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A prospective nationwide study on the impact of the level of
sedation on cannulation success and complications of endoscopic
retrograde cholangiopancreatography
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Abstract

Background Difficult or unsuccessful cannulation of the papilla of Vater is associated with
complications during endoscopic retrograde cholangiopancreatography (ERCP). The aim of
this study was to investigate whether deep sedation facilitates the cannulation and reduces the
complication rate.

Methods Nationwide data from ERCP procedures were registered prospectively in the web-based
Swedish Registry for Gallstone Surgery and ERCP (GallRiks). These data were used for a case-
control study comparing the outcomes when using propofol sedation (PS) or basic sedation (BS)
with midazolam in combination with opioids.

Results We analyzed 31,001 ERCP procedures in patients who had no previous ERCP. Of these,
14,907 were performed using PS and 16,094 using BS. The cannulation rate was higher in the PS group
than the BS group: 89.0% vs. 86.7%, P<0.0001. The procedure time was longer in the PS group than
in the BS group: 35.7 vs. 31.2 min, P<0.0001. The rate of intra-procedural complications was lower in
the PS group than in the BS group: 2.9% vs. 3.7%, P<0.0001. The total frequency of post-procedural
complications was 13.0% in the PS and 12.6% in the BS group (P=0.2607). The frequency of post-
ERCP pancreatitis (PEP) was higher in the PS group than in the BS group: 4.6% vs. 4.0%, P=0.0136.

Conclusions PS in ERCP leads to a significantly higher cannulation success rate and fewer
intra-procedural complications, but there was no significant difference in total post-ERCP
complications. The procedure time was longer, and PEP was more common in the PS group.
A plausible explanation could be that deep sedation might lead to more aggressive attempts to
cannulate the papilla, resulting in a higher risk for PEP.
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Endoscopic retrograde cholangiopancreatography (ERCP)
was introduced more than 50 years ago [1,2] and has become
increasingly common. It is currently an almost exclusively
therapeutic procedure that has progressively evolved from
its previous diagnostic role. It is now often considered to be
the method of choice when dealing with common bile duct
stones, neoplasms of the biliary tract, and management of
postoperative bile leakage. Although it is a non-surgical
procedure, it is still invasive and is associated with several
intra- and post-procedural complications, such as perforation,
bleeding, cholangitis, and post-ERCP pancreatitis (PEP) [3-6].
The complications range from mild and transient to severe and
life-threatening. Considerable variations exist in the reported
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complication rates, due to differences in the definition of
complications, study design and the heterogeneity of the
patient populations [7-11].

The risk of adverse events is strongly associated with the
success of bile duct cannulation. Factors that increase the risk of
serious complications include repeated attempts to cannulate,
prolonged time for cannulation, and non-successful cannulation
[7-13]. Thus, it is important to optimize the circumstances
under which the endoscopist can deliver atraumatic and deep
cannulation. The level of patient sedation is one such factor. A
poorly sedated patient can be aware and experience pain and
discomfort. The patient might move or breathe irregularly
during the procedure, thus making the cannulation more
difficult. The patients discomfort might also distract the
endoscopist, resulting in repeated or prolonged attempts or
failure to cannulate. Thus, we were curious as to whether the
level of sedation would influence cannulation success.

In general, 3 different levels of sedation are used when
performing ERCP: basic sedation (BS), using intravenous (i.v.)
midazolam in combination with opioids; advanced sedation,
using ani.v. infusion of propofol (PS); and general anesthesia. In
Sweden, general anesthesia is mostly used in highly specialized
centers and when treating high-risk and complicated patients.

The aims of this study were 2-fold. First, we studied whether
there was a difference in successful cannulation frequency
of the bile ducts using PS vs. BS. Second, we investigated
whether the level of sedation influenced the risk for intra- and
postprocedural complications.

