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ABSTRACT

Background: There are limited data concerning endoscopist-
directed endoscopic retrograde cholangiopancreatography deep 
sedation. The aim of this study was to establish the safety and risk 
factors for difficult sedation in daily practice. 

Patients and methods: Hospital-based, frequency matched 
case-control study. All patients were identified from a database of 
1,008 patients between 2014 and 2015. The cases were those 
with difficult sedations. This concept was defined based on the 
combination of the receipt of high-doses of midazolam or propofol, 
poor tolerance, use of reversal agents or sedation-related adverse 
events. The presence of different factors was evaluated to determine 
whether they predicted difficult sedation. 

Results: One-hundred and eighty-nine patients (63 cases, 
126 controls) were included. Cases were classified in terms of 
high-dose requirements (n = 35, 55.56%), sedation-related adverse 
events (n = 14, 22.22%), the use of reversal agents (n = 13, 
20.63%) and agitation/discomfort (n = 8, 12.7%). Concerning 
adverse events, the total rate was 1.39%, including clinically 
relevant hypoxemia (n = 11), severe hypotension (n = 2) and 
paradoxical reactions to midazolam (n = 1). The rate of hypoxemia 
was higher in patients under propofol combined with midazolam 
than in patients with propofol alone (2.56% vs. 0.8%, p < 0.001). 
Alcohol consumption (OR: 2.674 [CI 95%: 1.098-6.515], p = 
0.030), opioid consumption (OR: 2.713 [CI 95%: 1.096-6.716], 
p = 0.031) and the consumption of other psychoactive drugs (OR: 
2.015 [CI 95%: 1.017-3.991], p = 0.045) were confirmed to be 
independent risk factors for difficult sedation. 

Conclusions: Endoscopist-directed deep sedation during 
endoscopic retrograde cholangiopancreatography is safe. The 
presence of certain factors should be assessed before the procedure 
to identify patients who are high-risk for difficult sedation. 

Key words: Endoscopic retrograde cholangiopancreatogra-
phy (ERCP). Sedation. Non-anesthesiologist administration of 
propofol (NAAP). Endoscopy. 

INTRODUCTION

Many studies have demonstrated the safety of non-anes-
thesiologist administration of propofol (NAAP) in patients 
undergoing endoscopic procedures (1,2), primarily colo-
noscopy and upper-endoscopy (3,4). Propofol-based seda-
tion has been demonstrated to be associated with rates of 
adverse events that are lower or similar to those of fen-
tanyl/midazolam in standard (5) and advanced endoscopy 
procedures (6,7). Endoscopic retrograde cholangiopan-
creatography (ERCP) sedation is usually performed in 
elderly patients who may be at a greater risk of adverse 
events related to sedation. This procedure has been shown 
to be safe during NAAP sedation (8), and rates of deep 
duct cannulation similar to those of anesthesiologist-di-
rected sedation have been achieved (9). The benefits of 
target-controlled infusion over patient-controlled seda-
tion (10) and intermittent bolus application over continu-
ous propofol infusion via an infusion pump during ERCP 
sedation have not yet been demonstrated (11).

Additionally, the tolerance and quality of the ERCP 
procedure under endoscopist-directed nurse-administered 
propofol-based sedation is unclear, especially for such 
high-risk patients. This approach may decrease the proce-
dural and recovery times and provide high-quality exam-
inations even in high-risk octogenarians (12). However, 
decreased satisfaction of patient and endoscopist during 
sedation in advanced gastrointestinal procedures compared 
with anesthesia providers has been described by other 
authors (13). Recent European guidelines (14) suggest the 
primary involvement of an anesthesiologist for American 
Society of Anesthesiologists (ASA) class ≥ III patients 
and in cases in which a long-lasting procedure is antici-
pated. However, according to the Spanish guidelines, the 
use of propofol by the endoscopy staff for ASA III patients 
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is feasible and safe in experienced endoscopy units (15). 
Moreover, the response to propofol-based deep sedation 
can vary greatly between patients with similar risk factors, 
and it may be difficult to predict the procedural tolerance 
and ERCP length in daily practice. 

Thus, there are still limited data concerning gastroenter-
ologist-administered conscious sedation in ERCP. In this 
sense, it is important to assess sedation-related adverse 
events in addition to tolerance and discomfort during the 
procedure for the endoscopist and the patient. It is crucial 
to predict preoperative risk factors for difficult endosco-
pist-directed nurse-administered sedation during ERCP. 
All of these features may lead to inadequate examinations 
and aborted procedures. The aim of this study was to eval-
uate safety and risk factors for difficult endoscopist-admin-
istered sedations in ERCP procedures in daily practice. 

