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Abstract
Various types of sedation and analgesia technique have 
been used during gastrointestinal endoscopy proce-
dures. The best methods for analgesia and sedation 
during gastrointestinal endoscopy are still debated. 
Providing an adequate regimen of sedation/analgesia 
might be considered an art, influencing several aspects 
of endoscopic procedures: the quality of the examina-
tion, the patient’s cooperation and the patient’s and 
physician’s satisfaction with the sedation. The properties 
of a model sedative agent for endoscopy would include 
rapid onset and offset of action, analgesic and anxiolytic 
effects, ease of titration to desired level of sedation, 
rapid recovery and an excellent safety profile. Therefore 
there is an impulse for development of new approaches 
to endoscopic sedation. This article provides an update 
on the methods of sedation today available and future 
directions in endoscopic sedation.
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INTRODUCTION
The best methods for analgesia and sedation during gas-
trointestinal endoscopy are still debated. Providing an 
adequate regimen of  sedation/analgesia might be con-
sidered an art, influencing several aspects of  endoscopic 
procedures: the quality of  the examination, the patient’s 
cooperation and the patient’s and physician’s satisfaction 
with the sedation[1].

Ensuring adequate sedation and analgesia and the pa-
tient’s clinical stability by appropriate monitoring during 
endoscopic procedures has become extremely important 
over the last 10 years or so[2,3]. Open-access endoscopy, 
where no outpatient evaluation is required before the 
procedure, is increasingly common. Patients, sometimes 
with comorbidities, arrive for screening or routine en-
doscopy without having been assessed for pathologies 
that might influence procedural sedation. In addition, 
in situations where the examination is more invasive or 
time-consuming, the level of  sedation must be optimized 
in order to achieve ideal procedural conditions. 

The best sedation strategy should be tailored to the 
individual patient, based on the clinical risk evaluation 
and the type of  procedure to be done[3-5]. Sedation can be 
defined as a drug-induced depression in the level of  con-
sciousness. Sedation and analgesia comprise a continuum 
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of  states ranging from minimal sedation (anxiolysis) 
through general anesthesia. The majority of  endoscopic 
procedures are done under a regimen of  moderate seda-
tion and the literature suggests that combining a benzo-
diazepine with an opioid provides an effective level of  
sedation. Targeting a moderate level of  sedation gives a 
better overall profile than a deeper level and should also 
give a better safety margin for a non-anesthesiologist[3]. 
However, Patel et al[6], measuring sedation levels during 
endoscopic procedures performed with a combination 
of  meperidine and midazolam, observed that unintended 
excursion into a deeper level of  sedation did not gener-
ally result in adverse outcomes and suggest the safety 
margin is wide around targeted moderate sedation. 

An important general principle about achieving 
moderate sedation with a combination of  drugs is that 
the combined effect of  an opiate and benzodiazepine 
is much greater than the additive effects of  the single 
drugs so there is a greater risk of  complications[7]. 

The target level of  sedation and the agents chosen 
will depend on the characteristics of  the endoscopic 
procedure (length and painfulness), individual patient’s  
factors (age, comorbidities, anxiety, etc.), patient’s prefe
rences, and the need for cooperation[8]. A critical point for 
the non-anesthesiologist is that although a patient’s charac-
teristics help establish the target dosage, it is impossible to 
predict accurately the exact dose needed to complete the 
procedure. Even when the blood levels of  a particular drug 
are similar, one patient’s experience of  sedation can be 
quite different from that of  another. Therefore, a success-
ful outcome is dependent on an understanding of  incre-
mental dosing, the synergistic effects of  drug classes, and 
the onset of  action and peak effects of  sedation agents. In 
addition, clinicians must always be prepared to rescue pa-
tients who move to the next deeper level of  sedation[7]. 

Propofol is a short-acting intravenous agent with a 
rapid onset of  action, short recovery profile, anti-emetic 
proprieties and good amnesic effects. Several studies have 
suggested that propofol offers significant advantages 
over benzodiazepines and opioids for sedation during 
endoscopic procedures and two large prospective studies 
indicated it was more effective and safer than midazolam 
and meperidine for reaching and maintaining an adequate 
level of  sedation during endoscopic procedures, resulting 
in better titration of  the level of  sedation, and shorter re-
covery times[9-14]. 

In 2004 the American College of  Gastroenterology, 
American Gastroenterology Association and the American 
Society for Gastrointestinal Endoscopy issued a joint state-
ment affirming that large case studies indicate that ade-
quately trained nurses, supervised by a physician, can safely 
and effectively administer propofol. Worldwide experience 
with gastroenterologist-directed sedation with propofol 
combined with improvements in our understanding of  its 
dosing and titration for moderate sedation, as stated by 
Cohen et al[15], have prompted several medical societies to 
question the real necessity of  restricting its use to anesthesi-
ologists. In 2004 the American Society for Gastrointestinal 
Endoscopy, in its Training Guidelines for Use of  Propofol 

in Gastrointestinal Endoscopy, stated: “While properly 
trained physicians can administer propofol, regulations 
governing its administration by non-physician personnel 
are variable on a state-by-state basis”[4,15]. Nevertheless, 
in April 2004 the American Society of  Anesthesiologists 
(ASA) recommended that, when propofol is used for mod-
erate sedation and analgesia, it should be administered by 
someone trained in administering general anesthesia. This 
is in line with the “black box” warning for propofol, in 
which the manufacturer makes the same recommendations. 
Furthermore, in 2005 the ASA stated that: “Propofol is an 
anesthetic drug and the ASA believes that the involvement 
of  an anesthesiologist in the care of  every patient undergo-
ing anesthesia is optimal”[16]. 

