasculaire (AURC)

?Department of Vascular and Thoracic Surgery, Bichat Hospital, Assistance Publique Hopitaux de Paris (AP-HP), Paris, France
PSURVI (Structure d'URgences Vasculaires Intestinales)-Intestinal Stroke Center, Assistance Publique Hopitaux de Paris (AP-HP), Paris, France
®Faculté de mMédecine Denis Diderot-Paris 7, Paris, France

9Department of Vascular Surgery, Edouard Herriot Hospital, Lyon, France

®Faculté de mMédecine Lyon Est-Université Lyon 1, Lyon, France

fDepartmen‘c of Vascular Surgery, Ambroise Paré Hospital, AP-HP, Boulogne-Billancourt, France

(Comp: in the article proof, affiliation "g" needs to be set as the last affiliation, as it is not a common part of a larger institution with "a", "b", and "c" and affiliations in the same city do not automatically get grouped together as has been set. Move "and" before affiliation "c", delete "and" from before affiliation "f", and then add "g" as the last affiliation and begin it with "and the
FaCUIf dEmPaRSGTCEIOF o o té de mMédecine Paris lle-de-France Ouest, Paris, France

*Correspondence: Arnaud Roussel, MD, AP-HP, Bichat Hospital, 46 rue Henri Huchard, 75018 Paris, France

Author conflict of interest: none.

The editors and reviewers of this article have no relevant financial relationships to disclose per the JVS policy that requires reviewers to decline review of any manuscript for which they may have a conflict of interest.

Abstract
Objective

Acute mesenteric ischemia (AMI) is an emergent event with a high mortality rate; survivors have high rates of intestinal failure. Restoration of blood flow using endovascular or surgical revascularization is associated with better outcome in terms of
survival rate and intestinal resection. Retrograde open mesenteric stenting (ROMS), which is a hybrid technique, combines two benefits: prompt blood flow restoration with an endovascular approach and inspection and resection of the small bowel. The aim of
the study was to assess the results of ROMS in thrombotic AMI in a retrospective multicenter study.
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https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0741521418320949

Methods

We retrospectively enrolled all consecutive patients who underwent ROMS revascularization for occlusive thrombotic AMI in three participating tertiary care centers between November 2012 and March 2017.
Results

Twenty-five patients (14 men and 11 women; mean age, 64.9 + 11.6 years) were included. In two patients, ROMS was not possible because of failure of re-entry in the aortic lumen (technical success, 92%). One patient required revascularization of two
visceral arteries and underwent an aortohepatic bypass. Five patients (20%) underwent endarterectomy and patch angioplasty of the superior mesenteric artery before retrograde stenting. Thirteen patients (52%) required bowel or colon resection (11 patients
required both resections) during the initial procedure with a mean length of small bowel resection of 52 + 87 cm. The 30-day operative mortality rate was 25%, and the overall 1-year survival rate was 65%. The 1-year primary patency rate was 92%. In one
patient, postoperative imaging at 1 month showed stent migration in the aortic bifurcation.
Conclusions

ROMS for thrombotic AMI has a high technical success rate and a high midterm primary patency rate. It could be an alternative procedure to retrograde superior mesenteric artery bypass for patients when percutaneous endovascular revascularization is

not indicated or has failed.
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Article Highlights

« Type of Research: Multicenter retrospective cohort study

o Talelt Findings: Retrograde open mesenteric stenting in 25 patients with acute mesenteric ischemia who were not candidates for percutaneous stenting resulted in a 30-day operative mortality of 25%, primary 1-year stent patency of 92%, and overall survival at 1 year of 65%.

* RecommendationTake Home Message: This study suggests that retrograde open mesenteric stenting is a reasonable procedure for selected patients with acute mesenteric ischemia not amenable to percutaneous stenting.