PATIENTS AND METHODS

Study population and study design 

This was a hospital-based, frequency matched, case-control, 
retrospective study. All cases and controls were identified from a 
prospectively collected medical records database of 1,008 patients 
who underwent an ERCP at Hospital Universitario Lucus Augusti 
(Lugo, Spain) between January 2014 and December 2015. Cases 
were defined as patients with difficult endoscopist-directed sedations 
during ERCP. The eligibility criteria for controls included patients 
without difficult sedations during ERCP procedures from the same 
period of time and dataset. Controls were randomly selected by fre-
quency matching according to age (± within 5 years) and sex. We 
designed the study with a 1:2 matching, i.e., two control subjects for 
each case. When a patient underwent several procedures, only the 
first was considered in the analysis. Patients who underwent anes-
thesiologist-administered sedation, those under 18 years of age and 
pregnant women were excluded. Subsequently, statistical analyses 
were performed to determine preoperative risk factors for difficult 
endoscopist-directed sedation.

Definitions and procedure

Three expert ERCP endoscopists (LLR, AGR, and ALS) per-
formed all of the procedures with the patient in prone position or 
left lateral decubitus position when required. endoscopists were 
informed about basic and advanced life support and trained on 
propofol administration. No fellows in training performed the pro-
cedures, and carbon dioxide insufflation was used in all patients. The 
indication for the technique and the ASA score were considered. 
All patients provided informed consent both to undergo the ERCP 
procedure and to undergo moderate to deep sedation.

Patients received intravenous propofol as a single agent, fentan-
yl/midazolam or propofol combined with a small induction dose 
of midazolam as balanced propofol sedation (16) depending on the 
patient, the procedure characteristics and the endoscopist’s prefer-
ence. A trained nurse dedicated to NAAP administered the med-
ications via intermittent bolus application or continuous propofol 

infusion via an infusion pump upon the instruction of the endosco-
pist. Patients received supplemental oxygen, they were monitored by 
continuous pulse oximetry and electrocardiography, and automated 
non-invasive blood pressure measurements were performed before 
the procedures. Capnographic monitoring was also used in some 
cases. 

A difficult sedation/high sedation requirement was defined based 
on a definition similar to that previously described by Braunstein et 
al. [(17) as a combination of the receipt of a high dose (top 5%) of 
midazolam and/or propofol, the documentation of agitation or dis-
comfort, the use of reversal agents or the occurrence of sedation-re-
lated adverse events. We clinically defined relevant hypoxemia as 
oxygen saturation < 90% that required an airway intervention such 
as bag-valve mask ventilation and/or an increase in the oxygen flow 
rate. Minor adverse events were also defined as requiring bag-mask 
ventilation with subsequent rapid recovery and no mechanical ven-
tilation, cardiopulmonary resuscitation or death. Additionally, data 
regarding the interruption/incompletion of the ERCP procedure due 
to difficult sedation (and not due to procedure-related complications) 
were collected.

Statistical analysis

Categorical variables were compared using the chi_square test. 
Normally distributed continuous variables were analyzed with Stu-
dent’s t-tests, and non-normally distributed variables were analyzed 
with Mann-Whitney U-tests. Data were presented as mean (SD) or 
median (range). The following factors were evaluated with univari-
ate analyses to determine whether they predicted difficult sedation: 
hypertension, diabetes, coronary heart disease, chronic respiratory 
disease, current or prior tobacco and alcohol consumption, psychi-
atric history, the use of benzodiazepines, opioids or other psycho-
active drugs as home medications, inpatient/outpatient status, and 
body mass index. Multivariable logistic regression analysis was used 
to determine independent risk factors for difficult sedation using a 
backward selection method. The model was adjusted for age, sex and 
ASA score (ASA I-II and III-IV categories). 95% confidence inter-
vals (CIs) were calculated for crude and adjusted odds ratios (ORs). 
All statistical tests were two-sided, and p-values < 0.05 were consid-
ered to be statistically significant. SPSS software version 23 (IBM; 
SPSS Inc., Chicago, IL, USA) was used.

