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Abstract
Background  Motorized Spiral Enteroscopy (MSE) reduces procedure time and increases insertion depth into the small 
bowel; however, there is scarce evidence on factors affecting MSE efficacy.
Aims  To evaluate diagnostic yield and adverse events of MSE including patients with prior major abdominal surgery.
Methods  A prospective observational study was conducted on patients undergoing MSE from June 2019 to December 2021. 
Demographic characteristics, procedure time, depth of maximum insertion (DMI), technical success, diagnostic yield, and 
adverse events were collected.
Results  Seventy-four anterograde (54.4%) and 62 retrograde (45.6%) enteroscopies were performed in 117 patients (64 
males, median age 67 years). Fifty patients (42.7%) had prior major abdominal surgery. Technical success was 91.9% for 
anterograde and 90.3% for retrograde route. Diagnostic yield was 71.6% and 61.3%, respectively. The median DMI was 
415 cm (264–585) for anterograde and 120 cm (37–225) for retrograde enteroscopy. In patients with prior major abdominal 
surgery, MSE showed significantly longer small bowel insertion time (38 vs 29 min, p = 0.004), with similar diagnostic yield 
(61 vs 71.4%, p = 0.201) and DMI (315 vs 204 cm, p = 0.226). The overall adverse event rate was 10.3% (SAE 1.5%), with no 
differences related to prior abdominal surgery (p = 0.598). Patients with prior surgeries directly involving the gastrointestinal 
tract showed lower DMI (189 vs 374 cm, p = 0.019) with equal exploration time (37.5 vs 38 min, p = 0.642) compared to 
those with other abdominal surgeries.
Conclusions  MSE is effective and safe in patients with major abdominal surgery, although longer procedure times were 
observed. A lower depth of insertion was detected in patients with gastrointestinal surgery.
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Introduction

Deep enteroscopy (DE) has become an essential endoscopic 
technique for the small bowel (SB), especially when deal-
ing with vascular lesions and Crohn’s disease [1]. Due to 
the technological advances leading to video capsule endos-
copy, DE has mainly become a therapeutic procedure with 
a well-characterized role in diagnostic algorithms of some 
SB diseases [2].

An optimal enteroscopy procedure is required to be safe, 
relatively fast, with a high diagnostic and therapeutic yield, 
and, whether necessary, capable of performing a complete 
enteroscopy [3]. In daily practice, the time of exploration has 
a significant impact on hospital costs and limits the number 
of procedures performed; moreover, speed and high inser-
tion depth are essential when lesions have not been ade-
quately localized by previous exams and may potentially 
require a complete SB assessment [4].

Recent technological improvements have focused on the 
direction of insertion depth and ease of use, moving from 
double-balloon enteroscopy (DBE- Fujifilm, Tokyo, Japan) 
to single-balloon enteroscopy (SBE—Olympus Medical 
Systems Corporation, Tokyo, Japan), despite with similar 
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results [5]. More recently, a technical change in the advance-
ment system has led to spiral enteroscopy (SE—Spirus Med-
ical Inc., Stoughton, MA, USA) [6]. The manual rotational 
movement of a spiral overtube allows the enteroscope to 
advance through the SB reducing the time of exploration, 
but without a significantly higher insertion depth compared 
to SBE [7]. In addition, no significant differences have been 
observed between SE and DBE in terms of diagnostic and 
therapeutic yield, procedure time, and safety [8].

The novel PowerSpiral Enteroscope (PSE, Olympus Cor-
poration, Tokyo, JAPAN) has been recently introduced and 
the first case report was published in 2016 [9]. The activa-
tion of a user-controlled motor permits a rotational move-
ment of a spiral overtube mounted on the enteroscope, thus, 
achieving advances by pleating the SB onto the tube. Sev-
eral reports have been published since then, showing the 
potential abilities of Motorized Spiral Enteroscopy (MSE) in 
exploring the SB [10, 11]. The recently published feasibility 
trial of MSE in 132 patients described the efficacy and safety 
of anterograde explorations with this new device, with a 
high diagnostic yield and a low adverse event rate [12]. Two 
other clinical studies showed a total SB enteroscopy rate of 
around 61–70% [13, 14]. These first three studies excluded 
patients with prior major abdominal surgery due to safety 
concerns. However, the efficacy of MSE in surgically altered 
intestinal anatomy was documented [15]. A recent Danish 
multicenter study, including 20% of patients with surgically 
altered intestinal anatomy, showed a high diagnostic yield 
(61.4%) and no major adverse events; moreover, a multi-
center European study focused on MSE safety demonstrated 
comparable SAE rates in the overall study population (2.3%) 
and patients with prior gastrointestinal surgery (1.9%) [16, 
17]. In the present observational study, we aimed at describ-
ing the efficacy and safety of MSE in the daily clinical prac-
tice of a tertiary referral hospital, including patients with 
prior major abdominal surgeries.