Patients and methods

Study design

Data from ERCP procedures have been prospectively
registered in the Swedish Registry for Gallstone Surgery and
ERCP (GallRiks) since the registry was established on May
1, 2005 [14]. All cases of ERCP procedures registered from
January 2006 to December 2016 were collected and analyzed.
The outcomes were cannulation success, and intra- and
postprocedural complications.

Ethical consideration

Permission to conduct the study was given by the Ethics
Committee in Gothenburg (Dnr 273-15, Amendm. Dnr T559-17).

The GallRiks registry

GallRiks is a nationwide quality registry for cholecystectomy
and ERCP. It is the first registry of its kind in the world and aims
to provide continuously updated results on indications for both
gallbladder surgery and ERCP, as well as their complications
and patient satisfaction rates [14,15]. Mandatory data for ERCP
registration include patient characteristics, indication for ERCP,
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admission mode, type of patient sedation/anesthesia, and details of
the ERCP procedure (method of cannulation, cannulation success,
procedure time, diagnostic findings, and therapeutic measures).
The endoscopist registers data prospectively, immediately after
the procedure, and completes an online protocol. Outcomes and
possible complications after the ERCP procedures are collected
via a review of the patient’s medical chart after 30 days. This is
done by an appointed coordinator who registers each outcome in
an online follow-up questionnaire in the same database.

To document the coverage of the GallRiks registry, a
comparison between the data registered in GallRiks and data
found in the Swedish National Patient Register—where all
ICD diagnostic codes and surgical intervention codes are
registered—is performed annually. These comparisons regularly
show that approximately 90% of all ERCP procedures annually
performed in Sweden are registered in GallRiks [14,15]. To
further document the validity of GallRiks, an independent audit
group regularly studied the medical records and compared each
with GallRiks data in participating hospitals once every 3 years.
The results showed a complete match between the database and
corresponding medical records in 97.3% of ERCP cases [14,16].

Definition of variables registered in GallRiks

Type of sedation

o Basic sedation: ie., conscious sedation utilizing iv.
midazolam in combination with opioids.

o Advanced sedation: i.e., unconscious sedation utilizing i.v.
infusion of propofol.

Procedure time

Time elapsed from the start of endoscope introduction
until the endoscope is withdrawn.

Deep cannulation of bile ducts

Filling the bile duct with contrast using a guidewire or
catheter introduced into the duct.

Intraprocedural complications

Bleeding, extravasation of contrast, perforation or other
reasons resulting in premature interruption of the procedure.

Intraprocedural bleeding

Bleeding from the papilla needing acute treatment with
blood transfusion or operation.

Intraprocedural extravasation of contrast

Contrast leakage from the bile duct into the retroperitoneal
space.



Post-ERCP complication

Any unfavorable event registered within 30 days after the
procedure and leading to hospitalization, operation, blood
transfusion, antibiotic treatment or other measure.

PEP

The definition of PEP was in accordance with the
classification by Cotton et al [9], i.e., abdominal pain associated
with serum amylase at least 3 times the normal level at 24 h or
more after the ERCP procedure.

Non-index ERCP procedure

Any ERCP procedure registered in the registry as secondary
to another intervention will not be followed in accordance with
the 30-day control schedule; thus, it is defined as a non-index
procedure.

Selection of ERCP procedures to be included in the study

Procedures categorized as non-index ERCP and cases
that did not complete 30 days of follow up were excluded, as
were ERCP procedures with the following indications: acute
and chronic pancreatitis, primary sclerosing cholangitis,
scheduled controls, and stent dysfunction. Cases with previous
endoscopic sphincterotomy, procedures not aiming for bile duct
cannulation, procedures with missing data regarding sedation
method, and cases performed under general anesthesia were
also excluded.