RESULTS

Patients

Of the 1,008 patients who underwent ERCP, 626 were 
under moderate to deep sedation by propofol alone (62.1%), 
304 were under fentanyl/midazolam sedation (30.16%), 
and 78 received combined propofol and fentanyl/midazol-
am (n = 78, 7.74%). One hundred and eighty-nine patients 
(63 cases and 126 controls) were included in the analysis. 
According to the American Society of Anesthesiologists, 
patients were classified as ASA I (n = 3, 1.59%), ASA II 
(n = 69, 36.51%), ASA III (n = 109, 57.67%) or ASA IV 
(n = 8, 4.23%). The median propofol dose administered 
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across all patients (n = 189) was 173 mg (range: 30-843). 
The median administered doses of propofol in case and 
control patients for whom it was used as single agent were 
367.5 mg (range: 75-873) and 157 mg (range: 30-241), 
respectively. 

Sixty-three cases (mean age: 68.86 ± 16.63 years old, 
71.43% male) underwent ERCP due to gallstone disease 
(n = 36, 57.14%), benign biliary stenosis (n = 9, 14.3%), 
malignant biliary stenosis (n = 15, 23.81%) and other indi-
cations (n = 3, 4.8%). Sedation was administered via propo-
fol alone (n = 37, 58.73%), fentanyl/midazolam (n = 14, 
22.22%) or a mix of both (n = 12, 19.05%). The patients 
were mainly classified as requiring difficult sedations due 
to high-dose requirements (n = 35, 55.56%), sedation-re-
lated adverse events (n = 14, 22.22%), the use of reversal 
agents (n = 13, 20.63%) and agitation/discomfort (n = 8, 
12.7%). Six patients were classified in several categories. 
However, procedures were aborted or not completed only 
in 14 cases (22.22%) due to adverse events (78.57%) and 
agitation/discomfort (21.43%). Two cases that presented 
with moderate hypoxemia requiring endoscope withdrawal 
were not considered as aborted because procedures were 
completed quickly with bag-valve masks after the patients 
recovered.

Thus, the total rate of sedation-related adverse events 
was 1.39% (Table I), and these events included hypoxemia 
(Sat0

2
 < 90%; n = 11, with associated severe broncho-

spasms in three cases), severe hypotension with bradycar-
dia after propofol administration (n = 2) and paradoxical 
reactions to midazolam (n = 1). No hypoxemia cases had 
high-dose sedation requirements, and the majority of the 
instances of hypoxemia occurred at the beginning of the 
procedure under propofol alone (n = 5, 45.45%), whereas 
fewer cases occurred under fentanyl or midazolam (n = 4, 
36.36%) or a combination of the two (n = 2, 18.18%). 
The rate of hypoxemia under propofol alone was low-
er than those under propofol combined with midazolam 
(0.8% vs. 2.56%, p < 0.001) and midazolam alone (0.8% 
vs. 1.32%, p < 0.001). Six cases (54.54%) required air-
way interventions, including three with Guedel airways, 
and rapid recoveries were observed in all of these cases. 

The median propofol and midazolam doses among patients 
with high-dose requirements were 376 mg (range: 330-
873) and 12.5 mg (range: 0), respectively. The majority 
of the patients who consumed alcohol required high-doses 
(n = 11, 84.62%). The body mass indices did not differ 
between patients with and without high-dose require-
ments (28.32 ± 4.56 vs. 25.61 ± 5.21 kg/m2, respectively, 
p = 0.072). There were no sedation-related deaths or major 
complications requiring mechanical ventilation via endo-
tracheal intubation. 

Among the 945 remaining patients in the database, 
126 fulfilled all of the selection criteria and formed the 
control group after frequency matching. There were no 
differences between case and control groups in terms of 
ERCP indications (p = 0.295) or ASA scores (p = 0.204).

Risk factors for difficult ERCP sedation

Patient characteristics and unadjusted differences 
between cases and age- and sex-matched controls are 
displayed in table II. Alcohol consumption (20.63% 
vs. 9.52%, p = 0.034), opioid consumption (23.81% vs. 
7.94%, p = 0.005), other psychoactive drug consumption 
(39.68% vs. 23.81%, p = 0.024) and body mass index 
(24.64 ± 5.03 vs. 29.09 ± 5.20, p < 0.001) differed sig-
nificantly between case and control groups. There were 
differences between the groups in coronary heart disease 
and chronic respiratory disease, but these differences did 
not achieve significance. Concerning alcohol consumption, 
4 and 6 case patients had malignant neoplasms and chronic 
pancreatitis, respectively, whereas only 1 and 3 controls 
presented with these diseases. Current consumption did 
not significantly differ between the cohorts (61.53% vs. 
33.33%, p = 0.081). The consumption of opioids was relat-
ed to chronic pancreatitis (n = 7), malignant neoplasms 
(n = 12) and other conditions (n = 6). Fifty per cent of 
the controls and 40% of the cases who consumed opioids 
had malignant pancreaticobiliary neoplasms. Multivariable 
analysis (Table III) revealed that the consumptions of alco-
hol, opioids and psychoactive drugs were independent risk 

