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Single-use duodenoscope for ERCP performed by endoscopists
with a range of experience in procedures of variable
complexity
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GRAPHICAL ABSTRACT
Background and Aims: Expert endoscopists previously reported ERCP outcomes for the first commercialized

single-use duodenoscope. We aimed to document usability of this device by endoscopists with different levels of
ERCP experience.

Methods: Fourteen “expert” (>2000 lifetime ERCPs) and 5 “less-expert” endoscopists performed consecutive
ERCPs in patients without altered pancreaticobiliary anatomy. Outcomes included ERCP completion for the in-
tended indication, rate of crossover to another endoscope, device performance ratings, and serious adverse
events.

Results: Two hundred ERCPs including 81 (40.5%) with high complexity (American Society for Gastrointestinal
Endoscopy grades 3-4) were performed. Crossover rate (11.3% vs 2.5%, P Z .131), ERCP completion rate
(regardless of crossovers) (96.3% vs 97.5%, P Z .999), median ERCP completion time (25.0 vs 28.5 minutes,
P Z .130), mean cannulation attempts (2.8 vs 2.8, P Z .954), and median overall satisfaction with the
single-use duodenoscope (8.0 vs 8.0 [range, 1.0-10.0], P Z .840) were similar for expert versus less-expert en-
doscopists, respectively. The same metrics were similar by procedural complexity except for shorter median
completion time for grades 1 to 2 versus grades 3 to 4 (P < .001). Serious adverse events were reported in
13 patients (6.5%).

Conclusions: In consecutive ERCPs including high complexity procedures, endoscopists with varying ERCP
experience had good procedural success and reported high device performance ratings. (Clinical trial registration
number: NCT04223830.) (Gastrointest Endosc 2021;94:1046-55.)
(footnotes appear on last page of article)
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1
Duodenoscopes are classified as semicritical devices,
for which the U.S. Food and Drug Administration (FDA)
recommends sterilization or high-level disinfection to
decrease the risk of cross-contamination.1 Contamination
with microorganisms from GI or oral origins may occur
in up to 15% of reusable duodenoscopes and has
been reported to be independent of device age and
usage.2 Potential cross-contamination between patients
from duodenoscopes used in ERCP is most concerning
for multidrug-resistant organisms (MDROs), including
carbapenem-resistant Enterobacteriaceae, which include
Klebsiella pneumoniae,3 Escherichia coli,4 and Enterobacter
cloacae.3 Rare but serious duodenoscope-associated
multidrug-resistant outbreaks with carbapenem-resistant
Enterobacteriaceae and Pseudomonas have been docu-
mented internationally,5-8 even after appropriate reproc-
essing procedures were implemented. An FDA safety
communication mentioned 3 deaths and 45 reports of pa-
tient infection tied to inadequate duodenoscope reproc-
essing based on medical device reports received between
October 15, 2018 and March 31, 2019.9 Because of the
severity of MDRO infections10 and high volume of ERCP
procedures performed in the United States5 and
internationally,11-14 systematic efforts to reduce duodeno-
scope cross-contamination and the risk of associated exog-
enous infection of patients are warranted.15

Investigations of duodenoscope cross-contamination
and studies of MDRO outbreaks have shed light on
cross-contamination risks and potential mechanisms of
infection sources. In an April 12, 2019 safety communica-
tion, the FDA reported positive duodenoscope culture rates
of 5.4% for high-concern (eg, E coli and Pseudomonas aer-
uginosa) organisms for 3 brands of reusable duodeno-
scopes after reprocessing.9,16 A root-cause analysis of an
outbreak of multidrug-resistant K pneumoniae infection re-
vealed that 2 contaminated duodenoscopes led to infection/
colonization rates of 35% (17/49) and 29% (7/24), respec-
tively, in patients who had undergone ERCP over a period
of 8 months.17 This study cited miscommunication about
reprocessing, undetected damaged parts, inadequate
repair of duodenoscope damage, and duodenoscope
design abnormalities (including forceps elevator, elevator
lever, and instrumentation port sealing) as major
abnormalities associated with duodenoscope-associated
infection. Similarly, a 2019 review of 23 published cases (17
U.S. and 6 non-U.S. cases, including 2-35 patients each) asso-
ciating confirmed (or suspected) carbapenem-resistant
Enterobacteriaceae or MDRO infections with exposure to a
duodenoscope since 2012 cited the following that may
contribute to a duodenoscope remaining contaminated
after reprocessing: device design; breach of recommended
reprocessing guidelines (eg, inadequate manual cleaning,
delayed reprocessing, or improper device storage); damage
to the device; insufficient servicing, maintenance, or repair;
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and/or the presence of biofilms. Despite modifiable issues
among these risk factors, persistent contamination of
reusable duodenoscopes has been documented after
appropriately implemented high-level disinfection and quar-
antine18,19 or sterilization,20 rigorous field investigation after
infection outbreaks,4,21 and the availability of detailed
reprocessing guidelines.22-24 A sterile single-use endoscope
has been proposed as one solution to several unresolved is-
sues related to reprocessing and reuse of reusable
endoscopes.25

