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GRAPHICAL ABSTRACT

Randomized trial comparing general anesthesia with monitored
anesthesia care for ERCP in average-risk pa ents (ASA ≤3)
General Anesthesia (GA)
Endoscopic Retrograde
Cholangiopancreatography
(ERCP)

Randomized

Monitoring
Seda on Related
Adverse Events
(SRAE)

Monitored Anesthesia Care (MAC)

Cardiac Arrhythmia

5 (4.7%)

Hypotension

5 (4.7%)

Hypoxia

0 (0%)

Apnea

0 (0%)

Procedure Interrup on

0 (0%)

Composite SRAE developed in
35% (34/96) in MAC versus
9% (10/107) in GA
(P<0.001)
Cardiac Arrhythmia

3 (3.1%)

Hypotension

7 (7.3%)

Hypoxia

10 (10.4%)

Apnea

2 (2.1%)

Procedure Interrup on

28 (29.2%)

Background and Aims: General anesthesia (GA) or monitored anesthesia care (MAC) is increasingly used to
perform ERCP. The deﬁnitive choice between the 2 sedative types remains to be established. This study
compared outcomes of GA with MAC in ERCP performed in patients at average risk for sedation-related adverse
events (SRAEs).
Methods: At a tertiary referral center, patients with American Society of Anesthesiologists (ASA) class III were
randomly assigned to undergo ERCP with MAC or GA. The main outcome was a composite of hypotension,
arrhythmia, hypoxia, hypercapnia, apnea, and procedural interruption or termination deﬁned as SRAEs. In addition, ERCP procedural time, success, adverse events, and endoscopist and patient satisfaction were compared.
Results: Of 204 randomized, 203 patients were evaluated for SRAEs (MAC, n Z 96; GA, n Z 107). SRAEs developed in 35% of the MAC cohort (34/96) versus 9% in the GA cohort (10/107), which was statistically signiﬁcant
(P < .001). Mean induction time for GA was signiﬁcantly longer than that for MAC (10.3  10 minutes vs 6.5
 10.8 minutes, respectively; P < .001). ERCP procedure time, recovery time, cannulation time and success,
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and procedure-related adverse events were not statistically different between the 2 sedative groups. The use of
GA improved endoscopist and patient satisfaction (P < .001).
Conclusion: GA is safe with fewer SRAEs than MAC in patients with ASA scores III undergoing ERCP. Apart
from prolonging induction time, use of GA does not change the procedural success or ERCP-related adverse
events and offers greater endoscopist and patient satisfaction. Hence, GA is a consideration in patients undergoing ERCP in this population group. (Clinical trial registration number: NCT04099693.) (Gastrointest Endosc
2022;96:983-90.)

(footnotes appear on last page of article)

ERCP is a complex endoscopic procedure with serious
potential adverse events including mortality.1 There has
been a gradual increase in the number of ERCPs performed
with more therapeutic interventions possible.2 Sedation
ensures an efﬁcient, successful, and comfortable procedure.3
Nevertheless, adverse events from sedation are the most
common ERCP-related events.1
Although sedation is routinely used for ERCP, practices
vary internationally and include endoscopist-directed sedation and anesthesiologist-assisted anesthesia. Furthermore,
the practice of anesthesiologist-assisted anesthesia is divergent and differs between monitored anesthesia care (MAC)
performed without endotracheal intubation and general
anesthesia (GA). MAC is emerging as a preferred choice
and is endorsed as an option for sedation in ERCP.3-5
Because of questions on the safety of deep sedation,
many anesthesia personnel prefer GA.6,7 Few studies
nonetheless have compared sedation-related adverse
events (SRAEs) of MAC with GA for ERCP. The outcomes
of observational studies are mixed, with 2 studies documenting higher cardiopulmonary events with GA use and
1 reporting it more frequently with MAC use.8-10 The
only randomized study on this topic was performed in patients at high risk for sedation and concluded that GA was
associated with signiﬁcantly fewer SRAEs and did not
compromise ERCP procedure time or success rate when
compared with MAC.11
Whether MAC or GA is better for ERCP in patients at
average risk for sedation is unexplored. Hence, this study
aimed to conduct a randomized trial comparing the safety
and efﬁcacy of MAC with GA in patients at average risk for
sedation undergoing ERCP.