Statistical analysis

Pearson s chi-square test was used to evaluate the hypotheses
of the variables in contingency tables. A P-value of <0.05 was
considered statistically significant. Univariate and multivariate
logistic regression analyses of the effects of propofol and basic
sedation on the outcome were undertaken. In the multivariate
logistic regression analyses, adjustments were made for sex,
age, American Society of Anesthesiology (ASA) class (ASA
I-IT vs. ASA >II), and indications for the ERCP. The effects of
the analyzed variables are presented as odds ratios (OR) with
95% confidence intervals (CI). All analyses were carried out
using JMP Pro 14.2.0 (64-bit) (SAS Institute Inc., Cary, North
Carolina, USA) for Windows 10 Education, version 1803
(Microsoft Corporation, USA).

Results

The registry facilitated 78,429 ERCP cases from 1st January,
2006, to 31st December, 2016. After exclusion of cases not
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eligible to participate in the analysis, we had 31,001 cases, of
which 16,094 (51.9%) underwent ERCP under BS and 14,907
(48.1%) under PS (Fig. 1).

Patient characteristics

There was a slight predominance of females in both groups
(Table 1). The ASA classification showed a significant difference,
with 70.4% of the cases in the BS group classified as ASA I-IT vs.
66.7% in the PS group (P<0.0001). There was also a small but
significant difference in age between the groups, with a mean age
in the BS group of 71.0 years, compared with 71.7 years in the PS
group (P=0.0001). Indications for the ERCP procedures differed
significantly between the 2 groups (P<0.0001) (Table 2).

Table 1 Demographics of the cohort of 30,001 patients who
underwent ERCP under basic or propofol sedation from January 2006
to December 2016

Characteristics Basic sedation Propofol P-value*
n=16,094 n=14,907
n % n %
Sex Female 8656 53.8 8187 54.9 0.0447
Male 7438 46.2 6720 45.1
ASA 1-2 11330 70.4 9944 66.7 <0.0001
Mean  SEM Mean  SEM P#
Age 71.0 0.1 71.7 0.1 0.0001

P*: Pearson chi-square test; P#: Student’s t-test

ERCP, endoscopic retrograde cholangiopancreatography; ASA, American
Society of Anesthesiology; SEM, standard error of the mean

Table 2 Indications for ERCP procedure in the cohort of 30,001
patients who underwent ERCP in basic or propofol sedation from
January 2006 to December 2016

Indications Basic sedation Propofol P-value*
n % n %
CBDS 5972 37.1 5840 392  <0.0001

Obstructive jaundice 5304 33.0 4234 284

Malignancy 2341 14.6 2225 149
Cholangitis 1453 9.0 1524  10.2
Other indications 584 3.6 574 3.9
Gallstone pancreatitis 224 1.4 324 22
prophylaxis

Susp. Post op bile 213 1.3 171 1.1
leakage

Intraop diagnostic 3 0.0 15 0.1
ERCP

P*: Pearson chi-square test

ERCP, endoscopic retrograde cholangiopancreatography; CBDS, common bile
duct stone
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ERCP 2006-2016
78,429

Non-Index procedures
5,886

Acute and chronic
pancreatitis
Primary sclerosing
cholangitis
Scheduled controls
15,601

Missing indications
1,432

ERCP
55,510

Previous sphincterotomy
8,732
Previous sphincterotomy
not stated
735

Not aiming for
the bile duct
1,092

General anesthesia
12,704
Missing data regarding
anesthesia
1,246

ERCP
31,001

Basic sedation
16,094 (51.9%)

Propofol
14,907 (48.1%)

Figure 1 Cohort selection of endoscopic retrograde
cholangiopancreatography (ERCP) procedures from the GallRiks
database

Common bile duct cannulation, procedure time, and
complications

Successful deep cannulation of the common bile duct was
frequent in both groups, but showed a significantly higher
success rate in the PS group vs. the BS group: 89.0% vs. 86.8%,
P<0.0001 (Table 3). The procedure time was longer in the PS
group than the BS group: mean 35.7 (SEM 0.1) vs. 31.2 (SEM
0.2) min (Table 3).