In a recent update article Rex et al[17] opined that given 
the big financial incentives from special interest groups, 
such as the anesthesiologists’ community, it is unlikely that 
non-anesthesiologist-directed propofol administration will 
expand dramatically in the near future. 

NON-ANESTHESIOLOGIST PROPOFOL 
SEDATION
Many studies address the safe and effective administration 
of  propofol during gastrointestinal endoscopy, by either 
physicians or trained nurses. In 2005 the cumulative re-
ported experience with nonanesthesiologists-administered 
propofol during gastrointestinal endoscopic procedures was 
more than 80 000 patients[18-26]. In these reports there were 
no patients requiring endotracheal intubation or resulting 
in death. In 2005, in a large prospective trial involving three 
endoscopy units (Indiana, Oregon and Switzerland) and 
36 743 cases of  nurse-administered propofol sedation, the 
authors concluded: “Trained nurses and endoscopists can 
administer propofol safely for endoscopic procedures. 
Nurse-administered propofol sedation is one potential 
solution to the high cost associated with anesthesist-
delivered sedation for endoscopy” and moreover: “It 
remains uncertain whether large prospective series of  
NAPS with safe performance will satisfy the concerns 
of  anesthesia societies regarding the safety of  propofol 
administration for endoscopy by appropriately trained regi
stered nurse/endoscopy teams”[25]. 

In 2007 Cohen and the AGA Institute, reviewed the 
standard practice of  endoscopic sedation and, regarding 
the use of  gastroenterologist-directed propofol, recom
mended that: (1) Gastroenterologist-directed propofol 
sedation is medicolegally reasonable, but requires appro
priate endoscopist training, patient selection and adherence 
to protocols for administration as well as compliance with 
institutional and local regulation; and (2) The endoscopist 
should be ACLS certified and provide sedation in keep-
ing with expert practice guidelines and with institutional 
and state guidelines. Endoscopy Units should conform to 
practice guidelines regarding procedure-related sedation, 
including documentation, training of  staff, maintenance 
of  rescue equipment, creation of  appropriate emergency 
protocols and quality assurance programme[15]. 
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In 2008 Rex, in an update about gastroenterologist-
directed propofol, summarized published literature on the 
safety of  gastroenterologist-directed propofol reporting 
more than 220 000 cases without a single reported death. 
In only 1 case endotracheal intubation was required during 
endoscopic retrograde cholangiopancreatography (ERCP) 
with full patient’s recovery. As stated by Rex, despite evi-
dence that there are large case series supporting the use 
of  propofol sedation by non-anesthesiologists, numerous 
obstacles have persisted regarding its expansion; most 
prominent of  these is the institutional control that anes-
thesiologists maintain over sedation policies[17]. The ASA 
Task Force recommends that patients receiving propofol 
should receive care consistent with deep sedation and that 
those personnel should be capable of  rescuing the patient 
from general anesthesia[2]. However, there is abundant 
evidence that propofol can be administered safely by non-
anesthesiologist.

In a recent paper by Rex et al[26], a world-wide multicen
ter safety review of  646 080 (223 656 published and 422 424 
unpublished) endoscopist-directed propofol sedation cases 
was conducted. Endotracheal intubation, permanent neu-
rologic injuries and deaths were 11, 0 and 4, respectively. 
The 4 deaths occurred in patients with significant comor-
bid illness. In this series endoscopist-directed administra-
tion of  propofol appears to have a lower mortality rate 
than that in published data on traditional sedation with 
benzodiazepines and opioids and a comparable rate to that 
on general anesthesia by anesthesiologists.

The Endoscopic Section of  the German Society for 
Digestive and metabolic Diseases have recently published 
the Guideline for Sedation for Gastrointestinal Endos-
copy 2008. This guideline states: “For simple endoscopic 
examinations and in low-risk patients, sedation (with 
propofol) should be induced by a properly qualified phy-
sician and can then be monitored by an experienced per-
son with appropriate training. The person must not have 
any other tasks while monitoring the sedation. Propofol 
may be administered by a properly trained and experi-
enced person who has this as his or her sole task (recom-
mendation grade A, strong consensus)”[28]. Furthermore, 
the literature findings on the safety of  endoscopist-
administered show that the use of  an anesthesiologist for 
sedation for endoscopic procedures is costly. The recom-
mendation of  the German guideline is still that calling in 
an anesthesiologist should be considered only for patients 
with a high risk profile such as high ASA grade (Ⅲ-Ⅳ), 
or pathological and anatomical features associated with a 
higher risk of  airway obstruction during the intervention.