In a preclinical bench study, expert endoscopists
reported a similar performance of the single-use duo-
denoscope compared with 3 models of marketed reus-
able duodenoscopes.26 Similarly, a clinical case series
published in 202027 reported that expert endoscopists
completed nearly all ERCPs in 60 cases with a range
of complexity using the single-use duodenoscope. In
December 2019, the FDA cleared the single-use duode-
noscope for marketing in the United States, granting it
Breakthrough Device designation.28 In this new clinical
case series, we aimed to prospectively confirm in the
postmarket setting that the single-use duodenoscope
can be used by expert and less-expert endoscopists
to complete consecutive ERCPs of any complexity in
academic medical centers. Quality control improve-
ments based on physician feedback were made during
this case series. Outcomes were compared by endo-
scopists’ level of procedural experience and case
complexity.
METHODS

Single-use duodenoscope
The device used in this clinical case series (EXALT

Model D single-use duodenoscope; Boston Scientific Cor-
poration, Marlborough, Mass, USA) is a sterile (sterility
assurance level 10–6 or better), single-use duodenoscope
designed to function similarly to currently marketed reus-
able duodenoscopes and intended to be used in a single
procedure and then discarded. A near-final design of the
device was used in previously published premarket
bench26 and clinical studies27; in response to expert user
feedback from these studies, modifications were made to
optimize device performance, most notably to the
working channel design. Single-use duodenoscopes of
the modified design received FDA clearance in December
2019 and gained a Conformitè Europëenne (CE) Mark in
January 2020.29 This device design was used in a bench
study in January 2020 (results available on request) and
in the present clinical series of 200 cases. Expert and
less-expert endoscopist user feedback informed improve-
ments to production quality control, principally to the
attachment of the elevator at the tip of the duodenoscope
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and to instructions related to the placement of single-use
irrigation and insufflation valves on the handle of the
single-use duodenoscope.

Patient population
The study plan allowed for recruitment of up to 200

adult patients scheduled for ERCP per the standard of
care at 7 participating healthcare centers. Institutional Re-
view Board approvals for the study were gained before
study initiation. The study was registered in the
ClinicalTrials.gov database (NCT04223830) on January 10,
2020. Recruitment and enrollment took place during 3
time periods: January to February 2020 (50 patients),
May to July 2020 (50 patients), and September 2020 to
February 2021 (100 patients) after delays related to the co-
ronavirus disease 2019 pandemic. All enrolled patients pro-
vided written informed consent for study participation.
Single-use duodenoscopes were provided free-of-charge
to the investigational sites for use in study patients.

Consecutive eligible patients were recruited for the
study on selected weekdays when participating endoscop-
ists were performing ERCPs. Patients were eligible for in-
clusion if they were age �18 years, willing and able to
comply with the study procedures and provide written
informed consent to participate in the study, and sched-
uled for a clinically indicated ERCP or other
duodenoscope-based procedure. Excluded from the study
were patients with altered pancreaticobiliary anatomy;
potentially vulnerable patients including, but not limited
to, pregnant women; patients for whom endoscopic tech-
niques are contraindicated; patients who were enrolled in
another investigational study that would directly interfere
with the current study; or patients excluded at investigator
discretion.

Study interventions
Patient assessments. Data were collected at baseline/

enrollment and during personal or telephone follow-up at
72 hours (�1 day) and 7 days (�2 days) after ERCP. Demo-
graphic and relevant clinical history were recorded on stan-
dard case report forms, including age, gender, relevant GI
prior diagnoses (current or in last 12 months), and ERCP
history (including prior sphincterotomy).