the Accreditation of Human Research Protection Program, and was registered at ClinicalTrials.gov (identiﬁer:
NCT04099693).
All consecutive patients undergoing ERCP age >18 years
with American Society of Anesthesiologists (ASA) class III
were eligible for the study. Patients who needed emergency ERCP, were ASA class IV, had surgically altered upper GI anatomy, were pregnant, were suspected to have
difﬁcult intubation as assessed by an anesthesiologist
based on the Mallampati score, were allergic to any anesthetic medication used in the study for sedation, or were
unable to give or obtain consent were excluded.

Study design
After providing informed consent, patients were randomized on a 1:1 basis to MAC or GA. Concealed allocation
was achieved using a sealed, numbered envelope that was
opened in the procedure room by the endoscopy nurse
who informed the study team (anesthesiologist and endoscopist) regarding the assignment.

Anesthesia and ERCP procedure

This study was performed in King Abdullah Medical
City, Makkah, Kingdom of Saudi Arabia, a tertiary referral
center for ERCP. Ethical approval was obtained from
King Abdullah Medical City, Makkah Institutional Review
Board, which has been accredited by the Association for

Board-certiﬁed anesthesiologists with extensive experience in endoscopic sedation administered the sedation.
All participants were monitored by continuous pulse oximetry, electrocardiography, capnography, and automated
sphygmomanometer every 5 minutes. Supplemental oxygen was given before sedation. For MAC, a bolus of propofol (.5-1 mg/kg) was administered followed by continuous
infusion with variable doses depending on the patient’s
age, weight, and clinical condition to ensure a steady level
of sedation. GA was administered using cisatracurium (.15
mg/kg) as a muscle relaxant and propofol (1.5-2 mg/kg) for
induction. The depth of anesthesia was maintained using
an inhalational anesthetic, sevoﬂurane, with a 50% mix of
nitrous oxide and oxygen. In addition, the anesthetist
used fentanyl (1-2 mg/kg) and other sedative drugs at their
discretion.
Board-certiﬁed advanced endoscopists who had
completed more than 500 bile duct cannulations performed all ERCP procedures. The procedures were done
with the patient in a prone position using a therapeutic
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duodenoscope. All patients irrespective of the type of sedation (GA or MAC) were transferred after the procedure to
the endoscopy recovery area where the monitoring
continued under the supervision of the anesthesiologist
until assessed according to the Aldrete score12 that they
were ﬁt for discharge.

Deﬁnitions and outcomes
The primary outcome was the proportion of patients in
the 2 groups who developed the composite SRAEs deﬁned
as follows: hypotension, when systolic blood pressure dropped below 25% of the baseline measurement requiring
vasopressor drugs; cardiac arrhythmia, deﬁned as bradycardia (drop in heart rate <50 beats/min) or tachycardia
(rise in heart rate >120 beats/min) requiring treatment; hypoxia, when oxygen saturation fell below 90% for any period
of time; hypercapnia, when expiratory carbon dioxide
increased by more than 25% from the baseline; apnea,
when respiratory activity ceased for 10 seconds via capnography; and any interruption or termination of the
ERCP procedure because of sedation. ERCP procedure
interruption was further deﬁned as any request by the anesthesiologist to pause the procedure to correct SRAEs,
including any maneuvers to secure the airway. ERCP procedure termination was further deﬁned as abandonment
or deferment of the procedure because of SRAEs and/or retained gastric contents. Apart from the nasal airway, use of
any airway manipulation as deemed necessary by the anesthesiologist to secure the airway was deﬁned as an airway
maneuver, including oral airway, chin lift, jaw thrust, bag
and mask, and endotracheal intubation.
Secondary outcomes were sedation induction time
(time from start of sedation until intubation of duodenoscope), procedure time (time from duodenoscope intubation until duodenoscope withdrawal), recovery time (time
from scope withdrawal until recovery to a healthy state
scoring 10 on the Aldrete system),12 incidence of
successful ERCP (technical success of achieving deep
cannulation of the ducts of interest in patients with
native papillae),13 and incidence of ERCP-related adverse
events (bleeding, perforation, and pancreatitis). In addition, satisfaction with the type of sedation was assessed using a 10-point visual analog scale14 (Supplementary Fig. 1,
available online at www.giejournal.org), with 1 representing
the worst experience and 10 the best experience with
sedation. Both the endoscopist who performed the
procedure and the patient who underwent the procedure
recorded their experience with sedation by placing an “X”
on this scale at the time when the patient was ready for
discharge. To avoid further biases, the anesthesiologist was
excluded from this assessment.