Recently, the American Association for the Study of  
Liver Disease, American College of  Gastroenterology, 
American Gastroenterological Association and American 
Society for Gastrointestinal Endoscopy have released the 
“Position statement: nonanesthesiologists administration 
of  propofol for GI endoscopy” published in 2009 De-
cember, which concludes that the administration by non-
anesthesiologists of  propofol vs standard sedation with 
benzodiazepines and opioids is comparable with respect 
to their efficacy and safety profile[29].

Proper training and patient selection are mandatory 
for the safe practice of  nonanesthesiologists-administered 
propofol sedation.

The Sedation Task Force, which was chaired by Cohen 
LB and included representatives from each of  the four 
societies, was convened to develop a document designed 
to provide an evidence-based assessment of  propofol-me-
diated sedation by properly trained nonanesthesiologists. 
The document was approved by the governing boards of  
all four societies. 

A number of  recommendations are made in the state-
ment regarding non anesthesiologist propofol sedation 
(NAPS): (1) The safety profile of  NAPS is equivalent to that 
of  “standard sedation” with respect to the risks of  hypox-
emia, hypotension and bradycardia for upper and lower 
endoscopy, ERCP and endoscopic ultrasound (EUS). The 
worldwide experience with NAPS during EUS and ERCP, 
however, is insufficient to draw definitive conclusions 
about its use in these setting; (2) For upper and lower en-
doscopy, ERCP and EUS, the time for sedation induction 
and the recovery time using NAPS are shorter in compari-
son to that with standard sedation; patient satisfaction is 
equivalent or slightly superior; and (3) For ERCP and EUS, 
NAPS is more cost-effective than standard sedation. The 
use of  anesthesiologist-administered sedation for healthy, 
low-risk patients undergoing routine gastrointestinal en-
doscopy results in higher costs with no proven benefit 
with respect to patient safety or procedural efficacy.

NAPS requires the acquisition of  skills and abilities that 
are distinct from those necessary for standard sedation. 
Training programs that are both didactic and practical 
should be provided by Scientific Societies.

Although current methods of  sedation are effective 
for the majority of  patients undergoing endoscopy, tech-
niques that enhance patient satisfaction, safety and recov-
ery are desirable.

Infusion platforms that permit control of  drug deli
very by the patient are promising alternatives to current 
methods of  sedation.

PROPOFOL INFUSION PLATFORMS
New concepts in endoscopic sedation include enhanced 
mechanisms for drug delivery such as target-controlled 
infusion (TCI) and patient-controlled sedation or anal
gesia (PCS or PCA). The TCI pump, first described in 
the 1980s, provides infusions based on pharmacokinetic 
models of  the specific drug, using a computer-controlled 
pump; the target concentration (in μg/mL) is automatical-
ly achieved and maintained over time by varying the infu-
sion rate according to a three-compartment pharmacoki-
netic model, with very good predictive performance. The 
infusion rate is directly and automatically adapted by the 
software managing the pump, without the need for any of  
the complex calculations required for a manual scheme. 

The ASA guidelines recommend accurate titration 
of  sedative/analgesic medications to improve patients’ 
comfort and safety and avoid the risk of  over-sedation[2]. 

Among different systems available for administration of  
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propofol, the TCI pump is undoubtedly one of  the most 
sophisticated and several studies have shown that target-
controlled drug infusion ensures excellent and safe seda
tion during endoscopic procedures[30-32]. 

For PCS or PCA, the patient self-administers the med-
ication in response to pain; therefore, the patient must 
be conscious enough to press the hand-held button. A 
lock-out time is programmed in order to prevent the 
delivery of  additional doses until the previous dose has 
taken full effect. PCA, which allows the patient to self-
administer frequent, small doses of  opioids, as needed 
to manage pain, could be an effective method for pain 
control during gastrointestinal endoscopy[33-35].

Pambianco et al[36] reported on the investigational com-
puter-assisted personalized sedation system with propofol 
(CAPS), designed to enable physician-nurse teams to keep 
patients undergoing endoscopic procedures at minimal to 
moderate sedation levels, preventing them slipping into 
deep sedation with drops in cardio-respiratory function. 
The report described two open-label single-center trials of  
the CAPS device on 48 patients undergoing either colonos-
copy or EGD procedures and found that the results were 
reproducible across two countries and two practice settings. 
The system continuously monitors six parameters including 
oxygen saturation, respiratory rate, heart rate, non-invasive 
blood pressure, end-tidal carbon dioxide and patients’ re-
sponsiveness to verbal and tactile stimuli. In this trial the 
moment-to-moment control of  propofol infusion led to 
very rapid post-procedure recovery from sedation (< 30 s), 
and the system, also known as SEDASYS™, performed 
as designed, reducing or stopping propofol infusion at the 
first signs of  over-sedation, with a very low incidence of  
desaturation. Pambianco et al[36] said that the CAPS device 
detected apnea more sensitively than clinical observation. 
In their trial there was no need for airways management or 
mechanical ventilation. 