ERCP procedures. Fourteen “expert” (lifetime ERCPs
>2000) and 5 “less-expert” (lifetime ERCPs �2000) endo-
scopists performed the study ERCPs. The endoscopists
agreed to use the single-use duodenoscope in place of
the reusable duodenoscope(s) normally used in the endos-
copy unit for ERCP. Start and stop times of the procedure
were recorded, and at the end of the procedure subjective
feedback on performance-related attributes, American So-
ciety for Gastrointestinal Endoscopy (ASGE) grade for
complexity of ERCP procedure, and all attempted or
completed maneuvers during the ERCP were documented,
regardless of the original indication for the procedure. Any
ensuing device deficiencies were recorded and reported,
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even if they did not result in an adverse event (AE)
or inability to complete the ERCP. Such reporting of
device deficiencies was encouraged because they inform
opportunities for future improvements to manufacturing
quality control and/or device design. If the endoscopist
was unable to perform any necessary maneuvers with the
single-use device and had to cross over to use a reusable
duodenoscope, the reason the procedure was not
completed with the single-use device was recorded. In
case of crossover, the ability to complete the ERCP maneu-
vers with a reusable duodenoscope was documented.

Outcomes
The outcomes for the clinical case series were the ability

to complete the procedure, incidence of crossover to a reus-
able duodenoscope, procedure completion time in minutes,
number of cannulation attempts, cannulation completion
time in minutes, completion of 19 specific maneuvers, 23 de-
vice performance characteristics (Likert scale of 1 [not
preferred] to 5 [comparable with reusable duodenoscope]),
median overall satisfaction with the single-use duodeno-
scope during the procedure (Likert scale of 1 [unsatisfied]
to 10 [very satisfied]), and serious AEs (SAEs) assessed at
72 hours and 7 days post-ERCP. “Difficult common bile
duct cannulation” was defined by a modification of the Euro-
pean Society of Gastrointestinal Endoscopy definition as the
presence of �1 of the following: more than 5 contacts with
the papilla while attempting to cannulate, more than 5 mi-
nutes spent attempting to cannulate after visualization of
the papilla, and at least 1 (instead of “more than 1”) unin-
tended pancreatic duct cannulation or opacification.30

Statistical analysis
Descriptive statistics included procedure completion

rates, procedure duration, number of cannulation at-
tempts, median overall satisfaction, and performance rat-
ings as well as the mean, standard deviation, and range
for age, crossovers, and tabulated AEs. Comparisons by du-
odenoscope model and by endoscopists’ level of expertise
were conducted for completion time and performance rat-
ings using Wilcoxon rank-sum tests and for number of can-
nulation attempts using a negative binomial model. The
Fisher exact test was used to compare occurrence of a
crossover with a reusable duodenoscope by level of exper-
tise or by ASGE level of case complexity. Interactions were
assessed using a generalized linear model. Statistical ana-
lyses were performed using SAS 9.4 software (SAS Institute
Inc, Cary, NC, USA).
RESULTS

Patient characteristics
Of 289 patients who were screened, 200 (69.2%) were

enrolled after providing written informed consent to
participate in the study (Fig. 1). Reasons for
www.giejournal.org
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89 excluded because they did not meet
    eligibility criteria*

21 had surgically altered anatomy
8 patients no longer indicated for an ERCP
3 concern over safety
2 research staff not available
1 high grade gastric outlet obstruction:

unlikely to be able to complete ERCP
1 under age 18 years
1 endoscopic techniques contraindicated
12 investigator discretion

200 (69.2%) met eligibility criteria and underwent an ERCP
    procedure that began with the single-use duodenoscope. and 
    had case-completion and safety follow-up

160 (80.0% of 200) underwent an ERCP
    procedure by and expert endoscopist

140 (87.5%) completed 72-hour safety follow-up

152 (95%) completed 7-day safety follow-up

*If more than 1 reason was given, first reason is listed.

37 (92.5%) completed 7-day safety follow-up

37 (92.5%) completed 72-hour safety follow-up

40 (20.0% of 200) underwent an ERCP
       procedure by a less-expert endoscopist

40 not willing or able to provide informed
      written consent

289 consecutive adults aged 18 or older scheduled for ERCP were screened for eligibility to participate in
the study

Figure 1. Patient flow through the study.
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nonparticipation were unwillingness or inability to provide
informed written consent (n Z 40), age <18 years (1),
altered anatomy (21), investigator discretion (12), no
longer indicated for an ERCP (3), concern over safety (3),
high-grade gastric outlet obstruction (1), and research staff
not available (2).