Outcome of GA or MAC in ERCP for average-risk patients

data are presented as mean  standard deviation or as median and interquartile range and were compared between
the 2 groups using the Student t test or the MannWhitney test, depending on their distribution type. A 2sided alpha was set at .05 for all hypothesis tests. Multivariate logistic regression analysis was done to look for predictors of adverse events associated with sedation. After
randomization, only 1 patient in the MAC arm did not
receive the intervention and was excluded from the analysis. All patients randomized to the GA arm completed
the study and were included in the ﬁnal analysis. The analysis was thus performed per-protocol.
Previous prospective studies showed that SRAEs occurred
in 24.8% of patients who had ERCP with sedation administered by an anesthesiologist.8 To detect a reduction from
this rate to 10% in the GA group with a 2-tailed alpha of .05
and beta of .20 using the c2 test, a total number needed
was calculated to be 204.

RESULTS
Participants enrolled and assigned
Among 238 eligible patients, 204 provided informed
consent and were randomized to GA (n Z 107) or MAC
(n Z 97). One participant in the MAC group was removed
from study because of the development of arrhythmia after
randomization and before administration of any sedation;
the remaining 203 patients completed the study and
were included in the ﬁnal analysis (Fig. 1). Mean patient age
was 50.3  19.3 year, and 53% were women (107/203). As
shown in Table 1, there was no signiﬁcant difference in
demographics, comorbidities, and indications for ERCP
between the 2 randomized groups.

Sedation-related adverse outcomes

Data were analyzed using SPSS version 26.0 (IBM Corp,
Armonk, NY, USA). Categorical data are presented as percentages and were compared using the c2 test. Continuous

The primary outcome of combined SRAEs in MAC (34/96
[35%]) was signiﬁcantly higher compared with GA (10/107
[9%], P < .001). Forty-four patients experienced SRAEs, 34
in the MAC arm and 10 in the GA arm. The 34 patients in
the MAC group had 50 SRAEs, with some patients experiencing more than 1 SRAE. Most MAC-related adverse events
(28/50 [56%]) resulted in ERCP procedure interruptions
(Table 2). All procedure interruptions were primarily
because of airway manipulation; 2 were because of
signiﬁcant apnea requiring endotracheal intubation that
led to the conversion of MAC to GA. Thirty-eight other forms
of airway manipulations were carried out on the remaining
26 patients, with some requiring more than 1 maneuver to
secure the airway (Table 3). Ten patients experienced
hypoxia, with 9 requiring an additional airway manipulation
(Table 2). None of the ERCP procedures was terminated in
either group, and none was interrupted in the GA group.
Two of 96 patients (2%) in the MAC group were converted
to GA because of intractable apnea. Analysis by the speciﬁc
type of event revealed more episodes of hypoxia (MAC vs
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) ﬂow diagram. MAC, Monitored anesthesia care; GA, general anesthesia.

