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Abstract
Sedation and analgesia comprise an important element 
of unpleasant and often prolonged endoscopic retro
grade cholangiopacreatography (ERCP), contributing, 
however, to better patient tolerance and compliance 
and to the reduction of injuries during the procedure 
due to inappropriate cooperation. Although most of 
the studies used a moderate level of sedation, the lite
rature has revealed the superiority of deep sedation 
and general anesthesia in performing ERCP. The anes
thesiologist’s presence is mandatory in these cases. A 
moderate sedation level for ERCP seems to be adequate 
for octogenarians. The sedative agent of choice for 
sedation in ERCP seems to be propofol due to its fast 
distribution and fast elimination time without a cumu
lative effect after infusion, resulting in shorter recovery 
time. Its therapeutic spectrum, however, is much nar
rower and therefore careful monitoring is much more 
demanding in order to differentiate between moderate, 
deep sedation and general anesthesia. Apart from con
ventional monitoring, capnography and Bispectral index 
or Narcotrend monitoring of the level of sedation seem 
to be useful in titrating sedatives in ERCP. 
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INTRODUCTION
Sedation and analgesia comprise an important element 
of  endoscopic procedures. They reduce pain, discomfort 
and stress in patients undergoing unpleasant and pro
longed procedures such as endoscopic retrograde cholan
giopacreatography (ERCP) and contribute to better pa
tient tolerance and compliance[1]. Moreover, they reduce 
the danger of  injuries during ERCP due to inappropriate 
cooperation and facilitate the endoscopist’s task[2].

According to the american society of  anesthesiologists 
(ASA)[3] (Table 1), sedation is defined as a continum of  
progressive impairment in consciousness ranging from 
minimal to moderate, deep sedation and general anes 
thesia. This continuum indicates the concept that patients 
can move in a fluid manner between the states of  seda
tion[3]. Furthermore, moving from a state of  conscious 
ness to deep sedation is a doserelated continuum that 
depends on patient response and, consequently, the state 
originally intended might not be the one ultimately achi
eved[46]. This is due to a wide variability in the pharmaco
kinetics and pharmacodynamics of  sedative drugs. Thus, a 
standard dose of  sedatives may produce undersedation in 
some patients and oversedation in others[4]. 
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Minimal sedation (anxiolysis) signifies a druginduced 
state at which patients respond normally to verbal com
mands. Although cognitive function and coordination 
may be impaired, ventilatory and cardiovascular functions 
are unaffected. At a moderate level of  sedation (conscious 
sedation), the patient is able to respond purposefully to 
verbal commands or tactile stimulation. At this level of  
sedation, spontaneous ventilation is adequate and no 
interventions are required to maintain a patent airway. 
Cardiovascular function is usually maintained. At a deep 
sedation level, the patient responds only to repeated or 
painful stimuli but keeps intact spontaneous respiration 
and protective reflexes. Spontaneous ventilation may be 
inadequate and the patient may require assistance to main
tain a patent airway. Cardiovascular function is usually 
maintained but may be compromised. The level of  care 
for patients on deep sedation must be the same as general 
anesthesia[3]. Non responding patient to painful stimuli 
and loss of  protective airway reflexes characterizes general 
anesthesia. Cardiovascular function may be impaired.

Since the first report[7] of  the cannulation of  major 
papilla endoscopically in 1968, ERCP has evolved from 
being a simple diagnostic procedure to becoming a thera
peutic one of  increasing duration and complexity, requir
ing a high degree of  patient cooperation. Reports[8] have 
underlined that those complications such as duodenal 
perforation and pancreatitis result as a consequence of  
poor patient cooperation manifested by restlessness and 
anxiety during the procedure. Moreover, the spectrum of  
therapeutic applications of  ERCP continues to expand, 
enabling treatment of  more complex pancreatobiliary 
disease. The requirement for open surgical and percu
taneous techniques has diminished and almost all biliary 
diseases are now amenable to endoscopic treatment. As 
a result, many patients who were previously considered 
inoperable or with lifethreatening conditions are opting 
for therapeutic ERCP. Thus, sedation for therapeutic 

ERCP should be not only inevitable but also appropriate, 
effective and safe.