Of the 200 patients (mean age, 62.6 years) who had an
ERCP, 103 (51.5%) were women and 129 (64.5%) had a
prior ERCP (Table 1). One hundred six patients (53.0%)
had a prior biliary and/or pancreatic sphincterotomy. The
most common GI diagnoses for patients scheduled for
ERCP or other duodenoscope-based procedure were eval-
uation of abnormal imaging finding (75, 37.5%), biliary
stones or gallstones (64, 32.0%), documented biliary or
pancreatic stricture (54, 27.0%), and chronic pancreatitis
(35, 17.5%). Four patients (2.0%) had a history of or cur-
rent MDRO colonization.
www.giejournal.org V
When asked if they would have chosen to use the device
to complete this case in a postmarket commercial setting
and, if so, for what reason, endoscopists selected the
following responses: multiple future ERCPs are anticipated
(17.5%, 35/200 patients), high risk of cholangitis (12.0%,
24/200), coronavirus disease 2019 (10.5%, 21/200), current
immunosuppression (10.5% (21/200), or “other” (5.5%, 11/
200). In addition, 1 endoscopist wrote in “preferred stan-
dard of care” for 23 of 42 patients he treated.

Description of ERCPs
Among the 200 study cases, 19 (9.5%) included cross-

over from the single-use to a reusable duodenoscope; of
these, 16 were reported as completed and 3 were reported
as not completed using a reusable duodenoscope. In total,
7 cases (3.5%) were reported as not completed, including
the 3 crossovers previously mentioned, 2 cases that
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TABLE 1. Patient characteristics (n [ 200)

Characteristic Value

Age, y, mean � standard
deviation (range)

62.6 � 14.0 (27.0-92.0)

Female 51.5 (103/200)

GI diagnoses (last 12 months)*

Primary sclerosing cholangitis 4.0 (8/200)

Chronic pancreatitis 17.5 (35/200)

Viral hepatitis .5 (1/200)

Hepatic or pancreatic tumor 15.5 (31/200)

Cholangiocarcinoma 7.0 (14/200)

Other GI cancer 5.0 (10/200)

Pancreatic pseudocyst 4.0 (8/200)

Bile duct stones/gallstones 32.0 (64/200)

Pancreatic stones 9.0 (18/200)

Cholangitis 13.5 (27/200)

Current immunosuppression
(disease- or pharma-
induced)

16.5 (31/200)

History of or current
multidrug-resistant
organism colonization

2.0 (4/200)

Documented biliary or
pancreatic stricture

27.0 (54/200)

Documented bacterial
infection

2.5 (5/200)

Documented viral infection
(other than hepatitis)

.0 (0/200)

Abnormal imaging finding 37.5 (75/200)

Other 23.5 (47/200)

Prior surgical/upper endoscopic
procedures

Previous ERCPs 64.5 (129/200)

Prior biliary or pancreatic
sphincterotomy

53.0 (106/200)

Prior stent placement 44.0 (88/200)

Liver transplantation 3.0 (6/200)

Other transplantation 1.5 (3/200)

Cholecystectomy 24.5 (49/200)

Sleeve gastrectomy 1.0 (2/200)

Hepatic surgery 2.0 (4/200)

Pancreatic surgery .5 (1/200)

Other 8.0 (16/200)

Current endoscopic procedure

Native papillae

Native major papilla 37.5 (75/200)

Native minor papilla 10.0 (20/200)

Native major and minor
papilla

40.0 (80/200)

TABLE 1. Continued

Characteristic Value

ASGE grade for complexity of
ERCPy,z
Grade 1 10.3 (20/195)

Grade 2 48.2 (94/195)

Grade 3 30.3 (59/195)

Grade 4 11.3 (22/195)