GA: 10 [10.4%] vs 0; P Z .001) but no signiﬁcant differences in
the other SRAEs of cardiac arrhythmia, hypotension, and
apnea.

Predictors of SRAEs

Mean patient satisfaction with GA was greater and significantly higher than with MAC (9.6  .8 vs 9  1.1, respectively; P < .001). Similarly, mean endoscopist satisfaction
with GA was signiﬁcantly higher than with MAC (9.6 
1.2 vs 8.6  1.7, respectively; P < .001) (Table 4).

To discern variables associated with SRAEs, a univariate analysis was performed. However, none of the variables, including
gender, age, ASA, body mass index, comorbidity, Mallampati
score, procedure indication, procedure time, or use of fentanyl, was signiﬁcantly associated with SRAEs (Supplementary
Table 1, available online at www.giejournal.org). In addition,
we looked exclusively at cardiorespiratory adverse events
related to sedation (cardiac arrhythmia, hypotension,
hypoxia, and apnea), excluding procedures interruptions, to
identify any association with these events. Furthermore,
none of the variables discussed above was associated with
cardiorespiratory adverse events (Supplementary Table 2,
available online at www.giejournal.org).
On multivariate logistic regression using the abovementioned variables with SRAEs as an outcome, procedure
time was signiﬁcantly associated with SRAEs (odds ratio,
1.016; P Z .026) (Supplementary Table 3, available
online at www.giejournal.org). After removing procedure
interruptions and focusing only on cardiorespiratory events,
procedure time was no longer signiﬁcant on the
multivariate model (Supplementary Table 4, available
online at www.giejournal.org).
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Sedation and ERCP procedural efﬁciency
Sedation induction time was signiﬁcantly longer in
the GA group (P < .001). However, ERCP procedure
time and recovery time postprocedure were similar in
both groups (Table 4). In 149 patients who had a
native papilla, successful bile duct cannulation (99% vs
97%) was no different between the groups, and there
was no signiﬁcant difference in time to bile duct
cannulation. Two ERCP procedure-related bleeding
events and 1 perforation in the MAC group occurred.
No procedure-related adverse events were recorded in
the GA group.

Patient and endoscopist satisfaction
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TABLE 1. Baseline characteristics
Monitored anesthesia care (n [ 96)

General anesthesia (n [ 107)

P value

Male

46 (47.9)

50 (46.7)

.866

Female

50 (52.1)

57 (53.3)

18-35 y

30 (31.3)

30 (28)

36-50 y

17 (17.7)

24 (22.4)

51-65 y

29 (30.2)

29 (27.1)

>65 y

20 (20.8)

24 (22.4)

Variable
Gender

Age

.810

American Society of Anesthesiologists class

.823

I

36 (37.5)

II

40 (41.7)

43 (40.2)
40 (37.4)

III

20 (20.8)

24 (22.4)

25-34 kg/m2

78 (81.3)

89 (83.2)

35 kg/m2

18 (18.8)

18 (16.8)

Diabetes mellitus

18 (18.8)

19 (17.8)

Hypertension

17 (17.7)

22 (20.6)

.607

Cerebrovascular accident

2 (2.1)

1 (.9)

.498

Ischemic heart disease

3 (3.1)

6 (5.6)

.391

Chronic kidney disease

1 (1)

1 (.9)

.939

Class 1

9 (9.4)

11 (10.3)

Class 2

81 (84.4)

90 (84.1)

Class 3

6 (6.3)

6 (5.6)

Body mass index

.720

Comorbidities

Mallampati score*

.855

.962

Mouth opening

.290

<3 cm

1 (1)

0 (0)

3 cm

95 (99)

107 (100)

<6 cm

1 (1)

1 (.9)

6 cm

95 (99)

106 (99.1)

Choledocholithiasis

63 (65.6)

61 (57)

.209

Biliary stricture

Thromental distance

.939

Procedure indication

22 (22.9)

16 (15)

.187

Biliary pancreatitis

8 (8.3)

5 (4.7)

.288

Bile leak

3 (3.1)

6 (5.6)

.391

74

75

.260

No. of patients with native papillae

Values are n (%).
*Mallampati score is based on visual assessment of the space available for direct laryngoscopy to predict difficulty of endotracheal intubation. Class 1: soft palate, uvula and
pillars visible; class 2: soft palate and uvula visible; class 3: only soft palate and base of uvula visible; class 4: only hard palate visible.

