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INTRODUCTION

Sedation techniques have become increasingly popular for a
wide variety of both diagnostic and therapeutic procedures
performed on an ambulatory basis. The commonly used seda-
tive-hypnotics produce a dose-dependent spectrum of central
nervous system (CNS) depression which represents a continu-
um from minimal («light») to deep sedation. The three com-
monly used terms to describe the various levels of sedation are:

I. Minimal Sedation («Premedication») is a drug-induced
state during which patients respond normally to verbal
commands. Although cognitive function and coordina-
tion may be mildly impaired, ventilatory and cardiovas-
cular functions are unaffected.

II. Moderate Sedation («Conscious Sedation») is a drug-
induced depression of consciousness during which pa-
tients respond purposefully to verbal commands, either
alone or when accompanied by light tactile stimulation.
No interventions are required to maintain a patent air-
way, and spontaneous ventilation is adequate. Cardio-
vascular function is usually unaffected.

III.Deep Sedation («Intravenous Anesthesia») is a drug-
induced depression of consciousness during which pa-
tients cannot be easily aroused, but may respond pur-
posefully following repeated or painful stimulation. The
ability to independently maintain ventilatory function
is often impaired. Patients may require assistance in main-
taining a patent airway, and spontaneous ventilation may
be inadequate. Although bradycardia can occur, cardio-
vascular function is usually maintained.

Recent data from an ASA Closed Claims study(1) in-
volving patients receiving monitored anesthesia care

(MAC) demonstrates that medical legal claims typically
involved older and sicker patients than claims involving
general anesthesia. The percentage of claims which re-
sulted in permanent brain damage or death was equiva-
lent to that seen with general anesthesia! Over 50% of the
claims were judged to be preventable by better monitor-
ing, including capnography, increased vigilance, or au-
dible alarms, and all of these claims by definition in-
volved an anesthesiologist. In 41% of these cases, the
anesthesia care was judged to be «substandard» and fi-
nancial payments were made in 51% of these cases, with
a median payment of $159,000.

Published reports involving sedation by non-anesthe-
siologists using a variety of sedative-analgesic medica-
tions generally report only «rare» adverse outcomes. How-
ever, a recent study by Patel et al(2) found that deep
sedation occurred in 68% of patients undergoing GI en-
doscopy with meperidine and midazolam, with patients
undergoing ERCP (83%) and endoscopic ultrasonogra-
phy (80%) procedures being at the highest risk. Adverse
outcomes in a number of series have been associated with
co-existing diseases, particularly respiratory impair-
ment(3). If sedation is to be provided by non-anesthesiol-
ogists, careful screening and patient selection is critical-
ly important.  In the init ial  experiences where
gastroenterologists administered propofol during endo-
scopic procedures, a second gastroenterologist adminis-
tered the sedation-analgesia. Subsequent larger series(3)

used a special sedation nurse who had received extensive
training to administer propofol. In a small comparative
study involving gastroenterologist-administered propo-
fol vs meperidine/midazolam when using capnography
to monitor respiratory rate (and airway patency), Vargo
et al(4) reported similar physiological outcomes and pa-
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tient/endoscopist satisfaction. They also stated that the
use of propofol in this GI population led «to significant-
ly improved recovery of baseline activity and food in-
take 24 h after the procedure.» However, the ASA has
developed specific guidelines for sedation and analgesia
by non-anesthesiologists, including the use of propofol.

COMMONLY USED MEDICATIONS

The spectrum of adjuvant drug therapies used during se-
dation procedures includes sedative-hypnotic drugs with
anxiolytic properties to minimize the «stress» associated
with the operating room environment, drugs with amnes-
tic properties to reduce recall of events during the proce-
dure, sympatholytic drugs to maintain hemodynamic sta-
bility, and analgesic medication to optimize patient
comfort (Table I). Ideally, the drug (or combination of
drugs) used would be easily titrated to rapidly achieve
the desired effects (i.e., a predictable dose-effect relation-
ship), have a low incidence of perioperative side effects,
and allow for a rapid spontaneous recovery to baseline
activity levels. As the ideal drug is yet to be found, care-
ful titration of the available drug(s) to achieve the de-
sired clinical effects may be more important than the
choice of any individual drugs, particularly in elderly
patients and those with pre-existing medical diseases. The
most commonly used sedative-analgesics are listed in the
table below:

A wide of barbiturate compounds have been used for se-
dation during diagnostic and therapeutic procedures (i.e.,
«conscious sedation» and MAC, respectively)(6). Although
thiopental may be associated with a prolonged recovery time,
methohexital provides excellent intraoperative sedation and
a rapid recovery when administered by either intermittent
bolus injections (10-20 mg) or as a variable-rate infusion.
While studies involving the use of bolus injections sug-
gested that residual sedation was greater with methohexital
than propofol(7), Sá Rêgo et al(8) showed no significant dif-
ferences in the recovery times when infusions of methohex-
ital (40 µg.kg-1.min-1) and propofol (50 µg.kg-1.min-1 ) were
compared during MAC cases. As expected, propofol was
associated with a higher incidence of pain on injection (23
vs 10%).