Values are % (n/N) unless otherwise defined.
ASGE, American Society for Gastrointestinal Endoscopy.
*Each patient had 1 or more of the listed GI diagnoses; rows are not mutually
exclusive.
yDenominator <200 because of 5 non-ERCP procedures that did not have an ASGE
grade.
zASGE grade for complexity of ERCP: grade 1, deep cannulation of duct of interest,
main papilla, sampling; grade 2, biliary stone extraction <10 mm, treat biliary leaks,
treat extrahepatic benign and malignant strictures, placed prophylactic stents; grade
3, biliary stone extraction �10 mm, minor papilla cannulation in divisum and
therapy, removal of internally migrated biliary stents, intraductal imaging/biopsy
sampling/FNA, management of acute or recurrent pancreatitis, treat pancreatic
strictures, remove pancreatic stones mobile and <5-mm, treat hilar tumors, treat
benign biliary strictures hilum and above, manage suspected Sphincter of Oddi
dysfunction (SOD) (with or without manometry); grade 4, remove internally migrated
pancreatic stents, intraductal image-guided therapy (eg, photodynamic therapy,
electrohydraulic lithotripsy), pancreatic stones impacted and/or �5-mm, intrahepatic
stones, pseudocyst drainage/necrosectomy, ampullectomy, ERCP after Whipple or
Roux-en-Y bariatric surgery.
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changed to an EUS-guided procedure, and 2 aborted
ERCPs that were rescheduled for ERCP at a later date. Diffi-
cult common bile duct cannulation was reported for 50
cases (25%). Advanced cannulation techniques performed
included double wire in 12 (6.0%), pancreatic duct plastic
stent in 11 (5.5%), precut sphincterotomy in 6 (3.0%), sep-
totomy in 2 (1.0%), and combination bronchoscopy for-
ceps and sphincterotome in 1 (.5%). Also reported were
4 cannulations of the minor papilla when using the
single-use duodenoscope and 1 each of rendezvous/
EUS-guided choledochoduodenostomy, right and left intra-
hepatic duct cannulation, removal of percutaneous trans-
hepatic biliary drain, biliary sphincterotomy to facilitate
pancreatic duct cannulation, and Soehendra screw catheter
and balloon cannulation with 5-4-3 catheter, common bile
duct cannulation after ampullectomy. In 11 cases (5.5%),
cholangioscopy (Spyglass cholangioscopy system; Boston
Scientific Corporation, Marlborough, Mass, USA) was per-
formed in conjunction with the single-use duodenoscope.

Twenty different types of maneuvers were performed
using the single-use duodenoscope, including sphincterot-
omy (biliary and pancreatic), papillectomy/ampullectomy,
cannulation (common bile duct, pancreatic duct, minor
papilla), mechanical lithotripsy, clearance of bile duct or
pancreatic duct stones, biliary or pancreatic stent place-
ment or removal, balloon dilation (of sphincter, biliary,
or pancreatic stricture), cholangioscopy, cytology brush-
ing, biopsy sampling, and other. For 189 of 200 patients
www.giejournal.org
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(94.5%), all intended maneuvers were completed using the
single-use duodenoscope only. Of 721 total maneuvers at-
tempted, 702 (97.4%) were completed using the single-use
duodenoscope.

The ERCPs included all ASGE grades of complexity:
grade 1 (least complex; 10.3%, 20/195), grade 2 (48.2%,
94/195), grade 3 (30.3%, 59/195), and grade 4 (most com-
plex; 11.3%, 22/195). Median procedure completion time
was 26.0 minutes (range, 3.0-125.0), including times �20
minutes in 69 of 195 cases (35.4%) to �60 minutes in 21
of 195 cases (10.8%). Fifty-one ERCPs (25.5%) were per-
formed with the patient in the supine position, 131
(65.5%) with the patient in the prone position, 10 (5.0%)
with the patient in the left lateral decubitus position, and
8 (4.0%) in which patient position was not reported.

Compared with cases with at least 1 prior sphincterot-
omy, cases with no prior sphincterotomy had a higher
mean number of cannulation attempts (4.0 � 4.9 vs 1.7
� 2.0, P < .001) and a lower likelihood of having high
complexity (P < .001). The baseline sphincterotomy status
did not correlate with significant differences in ERCP
completion rate (P Z .053), crossover rate (P Z .636),
ERCP completion time (P Z .970), or overall satisfaction
with the single-use duodenoscope (P Z .100).

Comparison of outcomes for expert versus less-
expert endoscopists

ERCPs completed (96.3% [154/160] vs 97.5% [39/40]),
median procedural completion time (25.0 vs 28.5, P Z
.130), mean number of cannulation attempts (2.8 vs 2.8,
PZ .954), crossover rate (11.3% vs 2.5%, PZ .131), and pro-
portion of cases with high complexity (43.6% [68/156] vs
33.4% [13/39]) were similar for expert compared with less-
expert endoscopists (Table 2). On a scale of 1 (least) to 10
(most satisfied), the median rating of overall satisfaction
with the performance of the single-use duodenoscope was
8.0 for both expert and less-expert endoscopists (PZ .840).