Table I. Sedation-related adverse events according to the different drugs

Hypoxemia (n, % of adverse events  
in each group)

Other adverse events 
Airway intervention/interruption 

(n/n)

Propofol alone 
(n = 7/626, 1.12%)

5/626 (0.8%) 2 (0.32%)* 2/5

Fentanyl/midazolam 
(n = 5/304, 1.64%)

4/304 (1.32%) 1 (0.33%)** 2/4

Combination of both 
(n = 2/78, 2.56%)

2/78 (2.56%) - 2/2 

Total of patients 
(n = 14/1,008, 1.39%)

11/1,008 (1.09%) 3 6 (42.86%)/11 (78.57%)

*Severe hypotension with bradycardia; **Paradoxical reaction to midazolam.
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factors for difficult endoscopist-directed nurse-adminis-
tered sedation based on the crude ORs. The ORs did not 
vary significantly according to age, sex or ASA score in 
the adjusted analysis. 

DISCUSSION

In the present matched case-control study, we reported 
63 cases with difficult ERCP sedations and 126 controls 
from an ERCP referral hospital database of 1,008 proce-
dures. Endoscopist-directed nurse-administered sedation 
has been demonstrated to be safe with a global rate of 
sedation-related adverse events of 1.39%. Additionally, the 
consumptions of alcohol, opioids and other psychoactive 
drugs were demonstrated to be independent risk factors for 
difficult sedations based on an analysis that was adjusted 
for age, sex and ASA score. 

ERCP has previously been reported to be safe under 
NAAP sedation with a low rate of adverse events (18,19) 
and ERCP has also been reported to be feasible without 
intubation for the majority of healthier patients (20). How-
ever, it is important to consider all patients with difficult 

sedations from a global perspective, including cases with 
poor tolerance, the use of reversal agents and high-dose 
requirements rather than considering only those who 
experience adverse events. In this sense, the present study 
sought to analyze the rate of and risk factors for difficult 
NAAP sedation during daily practice while considering all 
potential patients in whom sedation may alter the expect-
ed ERCP results. This fact may be of great importance, 
because the majority of these cases are fragile old patients 
with multiple illnesses and repeated ERCPs or long pro-
cedures that lead to extra risks.

In a comparative meta-analysis of pooled results, Gou-
dra et al. (13) reported a hypoxemia rate of 0.133 (95% 
CI: 0.117-0.152) among NAAP advanced gastrointesti-
nal endoscopic procedures. Although hypoxemia did not 
affect the endoscopic procedures and was corrected with 
oxygen supplementation, fentanyl/midazolam associated 
with propofol in NAAP sedation during ERCP procedures 
has been reported to result in a higher rate of hypoxemia 
than propofol alone (21). In our study, we did not con-
sider transient and self-limited hypoxemia, which did not 
affect the ERCP procedures or patient management. We 
observed differences in clinically relevant hypoxemia rates 

Table II. Patient characteristics and differences in risk factors between case and matched control groups

Cases (n = 63) Controls (n = 126) p-value 

Age (mean ± SD, yr) 68.86 ± 16.63 69.35 ± 20.22 -

Sex (n, % male) 45 (71.43%) 90 (71.43%) -

Hypertension (n, %) 36 (57.14%) 80 (63.49%) 0.398

Diabetes (n, %) 14 (22.22%) 30 (23.81%) 0.808

Coronary heart disease (n, %) 18 (28.57%) 21 (16.67%) 0.057

Vascular disease (n, %) 18 (28.57%) 35 (27.77%) 0.909

Chronic respiratory disease (n, %) 19 (30.16%) 23 (18.25%) 0.063

Tabaco consumption (n, %) 28 (44.44%) 45 (35.71%) 0.245

Alcohol consumption (n, %) 13 (20.63%) 12 (9.52%) 0.034*

Psychiatric history (n, %) 24 (38.1%) 35 (27.77%) 0.159

Consumption of benzodiazepines (n, %) 30 (47.62%) 51 (40.48%) 0.350

Consumption of opioids (n, %) 15 (23.81%) 10 (7.94%) 0.005*

Consumption of other psychoactive drugs (n, %) 25 (39.68%) 30 (23.81%) 0.024*

Body mass index (mean ± SD, kg/m2) 24.64 ± 5.03 29.09 ± 5.20 < 0.001*

In-patient (n, %) 44 (69.84%) 99 (78.57%) 0.187

*Statistically significant.

