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Abstract: The subject of endoscopic sedation continues to generate 

controversy and debate. This article provides a critical analysis of 

several key issues related to sedation that have recently been the 

focus of intense interest. Monitored anesthesia care (MAC) is current-

ly the dominant method of endoscopic sedation for approximately 

one third of all US gastroenterologists. The benefits and cost-effec-

tiveness of this approach remain unclear, as outlined in this article. 

An alternative to MAC is the administration of propofol by a specially 

trained nurse or endoscopy assistant, working under the direction of 

an endoscopist. The scientific merits of the arguments presented by 

both those in favor of, and those opposed to, this practice are evalu-

ated. In addition, the clinical experience with endoscopist-directed 

propofol and the challenges associated with its implementation are 

presented. Other options for endoscopic sedation may soon be avail-

able. One approach is computer-assisted delivery of propofol, which 

is performed by a physician/nurse team. The clinical studies related 

to this device, along with several other novel methods of sedation, 

are described.

During the past decade, many gastroenterologists in the 
United States have adopted new methods of endoscopic 
sedation. This change in practice has occurred in response 

to the growing number of patients who expect a painless endoscopic 
experience, desire on the part of endoscopists to improve practice 
efficiency, and, in some instances, the payment policies of health 
insurance companies that provide reimbursement for anesthesia 
services administered during endoscopy but that are unwilling to 
compensate an endoscopist who administers comparable sedation 
to their patient. Monitored anesthesia care (MAC) and endoscopist-
directed propofol are the two methods of sedation that have gen-
erated the most attention. MAC refers to the service provided by 
an anesthesia professional to a patient undergoing a diagnostic or 
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therapeutic procedure, and involves the administration of 
sedatives, analgesics, or other drugs as necessary to ensure 
patient comfort. In the majority of cases, patients receiv-
ing MAC remain able to protect their airway during the 
procedure. A recent survey indicated that approximately 
33% of endoscopists perform the majority of their pro-
cedures using MAC sedation, and this figure is expected 
to grow by more than 20% annually during the next two 
years.1 Those favoring this method indicate that the pres-
ence of an anesthesia professional increases the safety, 
and possibly the effectiveness, of endoscopy. This claim 
is disputed, however, by those who counter that MAC 
is not cost-effective in average-risk patients undergoing 
elective procedures. Similarly, endoscopists and anesthe-
sia specialists are divided with respect to their opinion 
on endoscopist-directed propofol administration. As 
expected, those whose self-interests are closely aligned 
with MAC are also those who are most strongly opposed 
to the practice. This article critically examines these two 
methods of endoscopic sedation as well as reviewing 
the available data on several new and evolving forms 
of sedation that may help bridge the gap between these 
divergent opinions. 

The Anesthesia Professional Within  
the Endoscopy Unit

In response to an increase in the demand for endoscopic 
procedures, endoscopists have focused on strategies that 
are designed to increase efficiency and throughput in 
the endoscopy unit. Unquestionably, the most effective 
strategy has been the use of MAC. The popularity and 
success of MAC in the United States can be ascribed to 
three factors: increased patient turnover and throughput, 
improved patient satisfaction, and, in some instances, 
reduced operating expenses. A closer examination of these 
three elements is helpful in order to better understand the 
phenomenal growth in the utilization of MAC by endos-
copists during the past decade. 

Compared to sedation using an opioid and benzo-
diazepine, the effects of propofol on parameters affecting 
operating efficiency include more rapid induction of 
sedation, faster recovery, and quicker discharge. Using 
mathematical modeling to evaluate the effect of a rapid 
recovery agent on practice efficiency and economics, 
Vargo and coworkers reported that 3 colonoscopies 
per formed under propofol could be completed in the 
time required for 2 colonoscopies using midazolam and 
meperidine.2 In this analysis, the mean times to discharge 
with propofol and with midazolam/meperidine were 40.5 
minutes and 71.1 minutes, respectively. This analysis did 
not factor in the additional benefits that could result from 
reduced delays and lower operating costs in the recovery 