Comparison of outcomes by ASGE grade of
complexity

Median time of completion was significantly shorter for
cases with ASGE grade 1 or 2 compared with those with
grade 3 or 4 (19.0 vs 39.0 minutes, respectively; P <
.001), whereas mean number of cannulation attempts
(3.0 vs 2.6, P Z .401), ERCP completion rate (98.2%
[112/114] vs 96.3% [78/81], P Z .999), and crossover
rate (8.8% [10/114] vs 9.9% [8/81], P Z .806) were similar
(Table 3). The median rating of overall satisfaction with the
performance of the single-use duodenoscope was 8.0 for
both cases with ASGE grade 1 or 2 and cases with ASGE
grade 3 or 4 (P Z .550).

Performance characteristics and overall
satisfaction

Median ratings of 5 (range, 1-5) were documented for 5
of 23 ERCP maneuvers (21.7%) tested; the 18 other median
www.giejournal.org V
ratings were 4.0 (Table 4). Low performance scores for
device attributes (at least 1 rating of 1 or 2) were
documented in 6.5% of ratings (272/4189). Median
overall satisfaction with the single-use duodenoscope was
rated as 8.0 (range, 1-10).

Safety profiles
Of the 200 enrolled patients, 13 (6.5%) experienced 18

SAEs within 7 days postprocedure (Table 5). Five patients
(2.5%) experienced a bleeding event, 3 (1.5%) experienced
acute pancreatitis, 2 (1.0%) each experienced cholangitis
or epigastric/abdominal pain, and 1 (.5%) each
experienced choledocholithiasis, systemic inflammatory
response syndrome, fever, suspected pneumonia, nausea
and vomiting, or urinary tract infection. SAE rates were
similar for expert versus less-expert endoscopists (6.9%
[11/160] vs 5.0% [2/40], respectively; P Z .999; Table 2)
and for cases with ASGE grade 1 or 2 versus ASGE grade
3 or 4 levels of complexity (7.0% [8/114] vs 6.2% [5/81],
respectively; P Z .999; Table 3).
DISCUSSION

Academic endoscopists with both expert level and
less-expert level (�2000 lifetime ERCPs) procedural
experience used a new single-use duodenoscope to com-
plete scheduled ERCP cases across all 4 ASGE procedural
complexity grades. The rate of SAEs was typical of
standard ERCP practice.31 Good technical success was
achieved, with 96.5% completion of procedures
including crossovers to a reusable duodenoscope in
9.5% of cases. This was higher than the crossover rates
reported in a previous case series27 using the
premarket model (3.3%, n Z 60) and in a postmarket
randomized study32 of the single-use duodenoscope
compared with a reusable duodenoscope (4.2%, n Z
48 in single-use arm).

In an effort to address the risk of duodenoscope-related
infection, the FDA previously cleared duodenoscopes with
disposable endcap33 and elevator components.34 In
December 2019, the FDA cleared the first fully
disposable duodenoscope, commenting that the device
“represents another major step forward for improving
the safety of these devices” and that “a fully disposable
duodenoscope does not need to be reprocessed,
eliminating the risk of potential infection due to
ineffective reprocessing.”28 Although an introduction of
this innovation was helpful, the expected experience
level of users, coordination of use with reusable
duodenoscopes, and target patient population(s) for the
single-use duodenoscope have not been established. The
current study shows that ERCP completion rates, AE rates,
and user satisfaction ratings were similar for endoscopists
with varying levels of experience in academic practices.
Such findings increase the likelihood that the results are
olume 94, No. 6 : 2021 GASTROINTESTINAL ENDOSCOPY 1051
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TABLE 2. Comparison of outcomes for expert and less-expert endoscopist (n [ 200)

Outcome
Expert

(n [ 160)
Less expert
(n [ 40) P value

Procedure completed 96.3 (154/160) 97.5 (39/40) .999

Crossover rate 11.3 (18/160) 2.5 (1/40) .131

Overall satisfaction, median (n) (range) 8.0 (160) (1.0-10.0) 8.0 (40) (4.0-10.0) .840

Serious adverse event rate 6.9 (11/160) 5.0 (2/40) .999

Procedural completion time, min, median (n) (range) 25.0 (158) (3.0-124.0) 28.5 (40) (4.0-125.0) .130