DISCUSSION
This randomized study shows that GA for ERCP in patients at average risk for sedation is associated with
signiﬁcantly fewer overall SRAEs compared with MAC
(9% vs 35%, respectively; P < .001). Most SRAEs were

because of ERCP procedure interruptions triggered by
airway maneuvers to ensure a secure airway. However,
this was achieved at a signiﬁcantly longer sedation induction time for GA of 10.3  10 minutes compared with
MAC at 6.5  10.8 minutes (P < .001). Other secondary
parameters like ERCP procedural time, bile duct
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TABLE 2. Sedation-related adverse outcomes
Monitored anesthesia care (n [ 34*)

General anesthesia (n [ 10)

P value

Cardiac arrhythmia

3 (3.1)

5 (4.7)

.571

Hypotension

7 (7.3)

5 (4.7)

.430

Sedation-related adverse event

Hypoxia

10 (10.4)

0 (0)

.001

2 (2.1)

0 (0)

.133

Procedure interruption

28 (29.2)

0 (0)

<.001

Procedure termination

0 (0)

0 (0)

Apnea

Values are n (%).
*Patients had >1 sedation-related adverse event: 9 had hypoxia and procedure interruption, 2 had hypotension and procedure interruption, 2 had apnea and procedure
interruption, and 3 had arrhythmia and airway manipulation.

TABLE 3. Events leading to ERCP procedure interruptions
Airway manipulation

Monitored anesthesia care (n [ 28*)

General anesthesia (n [ 0)

P value
.003

Oral airway

7 (7.3)

0 (0)

20 (20.8)

0 (0)

.000

8 (8.3)

0 (0)

.006

Bag mask

3 (3.1)

0 (0)

.175

Endotracheal intubation

2 (2.1)

Chin lift
Jaw thrust

Values are n (%).
*Patients had >1 airway manipulation: 3 had oral airway and chin lift; 3 had chin lift and jaw thrust; and 2 had oral airway, chin lift, jaw thrust, and bag mask.

TABLE 4. Sedation and ERCP procedural efficiency and sedation satisfaction
Monitored anesthesia care (n [ 96)

General anesthesia (n [ 107)

Mean  SD

6.5  10.8

10.3  10

Median (IQR)

5 (2-6)

8 (4-15)

Mean  SD

31.3  17.8

38  35

Median (IQR)

27 (17-45)

29 (20-50)

Variable

<.001

Sedation induction time, min

Procedure time, min

.265

Recovery time, min

.136

Mean  SD

25.2  15.8

30  23

Median (IQR)

22.5 (14.2-30)

25 (16.7-33.2)

Mean  SD

5.9  6.2

4.9  5.3

Median (IQR)

3 (2-8)

3 (2-5)

73/74 (98.6)

73/75 (97.3)

Time to duct cannulation, min

Successful cannulation (n Z 149), n/N (%)

P value

.165

.568

ERCP-related adverse events, n (%)
Bleeding

2 (2.1)

0 (0)

.314

1 (1)

0 (0)

.568

Mean  SD

9  1.1

9.6  .8

Median (IQR)

9 (8-10)

10 (9-10)

Mean  SD

8.6  1.7

9.6  1.2

Median (IQR)

9 (8-10)

10 (9-10)