area. Notwithstanding the benefits associated with fast 
onset and recovery, it is difficult to distinguish how much 
of the improved turnover achieved with MAC is the 
effect of the propofol and how much accrues from the 
presence of an additional skilled individual who can assist 
with the preprocedural assessment, preparation of the 
patient (including placement of the intravenous catheter 
and monitoring electrodes), intraprocedural monitoring 
and administration of drugs, and recovery room care. 
Depending upon the staffing of an endoscopy unit and 
the division of responsibilities among its members, the 
availability of an anesthesia professional can improve 
work efficiency and/or reduce personnel and equipment 
costs. Finally, it is important to recognize the favorable 
sedative-hypnotic and amnestic effects of propofol. Most 
comparative studies have shown that patients prefer seda-
tion with propofol over standard sedation drugs due to the 
opportunity for painless endoscopy, a very low incidence 
of postprocedure side effects such as nausea and vomiting, 
and a rapid return to a clearheaded state upon completion 
of the procedure.3

Unquestionably, the use of MAC increases patient 
satisfaction and practice efficiency. Although these out-
comes are important, the cost-effectiveness of this practice 
must also be considered. If it can be demonstrated that 
the presence of an anesthesia specialist improves either the 
efficacy or safety of endoscopy, an argument could then be 
made that the additional costs associated with MAC are 
appropriate. There are no reliable data to support such a 
claim, however. Well-designed outcome studies compar-
ing the safety and efficacy of MAC versus endoscopist-
directed sedation are needed in order to justify the con-
tinued expenditure of healthcare resources.

The Controversy over Gastroenterologist-
directed Propofol Sedation

The practice of endoscopist-directed propofol administra-
tion continues to be a polarizing issue among gastroen-
terologists and anesthesia specialists.4,5 Anesthesiologists, 
the majority of whom oppose this practice, point to the 
product label as justification for their position, bolstering 
their argument by indicating that propofol can produce 
rapid, unpredictable changes in the depth of sedation and 
noting that propofol lacks a reversal agent.6 Endoscopists, 
on the other hand, cite the growing body of published 
literature and a decade of clinical experience with nurse-
directed propofol, both of which support its safety.7,8 In 
order to better understand the issues that continue to fuel 
this debate, it is helpful to examine the arguments and 
evidence presented by each side. 

Propofol, the first of a group of intravenous anesthetic 
agents known as alkyl phenols, was introduced in the 
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United States in 1989 for the induction and maintenance 
of general anesthesia.9 Its sponsor (Stuart Pharmaceuti-
cals) and the US Food and Drug Administration sup-
ported the following wording on its product label: “for 
general anesthesia or monitored anesthesia care seda-
tion, propofol should be administered only by persons 
trained in the administration of general anesthesia.”10 

Since its introduction into clinical practice 20 years ago, 
the drug’s clinical applications have expanded to include 
lighter planes of sedation. Currently, more than 70% of 
propofol sold worldwide is administered for sedation, 
rather than anesthesia.11 In spite of extensive evidence 
demonstrating the safety of propofol use by trained non-
anesthesiologists, the warning within propofol’s product 
label regarding anesthesia training remains unchanged. 
The removal of this cautionary wording from the label 
would most likely require additional clinical studies 
and neither AstraZeneca, the manufacturer of propo-
fol injectable emulsion (Diprivan), nor the makers of 
generic propofol, have demonstrated any interest in 
sponsoring such studies. Consequently, the major argu-
ment of those who oppose the administration of propo-
fol by nonanesthesiologists is based upon an outdated 
product label that does not reflect the results of recent 
studies demonstrating the safety of this practice. 

Anesthesiologists have put forth two other reasons, 
in addition to the warnings on the label, in support of 
their position that propofol usage should remain limited 
to anesthesia specialists. First, they state that 

propofol is a powerful anesthetic agent that can produce varying levels 
of sedation along the continuum from sedation to general anesthesia. 
It is not possible to predict how an individual patient will respond 
within this continuum. Because of propofol’s extremely rapid onset of 
action and high potency, the desired level of sedation is easily and often 
exceeded . . . [and] often causes a patient to enter an unintended state of 
general anesthesia . . .12

Unquestionably, propofol is a potent hypnotic agent, but 
then so too is midazolam. The product label for mid-
azolam contains the following warning:

Prior to the intravenous administration of midazolam hydrochloride 
in any dose, the immediate availability of oxygen, resuscitative drugs, 
age- and size-appropriate equipment for bag/valve/mask ventilation and 
intubation, and skilled personnel for the maintenance of a patent airway 
and support of ventilation should be ensured.13

Eighty-six deaths due to oversedation with midazolam 
were reported during the first 5 years following its approval 
in 1991.14 These fatalities resulted from the failure of 
early investigators to adequately appreciate the dramatic 
increase in the sedative effect of midazolam with increas-

ing patient age and its synergistic respiratory depressant 
effect when given in combination with opioids. These 
miscalculations notwithstanding, improved understand-
ing of its pharmacodynamic properties and changes in 
the dosing algorithm have since resulted in the safe use of 
midazolam by endoscopists in millions of patients.