No. of cannulation attempts, mean � standard deviation (n) (range) 2.8 � 4.0 (151) (1.0-21.0) 2.8 � 3.3 (36) (1.0-15.0) .954

American Society for Gastrointestinal Endoscopy complexity grade of cases* .512

Grade 1 9.0 (14/156) 15.4 (6/39)

Grade 2 47.4 (74/156) 51.3 (20/39)

Grade 3 32.1 (50/156) 23.1 (9/39)

Grade 4 11.5 (18/156) 10.3 (4/39)

Values are % (n/N) unless otherwise defined.
*Excludes 5 non-ERCP procedures that did not have an American Society for Gastrointestinal Endoscopy grade.

TABLE 3. Comparison of outcomes by American Society for Gastrointestinal Endoscopy grade of complexity (n [ 195)

Outcome
Grade 1 or 2
(n [ 114)

Grade 3 or 4
(n [ 81) P value

ERCP completed 98.2 (112/114) 96.3 (78/81) .651

Crossover rate* 8.8 (10/114) 9.9 (8/81) .806

Overall satisfaction, median (n) (range) 8.0 (114) (1.0-10.0) 8.0 (81) (1.0-10.0) .550

Serious adverse event rate 7.0 (8/114) 6.2 (5/81) .999

Procedural completion time, median (n) (range) 19.0 (112) (3.0-82.0) 39.0 (81) (11.0-125.0) <.001

No. of cannulation attempts, mean � standard deviation (n) (range) 3.0 � 4.1 (109) (1.0-20.0) 2.6 � 3.4 (78) (1.0-21.0) .401

Values are % (n/N) unless otherwise defined.
*Excludes 1 crossover case that did not have an American Society for Gastrointestinal Endoscopy grade.
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generalizable to community practices with adequate proce-
dural expertise.

Introduction of the single-use duodenoscope into
gastroenterology practice can serve an important role as
a sterile equipment reserve, allowing continued perfor-
mance of ERCPs while all available reusable devices are
in use, while reprocessing services undergo maintenance
or are off-duty, or while suspected or confirmed contami-
nated duodenoscopes are quarantined. For example, a
2015 report documented a multidrug-resistant E coli
outbreak during which the endoscope reprocessing area
was immediately closed, duodenoscopes were cultured
and quarantined for 48 hours until negative cultures
were obtained, and a full investigation was undertaken in
conjunction with the local county health authority and
the Centers for Disease Control and Prevention.18

Availability of single-use duodenoscopes would enable
continued care for urgent patients who could be seen at
a different site until an outbreak investigation is
completed.

The patient populations that could most benefit
from the routine use of the single-use duodenoscope
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are uncertain. High-risk medical conditions represented
among patients in the current study and earlier case
series27 include past or current MDRO colonization,
immunosuppression, primary sclerosing cholangitis, acute
cholangitis, recurrent pancreatitis, cholangiocarcinoma,
pancreatic cancer, malignant liver duct tumor, biliary
leak, pancreatic duct leak, and bile duct stricture.
“Multiple future ERCPs are anticipated” was the top
reason specified by the endoscopist-investigators as a
reason to choose a single-use duodenoscope. A larger,
multisite international study of the single-use duodeno-
scope is in planning and will allow better characterization
of performance of the device among different patient
groups with procedures at different ASGE levels of
complexity in different practice settings.

Our study has several strengths, limitations, and con-
siderations for study interpretation. Unlike 2 earlier
studies of this single-use duodenoscope,26,27 the current
study included investigators at both expert and less-
expert levels in academic gastroenterology practice.
Ninety-one percent of all procedures were completed us-
ing the study instrument alone for indications
www.giejournal.org
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TABLE 4. Median ratings for 23 ERCP performance characteristics of the single-use duodenoscope (n [ 200)

Performance characteristic Median rating (range)*

Ease and ability to intubate the esophagus 4.0 (1.0-5.0)

Ease and ability of traversing the stomach and pylorus 4.0 (1.0-5.0)

Inadvertent slippage out of the duodenum 4.0 (1.0-5.0)

Navigation/pushability (overall from insertion to the deepest point of advancement into duodenum) 4.0 (1.0-5.0)

Predictability of range of motion 4.0 (1.0-5.0)

Suction performance 5.0 (1.0-5.0)