The CAPS device facilitates the titration of  propofol 
to the desired clinical effect by automatically calculating 
and delivering a loading dose. The platform continuously 
checks for early signs of  potential adverse effects and the 
level of  sedation, so the physician/nurse teams can adjust 
the infusion as required, to the targeted degree of  seda-
tion. The system is also designed to respond to early signs 
of  over-sedation, as indicated by apnea or hypoxemia, 
by stopping or reducing delivery of  propofol, increasing 
oxygen delivery and automatically instructing patients to 
take a deep breath.

In two feasibility studies of  CAPS involving 96 patients 
undergoing elective upper endoscopy and colonoscopy, pa-
tients remained minimally to moderately sedated through-
out the procedure. For the majority, recovery time was less 
than 1 min and there were no serious adverse events. 

The nurses assisting in the procedures reported that 
the system was intuitive and user-friendly, and the built-
in dosing limits and automated response algorithms al-
lowed the team to be confident that an appropriate level 
of  sedation was being maintained.

A multi-center prospective, randomized, controlled 

pivotal trial, presented at Digestive Disease Week in May 
2008, compared the safety and effectiveness of  propofol 
plus a single dose of  fentanyl administered with the CAPS 
system, or physician-administered standard sedation regi-
mens involving opioids and benzodiazepines (midazolam 
with either fentanyl or meperidine) in 1000 patients. Pa-
tients who received CAPS sedation had significantly lower 
measures of  cumulative oxygen desaturation than those as-
signed standard sedation). There were 34 adverse events, no 
serious adverse events and no rescue interventions among 
patients sedated with CAPS; there was one rescue inter-
vention in the control group[37]. As stated by Pambianco  
et al[37], the trial investigators, the system made it possible to 
maintain minimal to moderate sedation with propofol dur-
ing upper endoscopy and colonoscopy, and helped prevent 
patients entering deep sedation, which is traditionally asso-
ciated with propofol. 

The system seems to offer a way to personalize the 
level of  sedation appropriate for each patient because it 
combines propofol delivery with sophisticated monitoring 
for better control of  the sedation regimen, by predicting 
the patient’s level of  sedation. Based on the findings of  
these investigations, the system has been submitted to 
the US FDA for pre-marketing approval under the brand 
name SEDASYS™ System. 

Most states require the presence of  an anesthesiologist 
during propofol administration, an expensive and unfa-
vorable arrangement for most gastrointestinal endoscopy 
centers. Current propofol black-box labeling states that 
only persons trained in general anesthesia should admin-
ister the drug. However, pending a favorable FDA review, 
labeling for the CAPS system will allow physicians and 
nurses to administer propofol sedation for endoscopic 
procedures, without the assistance of  an anesthesiologist. 

In the light of  the increasing use of  propofol by non-
anesthesiologists, some anesthesiologists remain scep-
tical about CAPS systems, asserting that they cannot 
substitute for a trained professional, particularly in an 
emergency. In view of  the specific risks of  propofol, 
even if  only moderate sedation is intended, patients re-
ceiving the drug should receive care consistent with that 
required for deep sedation, considering the potential for 
abrupt onset of  airway obstruction and apnea and the 
lack of  a specific antidote.

As stated by Iravani[38] in a recent editorial, “the intri
guing question is whether the use of  CAPS in admini
stering propofol prevents the progression of  sedation to 
unintended depths, deep sedation or general anesthesia. 
In other words, does this precise moment-to-moment 
control of  the propofol infusion titrated to clinical effect 
obviate the need for the presence of  personnel proficient 
in airway management and advanced life support?”.

Could this technology facilitate access to propofol seda-
tion by gastroenterologists? The Anesthesia and Respiratory 
Device Review panel met on May 28, 2009 and, by an 8-2 
margin, approved the CAPS platform for use by endos-
copist/nurse teams in EGDS/colonoscopy in ASA Ⅰ/Ⅱ 
adults under the age of  70 years, with BMI < 35 kg/m2.
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Major hurdles that still remain for propofol adoption 
are the diversity of  medical society guidelines, the costs 
of  anesthesiologist-attended endoscopic procedures, and 
the immutable, indelible black-box warning about propo-
fol administration. Furthermore, until there is a training 
program for the use of  propofol by non-anesthesiologists, 
FDA approval of  CAPS will probably not be forthcoming.

DRUGS: WHAT’S NEW?
A number of  prodrug formulations of  propofol have 
been developed to overcome the disadvantages of  the 
current lipid-based formulations, including stability, the 
potential complications of  lipid infusion, the risk of  
contamination and fluctuations in propofol plasma levels 
due to the bolus injection.