Methods

Study Protocol

This prospective single-center observational study was con-
ducted on all consecutive patients undergoing MSE at the 
Hospital Clinic of Barcelona from June 2019 to December 
2021. During the study period, all patients with indication of 
enteroscopy were addressed to MSE, except those presenting 
the following contraindications: (1) known esophageal, gas-
tric, or SB varices; (2) complicated eosinophilic esophagitis; 
(3) pregnancy; (4) the presence of implantable devices in the 
intestinal tract; (5) more than one known foregut strictures; 
(6) severe co-morbidities; and (7) inability to tolerate gen-
eral anesthesia or deep sedation.

This study was conducted in accordance with the declara-
tion of Helsinki Ethical Principles and Good Clinical Prac-
tices. The study protocol was approved by the local Ethical 
Committee of Hospital Clínic of Barcelona and patients 
signed informed consent.

The primary endpoint was to assess diagnostic yield and 
adverse events of MSE. Secondary endpoints were to evalu-
ate (1) technical success, (2) therapeutic yield, (3) procedure 
times, and (4) learning curve.

MSE Device

The novel PSE (Olympus Corporation, Tokyo, JAPAN) con-
sists of a 168-cm reusable enteroscope with a diameter of 
11.3 mm and includes a 3.2 mm instrument channel and an 
integrated water-jet channel. A rotating spiral overtube is 
directly mounted and secured on the distal part of the entero-
scope, at 16 cm from the tip, and driven by an incorporated 
motor. An Exera III Endoscopy System (Olympus Corpora-
tion, Tokyo, JAPAN) and a dedicated Power Spiral control 
unit are needed. The device is controlled by pedals which 
regulate the force and direction (backward and forward) of 
the advancement. The rotating spiral overtube pleats the SB 
onto the tube, thus, permitting the advancement of the tip, 
as previously reported [10]. An external visual force gage 
shows the force applied to the SB and, in case of too high 
resistance, the system automatically stops the rotation to 
avoid traumas.

MSE Technique

All procedures were performed by two endoscopists (BG-S, 
AG) with previous experience in SBE (more than 150 pro-
cedures a year). All patients had to avoid solid food for 8 h 
and clear fluids for 2 h before enteroscopy.

Patient monitoring during enteroscopy consisted of elec-
trocardiography (ECG), oscillometric blood pressure meas-
urement, pulse oximetry, bispectral index (BIS) monitor, 
respirometer, and capnography in case of general anesthe-
sia, whereas ECG, blood pressure measurement, and pulse 
oximetry in case of deep propofol sedation. Anterograde 
procedures (A-MSE) were performed under general anes-
thesia and orotracheal intubation. On the same day of the 
procedure, an upper endoscopy was performed to exclude 
potential lesions which would preclude the insertion of the 
enteroscope. An endoscopic dilation with a Savary-Gilliard 
hollow-centered bougie of 18 mm in diameter was per-
formed in the first procedures of the learning curve, accord-
ing to the manufacturer’s recommendations, to enable the 
insertion of the enteroscope. In the following procedures, 
the esophageal dilation was limited to cases of narrowing. 
Retrograde procedures (R-MSE) were performed under deep 
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sedation with previous bowel preparation (2 L Polyethylene 
Glycol) according to local protocols for colonoscopy.

The enteroscopy route was decided according to 
the findings in previous exams: localization of lesions 
according to Magnetic Resonance Imaging and Comput-
erized Tomography scan reports or intestinal transit times 
of capsule endoscopy. All procedures were performed in 
the left lateral position. External abdominal compres-
sions, as well as changes in the patient’s position, were 
routinely used in all patients to facilitate the enteroscope 
progression. All enteroscopies were performed with car-
bon dioxide insufflation. Fluoroscopy was not required 
for any enteroscopy.