Acute mesenteric ischemia (AMI) is an emergent event with a high mortality rate; survivors have high rates of intestinal failure secondary to short bowel syndrome requiring parenteral nutrition.' Restoration of blood flow using endovascular

or surgical revascularization is associated with better outcome in terms of survival rate and intestinal resection.*”’

During the last decade, percutaneous endovascular revascularization (PER) for AMI has increased significantly and is currently considered the first option with acceptable outcomes for acute thrombotic mesenteric ischemia.®® Moreover, PER
could be used as a bridge to an open revascularization under better clinical conditions. Unfortunately, PER of the superior mesenteric artery (SMA) is sometimes unattainable because of extensive atherosclerosis of the aortic wall and origin of the
SMA.” Furthermore, in most cases of AMI, intestinal inspection and resection of nonviable bowel are required through laparotomy. Thus, retrograde open mesenteric stenting (ROMS), which is a hybrid technique, combines the benefits of both

techniques: prompt blood flow restoration with an endovascular approach and inspection and resection of the small bowel. This technique was first described in 2004 by Milner et al,' but to date only one series has included >10 cases.”

The aim of this study was to assess the results of ROMS in occlusive AMI in a retrospective multicenter study.

Methods

Study design and inclusion criteria

We retrospectively enrolled all consecutive patients who underwent ROMS revascularization for occlusive AMI in three participating tertiary care centers between November 2012 and March 2017. In the absence of specific biomarkers, AMI was defined, as
previously described, by the presence of an intestinal ischemic injury related to at least significant stenosis or occlusion of the SMA confirmed on a contrast-enhanced computed tomography (CT) scan.>® ROMS was performed in three circumstances of AMI: with

significant stenosis or occlusion of the SMA deemed unsuitable for PER; with failure of PER; and for patients requiring emergent abdominal exploration.

The study protocol was in accordance with good clinical practice according to the 1975 Declaration of Helsinki guidelines. Authorization from the Institutional Review Board of all centers was obtained before the study start. Informed consent of the patients was

obtained for the study.

Collection of data

For all included patients, specific demographics and atherosclerotic risk factors were collected. Preoperative clinical presentation and preoperative radiographic findings with the number of vessels occluded were recorded. Histologic confirmation of acute



ischemic damage was obtained from all resected small bowel specimens. The 1-year survival, 30-day mortality, postoperative morbidity rate, length of intestinal resection, and 1-year primary patency rate were analyzed.

ROMS technique

ROMS was performed through a midline laparotomy. The SMA was exposed and controlled inferior to the transverse colon mesentery, and the patient was fully heparinized (50 units/kg). When required, an endarterectomy with patch angioplasty of the SMA using
the saphenous vein was performed before retrograde stenting. Otherwise, the SMA was punctured distal to the occlusion, a short 0.035-inch wire was introduced, and a 6F or 7F sheath was placed in a retrograde fashion. Hand-injected retrograde lateral angiography was
performed, and a 0.035-inch guidewire was used to cross the lesion (the type of guidewire and catheter depended on the center's practices). A 6-mm or 7-mm stent was placed retrograde in the SMA origin. The type of stent depended on the center. The proximal stent
edge was intended to protrude into the aortic lumen. When required, the stent was extended distally with a self-expandable stent. Completion angiography was performed to assess inflow before sheath removal and closure of the SMA with Prolene 6-0. A re-entry catheter

system was not used in this series.

Postoperative course and follow-up

A second-look intervention was considered if the patient's condition did not improve after 48 hours in intensive care or according to the surgeon's perioperative interpretation. In patients who underwent intestinal resection, a temporary stoma was performed and

patients received parenteral nutrition until surgical rehabilitation.
Revascularization patency was assessed with mesenteric artery duplex ultrasound or CT scan at 1 month and 6 months postoperatively and yearly thereafter. All patients received at least an antiplatelet treatment.

Statistical analysis

Values were expressed as mean (+ standard deviation) for continuous variables and as percentage for categorical variables. Data were obtained at the final follow-up visit for surviving patients. Overall survival (time from admission in eurthe tertiary care center

until death, regardless of cause) and primary patency rate were estimated by the Kaplan-Meier method. All analyses were performed using R version 3.2.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results

During the study period, 25 patients (14 men and 11 women; mean age, 64.9 + 11.6 years) were included. Relevant demographic characteristics and comorbid medical conditions are summarized in Table I. In all patients, ROMS was the initial treatment. At initial
admission, 22 patients (88%) presented with abdominal pain. The three remaining patients were diagnosed under mechanical ventilation in the intensive care unit on the CT scan. Other common symptoms on presentation included vomiting or nausea (28%) and diarrhea
(16%). Frequent laboratory findings included leukocytosis (mean, 15,719 + 9490 x 10%/L) and an elevated lactate level (mean, 3.1 + 2.9 mmol/L; Table I). All patients had a preoperative CT scan. Significant splanchnic-mesenteric artery stenosis or occlusion concerned

three vessels, two vessels, or a single vessel in 28%, 28%, and 44%, respectively.