Fospropofol disodium (FD), which now goes by the 
brand names of  Lusedra or Aquavan, is a water-soluble 
prodrug of  propofol with pharmacokinetic and pharma-
codynamic properties that differ from propofol emulsion. 
FD is the first propofol prodrug to be studied for moder-
ate sedation. After Ⅳ injection, propofol is released from 
FD by tissue alkaline phosphatases with a predictable 
pattern of  plasma concentrations, resulting in lower peak 
concentrations and a more gradual decline in drug concen-
trations than with a standard propofol injection. Due to 
the different and complex pharmacokinetics of  FD, time 
to peak sedative effect after a bolus injection is between 3 
and 7.5 min, compared with 1 min 36 s for propofol[39]. 

Although the anesthesiologist community has shown 
only limited interest, FD has been investigated for seda-
tion by non-anesthesiologists. In 2008 Cohen stated in a 
review that “FD may be an attractive agent for gastroen-
terologists interested in realizing the benefits of  propofol 
without the requirement of  an anesthesia specialist in the 
endoscopy suite”[40]. In July 2008 the FDA approved FD 
with a “MAC label”, which means that this drug, like pro-
pofol, will be used mostly by anesthesiologists and certi-
fied registered anesthetist nurses. The drug manufacturer 
has been in discussions with FDA regarding additional 
studies and remains committed to getting the product ap-
proved for use by non-anesthesiologists. 

The ideal drug for sedation for non-anesthesiologists 
should have certain properties to ensure safe, effective 
sedation. These include a predictable pharmacokinetic 
profile, rapid onset of  action, analgesic and anxiolytic ef-
fects, short recovery time, minimal associated risks and no 
requirement for the presence of  an anesthesiologist. Ket-
amine[41,42], nitrous oxide[43,44] and dexmedetomidine[45,46] 
have all been studied for procedural sedation. While some 
results have been promising, none fulfil all these criteria or 
offer any true advance in sedation during gastrointestinal 
endoscopy.

Remifentanil, an ultra-short-acting μ-opioid receptor 
agonist, has some advantages over other opioids because 
of  its rapid onset and offset times, making it suitable for 
controlling pain during endoscopic procedures[35,47,48]. The 
combination of  rapid onset and offset of  action translates 
clinically to easy titrability. However, its respiratory depre

ssant effect has been amply reported[49,50]. On account of  
this, remifentanil is typically administered in a moderate 
sedation/analgesia setting, by continuous infusion using 
a programmable infusion pump. There are many reports 
of  the use of  remifentanil in different settings (obstetrics, 
gastrointestinal endoscopy, pain control after abdominal 
surgery) using PCA, with or without background infusion, 
and the quality of  analgesia and patient satisfaction seem 
to be the same as with standard sedation/analgesia[35,52-55].

New sedatives and delivery systems under develop-
ment have the potential to improve the quality of  endo-
scopic sedation/analgesia. Scientific societies now need 
to establish training schemes for the use of  sedatives 
and delivery systems. These should include training in 
advanced cardiac life support, the pharmacokinetics and 
pharmacodynamics of  the drugs to be used, airway as-
sessment, and training in simple measures of  ventilatory 
support in patients with apnea or airway impairment 
during sedation for gastrointestinal endoscopy[15]. 

CONCLUSION
Most guidelines all over the world recommend the seda-
tion of  patients when undergoing gastrointestinal endos-
copy. Benzodiazepines combined with opioids are the 
most frequently used sedative agents; however there are 
a number of  potential concerns/problems with available 
sedative agents. In fact, most complications in gastroin-
testinal endoscopy are not related to the procedure, but 
to sedation and include cardiopulmonary events such as 
hypoxemia, hypoventilation, airway obstruction, apnea, 
arrhythmias, hypotension and vasovagal episodes. Find-
ing an ideal regimen of  sedation seems to be similar to 
“Searching the Holy Grail”. Since the introduction of  
propofol in the 1980s, for the induction and maintenance 
of  anesthesia, its clinical application have expanded to 
include monitored anesthesia care and procedural seda-
tion. The use of  propofol for endoscopic sedation has 
increased markedly during the past 10 years. Several stud-
ies have established that propofol is superior to traditional 
sedative regimens because of  its superior recovery profile 
and its safety profile. 

The worldwide safety experience of  endoscopist-admin-
istered propofol sedation now exceeds 460 000 patients. 
We look forward to a time when a sedation team will be 
qualified to administer propofol during gastrointestinal 
endoscopy without the presence of  the anesthesiologist, 
following a proper training program. The new emerging 
technology could facilitate access to propofol sedation.