The question remains whether propofol is more 
dangerous than midazolam. A recent meta-analysis of 
published studies, performed by the Cochrane collabora-
tion, suggests that the use of midazolam for endoscopic 
sedation is not associated with more complications than 
with propofol.3 This analysis concluded that there was no 
difference in the risk of either hypoxemia or apnea among 
endoscopy patients receiving propofol versus those admin-
istered traditional sedation. This observation is consistent 
with several large case series such as a report from Japan 
reviewing the outcomes of 27,500 endoscopic procedures 
performed with endoscopist-directed propofol sedation.15 

Twelve patients (0.04%) experienced prolonged apnea, 
and no patient required any ventilatory intervention 
other than supplemental oxygen. Similar safety data have 
been reported by other investigators working in both 
academic and private practice settings throughout the 
world. Internationally, more than 450,000 cases with 
endoscopist-directed propofol have been reported with 
only 3 mortalities, all occurring in high-risk patients with 
significant comorbidities.16 This safety record compares 
favorably to published mortality rates reported dur-
ing general anesthesia, MAC, and procedural sedation. 
There is no evidence to support the contention of some 
anesthesiologists that patients sedated with propofol by 
endoscopists “are often being oversedated or are uninten-
tionally entering levels of general anesthesia.”12 In fact, 
the data demonstrate with convincing clarity that trained 
endoscopists can safely administer propofol to patients 
undergoing endoscopy. 

Second, anesthesiologists point out that “propofol 
has no antagonist or reversal medications—in contrast to 
benzodiazepines and narcotics . . . .”12 Researchers have 
considered that the existence of flumazenil and naloxone 
may make the use of benzodiazepines and opioids inher-
ently safer than propofol.6  To date, there are no published 
studies to support this statement. Conversely, the phar-
macokinetic properties of these agents provide reason 
to believe that this conclusion is incorrect. The onset of 
action and time to peak effect for flumazenil are 2 min-
utes and 4 minutes, respectively, and the time necessary 
to reverse sedation is approximately 5 minutes.17 On the 
other hand, the half-life of propofol is only 2 minutes.18,19 

It appears likely, therefore, that an oversedated patient 
receiving propofol would regain responsiveness at least 
as fast, if not faster, than one who is given flumazenil in 
order to reverse the effects of midazolam. Nonetheless, a 
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head-to-head study designed to compare the recovery 
profiles of these two agents following the induction of 
deep sedation would be required in order to answer 
this question. 

In addition to safety concerns, the economic impact 
of MAC should also be considered. The cost of MAC for 
an endoscopic procedure varies from $150 to several thou-
sand dollars, averaging approximately $400 per case.20 If 
each of the 20 million endoscopic procedures performed 
in the United States were performed with MAC, the cost 
of anesthesia services annually would be approximately 
$8 billion. Although it might be reasonable to accept this 
additional cost if patient safety or procedural outcomes 
were improved, there is currently no evidence that the use 
of MAC improves any endoscopic outcome apart from 
patient satisfaction and throughput. Dr. Orin Guidry, 
former President of the American Society of Anesthe-
siology, acknowledged this idea in an open letter to the 
membership of that professional body.21 Nevertheless, 
anesthesiologists continue to insist that the debate over 
who should sedate our patients should focus on patient 
safety, not economics. Remarkably, their concern for the 
“best interests of patients” aligns perfectly with their per-
sonal economic interests.

New Directions in Endoscopic Sedation

The rapid growth in the utilization of MAC sedation in 
certain regions of the United States is a reflection of the 
desire of many endoscopists to have an improved method 
of sedation. This desire has been prompted by several 
factors, including an increased demand for endoscopic 
services, shrinking reimbursement by payers, and the 
expectation by a growing number of patients to have a 
painless endoscopy. In this section, we will review three 
prospective sedation methods that might fulfill this 
unmet need. 