Table | Demographic data and preoperative characteristics of the patients

Characteristics Patients (N = 25)
Age, years 649+ 11.6
Male 14 (56)
Comorbidity
Hypertension 22 (88)
Smoking 15 (60)
Diabetes mellitus 10 (40)
Dyslipidemia 19 (76)
Coronary artery disease 13 (52)
Atrial fibrillation 7 (28)
Peripheral artery disease 15 (60)

Renal insufficiency with dialysis 3(12)



Hypercoagulable disorder 3(12)
ASA score 31045

Clinical presentation

Abdominal pain 22 (88)
Emesis or nausea 7 (28)
Diarrhea 4 (16)
Peritonitis signs 11 (44)

Laboratory values at presentation

White blood cell count, x106/L 15,719 £ 9490
Creatinine concentration, umol/L 127 £ 107
Lactate concentration, mmol/L 3.1+29
Hepatic cytolysis 5 (20)
Metabolic acidosis 10 (40)

Preoperative imaging
Signs of intestinal ischemic injury 18 (72)
Infrarenal aorta or iliac artery disease 15 (60)

ASA, American Society of Anesthesiologists.

Categorical variables are presented as number (%). Continuous variables are presented as mean * standard deviation.

ROMS was indicated as the first treatment option for 23 patients (92%) and for recurrent SMA stenosis or occlusion after PER in 2two patients; of these 2two patients, one patient required emergent intestinal resection through laparotomy and the second patient
showed a worsening of the SMA disease deemed unsuitable for a second PER attempt. In 23 patients (92%), the SMA was the only vessel treated. One patient underwent an aortohepatic bypass with an autogenous vein during the same procedure as ROMS because of
the poor quality of the SMA and its branch outflow after revascularization despite ROMS patency. A second patient required an angioplasty stenting of the celiac artery because of persistent hepatic insufficiency and gastric ischemia despite ROMS patency. In two patients,
ROMS was chosen as the first treatment option but was not possible because of failure of re-entry in the aortic lumen. These two patients underwent retrograde mesenteric bypass with favorable outcome but were not included in the analysis. Therefore, technical success

was achieved in 25 of 27 patients (92%).

Three patients (12%) received more than one stent in the SMA, one patient because of a distal dissection of the SMA and two patients to enhance the congruence of the stent in the SMA curvature because of stent kinking during the initial procedure. The type

and characteristics of stents used in all patients with successful ROMS are summarized in Table Il. Five patients (20%) underwent endarterectomy and patch angioplasty of the SMA before retrograde stenting (Fig 1).

Table Il Vascular and intestinal technical characteristics

Characteristics Patients (N = 25)
Type of stent
Covered stent 18 (67)
Bare-metal stent 4(15)
Nitinol stent 5(18)
Length of stent, mm 36.5+13.3

Stent diameter, mm 6.7 £0.6



Patch angioplasty 10 (40)

Endarterectomy 5 (20)

Additional vascular procedure 1(4)

Intestinal resection 13 (52)
Length of bowel, cm 52 +£87
Colon 6 (24)
Second look 9 (36)

Categorical variables are presented as number (%). Continuous variables are presented as mean * standard deviation.

Fig 1 A, Sagittal view of preoperative computed tomography (CT) scan showing a total occlusion of the superior mesenteric artery (SMA). B, Sagittal view of postoperative CT scan after revascularization combining endarterectomy with patch angioplasty and the retrograde open mesenteric stentin

(ROMS) technique.