Exploration was stopped in case of identification 
of a significant lesion according to pre-detected find-
ings or in case of excessive resistance that impeded the 
advancement of the endoscope. During the procedure, 
polypectomy, electrocoagulation with Argon Plasma, 
and biopsy sampling were performed whether required. 
Tattooing with India ink was performed to mark the site 
of a detected lesion or, in the absence of findings, at the 
deepest point of insertion.

MSE Efficacy and Safety Definition

–	 Diagnostic yield was defined as the percentage of explo-
rations with lesions compatible with the indication for 
the exam.

–	 Technical success was defined as the percentage of explo-
rations with the enteroscope advancing beyond the angle 
of Treitz (anterograde procedures) or proximally to the 
ileocecal valve (retrograde procedures).

–	 Therapeutic yield was defined as the percentage of pro-
cedures with interventional treatments except for biopsy.

–	 Interventional yield was defined as the percentage of pro-
cedures with at least one treatment or biopsy.

–	 All adverse events were registered from the beginning of 
the procedure up to 14 days.

Performance Measures Definition

–	 Depth of maximum insertion (DMI) was defined as the 
maximal distance accomplished from the angle of Treitz 
or the ileocecal valve; it was estimated with a previously 
published method, an assistant endoscopist counted the 
number of complete folds (valvulae conniventes) during 
withdrawal and then a conversion formula was applied 
(cm = number of folds × 0.9) [18, 19].

–	 Total procedure time (TPT) was calculated from the 
beginning to the end of the endoscopic procedure.

–	 Small bowel insertion time (SBIT) was calculated from 
the angle of Treitz or the ileocecal valve to the DMI.

Statistical Analysis

A per-patient analysis was conducted for demographic data, 
whilst a per-procedure description was adopted for perfor-
mance measures and adverse events. All qualitative variables 
were expressed as frequency and percentages. Quantitative 
variables were presented as median and interquartile range 
(IQR). Univariate analyses were performed with the Chi-
squared test (o Fisher’s exact test, whether appropriate) 
and Mann–Whitney U-test (for two-group comparison) or 
Kruskal–Wallis test (for three-group comparison); variables 
with p ≤ 0.1 were subsequently analyzed with binary multi-
variate analysis. p values < 0.05 were considered statistically 
significant. Statistical analysis was performed using SPSS 
Statistical Software, version 25 (IBM SPSS Statistics for 
Windows, Version 25.0. Armonk, NY: IBM Corp).

Results

Study Population and Indication for SB Exploration

One hundred-seventeen patients were analyzed, correspond-
ing to 136 enteroscopy procedures (Table 1). Most patients 
were males (54.7%) with a median age of 67 years (IQR 
58–74). Fifty patients (42.7%) had at least one previous 
major abdominal surgery: the most common surgeries were 
small bowel resection (n = 11), appendicectomy (n = 11), 
Cesarean section (n = 9), and cholecystectomy (n = 8). Full 
details are provided in Table 2. Overall technical success and 
diagnostic yield were 91.2% (124/136) and 66.9% (91/136), 
respectively. Therapeutic yield was 41.2% (56/136), includ-
ing 46 treatments with Argon Plasma Coagulation (APC), 
6 polypectomies, 3 combined treatments (APC and metallic 
clip placement), and 1 endoscopic balloon dilation of an 

Table 1   Demographic and clinical characteristics of study population 
(n = 117)

Values are expressed as number (%) or median (interquartile range)
ASA American Society of Anaesthesiologists, BMI Body Mass Index

Items

Sex, male 64 (54.7%)
Age, years 67 (58–74)
BMI, kg/m2 26 (23–30)
Obesity, patients 26 (22.2%)
ASA Class, patients
 ASA I 19 (16.2%)
 ASA II 67 (57.3%)
 ASA III 31 (26.5%)

Abdominal surgery, patients 50 (42.7%)
 Multiple surgeries 12 (10.3%)
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ileal stricture. In 30.1% of procedures (41/136), at least one 
biopsy was taken. Interventional yield was 67.6% (92/136). 
The main clinical indications for SB exploration, pre-enter-
oscopy procedures, details on findings, and final enteroscopy 
diagnoses are fully described in Supplementary Material. 