Among the available benzodiazepines, midazolam is
more acceptable than either diazepam or lorazepam. Com-
pared to diazepam, midazolam is associated with less pain
on injection and venous irritation. Midazolam also pro-
duces more profound amnesia than diazepam, and less
residual (post-procedural) amnesia than lorazepam. The
time required to achieve a peak CNS effect with mida-
zolam (3-5 min) may lead to cumulative effects («overse-
dation») when repeated bolus doses are administered at
frequent time intervals. White et al(9) noted a similar spec-
trum of CNS depression with midazolam (0.05 to 0.15
mg.kg-1, IV) and diazepam (0.1 to 0.3 mg.kg-1, IV). How-
ever, midazolam possesses a smaller margin of safety with

Table I. Recommended dosages of commonly used sedative-hypnotic and analgesic drugs†.

Drug group Bolus dosages Infusion rates

Sedative-hypnotics
• Diazepam 5-10 mg
• Midazolam 2.5-7.5 mg (alone)

1-2 mg (with propofol) 1-2 µg•kg-1•min-1

• Propofol 25-100 mg 25-100 µg•kg-1•min-1

• Thiopental 50-200 mg
• Methohexital 5-20 mg 15-60 µg•kg-1•min-1

Sedative-analgesics
• Ketamine 10-20 mg 5-20 µg•kg-1•min-1

• Dexmedetomidine 30-60 µg 0.01-0.02 µg•kg-1min-1

Analgesics
• Meperidine 25-100 mg
• Alfentanyl 150-500 µg 0.5-1 µg•kg-1•min-1

• Fentanyl 25-100 µg
• Remifentanyl 5-20 µg 0.025-0.1 µg•kg-1•min-1

† In the elderly population, lower dosages of the sedative-analgesic drugs should be administered (e.g., midazolam 0.5-1.0 µg IV,
propofol 10-50 µg/kg/min) to avoid prolonged recovery times.
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respect to ventilatory depression, and requires and great-
er need for careful titration to achieve the desired clini-
cal end-point without untoward side effects. The lipid-
based formulation of diazepam is associated with a lower
incidence of both pain and venoirritation than the origi-
nal propylene glycol formulation(10). When midazolam
is administered a continuous infusion (loading dose of
0.025-0.05 mg.kg-1 followed by a maintenance infusion
of 1-2 µg.kg-1.min-1), it can provide for a titratable level
of sedation. While midazolam provides more effective
perioperative amnesia than methohexital or propofol, its
use is associated with a slower recovery of psychomotor
function(4,11).

Propofol has pharmacokinetic and recovery character-
istics which make it ideally suited for use during proce-
dures requiring moderate-to-deep sedation. Low-dose pro-
pofol infusions have been used as an adjuvant to local
anesthesia in patients undergoing a wide variety of diag-
nostic (e.g., endoscopic) and superficial surgical proce-
dures in the operating room (e.g., breast biopsy and herni-
orrhaphy). In comparing propofol and midazolam
infusions for sedation during MAC procedures, the use of
propofol was associated with a more rapid recovery of
cognitive function and less postoperative sedation,
drowsiness, confusion, clumsiness, and amnesia than mi-
dazolam(11). Compared to midazolam and methohexital,
use of propofol is associated with the lowest incidence of
awareness during insertion of an endoscope and at the
time of the initial injection of the local anesthetic(4,11).
Furthermore, use of propofol resulted in more satisfacto-
ry conditions during the remainder of the procedure. Since
subhypnotic doses of propofol are associated with mini-
mal intraoperative amnesia, a small «premedicant» dose
of midazolam (0.5-2 mg IV) has been found to be benefi-
cial in enhancing propofol-induced sedation, amnesia and
anxiolysis during the procedure without delaying recov-
ery(12). Although pain on injection remains the most com-
monly reported side effect with propofol, newer generic
and median chain triglyceride (MCT) formulations of pro-
pofol appear to be associated with somewhat less dis-
comfort during the initial injection(13). Unfortunately, a
new lower lipid formulation of propofol (Ampofol) was
associated with slightly greater pain on injection(14). A
novel water-soluble cyclodextrin propofol formulation
was also reported to produce more pain on injection than
the standard lipid-containing formulations of propo-
fol(15). In contrast, the new water-soluble prodrug formu-
lation of propofol (Aquavan) does not appear to produce
significant pain on injection(16,17).