Thirteen patients (52%) required bowel or colon resection (11 patients required both resections) during the initial procedure with a mean length of small bowel resection of 52 + 87 cm. When required, the two stages of the operation (vascular and intestinal) were
performed in the same way: revascularization of the SMA and intestinal resection. In nine patients, a second-look laparotomy was needed; and six patients required additional bowel resection. Among these six patients, two patients did not undergo intestinal resection

during the initial intervention. The rate of weaning from parenteral nutrition was 56%. The rate of intestinal continuity restoration was 2#38% with an average time of 3.9 + 1.6 months. The mean length of intensive care unit stay was 13 + 25 days.

The mean follow-up time was 10 + 11 months. The 30-day operative mortality rate was 25%, the overall 1-year survival rate was 65%, and the 1-year reintervention-free survival (including all types of interventions related to ROMS) was 58% (Fig 2). Causes of
death are summarized in Table lll. The 1-year primary patency rate of the SMA was 92%. In one patient, postoperative imaging at 6 months showed an intrastent occlusion. As the patient was asymptomatic, a wait-and-see management was chosen, without adverse
events. No causes of stent thrombosis were identified. In a second patient, postoperative imaging at 1 month showed stent migration in the aortic bifurcation. The SMA was patent with no significant stenosis. This patient underwent an additional procedure to squeeze the

stent against the aortic wall using the kissing stent technique. This patient remained asymptomatic, and a wait-and-see management plan was chosen.
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Fig 2 Overall survival (OS) and reintervention-free survival (RIFS) rates in patients undergoing retrograde open mesenteric stenting (ROMS) for acute mesenteric ischemia (AMI) using Kaplan-Meier analysis.

Table Il Postoperative outcomes and mortality rates

Results Patients (N = 25)

Follow-up, months, mean + SD 10+ 11
Length of stay in ICU, days, mean * SD 13+25
Restoration of intestinal continuity 5 (4238%)
Parenteral nutrition weaning 14 (56%)
1-Year primary patency rate 942%
30-Day survival rate 75.1%
1-Year survival rate 65.1%
Cause of in-hospital death

Multiorgan failure 3

Septic shock 1

Hemorrhagic shock 1

Pneumonia 1

Acute ischemic stroke 1

ICU, Intensive care unit; SD, standard deviation.

Discussion

To our knowledge, this report is the largest series about ROMS reported in the literature to date. The literature about ROMS is rare, and series including more than five patients for AMI are summarized in Table IV. In our series, the 1-year primary patency rate

was 942%. Blauw et al” reported a primary patency rate of 83%, a primary assisted patency rate of 91%, and a secondary patency rate of 100%_at 12 months. In the series comparing endovascular and open surgery for AMI, the primary patency rate of PER remains



under-reported.' In their study, Blauw et al reported the use of a short 6- or 7-mm balloon-expandable stent (Express; Boston Scientific, Marlborough, Mass) to perform ROMS. In our series, most of the ROMS techniques were performed using a balloon-expandable
covered stent (67%; Atrium Advanta V12 [Maquet, Orléans, France] or Lifestream [Bard, Karlsruhe, Germany]). This practice relies partly on the study reported by Oderich et al'® comparing covered stents and bare-metal stents for the treatment of chronic atherosclerotic
mesenteric arterial disease. In this nonrandomized study, covered stents were associated with higher freedom from restenosis and better primary patency rate at 3 years compared with bare-metal stents (92% vs 53% and 92% vs 52%, respectively). In this study, one
patient showed a stent migration on the 1-month postoperative CT scan. This patient had undergone an endarterectomy with patch angioplasty, and a 6-mm balloon-expandable stent had been used. This stent was probably undersized compared with the enlargement of
the artery secondary to the angioplasty. Furthermore, this technical complication might also be explained by the initial experience of the surgeons and the quality imaging in the sagittal view with the classic fluoroscopic C-arm unit, particularly in obese patients. With

common use of the new-generation flat-panel detector and wide emergence of the hybrid operating room, this complication should be avoided.