Fospropofol Disodium
Several prodrug formulations of propofol have been 
developed in order to circumvent several problems 
associated with the current formulation of propofol, 
including the stability of propofol emulsion, complica-
tions of lipid infusion, the risk of microbial contami-
nation, and the desire to slow the release of the active 
drug. Fospropofol disodium (Lusedra injection, MGI 
Pharma) is the most studied of these prodrugs. Fospro-
pofol (phosphon-O-methyl-2,6-diisopropylpheol) is a 
water-soluble compound that is rapidly hydrolyzed by 
alkaline phosphatases to release propofol and several 
metabolites.22 Following intravenous administration, 
fospropofol produces a lower peak plasma propofol 
concentration than bolus administration of the lipid 

formulation of propofol. Unlike the lipid emulsion 
formulation, which produces a rapid spike and fall in 
propofol concentration, fospropofol is associated with 
a smooth and predictable rise in propofol. A phase II 
dose-ranging study showed that an initial bolus dose  
of 6.5 mg/kg, followed by subsequent bolus doses of  
1.6 mg/kg (25% of the initial dose) as needed at 4-min-
ute intervals, led to titratable sedation with an optimum 
balance of efficacy, safety, and tolerability.23 

The pivotal phase III study confirmed that fospro-
pofol (6.5 mg/kg) achieved moderate sedation in the vast 
majority of patients undergoing colonoscopy and was 
superior to sedation in the low-dose fospropofol group 
(2 mg/kg).24 Deep sedation was observed in only 4% of 
patients in the fospropofol 6.5-mg/kg group (average 
time, 0.3 minute). Most patients reported being satisfied 
with their sedation experience. Physicians also reported 
a high level of satisfaction with fospropofol 6.5 mg/kg. 
Unfortunately, the US Food and Drug Administration 
rejected the sponsor’s request for a moderate sedation 
label and instead approved the product with a MAC label, 
which indicates that the use of this drug will likely be 
limited to anesthesiologists and certified registered nurse 
anesthetists, similar to the constraints placed on propofol. 
The future of this product for procedural sedation in the 
hands of nonanesthesiologists remains uncertain at the 
current time. 

Computer-assisted Personalized Sedation
The SEDASYS System (Ethicon Endo-Surgery) is a self-
contained unit designed to deliver propofol to patients 
undergoing endoscopy.25 The system is designed for use 
by a physician/nurse team and is compliant with exist-
ing sedation guidelines. The device consists of two major 
components: a patient monitoring system and a drug 
delivery system. The drug delivery unit uses a proprietary 
software algorithm that enables it to deliver a preselected 
maintenance dose of propofol (0.25–0.75 µg/kg/min) 
following the administration of a loading dose  
(50–100 µg), which is given over a 3-minute period. 
The system monitors oxygen saturation, heart rate and 
rhythm, blood pressure, and end-tidal carbon dioxide, 
as well as patient responsiveness. The responsiveness 
monitor is a novel device comprised of a hand-held unit 
and an earpiece that are interconnected through a micro-
processor. Physiologic monitors, along with the patient 
responsiveness unit, provide continuous feedback to the 
drug infusion system regarding the patient’s physiologic 
condition and level of sedation.26 The rate of propofol 
infusion may be adjusted by the microprocessor, based 
upon feedback from the monitors, in order to maintain 
the patient at a moderate level of sedation. In addition to 
the above features, automated oxygen delivery and patient 
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alarms are integrated into the system in order to provide 
additional safety mechanisms. For example, the device 
will respond to oversedation and hypoventilation by 
stimulating the patient, increasing the oxygen flow 
rate, and, when appropriate, either reducing or com-
pletely interrupting propofol infusion. This approach 
to sedation has been designated computer-assisted 
personalized sedation. 