Ketamine produces a unique «dissociative» sedative-
anesthetic state(18). However, it can also produce undesir-

able cardiovascular stimulation and unpleasant psycho-
mimetic emergence reactions. In low doses (50-100 µg/
kg) ketamine produces mild sedation and analgesia with-
out untoward CNS effect, and has proven to be useful in
treating transient discomfort in patients receiving local
anesthesia for diagnostic or minor therapeutic procedures.
Since even relatively low-doses of ketamine can be asso-
ciated with CNS side effects, benzodiazepines are often
co-administered to attenuate the psychomimetic effects
of ketamine(18). More recently, the combination of pro-
pofol and ketamine has been used to provide sedation
and analgesia during minor procedures(19). By avoiding
opioid analgesics, this popular combination can provide
for a «deep» level of sedation without excessive ventila-
tory depression(20).

Remifentanyl is unique among the potent opioid an-
algesics because of its extremely short elimination half-
time (3-5 min) due to rapid esterase metabolism. Remifen-
tanyl has been used as an alternative to both
meperidine-midazolam(21) and propofol(22). However, its
use possesses a greater risk of ventilatory depression and
postoperative nausea and vomiting. Remifentanyl-in-
duced ventilatory depression is enhanced by concomi-
tant sedative medication (e.g., midazolam) in a dose-re-
lated fashion(23). Finally, dexmedetomidine has been more
recently introduced as an alternative to propofol(24). How-
ever, use of dexmedetomidine as a sole agent for colonos-
copy was less than ideal, and was associated with more
complications than a standard combination of meperi-
dine and midazolam(25).

In the future, several newer sedative-hypnotics and sed-
ative delivery systems are likely to be introduced. Two
new compounds which may be available for clinical use
in the future are shorter-acting benzodiazepine (Ro 48-
6792), and a prodrug which is rapidly converted to pro-
pofol (AquavanÔ). A derivative of midazolam, Ro 48-
6792, was initially evaluated as an alternative to
midazolam for sedation during colonoscopy(26). Use of
Ro 48-6792 was associated with a slightly faster recov-
ery; however, patients required more opioid analgesic
during the procedure. Although Aquavan lacks propo-
fol’s pain on injection(16,17), questions remain regarding
its ease of titration and the incidence of perineal dyses-
thesias (e.g., burning sensation). Clearly, more clinical
testing is needed to determine the future role of Aquavan
in procedural (as well as MAC) sedation. Finally, novel
systems for delivering «old drugs» are in developmental
stages (e.g., a propofol sedation drug delivery system).
Indeed, future options for sedation of patients undergo-
ing diagnostic and therapeutic procedures should offer
some exciting new possibilities for practitioners.



Revista Mexicana de Anestesiología

White PF. What’s new in sedation techniques for ambulatory procedures

S36

edigraphic.com

SUSTRAÍDODE-M.E.D.I.G.R.A.P.H.I.C

:ROP ODAROBALE FDP

VC ED AS, CIDEMIHPARG

ARAP

ACIDÉMOIB ARUTARETIL :CIHPARGIDEM

1. Bhananker SM, Posner KL, Cheney FW, et al. Injury and liability
associated with monitored anesthesia care: a closed claims analy-
sis. Anesthesiology 2006;104:228-34.

2. Patel S, Vargo JJ, Khandwala F, et al. Deep sedation occurs fre-
quently during elective endoscopy with meperidine and mida-
zolam. Am J Gastroenterol 2005;100:2689-95.

3. Rex DK, Heuss LT, Walker JA, Qi R. Trained registered nurses/
endoscopy teams can administer propofol safely for endoscopy.
Gastroenterology 2005;129:1384-91.

4. Vargo JJ, Zuccaro G, Dumot JA, et al. Gastroenterologist-admin-
istered propofol versus meperidine and midazolam for advanced
upper endoscopy: a prospective, randomized trial. Gastroenter-
ology 2002;123:8-16.