Efficacy of MSE Related to Prior Abdominal Surgery

Enteroscopy procedures in patients with prior major abdomi-
nal surgery (43.4%, n = 59) showed no significant differences 
in terms of technical success (89.9 vs 92.2%, p = 0.629), 
diagnostic yield (61 vs 71.4%, p = 0.201), and DMI (315 
vs 204 cm, p = 0.226), whilst significant longer procedures 
times were observed: TPT (68 vs 55 min, p = 0.001) and 
SBIT (38 vs 29 min, p = 0.004). Interventional yield (62.7 
vs 71.4%, p = 0.282) and therapeutic yield (44.1% vs 38.9%, 
p = 0.359) did not differ significantly.

A subpopulation analysis separating patients with gas-
trointestinal surgeries (n = 16) and other abdominal surger-
ies (n = 43) showed that patients with prior gastrointestinal 
surgery presented a lower DMI (189 vs 374 cm, p = 0.019), 
with equal SBIT (37.5 vs 38 min, p = 0.642) and diagnostic 
yield (56.3 vs 62.8%, p = 0.647). Complete comparison data 
are presented in Table 3.

Table 2   Previous abdominal surgeries of the patient population

n Percentage (%)

Intestinal surgeries
 Small bowel resection 11 17
 Colon resection 3 5
 Billroth II 2 3

Other abdominal surgeries
 Appendicectomy 11 17
 Cesarean section 9 14
 Cholecystectomy 8 13
 Salpingo-oophorectomy 5 8
 Hysterectomy 5 8
 Exploratory laparotomy 3 5
 Prostatectomy 2 3
 Nephrectomy 1 2
 Renal Transplantation 1 2
 Splenectomy 1 2
 Pancreatectomy 1 2
 Adhesiolysis 1 2

Table 3   MSE results in 
patients with and without prior 
abdominal surgery

Values are expressed as number (percentage) or median (interquartile range)
AE adverse event, ASA American Society of Anaesthesiology, BMI body mass index, DMI depth of maxi-
mum insertion, SB small bowel, SBIT small bowel insertion time, TPT total procedure time

Intestinal surgery Other abdominal surgery No previous 
abdominal sur-
gery

p

N = 16 n = 43 n = 77

Males 10 (62.5%) 11 (25.6%) 52 (67.5%)  < 0.001
Age 71 (47–75) 66 (59–767 65 (57–72) 0.606
BMI 26 (23–28) 26 (23–32) 27 (23–30) 0.619
Obesity 0 15 (34.9%) 17 (22.1%) 0.017
Oral route 8 (50%) 25 (58.1%) 41 (53.2%) 0.815
ASA III 7 (43.8%) 13 (30.2%) 15 (19.5%) 0.235
Technical success 15 (93.8%) 38 (88.4%) 71 (92.2%) 0.721
Diagnostic Yield 9 (56.3%) 27 (62.8%) 55 (71.4%) 0.394
SBIT 38 (30–50) 38 (29–50) 29 (19–42) 0.014
TPT 66 (49–101) 70 (55–89) 55 (44–71) 0.005
DMI 189 (25–315) 374 (221–565) 204 (106–424) 0.024
Complete enteroscopy 0 9 (15.3%) 7 (9.1%) 0.269
Interventional yield 8 (50%) 29 (67.4%) 55 (71.4%) 0.249
Therapeutic yield 5 (31.3%) 20 (46.5%) 30 (39%) 0.525
AE 2 (12.5%) 5 (11.6%) 7(9.1%) 0.866
Indications 0.714
 SB bleeding 13 (81.3%) 28 (65.1%) 57 (74%)
 Abdominal pain 2 (12.5%) 7 (16.3%) 12 (15.6%)
 Chronic diarrhea 0 3 (7%) 4 (5.2%)
 Others 1 (6.3%) 5 (11.3%) 4 (5.2%)
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Efficacy of MSE Related to the Route of Exploration

Seventy-four procedures (54.4%) were anterograde and 62 
retrograde (45.6%). Sixteen patients (13.7%) underwent a 
combined approach (A-MSE and R-MSE). In 13 A-MSE 
(17.6%) esophageal dilation was performed (12 with bougie 
and 1 with a Controlled Radial Expansion balloon).