Perforation

<.001

Patient satisfaction score

<.001

Physician satisfaction score

SD, Standard deviation; IQR, interquartile range.
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cannulation time, cannulation success rate, recovery
time, and ERCP-related adverse events were not markedly different between the sedative groups. Procedure
time was an independent predictor of composite SRAEs
only and not of cardiorespiratory adverse events. The association of procedure duration and SRAEs is intricate.
Procedure complexity, cannulation difﬁculty, and type
of therapeutic interventions lengthen the ERCP procedure,
potentially aggravating adverse events.15 Conversely,
adverse events may prolong procedure duration, hence
making it difﬁcult to establish a causality relationship with
certainty.
The only other randomized study that compared GA
with MAC for ERCP was conducted in patients who were
at high risk for sedation with ASA class IV.11 The
results were similar to our study with signiﬁcantly higher
SRAEs in the MAC group that were primarily because of
a high number of airway maneuvers carried out in these
patients. In keeping with high-risk patients, the reported
SRAEs and conversion rate to endotracheal intubation in
the MAC group was much higher, 52% and 10%, compared
with our study of 35% and 2%, respectively. Fortunately,
for the most part these hypoxic adverse events were minor and could be corrected by simple airway maneuvers.
Nevertheless, 2 patients did require urgent intubation,
and the study was not powered to demonstrate
end-organ effects of hypoxia or adverse events related to
airway management. MAC resulted in 45% of patients
having airway maneuvers in that study,11 whereas only
29% needed airway maneuvers in our study. The main
difference regarded procedure time, which was not
different between the sedative groups, in contrast to our
study where sedation induction time was markedly
prolonged for GA. Substantiating the issue of prolonged
induction time, a prospective study from a tertiary referral
center evaluated endoscopy unit efﬁciency metrics and
concluded ERCP with GA markedly prolonged the
metrics of anesthesia induction time.16 The efﬁciency
of endoscopy units varies between units depending on
volume, throughput, anesthesiologist experience, unit
design with the ﬂow of patients, and the way the
metrics are measured.16,17
Three prospective, comparative, nonrandomized
studies looked at the outcome of deep sedation and GA
including SRAEs with more than 90% of the patient population included recording ASA class III.8,9,18 Two studies
that used MAC reported higher SRAEs with GA, whereas
the third study that used endoscopist-directed sedation
showed no notable difference between sedative types.
The conversion rate from deep sedation to GA varied
from 3% to 3.7%. One study that reported on endoscopist
satisfaction noted no difference between the type of sedation used, and another evaluated room utilization to be
considerably shorter with moderate sedation (50.8 vs
54.5 minutes with GA, P Z .01).8,18 A multicenter
retrospective study reported a signiﬁcantly high rate of