5. American Society of Anesthesiologists Task Force on Sedation
and Analgesia by Non-Anesthesiologists: Practice guidelines for
sedation and analgesia by non-anesthesiologists. Anesthesiology
2002;96:1004-17.

6. Sá Rêgo MM, Watcha MF, White PF. The changing role of mon-
itored anesthesia care in the ambulatory setting. Anesth Analg
1997;85:1020-1036.

7. Meyers CJ, Eisig SB, Kraut RA. Comparison of propofol and
methohexital for deep sedation. J Oral Maxillofac Surg
1994;52:448-452.

8. Sá Rêgo MM, Inagaki Y, White PF. Cost-effectiveness of metho-
hexital versus propofol for sedation during monitored anesthesia
care. Anesth Analg 1999;88:723-728.

9. White PF, Vasconez LO, Mathes, et al. Comparison of mida-
zolam and diazepam for sedation during plastic surgery. J Plast
Reconstr Surg 1988;81:703-712.

10. van Vlymen JM, Sá Rêgo MM, White PF. Benzodiazepine pre-
medication: can it improve outcome in patients undergoing breast
biopsy procedures: Anesthesiology 1999;90:740-7.

11. White PF, Negus JB. Sedative infusions during local and regional
anesthesia: a comparison of midazolam and propofol. J Clin Anesth
1991;3:32-39.

12. Taylor E, Ghouri AF, White PF. Midazolam in combination with
propofol for sedation during local anesthesia. J Clin Anesth
1992;4:213-216.

13. Shao X, Li H, White PF, et al. Bisulfite-containing propofol: is it
a cost-effective alternative to DiprivanTM for induction of anes-
thesia? Anesth Analg 2000;91:871-5.

14. Song D, Hamza MA, White PF, et al. Comparison of a lower-lipid
propofol emulsion with the standard emulsion for sedation during
monitored anesthesia care. Anesthesiology 2004;100:1972-5.

REFERENCES

15. Egan TD, Kern SE, Johnson KB, et al. Propofol in a modified
cyclodextrin formulation: first in man pharmacodynamics. Anesth
Analg 2006;102:S297.

16. Gibiansky E, Struys MM, et al. AQUAVAN injection, a water-
soluble prodrug of propofol, as a bolus injection: A phase I dose-
escalation comparison with DIPRIVAN (part 1): Pharmacokinet-
ics. Anesthesiology 2005;103:718-29.

17. Struys MM, Vanluchene AL, Gibiansky L, et al. AQUAVAN
injection, a water-soluble prodrug of propofol, as a bolus injec-
tion: a phase I dose-escalation comparison with DIPRIVAN
(part 2): Pharmacodynamics and safety. Anesthesiology
2005;103:730-43.

18. White PF. Use of ketamine for sedation and analgesia during
injection of local anesthetics. Ann Plast Surg 1985;15:53-56.

19. Badrinath S, Avramov MN, Shadrick M, et al. The use of a
ketamine-propofol combination during monitored anesthesia
care. Anesth Analg 2000;90:858-62.

20. Frey K, Sukhani R, Pawlowski J, et al. Propofol versus propofol-
ketamine for retrobulbar nerve block: comparison of sedation
quality, intraocular pressure changes, and recovery profiles.
Anesth Analg 1999;89:317-21.

21. Greilich PE, Virella CD, Rich JM, et al. Remifentanyl versus
meperidine for monitored anesthesia care: a comparison study in
older patients undergoing ambulatory colonoscopy. Anesth An-
alg 2001;92:80-4.

22. Smith I, Avramov MN, White PF. A comparison of propofol and
remifentanyl during monitored anesthesia care. J Clin Anesth
1997;9:148-154.

23. Avramov MN, Smith I, White PF. Interactions between mida-
zolam and remifentanyl during monitored anesthesia care. Anes-
thesiology 1996;85:1283-1289.

24. Arain SR, Ebert TJ. The efficacy, side effects, and recovery char-
acteristics of dexmedetomidine versus propofol when used for
intraoperative sedation. Anesth Analg 2002;95:461-6.

25. Jalowiecki P, Rudner R, Gonciarz M, et al. Sole use of dexme-
detomidine has limited utility for conscious sedation during out-
patient colonoscopy. Anesthesiology 2005;103:269-73.

26. Tang J, Wang B, White PF, et al. Comparison of the sedation and
recovery profiles of Ro 48-6791, anew benzodiazepine, and
midazolam in combination with meperidine for outpatient endo-
scopic procedures. Anesth Analg 1999;89:893-8.