DECIDING ON THE LEVEL OF SEDATION
Successful performance of  ERCP has been achieved 
with patients in either moderate or deep sedation or gene
ral anesthesia. Deciding on whether to use moderate, 
deep sedation or general anesthesia depends on patient 
characteristics, procedure demands and existence of  the 
required structural conditions[9,10]. Common practice is the 
performance of  ERCP under conscious sedation so most 
of  the studies are targeted to a moderate level of  sedation. 
Nevertheless, Patel et al[6] reported that even when the 
target level of  sedation was a moderate one, deep sedation 
episodes of  all sedationlevel observations occurred in 
35% for ERCP while they occurred at least once in 85%. 
ERCP was recognized as an independent risk factor of  
deep sedation. 

General anesthesia is usually administered during ER 
CP after prior attempts using conscious sedation have 
failed[11,12]. A study by Raymondos et al[12] assessed the 
indications for carrying out ERCP examinations under 
general anesthesia or conscious sedation. Patients with 
primary sclerosing cholangitis, liver transplants and those 
in whom painful dilations were planned received general 
anesthesia more frequently while conscious sedation was 
provided more frequently in patients with neoplasms and 
cholelithiasis. The failure rate for ERCP was double under 
conscious sedation in comparison with general anesthesia 
(14% vs 7%). This was mainly due to inadequate sedation. 
For patients in whom ERCP had failed under conscious 
sedation, a repeated procedure under general anesthesia 
had a success rate of  83%. A large retrospective analysis 
from Germany[12] found that painful dilatations were per 
formed more frequently on patients under general anes
thesia and that under conscious sedation the ERCP failure 
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Table 1  American society of anesthesiologists physical status classification system

ASA PS Health status Comments-examples

1 Normal healthy patient No organic, physiological or psychiatric disturbance; excludes the very young and very old; healthy 
with good exercise tolerance

2 Patients with mild systemic 
disease

No functional limitations; has a well-controlled disease of one body system; controlled hypertension 
or diabetes without systemic effects, cigarette smoking without chronic obstructive pulmonary disease 
(COPD); mild obesity, pregnancy

3 Patients with severe systemic 
disease

Some functional limitation; has a controlled disease of more than one body system or one major 
system; no immediate danger of death; controlled congestive heart failure (CHF), stable angina, old 
heart attack, poorly controlled hypertension, morbid obesity, chronic renal failure; bronchospastic 
disease with intermittent symptoms

4 Patients with severe systemic 
disease that is a constant threat 
to life

Has at least one severe disease that is poorly controlled or at end stage; possible risk of death; unstable 
angina, symptomatic COPD, symptomatic CHF, hepatorenal failure

5 Moribund patients who are not 
expected to survive without the 
operation

Not expected to survive > 24 h without surgery; imminent risk of death; multiorgan failure, sepsis 
syndrome with hemodynamic instability, hypothermia, poorly controlled coagulopathy

6 A declared brain-dead patient 
who organs are being removed 
for donor purposes

ASA: American society of anesthesiologists.
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rate was double that of  general anesthesia. In another 
large study from the USA[13], it was noted that the ove
rall complication rate associated with therapeutic inter
ventions during ERCP was significantly lower in patients 
who had received general anesthesia. It was thought 
that patient immobility and duodenal aperistalsis due to 
general anesthesia made the procedure technically easier 
and contributed to a lower complication rate. Conscious 
sedation seems to be adequate for octogenarians[14,15]. 

Despite all of  this, ERCP under general anesthesia 
has several limitations. The procedure is often prolonged 
as a result of  extra time required for patient preparation, 
induction of  anesthesia, tracheal intubation and recovery. 
In addition, the cost per procedure may be higher. How 
ever, the efficacy of  ERCP with general anesthesia sup
ports a continued preference for general anesthesia rather 
than conscious sedation when complex and painful inter
ventional ERCP procedures are planned. One group 
from New York[16] looked at the feasibility of  using the 
laryngeal mask airway (LMA) instead of  the endotracheal 
tube during ERCP. LMA use was associated with shorter 
extubation time compared with endotracheal (7.2 min vs 
12 min) and there were no airway complications. A thera
peutic duodenoscope was passed beyond the LMA with 
little or no resistance in all cases. Nevertheless, the use of  
LMA in the prone position requires more care because it 
can easily be removed by manipulation during the proce
dure and it does not secure the patient’s airway in case of  
aspiration of  gastric fluids.