Intraprocedural complications were significantly more
common in the BS group than in the PS group: 3.7% vs. 2.9%,
P<0.0001 (Table 3). The rate of intra-procedural bleeding was
1.1% in BS vs. 0.6% in the PS group (P<0.0001). In contrast,
there was no significant difference between the groups in the
total frequency of postprocedural complications: 13.0% in the
PS vs. 12.6% in the BS group (P=0.2607).

PEP, however, was significantly more common in the
PS group than in the BS group: 4.6% vs. 4.0%, P=0.0136.
Postoperatively detected perforation of the gut was also more
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common in the PS group than in the BS group (0.5% vs. 0.4%,
P=0.0385).

Cannulation success, as well as intra- and postprocedural
complications, were also analyzed in uni- and multivariate
analyses after adjustment for age, sex, ASA classification and
indication for ERCP. Table 4 shows that these analyses did
not alter the outcome. The OR for successful deep bile duct
cannulation was higher, and the intraprocedural complication
rate was lower in patients in the PS group vs. the BS patients.
There was no significant difference in OR for total postprocedural
complications but both PEP (OR 1.16, 95%CI 1.04-1.29) and
perforation of the gut (OR 1.42, 95%CI 1.02-1.99) were still
more common in the PS group than in the BS group.

Discussion

Our results demonstrate that the level of patient
sedation does influence outcomes in ERCP. Successful deep
cannulation of the bile duct is more common with propofol.
This is in accordance with our theory that an unconscious
patient—still, calm, and with regular breathing movements—
makes it easier for the endoscopist to cannulate into the
deep bile duct. The specific moment of cannulation is one
of the most crucial factors influencing the risk for intra-
and postprocedural complications [7-11,17]; thus, it would
be logical to find a lower incidence of complications in the
cohort of patients sedated with propofol. The PS group
also had fewer intraprocedural complications, including
intraprocedural bleeding. This result did not change when
multivariate analyses were performed and adjusted for age,
sex, ASA classification and indication.

Importantly, our analyses did not demonstrate a lower
frequency of postprocedural complications in the PS group. No
significant differences in total postprocedural complications
were seen in the general analysis or multivariate analyses.

However, we did find a higher frequency of PEP in the
PS group. This is seemingly a paradox and could eventually
be explained if the PS group consisted of more subjects with
an enhanced risk for PEP, including younger women and
more critically ill patients with higher ASA classification. The
multivariate analysis, however, did not suggest that the PEP
risk was due to age, sex, ASA classification, or indication for
ERCP (Table 3).

The procedure time was significantly longer in the PS group.
This is also somewhat unexpected since, in theory, it should be
possible to perform the procedure in a shorter time in a deeply
sedated patient lying still and unaffected. The reason for the
longer procedure duration in the PS group is obscure, but it
might be that, in the effort to achieve successful cannulation
in difficult cases, the endoscopist is likely to continue trying
in propofol-sedated patients, which can also enhance the
risk of PEP. This could be a conceivable explanation for
the higher proportion of PEP in the PS group, although the
successful cannulation rate was higher. The higher frequency
of perforations might also be due to more aggressive attempts
to cannulate in deeply sedated patients.
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Table 3 Cannulation success, intra- and postprocedural complications detected, and ERCP procedure time among 30,001 patients undergoing
ERCP under basic sedation (n=16,094) or propofol sedation (n=14,907)

Complications Basic sedation Propofol P-value*
n=16,094 n=14,907
n % n %
Deep cannulation of bile duct 13958 86.7 13270 89.0 <0.0001
Intraprocedural complications Intraprocedural complications 588 3.7 425 2.9 <0.0001
Intraprocedural bleeding 180 1.1 94 0.6 <0.0001
Extravasation of contrast 154 1.0 144 1.0 0.9345
Complications within 30 days post- Post-ERCP complications 2030 12.6 1944 13.0 0.2607
procedure
ERCP bleeding 212 1.3 184 1.2 0.5159
Pancreatitits 649 4.0 686 4.6 0.0136
Perforation of the gut 60 0.4 79 0.5 0.0385
Cholangitis 357 27 331 27 0.9894
Mortality <30 days 1154 7.2 1033 6.9 0.4082
Basic sedation Propofol
P-value#
n=16,094 n=14,907
Mean SEM Mean SEM
ERCP procedure time (min) 31.2 0.1 35.7 0.2 <0.0001