Diagnostic yield was 71.6% (53/74) for A-MSE and 
61.3% (38/62) for R-MSE. In 31 (22.8%) procedures, the 
suspected lesion was not found (in 3 A-MSE and 11 R-MSE 
the DMI was limited by high intestinal fixation). Technical 
success was 91.9% (68/74) for A-MSE and 90.3% (56/62) 
for R-MSE. Data are shown in Table 4.

In 6.8% (5/74) of anterograde procedures, repeated auto-
mated motor stops occurred during the passage through the 
esophagus because of high resistance, thereby impeding the 
progression of the enteroscope to the stomach. In 1 antero-
grade procedure, the enteroscope could not pass the angle 
of Treitz due to high resistance on the spiral overtube at an 
angulated duodenal flexure. As per the retrograde proce-
dures, in 5 patients, the ileocecal valve could not be intu-
bated, whilst in 1 patient with multiple surgeries of the SB 
due to complicated appendicitis, the left colon could not 
be passed due to high bowel fixation. The median TPT was 
60 min (IQR 51–89 min) for A-MSE, with a median time 
from mouth to the angle of Treitz of 4 min (IQR 3–6 min) 
and a median SBIT of 32 min (IQR 25–50 min). Regard-
ing R-MSE, the TPT was 56 min (IQR 45–71 min) with a 

median time from anus to the ileocecal valve of 10 min (IQR 
7–15 min) and a median SBIT of 31 min (IQR 21–48 min).

Median DMI was 415 cm (IQR 264–585 cm) for A-MSE 
and 120 cm (IQR 37–225 cm) for R-MSE. In 18 patients 
(15.4%), a complete SB exploration was performed: 10 
of them were total anterograde enteroscopies and 6 were 
combined explorations (oral + anal route). In the other 2 
anterograde procedures, the enteroscope reached the termi-
nal ileum without passing the ileocecal valve: the site was 
tattooed and a posterior ileo-colonoscopy confirmed the 
localization in the terminal ileum.

Multiple binary logistic regression was performed, and 
SBIT was identified as a predictive factor associated with 
diagnostic yield (p = 0.008). Details are presented in Table 5.

Safety

The total number of procedure-related adverse events 
(AEs) was 14 (10.3%). No differences were detected in 
relation with major prior abdominal surgery (11.9 vs 9.1%, 
p = 0.282). In 7 patients, mild self-limiting abdominal pain 
was observed. In 5 anterograde procedures, during with-
drawal phase, the enteroscope could not be pulled back from 
the stomach as the control unit safety system stopped the 
rotation due to high pressure on the spiral overtube at the 
height of the esophagus; this caused a prolongation of pro-
cedures and the need for multiple maneuvers of neck hyper-
extension, to avoid the marked angulation of the esophagus, 
multiples forward and backward advancements to change the 
enteroscope position, and, in a few cases, a gentle pressure to 
extract the enteroscope; however, no clinical sequelae were 
observed. Two (2.1%) serious adverse events (SAE) were 

Table 4   MSE performance measures according to route of explora-
tion

Values are expressed as number (percentage) or median (interquartile 
range)
AE adverse event, DMI depth of maximum insertion, SAE serious 
adverse event, SBIT small bowel insertion time, TPT total procedure 
time

Anterograde Retrograde
n = 74 n = 62

Technical success 68 (91.9%) 56 (90.3%)
 Oesophageal dilation 13 (17.6%) –

Diagnostic yield 53 (71.6%) 38 (61.3%)
Time to SB 4 (3–6) 10 (7–15)
SBIT 32 (25–50) 31 (21–48)
DMI 415 (264–585) 120 (37–225)
TPT 60 (51–89) 56 (45–71)
Abdominal surgery 33 (44.6%) 26 (41.9%)
Total AEs 8 (10.8%) 6 (9.7%)
SAE 2 (2.7%) –
Therapeutic yield 41 (55.4%) 15 (24.2%)
Biopsies 18 (24.3%) 23 (37.1%)
Interventional Yield 56 (75.7%) 36 (58.1%)
Tattoos 50 (67.6%) 36 (58.1%)