REFERENCES
1	 Bell GD. Preparation, premedication, and surveillance. En­

doscopy 2004; 36: 23-31
2	 American Society of Anesthesiologists Task Force on Se-

dation and Analgesia by Non-Anesthesiologists. Practice 
guidelines for sedation and analgesia by non-anesthesiolo-
gists. Anesthesiology 2002; 96: 1004-1017

3	 Faigel DO, Baron TH, Goldstein JL, Hirota WK, Jacobson BC, 
Johanson JF, Leighton JA, Mallery JS, Peterson KA, Waring 

2455 May 28, 2010|Volume 16|Issue 20|WJG|www.wjgnet.com

Fanti L et al.  Sedation in gastrointestinal endoscopy



JP, Fanelli RD, Wheeler-Harbaugh J. Guidelines for the use of 
deep sedation and anesthesia for GI endoscopy. Gastrointest 
Endosc 2002; 56: 613-617

4	 Training Committee. American Society for Gastrointestinal 
Endoscopy. Training guideline for use of propofol in gastro-
intestinal endoscopy. Gastrointest Endosc 2004; 60: 167-172

5	 Lee H, Kim JH. Superiority of split dose midazolam as con-
scious sedation for outpatient colonoscopy. World J Gastro­
enterol 2009; 15: 3783-3787

6	 Patel S, Vargo JJ, Khandwala F, Lopez R, Trolli P, Dumot JA, 
Conwell DL, Zuccaro G. Deep sedation occurs frequently 
during elective endoscopy with meperidine and midazolam. 
Am J Gastroenterol 2005; 100: 2689-2695

7	 Waring JP, Baron TH, Hirota WK, Goldstein JL, Jacobson 
BC, Leighton JA, Mallery JS, Faigel DO. Guidelines for 
conscious sedation and monitoring during gastrointestinal 
endoscopy. Gastrointest Endosc 2003; 58: 317-322

8	 Lichtenstein DR, Jagannath S, Baron TH, Anderson MA, 
Banerjee S, Dominitz JA, Fanelli RD, Gan SI, Harrison ME, 
Ikenberry SO, Shen B, Stewart L, Khan K, Vargo JJ. Sedation 
and anesthesia in GI endoscopy. Gastrointest Endosc 2008; 68: 
205-216

9	 Koshy G, Nair S, Norkus EP, Hertan HI, Pitchumoni CS. Pro-
pofol versus midazolam and meperidine for conscious seda-
tion in GI endoscopy. Am J Gastroenterol 2000; 95: 1476-1479

10	 Tellan G, Fegiz A, Iannarone C, Baumgartner I, Navarra M, 
Fantera A. The use of di-hydroxypropylphenol (propophol) 
in endoscopic procedures. Eur Rev Med Pharmacol Sci 1998; 2: 
147-150

11	 Wehrmann T, Kokabpick S, Lembcke B, Caspary WF, Seifert 
H. Efficacy and safety of intravenous propofol sedation dur-
ing routine ERCP: a prospective, controlled study. Gastrointest 
Endosc 1999; 49: 677-683

12	 McQuaid KR, Laine L. A systematic review and meta-analy-
sis of randomized, controlled trials of moderate sedation for 
routine endoscopic procedures. Gastrointest Endosc 2008; 67: 
910-923

13	 Singh H, Poluha W, Cheung M, Choptain N, Baron KI, 
Taback SP. Propofol for sedation during colonoscopy. Co­
chrane Database Syst Rev 2008; CD006268

14	 Gasparović S, Rustemović N, Opacić M, Premuzić M, Koru
sić A, Bozikov J, Bates T. Clinical analysis of propofol deep 
sedation for 1,104 patients undergoing gastrointestinal en-
doscopic procedures: a three year prospective study. World J 
Gastroenterol 2006; 12: 327-330

15	 Cohen LB, Delegge MH, Aisenberg J, Brill JV, Inadomi JM, 
Kochman ML, Piorkowski JD Jr. AGA Institute review of 
endoscopic sedation. Gastroenterology 2007; 133: 675-701

16	 ASA Statement on Safe Use of Propofol. Approved 2004. 
Available from: URL: http://www.ASAhq.org/pubblica-
tionsAndServices/standards/37.pdf

17	 Rex DK, Deenadayalu V, Eid E. Gastroenterologist-directed 
propofol: an update. Gastrointest Endosc Clin N Am 2008; 18: 
717-725, ix

18	 Vargo JJ, Zuccaro G Jr, Dumot JA, Shermock KM, Morrow 
JB, Conwell DL, Trolli PA, Maurer WG. Gastroenterologist-
administered propofol versus meperidine and midazolam 
for advanced upper endoscopy: a prospective, randomized 
trial. Gastroenterology 2002; 123: 8-16

19	 Walker JA, McIntyre RD, Schleinitz PF, Jacobson KN, Haulk 
AA, Adesman P, Tolleson S, Parent R, Donnelly R, Rex DK. 
Nurse-administered propofol sedation without anesthesia 
specialists in 9152 endoscopic cases in an ambulatory surgery 
center. Am J Gastroenterol 2003; 98: 1744-1750

20	 Heuss LT, Schnieper P, Drewe J, Pflimlin E, Beglinger C. Risk 
stratification and safe administration of propofol by regis-
tered nurses supervised by the gastroenterologist: a prospec-
tive observational study of more than 2000 cases. Gastrointest 
Endosc 2003; 57: 664-671

21	 Rex DK, Overley C, Kinser K, Coates M, Lee A, Goodwine 

BW, Strahl E, Lemler S, Sipe B, Rahmani E, Helper D. Safety 
of propofol administered by registered nurses with gastro
enterologist supervision in 2000 endoscopic cases. Am J Gas­
troenterol 2002; 97: 1159-1163