Deep sedation, on the other hand, is an alternative 
that is used by specific centers[15,17] under anesthesiologist 
supervision instead of  general anesthesia. Deep sedation 
has the advantage of  offering the extra time required for 
general anesthesia and better procedure conditions in 
relation to conscious sedation. Moreover, pharyngeal re
flexes are kept intact, preserving some protection against 
aspiration. The major risks in deep sedation constitute 
unintended general anesthesia and apnea. Studies about 
ERCP performed under deep sedation[15,18] target the re
duction of  the minimum effective dose for deep sedation 
and improvement of  sedation and ventilation monitoring 
using devices such as Bispectral index (BIS) and cap
nography respectively. The sedative agent used in deep 
sedation is propofol, either alone[18] or in combination 
with midazolam[15] and remifentanil[19]. A combination of  
propofol and midazolam significantly reduces the total 
propofol amount required and consequently reduces the 
risk of  apnea but prolongs recovery time in association to 
propofol alone. In another study by Paspatis et al[18], BIS 
monitoring also reduced the total propofol dose required.  
Deep sedation holds some advantages over general anes
thesia as far as required time and cost are concerned and 
is a good alternative to general anesthesia for ERCP. Na 
 turally, the risk of  aspiration is greater as the airway is 
not secured. Therefore, patients with increased risk of  
aspiration (pregnant women, patients with full stomach, 
active bleeding or ascites) should have their airway se
cured with an endotracheal tube. Also, the presence of  
an anesthesiologist is still a limiting factor. According to 

Athens international statements[20], ASA Ⅰ, Ⅱ and many 
Ⅲ patients can be safely sedated to the level of  conscious 
sedation by nurses qualified in cardiopulmonary resusci
tation as far as OGD and colonoscopy procedures are con
cerned but there are no data for deep sedation by nurses 
in ERCP. 

DECIDING ON THE AGENT
Debate over the ideal sedative agent and dosage regimen 
continues. The most commonly used sedatives in ERCP 
are benzodiazepines, opiates, propofol and droperidol[21] as 
monotherapy or in combination. Ketamine has also been 
used in difficult to sedate patients[22]. Midazolam, either 
as the only agent or in combination with an opiate such 
as meperidine, is the benzodiazepine mostly used because 
of  the shorter duration of  action and better amnesic pro 
 perties compared with diazepam. Nevertheless, the syner
gistic sedation caused by this combination increases the 
duration of  the effects of  these drugs, the likelihood of  
ventilatory depression and prolongs recovery time[23,24]. 

Moreover, sedation with benzodiazepines is unsuitable for 
alcoholic and stressed patients as well as for patients with 
chronic use of  benzodiazepines. Endoscopies failed in up 
to 30% in those patients[13]. 

Propofol is a lipophilic anesthetic agent with fast dis
tribution and fast elimination time without a cumulative 
affect after infusion. Its therapeutic spectrum, however, is 
much narrower than that of  midazolam so careful moni
toring is much more demanding in order to differentiate 
between moderate, deep sedation and general anesthesia.  
Propofol has been evaluated in a variety of  regimens[2529] 
in ERCP and has been shown to provide the same or su
perior sedation quality as midazolam with the advantage 
of  better patient cooperation and shorter recovery time. 
Similar conclusions revealed by a metaanalysis[30] of  ran
domized studies compared propofol and conventional 
sedatives and did not show a higher complication rate for 
propofol but did reveal significantly faster recovery after 
propofol as well as a trend toward a lower incidence of  
hypoxia and hypotension, although this finding was not 
statistically significant. Conclusively, propofol is at least as 
safe as the generally accepted conventional sedatives, even 
for administration by nonanesthesiologists[31]. Specifically, 
all studies for ERCP under deep sedation used propofol 
solo or combined as a sedative.

Muller et al[32] compared dexmetomidine with propo
fol and fentanyl for providing conscious sedation during 
ERCP and found that dexmetomidine alone was not as 
effective as propofol combined with fentanyl. Further
more, dexmetomidine was associated with greater hemo
dynamic instability and a prolonged recovery.

Based on the study by Varadarajulu et al[22] concerning 
difficult to sedate patients undergoing ERCP and endos
copic ultrasound (EUS), Wehrmann et al[33] suggest the 
combination of  ketamine and propofol in order to reduce 
the total propofol dose. Wehrmann suggests ketamine 
instead of  midazolam or opioids because ketamine holds 
analgesic properties and does not add further cardiores
piratory depressant action.