Ability to select short/long position as needed 4.0 (1.0-5.0)

Ease and ability to examine luminal mucosa where necessary 4.0 (1.0-5.0)

Stability of scope during cannulation of papilla 4.0 (2.0-5.0)

Elevator function 4.0 (1.0-5.0)

Ability to selectively cannulate 4.0 (1.0-5.0)

Tip control and deflection at time of cannulation 4.0 (1.0-5.0)

Ease of controlling and maintaining position during sphincterotomy 4.0 (1.0-5.0)

Position of the device in the field of view 4.0 (2.0-5.0)

Visualization/location of important landmarks on monitor 4.0 (1.0-5.0)

Maintenance of grip on wire by elevator 5.0 (1.0-5.0)

Elevator strength and ability to pass rigid device into common bile duct or pancreatic duct 4.0 (1.0-5.0)

Torquability of scope and ability to orient tip of scope in direction of push/pull 4.0 (2.0,5.0)

Ease and ability of passing ancillary devices through the channel 5.0 (1.0-5.0)

Ease and ability of advancing ancillary devices from the channel into the papilla. 5.0 (1.0-5.0)

Ease and ability to complete all ERCP-guided tasks 4.0 (1.0-5.0)

Ease and ability of duodenoscope withdrawal 5.0 (3.0-5.0)

Image quality/appearance/brightness 4.0 (1.0-5.0)

*Rating is based on a scale from 1 to 5, with 1 being “you do not prefer the performance of the EXALT duodenoscope over that of your usual reusable duodenoscope” and 5
being “performance of the EXALT duodenoscope was comparable with your experience with the reusable duodenoscope you usually use in your practice.”

TABLE 5. SAEs that occurred by 7 days after ERCP (n [ 200)

SAE % (n/N patients)

All SAEs 6.5 (13/200)

Bleeding* 2.5 (5/200)

Acute pancreatitis 1.5 (3/200)

Cholangitis 1.0 (2/200)

Epigastric or abdominal pain 1.0 (2/200)

Choledocholithiasis .5 (1/200)

Systemic inflammatory response syndrome .5 (1/200)

Fever .5 (1/200)

Suspected pneumonia .5 (1/200)

Nausea and vomiting .5 (1/200)

Urinary tract infection (Escherichia coli) .5 (1/200)

Each patient had 1 or more of the listed SAEs; rows are not mutually exclusive.
SAE, Serious adverse event.
*Includes 1 post-ERCP bleed, 1 mucosal tear at the distal esophagus, 1 Mallory-Weiss
tear, 1 postsphincterotomy bleed, and 1 colonic diverticular bleed.
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representing all 4 ASGE grades of procedural complexity.
The consecutive case series design, with a 71% overall
recruitment rate among 5 sites, yielded a study popula-
tion with a wide age range and the full range of proce-
www.giejournal.org V
dural complexity, which should enable good
generalizability of the study results to ERCP referral pop-
ulations. Limitations include the lack of randomization
and absence of a control group in the clinical study,
which was deemed premature while endoscopists were
still familiarizing themselves with the single-use duodeno-
scope. Because the numbers of cases in each group were
small and unequal, the study findings are suggestive
rather than definitive. Statistically significant differences
between expert and less-expert endoscopists might
have been identified in a larger study. The 7-day follow-
up was appropriate to track periprocedural outcomes
but not long enough to assess delayed outcomes that
might have been associated with the intervention.
Single-use endoscopes cannot prevent endogenous infec-
tion, which is believed to be more common than
duodenoscope-related exogenous infection. Thus, the
single-use duodenoscope should be recognized as a
tool to eliminate interpatient transfer of microorganisms
but not eliminate ERCP-related infection. Finally, some in-
vestigators participated in the development of the single-
use duodenoscope26,27 and have received research
funding from the study sponsor and from
manufacturers of reusable duodenoscopes. This might
olume 94, No. 6 : 2021 GASTROINTESTINAL ENDOSCOPY 1053
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Single-use duodenoscope outcomes and endoscopist experience Slivka et al
have introduced bias in subjective measures of the
device’s performance; however, the frequency of low
ratings for some duodenoscope features suggested that
the investigators provided realistic feedback. In
conclusion, expert and less-expert endoscopists used
the first single-use duodenoscope to successfully
complete almost all scheduled ERCP cases with a range
of complexity and rated its function to be similar to reus-
able duodenoscopes.
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