SRAEs in MAC (6%) compared with GA (.4%, P < .001),
with 1% of cases in MAC requiring conversion to GA.10
These studies are heterogeneous in design and patient
population, making comparison difﬁcult. The results are
dissimilar to our study in that patients were not
randomized and the studies were not designed to
directly compare MAC with GA. The choice of sedative
was at the discretion of the anesthesiologists or
endoscopists, leading to higher-risk patients and difﬁcult
procedures performed with GA.
The need to achieve deep cannulation of the bile duct
indirectly leads to deeper sedation requirements.19 In
addition, a systematic review and meta-analysis concluded
that placing patients in the prone position results in a better technical success rate and shorter procedure duration
at the cost of higher cardiopulmonary events.20
The main limitation to our study is the adoption of procedure interruptions as SRAEs. This is not a novel criterion
and has been endorsed in other similar studies,8,11
although the deﬁnition of procedure interruption varied.
One of the predominant reasons for sedation is to
ensure smooth and uninterrupted endoscopic procedures.
Most of our patients who had procedure interruptions
had more than 1 airway maneuver. Most cardiorespiratory
adverse events that occurred in our patients also led to
airway maneuvers. Multiple airway maneuvers do signify the
seriousness of inadequate airway protection. Furthermore,
the use of airway maneuvers was not standardized, and
hence some anesthesiologists may have performed more
maneuvers than others. Our study primarily focused on
sedation-related patient safety and not on ERCP-related
adverse events because of the need to include an
extremely high number of participants to study the fortunately infrequent events. In addition, we did not
followup with patients to look for delayed SRAEs like aspiration pneumonia. Thereafter, we did not look at the grade
of ERCP complexity. ERCPs that are of minor complexity
may be easier to perform and require shorter procedure
durations with a lesser impact on SRAEs compared with
higher-grade procedures.21 In addition, being a singlecenter study, having dedicated anesthesiologists, monitoring patients in the same endoscopy recovery area after
GA, and the cost of GA may determine its use and may inﬂuence the efﬁciency of sedation. Hence, our results may
not apply to all endoscopy units. Nonetheless, an annual
increase over the years of endoscopy sedation being provided by anesthesiologists is a growing trend.22 Finally,
randomization and blinding of anesthesiologists and
endoscopists were not done because of practical reasons,
which may introduce performance bias.
In conclusion, GA for ERCP is safer primarily because of
high rates of airway maneuvers in MAC with better endoscopist and patient satisfaction, but this comes at the
expense of prolonged induction time in patients with
ASA class III. However, the absolute numeric differences
both for patient and endoscopist satisfaction were modest.
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Procedural success, procedure time, and ERCP-related
adverse events were comparable with MAC. Hence, GA
for ERCP is a reasonable choice in average-risk patients
in tertiary referral endoscopy units to reduce hypoxia and
the need for intraprocedural airway maneuvers. Further
studies with a larger sample size focusing on procedural
time, ERCP-related adverse events, and cost-effectiveness
are warranted to ascertain routine use of GA in averagerisk patients.
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Outcome of GA or MAC in ERCP for average-risk patients

SUPPLEMENTARY TABLE 1. Univariate analysis assessing predictors
of sedation-related adverse events
No sedationSedationrelated adverse
related
event
adverse event
(n [ 44)
(n [ 159)
P value

Supplementary Figure 1. Visual analog scale.
Variable
Gender

.948

Male

21 (47.7)

75 (47.2)

Female

23 (52.3)

84 (52.8)

12 (27.3)

48 (30.2)

Age

.613

18-35 y
36-50 y

11 (25)

30 (18.9)

51-65 y

14 (31.8)

44 (27.7)

>65 y

7 (15.9)

37 (23.3)

American Society of
Anesthesiologists class

.753

I

15 (34.1)

64 (40.3)

II

19 (43.2)

61 (38.4)

III

10 (22.7)

34 (21.4)

Body mass index

.930

25-34 kg/m

36 (81.8)

131 (82.4)

35 kg/m2

8 (18.2)

28 (17.6)

Diabetes mellitus

5 (11.4)

32 (20.1)

.183

Hypertension

6 (13.6)

33 (20.8)

.289

Cerebrovascular
accident

1 (2.3)

2 (1.3)

.621

Ischemic heart disease

1 (2.3)

8 (5)

.431

Chronic kidney
disease

1 (2.3)

1 (.6)

.329

2

Comorbidities

Mallampati score

.223

Class 1

4 (9.1)

16 (10.1)

Class 2

35 (79.5)

136 (85.5)

Class 3

5 (11.4)

7 (4.4)

Choledocholithiasis

28 (63.6%

96 (60.4)

Biliary stricture

8 (18.2%

30 (18.9)

.799

1 (2.3)

12 (7.5)

.206

0 (0)

9 (5.7)

Procedure indication

Pancreatitis
Bile leak
Procedure time, min

.106
.401

Mean  standard
deviation

41.8  47.6

32.9  19.8

Median (interquartile
range)

30 (17.5-50)

27 (20-45)

43 (97.7)

152 (95.6)