Chainaki IG et al . Deep sedation for ERCP



37 February 16, 2011|Volume 3|Issue 2|WJGE|www.wjgnet.com

ASSESSING SEDATION-RELATED 
COMPLICATIONS 
One large multicenter study from North America[34] de
monstrated that the leading cause of  death from ERCP 
was cardiopulmonary complications and in a large audit 
of  upper endoscopy from the UK[35], cardiopulmonary 
complications resulted in mortality for one in 2000 pro
cedures. The cardiopulmonary mortality of  endoscopy 
likely exceeds that of  general anesthesia. Sedation related 
complications were attributed to high doses of  sedatives 
and lack of  adequate monitoring. In a retrospective analy
sis, Sharma et al[36] showed that the incidence for cardio
pulmonary complications in ERCP was double in relation 
to colonoscopy (2.1% vs 1.1%) and triple in relation to 
EGD (2.1% vs 0.6%). In a metaanalysis by Qadeer et al[30],  
propofol sedation correlated with 14.5% of  complica
tions while with the classical regimen of  midazolam it 
was 16.9%. The target level of  sedation was moderate. 
In a risk factor analysis, Wehrmann et al[33] identified as 
independent risk factors for sedationrelated sideeffects 
the emergency endoscopic examination and a propofol 
dose > 100 mg. In the previous study, most cases with 
adverse events concerned haemostatic procedures of  UGI 
(72/4252) and ERCP (56/3937). 

In a study with 41 patients undergoing ERCP under 
conscious sedation, Johnston et al[37] revealed that one quar
ter of  patients had myocardial ischemia and over half  of  
them had no previous cardiac history and normal baseline 
electrocardiography results.

AVOIDING COMPLICATIONS
Several guidelines for gastroenterologistsdirected propo
fol use and training have been published. Whereas the 
German guidelines[10] have been written in collaboration 
with representatives of  the German Society for Anesthe
siology and Intensive Care, the US guidelines[38] were 
released without the involvement of  anesthesiologists. 
When those guidelines were compared with the guidelines 
published by the American Society of  Anesthesiologists 
in 2002[3] and reviewed in 2004 and 2006, several issues 
common to all three guidelines could be seen. Common 
issues concern the definition of  the different levels of  
sedation, the need for structured preprocedure patient 
evaluation including informed consent, the use of  specific 
monitoring of  sedation, the clinical assessment of  the 
depth of  sedation and the presence of  one individual dedi
cated to patient monitoring and trained in advanced life 
support skills. 

PRE-PROCEDURE PATIENT EVALUATION 
AND PROCEDURE EVALUATION
Patients should be assessed thoroughly before the ERCP 
and give their informed consent to the procedure and 
sedation. If  deep sedation is the target level of  sedation, 
all patients undergoing ERCP should be additionally 
assessed by an anesthesiologist. Furthermore, for patients 

ASA ⅢⅣ or patients with probable difficulty in ven
tilation or intubation or patients in high risk for aspiration 
such as pregnant women or patients with ascites, an anes
thesiologist’s assessment should be mandatory and general 
anesthesia should be planned. 

As far as procedure concerns, urgent procedures sh
ould be considered high risk for complications and should 
be assessed by an anesthesiologist. General anesthesia 
should be considered in long lasting procedures and pro
cedures in patients with primary sclerosing cholangitis, 
liver transplants and those in whom painful dilations are 
planned[12,33].

SPECIALIZED EQUIPMENT AND 
QUALIFIED PERSONNEL
According to Austrian guidelines[39], as regards sedation 
in endoscopy, deep sedation and propofol use require the 
existence of  special equipment in the endoscopy suite. 
Specifically, equipment for mask respiration and endotra
cheal intubation must be available; the medication for resu
scitation should be at hand and there should be oxygen 
and vacuum connections. Also a defibrillator should be 
promptly available as well as special monitor devices. 

As far as personnel are concerned, it is obvious that 
the endoscopist cannot be expected to simultaneously per
form the ERCP which may be very complex, administer 
an anesthetic with narrow therapeutic spectrum and 
monitor a deeply sedated patient in a dimly lit endoscopy 
unit. Athens statements support that there must be an 
additional person present with those responsibilities. That 
person could be an anesthesiologist or specially trained 
nurses. The specially trained nurses must be familiar with 
the agent administered, be able to maintain respiration 
when complications occur or during the transition from 
deep sedation to general anesthesia and be able to handle 
cardiovascular side effects or complications caused by 
the agent administered. Lichtenstein et al[38] stated that the 
benefit of  involving anesthesiologists in ASA Ⅳ or higher 
patients and in patients with a difficult airway or history of  
inadequate response to sedation is unclear. This statement 
contrasts with the literature and puts high risk patients at 
a potentially fatal risk. Sedation of  such patients by non
anesthesiologists cannot be justified. Moreover, all studies 
in deepsedated ERCP were performed in the presence of  
an anesthesiologist.