22	 Külling D, Rothenbühler R, Inauen W. Safety of nona
nesthetist sedation with propofol for outpatient colonoscopy 
and esophagogastroduodenoscopy. Endoscopy 2003; 35: 679-682

23	 Sipe BW, Rex DK, Latinovich D, Overley C, Kinser K, Bratch-
er L, Kareken D. Propofol versus midazolam/meperidine for 
outpatient colonoscopy: administration by nurses supervised 
by endoscopists. Gastrointest Endosc 2002; 55: 815-825

24	 Ulmer BJ, Hansen JJ, Overley CA, Symms MR, Chadalawada 
V, Liangpunsakul S, Strahl E, Mendel AM, Rex DK. Propo-
fol versus midazolam/fentanyl for outpatient colonoscopy: 
administration by nurses supervised by endoscopists. Clin 
Gastroenterol Hepatol 2003; 1: 425-432

25	 Yusoff IF, Raymond G, Sahai AV. Endoscopist administered 
propofol for upper-GI EUS is safe and effective: a prospective 
study in 500 patients. Gastrointest Endosc 2004; 60: 356-360

26	 Rex DK, Heuss LT, Walker JA, Qi R. Trained registered 
nurses/endoscopy teams can administer propofol safely for 
endoscopy. Gastroenterology 2005; 129: 1384-1391

27	 Rex DK, Deenadayalu VP, Eid E, Imperiale TF, Walker JA, 
Sandhu K, Clarke AC, Hillman LC, Horiuchi A, Cohen LB, 
Heuss LT, Peter S, Beglinger C, Sinnott JA, Welton T, Rofail 
M, Subei I, Sleven R, Jordan P, Goff J, Gerstenberger PD, 
Munnings H, Tagle M, Sipe BW, Wehrmann T, Di Palma 
JA, Occhipinti KE, Barbi E, Riphaus A, Amann ST, Tohda G, 
McClellan T, Thueson C, Morse J, Meah N. Endoscopist-di-
rected administration of propofol: a worldwide safety expe-
rience. Gastroenterology 2009; 137: 1229-1237; quiz 1518-1519

28	 Riphaus A, Wehrmann T, Weber B, Arnold J, Beilenhoff U, 
Bitter H, von Delius S, Domagk D, Ehlers AF, Faiss S, Hart-
mann D, Heinrichs W, Hermans ML, Hofmann C, In der 
Smitten S, Jung M, Kähler G, Kraus M, Martin J, Meining A, 
Radke J, Rösch T, Seifert H, Sieg A, Wigginghaus B, Kopp I. 
S3 Guideline: Sedation for gastrointestinal endoscopy 2008. 
Endoscopy 2009; 41: 787-815

29	 Vargo JJ, Cohen LB, Rex DK, Kwo PY. Position statement: 
Nonanesthesiologist administration of propofol for GI en-
doscopy. Gastroenterology 2009; 137: 2161-2167

30	 Gillham MJ, Hutchinson RC, Carter R, Kenny GN. Patient-
maintained sedation for ERCP with a target-controlled infu-
sion of propofol: a pilot study. Gastrointest Endosc 2001; 54: 
14-17

31	 Fanti L, Agostoni M, Casati A, Guslandi M, Giollo P, Torri 
G, Testoni PA. Target-controlled propofol infusion during 
monitored anesthesia in patients undergoing ERCP. Gastro­
intest Endosc 2004; 60: 361-366

32	 Moerman AT, Herregods LL, De Vos MM, Mortier EP, 
Struys MM. Manual versus target-controlled infusion remi-
fentanil administration in spontaneously breathing patients. 
Anesth Analg 2009; 108: 828-834

33	 Stermer E, Gaitini L, Yudashkin M, Essaian G, Tamir A. 
Patient-controlled analgesia for conscious sedation during 
colonoscopy: a randomized controlled study. Gastrointest 
Endosc 2000; 51: 278-281

34	 Roseveare C, Seavell C, Patel P, Criswell J, Kimble J, Jones C, 
Shepherd H. Patient-controlled sedation and analgesia, using 
propofol and alfentanil, during colonoscopy: a prospective 
randomized controlled trial. Endoscopy 1998; 30: 768-773

35	 Fanti L, Agostoni M, Gemma M, Gambino G, Facciorusso A, 
Guslandi M, Torri G, Testoni PA. Remifentanil vs. meperi-
dine for patient-controlled analgesia during colonoscopy: a 
randomized double-blind trial. Am J Gastroenterol 2009; 104: 
1119-1124

36	 Pambianco DJ, Whitten CJ, Moerman A, Struys MM, Martin 
JF. An assessment of computer-assisted personalized sedation: 
a sedation delivery system to administer propofol for gastro-
intestinal endoscopy. Gastrointest Endosc 2008; 68: 542-547