P*: Pearson chi-square test; P#: Student’s t-test

ERCP, endoscopic retrograde cholangiopancreatography; SEM, standard error of the mean

Table 4 Intra- and postprocedural complications among 30,001 patients undergoing ERCP.Uni- and multivariate analysis of propofol sedation
(n=14,907) vs. basic sedation (n=16,094)

Complications Propofol vs. basic sedation P-value
Univariate analysis Multivariate
analysis*
OR 95%CI OR 95%CI
Deep cannulation of bile duct 1.23 1.16-1.33 1.23 1.14-1.31 <0.0001
Intraprocedural complications Intraprocedural complications 0.77 0.68-0.88 0.77 0.68-0.87 <0.0001
Intraprocedural bleeding 0.56 0.44-0.72 0.55 0.43-0.71 <0.0001
Extravasation of contrast 1.00 0.80-1.27 1.03 0.82-1.30 0.7815
Complications within 30 days post-procedure Post-ERCP complications 1.04 0.97-1.11 1.05 0.98-1.12 0.1725
ERCP bleeding 0.94 0.77-1.14 0.90 0.74-1.10 0.3163
Pancreatitis 115 1.03-1.28 1.16 1.04-1.29 0.0098
Perforation of the gut 1.42 1.02-1.99 1.42 1.02-1.99 0.0393
Cholangitis 1.00 0.86-1.16 1.01 0.87-1.17 0.9229
Mortality <30 days 0.96 0.88-1.05 0.95 0.87-1.05 0.3309

*Adjusted for age, sex, American Society of Anesthesiologists (ASA) classification and indication
Propofol vs Basic sedation, Multivariate analysis

ERCP, endoscopic retrograde cholangiopancreatography; OR, odds ratio; CI, confidence interval; SEM, standard error of the mean
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The strength of this large nationwide prospective registry study
is that it reflects the general outcomes in the treatment of this
category of patients. One possible weakness of the study is that a
registry of this size must be easy to use and administer in general
practice; thus, it is difficult to focus on certain specific parameters,
such as the number of attempts at cannulation, the number and
depth of eventual unintended pancreatic cannulations, and the
types of device used. It is not possible to record this level of detail
in a nationwide registry. Another possible weakness in the study
is the differences in ERCP indications, as seen in Table 2. It can
be argued that different indications might affect the choice of
sedation. However, it is unlikely that the indication alone would be
a significant predictor of the complexity of the ERCP procedure,
since all procedures in our study were performed in patients
who had undergone no previous ERCP attempt. Furthermore,
the database can provide no information about the endoscopist’s
expectation regarding the complexity of the procedure. In Sweden,
patients with an expected high risk for complex cannulation and
complication are mostly referred to special centers, where the
procedure is often performed under general anesthesia, and such
cases were not included in this study.

We conclude that propofol sedation in ERCP patients leads
to a higher frequency of successful cannulation of the bile duct
and a lower frequency of intraprocedural complications. The
total frequency of postprocedural complications is not affected
by the choice of sedation. However, it is possible that sedation
with propofol might lead to longer procedure times and more
aggressive attempts to cannulate the papilla; this in turn might
lead to a higher risk for PEP and perforation.

Summary Box

What is already known:

 Difficult or unsuccessful cannulation of the
papilla of Vater is associated with complications
when  performing  endoscopic  retrograde
cholangiopancreatography (ERCP)

What the new findings are:

o Propofol sedation leads to a higher frequency of
successful cannulation of the bile duct

« Propofol sedation leads to a lower frequency of
intraprocedural complication

» Propofol sedation leads to a higher frequency of
post-ERCP pancreatitis which might be due to
more aggressive attempts to cannulate in difficult
cases
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