Table IV Review of the English-language literature for retrograde open mesenteric stenting (ROMS) including more than five patients in the setting of acute occlusive mesenteric ischemia

Authors Year No. of patients Primary patency Mortality Follow-up, months
Wyers et al'! 2007 6 50% 4 patients 137
Pisimisis et al'2 2011 7 = = =
Blauw et al” 2014 15 83% 20% 12
Chen et al'3 2015 6 100% 17% 12
Present series 2017 25 91% 35% 1011

ROMS was first reported in 2004 by Milner et al,"® who described the technique in a patient with bowel ischemia. Since then, few studies about ROMS with more than six patients have been reported in the setting of AMI. Wyers et al'' reported the use of the
ROMS technique in six patients because of previously failed PER. After a mean follow-up period of 13 months, the mortality and patency rates were both 50%. Moyes et al'® reported a series of four cases of ROMS in patients with AMI with an in-hospital mortality rate of
25%. The first significant series was reported by Blauw et al,” which included 15 patients undergoing ROMS for AMI. Among them, 11 patients were directly treated with ROMS as the first treatment and 4-four patients after a failed PER. The 30-day mortality and primary
patency rates were 20% and 92%, respectively. At 12 months, the mortality rate was still 20% and the primary patency rate was 83%. In our series of 25 patients, the 30-day mortality rate was 25%. At 12 months, the mortality rate was 35% and the primary patency rate

was 942%. The higher mortality rate in our series might be explained by a larger number of patients requiring intestinal resection (52% vs 20% in the series of Blauw et al) and a more severe clinical condition of the patients.

During the last decade, PER has become the first treatment in the setting of AMI, and recent reports demonstrated a decreased mortality rate for patients undergoing PER compared with open surgery. In a recent meta-analysis assessing the best

revascularization strategy for acute occlusive arterial mesenteric ischemia, Salsano et al'’ reported a reduced risk of in-hospital mortality for patients treated with PER and also a benefit impact on risk of bowel resection and second-look laparotomy. Nevertheless, PER is
not possible in nearly 20% of patients with AMI because of extensive aortic wall and SMA origin atherosclerosis.” Furthermore, in most cases of AMI, intestinal inspection and resection of nonviable bowel are required through laparotomy. Under these circumstances,

ROMS might be a useful technique that allows prompt blood flow restoration with an endovascular approach and inspection and resection of nonviable small bowel.

This technique has several benefits. It avoids vascular reconstruction and use of a prosthetic graft under septic circumstances. In this series, most procedures (67%) were performed using a covered stent even in the setting of a contaminated field or peritonitis
without graft infection during follow-up. Moreover, no stent infections have been reported in the literature of ROMS technique. It prevents distal embolization in comparison with PER. This technique can also benefit patients presenting with bowel necrosis and with no
available autogenous conduit or patent donor vessel to perform a retrograde bypass. Moreover, the ROMS technique avoids the risk of autogenous or allogeneic graft kink during retrograde bypass revascularization. Finally, the ROMS technique may also be a useful

technique in the setting of other clinical or surgical situations, such as symptomatic dissection of the SMA described by Mitsuoka et al,'® or if the SMA ostium is covered during placement of a fenestrated stent graft as reported by Sonesson et al."®

This study has a number of important limitations. First, just a small number of patients is included, given the relatively infrequent occurrence of AMI. Second, the ROMS technique and particularly the surgical practices are heterogeneous according to the center
and the type of stent used for revascularization. Thus, no guidelines or advice concerning the type of stent that should be used for ROMS can be asserted. A randomized trial for the type of stent would be required but challenging, given the relatively infrequent occurrence

and acute presentation of AMI.

Conclusions

The ROMS technique could be an alternative procedure to retrograde SMA bypass in the setting of acute thrombotic mesenteric ischemia for patients deemed unsuitable for PER or in cases of PER failure. This technique should be part of the multimodal

management and treatment of AMI, which remains a devastating event.
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Answer: Ok

Query: Please check: primary patency rate was 91%

Answer: ok

Query: Correctly acknowledging the primary funders and grant IDs of your research is important to ensure compliance with funder policies. We could not find any acknowledgement of funding sources in your text. Is this correct?

Answer: Yes

Query: Please confirm that given names and surnames have been identified correctly and are presented in the desired order and please carefully verify the spelling of all authors’ names.

Answer: Ok