2456 May 28, 2010|Volume 16|Issue 20|WJG|www.wjgnet.com

Fanti L et al.  Sedation in gastrointestinal endoscopy



37	 Pambianco D, Pruitt R, Hardi R, Weinstein M, Bray W, Koda-
li V, Vargo J, Schubert T. A Computer-Assisted Personalized 
Sedation System to Administer Propofol Versus Standard-
of-Care Sedation for Colonoscopy and Esophagogastroduo-
denoscopy: A 1,000-Subject Randomized, Controlled, Multi-
center, Pivotal Trial. Gastroenterology 2008; 135: A294

38	 Iravani M. On computers, nurses, and propofol: further evi-
dence for the jury? Gastrointest Endosc 2008; 68: 510-512

39	 Silvestri GA, Vincent BD, Wahidi MM, Robinette E, Hans
brough JR, Downie GH. A phase 3, randomized, double-
blind study to assess the efficacy and safety of fospropofol 
disodium injection for moderate sedation in patients under
going flexible bronchoscopy. Chest 2009; 135: 41-47

40	 Cohen LB. Clinical trial: a dose-response study of fospropo-
fol disodium for moderate sedation during colonoscopy. Ali­
ment Pharmacol Ther 2008; 27: 597-608

41	 Aggarwal A, Ganguly S, Anand VK, Patwari AK. Efficacy 
and safety of intravenous ketamine for sedation and anal
gesia during pediatric endoscopic procedures. Indian Pediatr 
1998; 35: 1211-1214

42	 Green SM, Li J. Ketamine in adults: what emergency phy
sicians need to know about patient selection and emergence 
reactions. Acad Emerg Med 2000; 7: 278-281

43	 Forbes GM, Collins BJ. Nitrous oxide for colonoscopy: a ran-
domized controlled study. Gastrointest Endosc 2000; 51: 271-277

44	 Saunders BP, Fukumoto M, Halligan S, Masaki T, Love S, 
Williams CB. Patient-administered nitrous oxide/oxygen 
inhalation provides effective sedation and analgesia for 
colonoscopy. Gastrointest Endosc 1994; 40: 418-421

45	 Jalowiecki P, Rudner R, Gonciarz M, Kawecki P, Petelenz M, 
Dziurdzik P. Sole use of dexmedetomidine has limited utility 
for conscious sedation during outpatient colonoscopy. Anes­
thesiology 2005; 103: 269-273

46	 Drummond G. Dexmedetomidine may be effective, but is it 
safe? Br J Anaesth 2002; 88: 454; author reply 454-454; author 

reply 455
47	 Rosow C. Remifentanil: a unique opioid analgesic. Anes­

thesiology 1993; 79: 875-876
48	 Bürkle H, Dunbar S, Van Aken H. Remifentanil: a novel, 

short-acting, mu-opioid. Anesth Analg 1996; 83: 646-651
49	 Moerman AT, Foubert LA, Herregods LL, Struys MM, De 

Wolf DJ, De Looze DA, De Vos MM, Mortier EP. Propofol 
versus remifentanil for monitored anaesthesia care during 
colonoscopy. Eur J Anaesthesiol 2003; 20: 461-466

50	 Moerman AT, Struys MM, Vereecke HE, Herregods LL, 
De Vos MM, Mortier EP. Remifentanil used to supplement 
propofol does not improve quality of sedation during spon
taneous respiration. J Clin Anesth 2004; 16: 237-243

51	 Medina HJ, Galvin EM, Dirckx M, Banwarie P, Ubben JF, Zi-
jlstra FJ, Klein J, Verbrugge SJ. Remifentanil as a single drug 
for extracorporeal shock wave lithotripsy: a comparison of 
infusion doses in terms of analgesic potency and side effects. 
Anesth Analg 2005; 101: 365-370, table of contents

52	 Greilich PE, Virella CD, Rich JM, Kurada M, Roberts K, 
Warren JF, Harford WV. Remifentanil versus meperidine 
for monitored anesthesia care: a comparison study in older 
patients undergoing ambulatory colonoscopy. Anesth Analg 
2001; 92: 80-84

53	 Akcaboy ZN, Akcaboy EY, Albayrak D, Altinoren B, Dik-
men B, Gogus N. Can remifentanil be a better choice than 
propofol for colonoscopy during monitored anesthesia care? 
Acta Anaesthesiol Scand 2006; 50: 736-741

54	 Manolaraki MM, Theodoropoulou A, Stroumpos C, Vardas 
E, Oustamanolakis P, Gritzali A, Chlouverakis G, Paspatis 
GA. Remifentanil compared with midazolam and pethidine 
sedation during colonoscopy: a prospective, randomized 
study. Dig Dis Sci 2008; 53: 34-40

55	 Blair JM, Hill DA, Fee JP. Patient-controlled analgesia for 
labour using remifentanil: a feasibility study. Br J Anaesth 
2001; 87: 415-420

S- Editor  Tian L    L- Editor  O’Neill M    E- Editor  Ma WH

2457 May 28, 2010|Volume 16|Issue 20|WJG|www.wjgnet.com

Fanti L et al.  Sedation in gastrointestinal endoscopy