Table 5   Multiple binary logistic regression to evaluate the associa-
tion between variables and diagnostic yield

BMI body mass index, ASA American society of Anaesthesiology, 
SBIT small bowel insertion time, DMI depth of maximum insertion, 
TPT total procedure time

Variables
(n = 117)

Univariate analysis
p

Multi-
variate 
Analysis
p

Age 0.729 –
Gender 0.363 –
ASA 0.673 –
Surgery 0.201 –
Obesity 0.064 0.157
BMI 0.279 –
Indication for procedure 0.262 –
DMI 0.190 0.218
SBIT 0.003 0.008
TPT 0.962 –
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observed. One patient, with history of mitral insufficiency 
and atrial fibrillation treated with acenocoumarol, underwent 
an anterograde enteroscopy which detected a 20 mm pedicu-
lated polyp; epinephrine injection and hot snare polypec-
tomy were performed, followed by the placement of hemo-
static clip collocation at polypectomy site; no immediate 
complications were observed. At 48 h, after the reintroduc-
tion of anticoagulation, the patient presented a few episodes 
of melena and was admitted to the hospital; the bleeding was 
self-limited and the patient was observed during 48 h with 
no further intervention required. In another patient undergo-
ing anterograde enteroscopy, arytenoid edema was detected 
at withdrawal, requiring prolonged intubation of 24 h; the 
patient was a heavy smoker with oropharyngeal secretions 
that needed multiple maneuvers of aspiration during the 
procedure.

Discussion

The present study aimed at investigating the diagnostic yield 
and efficacy of MSE in the daily practice of a tertiary refer-
ral hospital, focusing on patients with prior major abdomi-
nal surgery. The study population represents a consecutive 
cohort of patients who underwent MSE according to find-
ings of previous diagnostic exams.

The study population included a high percentage of 
procedures (43.4%) realized in patients with prior major 
abdominal surgery, which has been an exclusion criterion 
in the first published studies [12–14]. No significant dif-
ferences were observed related to technical success (89.9 
vs 92.2%, p = 0.629), with results comparable to previous 
studies [12–14, 16, 17]; diagnostic yield did not show sig-
nificant differences related to abdominal surgery (61% vs 
71.4%, p = 0.201) and was superior to the minimum require-
ments of European guidelines ( ≥ 50%) [3]. Both interven-
tional (62.7 vs 71.4, p = 0282) and therapeutic yield (44.1 
vs 38.9%, p = 0.359) were similar in both groups with equal 
adverse events rate (9.1 vs 9.1%, p = 0.598). However, MSE 
in patients with abdominal surgery showed significantly 
longer procedure time (TPT 68 min vs 55 min, p = 0.001), 
especially affecting the insertion phase (SBIT 38 min vs 
29 min, p = 0.004). This can be explained by post-opera-
tive intestinal adhesions causing small bowel rigidity and 
hampering the advancement of the enteroscope. Moreover, 
intestinal surgeries represent the most relevant factor affect-
ing the exploration, as the analysis of this subpopulation of 
patients showed similar exploration time (37.5 vs 38 min), 
but lower DMI (189 vs 374 cm) compared to patients with 
other abdominal surgeries; it demonstrates that surgeries 
directly involving the gastrointestinal tract make the explo-
ration more demanding and, consequently, more time is 
needed to explore a shorter length of the small bowel.

Overall cohort adverse event rate was 10.3%, with 
26.5% of patients in class III according to ASA (American 
Society of Anesthesiology) classification. These results are 
in line with the study by Beyna et al., showing a proce-
dure-related AE rate of 14.4% [12]; in the study by Ram-
chandani et al., minor AEs accounted for 24.5%, whereas 
no major adverse events were observed [14]. Interestingly, 
the adverse event rate was not related to prior abdominal 
surgery (11.9 vs 9.1%, p = 0.598). Therefore, MSE might 
be considered technically feasible and safe in patients with 
previous abdominal surgery.