Fentanyl use

.695

.453

Values are n (%) unless otherwise defined.
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SUPPLEMENTARY TABLE 2. Univariate analysis assessing predictors of
sedation-related cardiorespiratory events

Variable

No
Cardiorespiratory cardiorespiratory
P
(n [ 29)
(n [ 174)
value

Gender

.491

SUPPLEMENTARY TABLE 3. Independent predictors for overall
adverse events
Odds ratio (95%
confidence interval)

P
value

Age

.995 (.971-1.021)

.722

Gender

1.125 (.514-2.464)

.768

Variable

Male

12 (41.4)

84 (48.3)

Mallampati score

2.081 (.666-6.501)

.207

Female

17 (58.6)

90 (51.7)

American Society of
Anesthesiologists class

1.185 (.650-2.160)

.581

Age

.892

18-35 y

8 (27.6)

52 (29.9)

Body mass index

1.016 (.995-1.038)

.137

36-50 y

5 (17.2)

36 (20.7)

Diabetes mellitus

.524 (.143-1.920)

.329

51-65 y

10 (34.5)

48 (27.6)

Hypertension

>65 y

6 (20.7)

38 (21.8)

Procedure time

American Society of
Anesthesiologists
class
I
II
III

.803

.606 (.162-2.260)

.456

1.017 (1.002-1.033)

.026

.992 (.440-2.239)

.985

Biliary stricture

.560 (.199-1.574)

.271

Pancreatitis

.168 (.020-1.454)

.105

Bile leak

.000 (.000-.000)

.999

Fentanyl used

5.028 (.485-52.097)

.176

Procedure indications
Choledocholithiasis

10 (34.5)
13 (44.8)
6 (20.7)

69 (39.7)
67 (38.5)
38 (21.8)

Body mass index

.653

25-34 kg/m2

23 (79.3)

144 (82.8)

35 kg/m2

6 (20.7)

30 (17.2)

Diabetes mellitus

2 (6.9)

35 (20.1)

.088

Hypertension

6 (20.7)

33 (19)

.827

Cerebrovascular
accident

0 (0)

3 (1.7)

.476

Ischemic heart
disease

1 (3.4)

8 (4.6)

.781

Chronic kidney
disease

1 (3.4)

1 (.6)

.147

Mallampati score

.280

Comorbidities
SUPPLEMENTARY TABLE 4. Independent predictors for overall
cardiorespiratory

Variable
Age
Gender

Mallampati score

.528

American Society of
Anesthesiologists class

.941 (.474-1.871)

.863

1.019 (.995-1.044)

.128

1 (3.4)

19 (10.9)

Body mass index

146 (83.9)

Diabetes mellitus

Class 3

3 (10.3)

9 (5.2)

Choledocholithiasis

18 (62.1)

106 (60.9)

.906

Biliary stricture

5 (17.2)

33 (19)

.826

Choledocholithiasis

Pancreatitis

1 (3.4)

12 (6.9)

.483

0 (0)

9 (5.2)

.210

44.3  56.8

33.2  19.9

.673

30 (18-50)

28 (19.7-45)

28 (96.6)

167 (96)

Mean  standard
deviation
Median
(interquartile
range)
Fentanyl use

.973

.085

25 (86.2)

Procedure time, min

1.000 (.973-1.027)
.751 (.308-1.828)

Class 2

Bile leak

P
value

3.180 (.854-11.841)

Class 1

Procedure indication

Odds ratio (95%
confidence interval)

.173 (.028-1.069)

.059

Hypertension

2.369 (.553-10.152)

.245

Procedure time

1.011 (.996-1.026)

.168

1.036 (.413-2.596)

.940

Biliary stricture

.689 (.207-2.296)

.544

Pancreatitis

.320 (.035-2.969)

.316

Procedure indications

Bile leak

.000 (.000-.000)

.999

Fentanyl used

2.308 (.238-22.429)

.471

.563

Values are n (%) unless otherwise defined.
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