The phase III pivotal study was a multicenter, ran-
domized, nonblinded comparative trial that evaluated 
the SEDASYS system against conventional sedation 
consisting of a benzodiazepine and an opioid in patients 
undergoing colonoscopy or esophagogastroduodenos-
copy (EGD). A total of 1,000 patients (721 colonoscopy 
patients, 279 EGD patients) were enrolled at 8 sites 
throughout the United States.27 Patients in the SEDASYS 
arm received a single intravenous bolus of fentanyl, which 
was followed 3 minutes later by a propofol infusion. The 
control arm was sedated using midazolam and an opioid 
according to the investigator’s usual sedation protocol. All 
patients received supplemental oxygen at 2 L/min. The 
study’s primary endpoint was safety, assessed by compar-
ing the duration and depth of hypoxemia (referred to as 
area-under-the-curve of oxygen desaturation). Additional 
endpoints included patient and clinician satisfaction 
measured with newly developed validated instruments, 
recovery time, and duration of deep sedation. In the 
colonoscopy cohort, patients in the SEDASYS arm 
experienced significantly less hypoxemia compared to 
the patients receiving standard sedation (18 + 125 vs  
99 + 510; P=.004). Both patients and clinicians were 
more satisfied with the sedation provided by the SEDA-
SYS system, compared to that of conventional sedation 
(93 + 12 vs 91 + 12; P=.052; 92 + 10 vs 76 + 17; P<.001). 
Recovery time was significantly faster with the SEDASYS 
system than in patients receiving standard sedation (2.7 
+ 2.4 min vs 6.3 + 6.8 min; P<.001). More than 99% 
of all sedation assessments in both treatment groups were 
considered to be minimal to moderate sedation. Similar 
findings were observed during EGD. These results suggest 
that a drug infusion system such as SEDASYS may be 
a safe and effective option for endoscopic sedation and 
provide a cost-effective alternative to the current practice 
of MAC. 

Patient-controlled Sedation/Analgesia 
This form of drug delivery provides patients with the abil-
ity to self-direct the administration of drug when needed 
or conversely to withhold it. In its simplest form, it may 
be thought of as personalized drug administration. A 
handheld device permits the patient to signal the need for 
the drug by pressing a button. Patient-controlled seda-
tion/analgesia (PCS/A) utilizes a specialized pump that 

can be programmed to deliver a preset amount of medica-
tion. Systems differ in their design, with some offering 
the option of a continuous infusion mode plus additional 
doses that are given on demand, whereas other delivery 
systems are intended to deliver the drug only upon 
demand. In order for PCS/A to be effective, the drug(s) 
used in the system must have pharmacokinetic profiles 
that permit rapid-on and rapid-off effect. Currently, most 
PCS/A systems that are designed for procedural sedation 
utilize propofol, either alone or combined with a short-
acting opioid such as alfentanil or remifentanil (Ultiva, 
Bioniche Teoranta).

Several endoscopic studies have compared PCS/A 
to traditional sedation. Roseveare studied PCS/A with 
propofol/alfentanil versus conventional sedation in 66 
patients undergoing colonoscopy.28 Patients receiving 
PCS/A reported slightly more procedure-related pain, 
though patients in both treatment arms were satisfied 
with the sedation. As expected, recovery was faster in the 
PCS/A treatment group. In another study, 100 elderly 
patients undergoing colonoscopy were randomized to 
either patient-controlled sedation or intravenous seda-
tion. Both treatment groups were satisfied with their 
sedation, but patients in the PCS/A group were more 
likely to describe procedure-related discomfort.29 Heuss 
compared propofol administered by bolus versus PCS/A. 
He observed no differences between the two treatment 
groups with respect to patient satisfaction or safety 
parameters.30 Mandel compared two forms of PCS/A, one 
using propofol and remifentanil (an ultra-short acting 
opioid) and the other with midazolam and fentanyl, in  
50 patients undergoing colonoscopy.31 As expected, 
time to sedation and time to recovery were significantly 
shorter in the group receiving propofol and remifentanil. 
Two patients in the propofol arm required intervention 
by an anesthesiologist. 

Conclusion

The practice of MAC will likely continue to generate 
controversy and debate until outcome studies are avail-
able that compare the safety and efficacy of MAC with 
endoscopist-directed sedation. This will require respon-
sible members of the anesthesia and gastroenterology 
communities to work together in order to conduct the 
studies necessary to generate these results. Only then 
will it be possible to determine with certainty when it 
is appropriate to use MAC within the endoscopy suite. 
In the meantime, alternative approaches to endoscopic  
sedation such as endoscopist-directed propofol, fospropo-
fol, computer-assisted personalized sedation, and PCS/A 
are being studied to define their respective roles in the 
endoscopy unit. 
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