As regards the route of explorations, in anterograde pro-
cedures, MSE showed a high diagnostic yield (71.6%); 
these findings are in line with the previously published 
MSE feasibility trial showing a diagnostic yield of 74.2% 
[12], and superior to results previously described for 
DBE (64.4%) and SBE (53.9%) [20]. In recent studies, 
the technical success of this technique was described to be 
between 93 and 100% [12–14], which is similar to present 
results where the angle of Treitz was traversed in 91.9% of 
anterograde procedures. A-MSE technical success was not 
achieved in 6 cases due to difficulty in esophageal intuba-
tion or in passing the angle of Treitz in one patient with 
fixed duodenum; in this case, a posterior diagnosis of jeju-
nal lymphoma was performed using SBE.

Regarding insertion depth, the present study showed a 
DMI of 415 cm for A-MSE with a median SBIT of 32 min 
(IQR 25–50 min), in line with previous MSE studies. 
In contrast, a recent meta-analysis by Baniya et al. that 
evaluated performance measures of balloon enteroscopy 
showed a mean DMI for anterograde balloon enteroscopy 
between 200 and 265 cm, with only two studies showing 
a DMI of 310 and 346 cm and a mean time to DMI of 
45–46 min [21]. These data point out a clear advantage of 
MSE over balloon enteroscopy in this setting. Moreover, 
in the MSE feasibility trial, 10% of total anterograde ent-
eroscopies was achieved and, in a recent trial specifically 
designed to evaluate total enteroscopies, the rate of total 
anterograde explorations was 16.6% [13]. In the present 
cohort of patients, complete visualization of the SB was 
achieved in 18 patients (15.4%), of these 12 were total 
anterograde explorations (10.3%) reaching the terminal 
ileum or cecum. This lower result may be explained by the 
inclusion of a different patient population.

Data on the efficacy of R-MSE are scarce. This study 
included 62 R-MSE, performed according to previous diag-
nostic exams; only 4 cases were performed to complete a 
negative partial anterograde exploration, finally detecting 
the suspected lesion. In R-MSE, diagnostic yield accounted 
for 61.3%, which is superior to results published for DBE 
(37–43%) and SBE (53.7%), although lower than the antero-
grade route [22, 23]. Technical success for retrograde proce-
dures was 90.3%. In the two published studies where R-MSE 
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was performed to complete negative anterograde explora-
tions, technical success resulted in 100% [13, 14]. However, 
the previous series presented only a few cases of retrograde 
explorations and excluded patients with major abdominal 
surgeries.

In the retrograde route, DBE showed to achieve a DMI 
between 92 and 112 cm, although a slightly lower DMI 
was observed in SBE, accounting for between 68 and 
91 cm [17–19]. In the present study, the median DMI for 
R-MSE explorations was 120 cm (37–225 cm). Insertion 
depth was limited by the strategy of pre-detecting sus-
pected lesions and then selecting the retrograde route only 
for findings in the medium-distal ileum.

Multivariate analysis showed SBIT as the only inde-
pendent factor associated with diagnostic yield in this 
population, remarking the importance of performing a 
careful and dedicated procedure.

The present data included the first cases performed with 
the novel enteroscope; however, it was postulated that MSE 
can be mastered quickly [12]. In the present cohort, the only 
change adopted after the first procedures was related to the 
use of esophageal bougienage; in the first three published 
studies on MSE, a previous dilation was conducted in all 
patients to facilitate the forward insertion of the endoscope 
[12–14]. In the present series, only 16.2% of A-MSE (12/74 
procedures) included esophageal dilation. This practice 
was adopted in the first 12 cases, according to the experts’ 
recommendations. As per the following cases, a technical 
modification was introduced, limiting the use of bougienage 
to patients with esophageal narrowing detected by previ-
ous upper endoscopy or with difficult advancement of the 
enteroscope at the discretion of the endoscopist, in line with 
recently published multicenter studies [16, 17]. No adverse 
events related to this practice were observed.

In conclusion, MSE represents a valid alternative tech-
nique for SB exploration. A faster deep insertion length 
represents the strength of this novel device. Patients with 
previous abdominal surgery seem to present the inconven-
ience of longer exploration time, and prior gastrointestinal 
surgery may significantly reduce the depth of maximum 
insertion. However, this does not affect diagnostic yield or 
adverse events, being MSE effective and safe. Larger and 
multicenter studies are warranted to confirm these results. 
Further research is necessary to compare MSE with bal-
loon enteroscopy and identify the best target population 
and predictive factors for diagnostic yield.
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