PREREQUISITES FOR MONITORING   
ERCP, deep sedation and propofol use as sedative need 
more sophisticated monitoring. Both anesthesiology and 
gastrointestinal literature conclude that the primary causes 
of  morbidity during sedation are respiratory depression 
and airway obstruction. A recent ASA closed claims stu 
dy[40] on monitored anesthesia care in nonoperating 
room locations reaffirmed this finding but also noted that 
respiratory events were twice as likely to cause morbidity 
in nonoperating locations compared to the operating 
room. The vast majority of  incidents in this study took 
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place in an endoscopy room (82%). A recent review of  
the gastrointestinal Clinical outcomes research initiative 
(CORI) database[41] also found that cardiopulmonary 
events were the leading cause of  unplanned events during 
gastrointestinal endoscopy. 

Therefore, monitoring of  respiration, cardiac rhythm 
and a non invasive bloodpressure measurement is manda
tory. Methods to monitor respiration include direct obser
vation of  chest wall movement, capnography and ECG 
analysis of  respiratory rate via impedance pneumography. 
Observation in a dark gastrointestinal suite is difficult. 
Moreover, chest wall movement as well as impedance 
pneumography does not detect actual airflow at the oroph
arynx. Capnography seems to be a more precise measure 
of  ventilation[41]. The role of  capnographic monitoring 
during endoscopy has been examined in several studies. 
One randomized study[42] involving adults having ERCP or 
EUS, demonstrated that the use of  capnography detected 
more episodes of  disordered ventilation and reduced 
the number of  hypoxemic events compared with visual 
assessment and monitoring of  standard physiological para
meters.

Monitoring of  depth of  sedation could reduce the 
total amount of  infused sedative and therefore the compli
cation rate. The depth of  sedation could be monitored 
via an electroencephalogram (EEG), by the spectral edge 
frequency, by the bispectral index and using the Narco
trend device. An EEG in itself  is not practical during en
doscopic procedures as it requires time and special knowle
dge for interpretation. 

The computer generated BIS ranging from 0 (coma) 
to 100 (fully awake) reflects the level of  sedation regard
less of  the patient’s demographics and the type of  hyp
notic drug used. For obtaining a deep sedation level, BIS 
5060 is required. Paspatis et al[18] demonstrated a signi 
 ficant reduction in the used total propofol dose and a cor 
respondingly shorter recovery time when using BIS mo
nitoring in ERCP instead of  conventional sedation. In a 
study where AlSammak et al[43] used midazolam and me
peridine for ERCP, BIS reduced the total sedative dose. 

The Narcotrend device also uses a multiparametric 
mathematical algorithm for analyzing the EEG rhythm. 
There is one randomized controlled study[44] showing that 

the use of  this device during propofol sedated ERCP in 
80 patients enables a more effective titration of  propofol 
and is correspondingly associated with faster patient reco
very.

CONCLUSION
In contrast to upper gastrointestinal endoscopy, ERCP 
is a complex, often time consuming diagnostic and the
rapeutic endoscopic procedure that requires a high degree 
of  patient cooperation in order to facilitate an interven
tion requiring precision from the endoscopist. Any move
ment by the patient could considerably affect the success 
of  the procedure. It may be difficult for moderate seda
tion itself  to fulfill these requirements. Therefore, deep 
sedation is preferable in ERCP. General anesthesia should 
be considered in patients difficult to sedate, or having 
difficulty in ventilation and intubation or in high risk for 
aspiration. Also, it should be considered in lengthy proce
dures. Conscious sedation seems to be adequate in octoge
narians (Figure 1).  

As far as the proper sedative agent is concerned, pro
pofol seems to provide the same or superior sedation 
quality as conventional regimens with the advantage of  
shorter recovery time and better patient tolerance in 
ERCP. Ketamine could also be used in difficult to sedate 
patients in order to avoid general anesthesia.  

Cardiorespiratory events are considered the major 
complications of  sedation in ERCP. Therefore, monitor
ing is much more demanding and sophisticated in those 
endoscopic procedures. Capnography, monitoring of  the 
level of  sedation and a presence of  a qualified anesthe
siologist could contribute to the reduction of  cardiores
piratory complications. 
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