Table III. Factors significantly related to difficult sedations in the multivariable logistic regression analysis

OR (CI 95%) p-value OR (CI 95%)a p-valuea

Alcohol consumption 2.674 (1.098-6,515) 0.030* 2.323 (1.078-6.678) 0.032*

Consumption of opioids 2.713 (1.096-6.716) 0.031* 2.525 (1.024-5.421) 0.038*

Consumption of other psychoactive drugs 2.015 (1.017-3.991) 0.045* 1.892 (1.251-4.529) 0.049*

*Statistically significant. aAdjusted for age, sex and ASA score. OR: Odds ratio; CI: Confidence interval. 
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between patients who received propofol alone or propofol 
combined with midazolam (0.8% vs. 2.56%, p < 0.001). 
Globally, 78.57% of hypoxemia cases required an inter-
ruption of the procedure, but all patients achieved rapid 
recoveries, and 42.86% required airway interventions. 

Interestingly, hypoxemia was not related to propofol 
dose. Therefore, patients who were classified as “difficult 
sedations” due to high-dose requirements were probably 
so classified due to long procedures, alcohol consumption 
(31.43%) or individual variability. The lack of procedure 
time data limits the interpretation of this result, but there 
were no ERCPs aborted due to this reason. Additionally, 
it would have been interesting to examine the induction 
propofol doses and not simply the total amounts because 
the latter may have been more strongly related to difficult 
sedations than long or technically challenging procedures. 
Regarding tolerance and endoscopist/patient satisfaction 
with the procedure, it was difficult to assess these features 
and their influences on the ERCPs. The state of anxiety pri-
or to an endoscopic procedure has been described as a risk 
factor for a poor tolerance even in patients without psychi-
atric histories or psychoactive drug or benzodiazepine use. 
In our retrospective study, poor tolerance was only reported 
as clinically significant in terms of endoscopist satisfaction 
in 8 cases. However, recovery times, state of anxiety and 
patient satisfaction were not noted in our series. 

Regarding factors that are potentially related to difficult 
sedation, the majority of the studies to date have performed 
qualitative analyses that considered general diseases and 
histories of drug consumption. It must be noted that patients 
who consume different numbers and quantities of drugs 
may have different risk factors and require different propo-
fol/midazolam for deep sedation. These facts can be espe-
cially relevant among patients consuming benzodiazepines 
or psychoactive drugs. Older patients are increasingly likely 
to be on low doses of psychotropic medication, and such 
low doses are probably as important in terms of required 
sedation doses as the use of high-doses or multiple psy-
chotropics. This supposition may explain why benzodiaz-
epine intake was not a statistically significant risk factor 
in the present study. In agreement with other reports (17), 
alcohol consumption (OR: 2.674 [CI 95%: 1.098-6.515], 
p = 0.030), opioid consumption (OR: 2.713 [CI 95%: 
1.096-6.716], p = 0.031) and the consumption of other 
psychoactive drugs (OR: 2.015 [CI 95%: 1.017-3.991], p 
= 0.045) were confirmed to be independent risk factors for 
endoscopist-directed difficult moderate-deep sedation in the 
multivariable analysis in our series. Body mass indices dif-
fered significantly between case and control groups (24.64 
± 5.03 vs. 29.09 ± 5.20, respectively, p < 0.001). However, 
this difference was related to the higher proportion of cases 
with chronic pancreatitis and/or alcohol consumption and, 
therefore, worse nutritional statuses. 

The main strength of the present study is the inclusion of 
a heterogeneous group of patients with different ASA risks, 
ERCP indications and types of sedation, which enabled the 

assessment of ERCP deep sedation in endoscopists’ daily 
practice. In addition to those previously mentioned, the 
limitations of the present study included the low number 
of procedures and the retrospective design. 

In conclusion, our results suggest that endoscopist- 
directed nurse-administered deep sedation during ERCP 
procedures is safe even for high-ASA risk patients based 
on the low rate of sedation-related adverse events. Addi-
tionally, the presence of certain factors should be system-
atically assessed prior to the procedure to identify patients 
who are at a high risk for difficult sedation. 
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