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Sedation Regimens for Gastrointestinal Endoscopy
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Sedation allows patients to tolerate unpleasant endoscopic procedures by relieving anxiety, discomfort, or pain. It also reduces a patient’s
risk of physical injury during endoscopic procedures, while providing the endoscopist with an adequate setting for a detailed examina-
tion. Sedation is therefore considered by many endoscopists to be an essential component of gastrointestinal endoscopy. Endoscopic se-
dation by nonanesthesiologists is a worldwide practice and has been proven effective and safe. Moderate sedation/analgesia is generally
accepted as an appropriate target for sedation by nonanesthesiologists. This focused review describes the general principles of endoscop-
ic sedation, the detailed pharmacology of sedatives and analgesics (focused on midazolam, propofol, meperidine, and fentanyl), and the

multiple regimens available for use in actual practice.
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INTRODUCTION

Sedation, which can be defined as a drug-induced depres-
sion in the level of consciousness, is regarded by many endos-
copists as an essential component of gastrointestinal endos-
copy." Endoscopic procedures such as esophagogastroduod-
enoscopy (EGD) and colonoscopy can be performed without
sedation in some patients with certain characteristics, but
these procedures are better tolerated when adequate sedation
is administered. This is especially the case for more complex
endoscopic procedures such as endoscopic retrograde cholan-
giopancreatography.* Sedation allows patients to tolerate un-
pleasant procedures by relieving anxiety, discomfort, or pain,
and it also reduces a patient’ risk of physical injury during en-
doscopic procedures while providing the endoscopist with an
adequate setting for a detailed examination.'

Expertise in the pharmacology, physiology, and clinical
management of patients receiving sedation and analgesia is
therefore very relevant to endoscopists.” Endoscopic sedation
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by nonanesthesiologists is a worldwide practice that has been
confirmed as effective and safe, especially when targeted to
moderate sedation/analgesia.*® Propofol, as well as traditional
agents (benzodiazepines and/or narcotics), can be safely titrat-
ed by endoscopists to provide adequate sedation.” This focused
review describes the basics of sedation, the pharmacology of
sedatives and analgesics, and the multiple regimens available
for use in actual practice.

SEDATION AND ANALGESIA FOR
GASTROINTESTINAL ENDOSCOPY

The aim of endoscopic sedation is to reduce patient discom-
fort, including anxiety and pain, while preserving a minimum
rate of drug-related adverse events.' Sedative drugs produce
hypnosis and amnesia of discomfort but no analgesia, while
opioid narcotics produce potent analgesia but little sedation.’
If analgesics are properly used, the amount of sedative required
for satisfactory endoscopic sedation can be substantially re-
duced. Endoscopists should consider both patient and pro-
cedural factors for adequate and safe sedation. Patient factors
include age, body mass, medical history, concurrent medica-
tions, preprocedural anxiety, previous responses to sedation,
and pain tolerance."*'° Procedural factors include the level of
procedure-related discomfort, the need for the patient to lie
relatively motionless, and the duration of examination."*"
Optimal sedation by endoscopists is indicated in the seda-
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tion training curriculum for gastrointestinal endoscopy pub-
lished by the gastroenterology and endoscopy societies,
which includes concepts of sedation, preprocedural assess-
ment, sedation pharmacology, patient monitoring, training
in airway/rescue techniques, management of complications,
and so forth.*" Table 1 summarizes the general principles of
endoscopic sedation for nonanesthesiologists.>**’

PHARMACOLOGY OF SEDATIVES AND
ANALGESICS

Endoscopists must understand the pharmacology, phar-
macokinetics (time of onset, peak response, and duration of
effect), pharmacodynamics, adverse effects, and drug-drug
interactions of any sedative and analgesic that they use (Table
2). The most common agents used for endoscopic sedation
are benzodiazepines (more specifically midazolam), opioids,
and propofol.

Midazolam

Benzodiazepines have multiple pharmacologic effects that
help facilitate sedation for endoscopy through interactions
with the y-aminobutyric acid (GABA) receptor. When ben-
zodiazepines bind to the type A GABA (GABA,) receptor
within the cerebrum and cerebellar cortex, they increase the
binding affinity for GABA (inhibitory neurotransmitter) and
promote its inhibitory action on the central nervous sys-
tem.""> As a result, benzodiazepines have anxiolytic, euphori-
ant, sedative-hypnotic, amnestic (anterograde), anticonvulsant,
and muscle-relaxing effects. The commonly used benzodiaze-
pines for endoscopic sedation have been midazolam and di-
azepam, but midazolam is the benzodiazepine of choice due
to the shorter duration of its effect and its better pharmacoki-
netic profile compared to diazepam.*** In addition, midazol-
am is 1.5 to 3.5 times more potent than diazepam.'

Midazolam is a water soluble benzodiazepine that is avail-
able parenterally and shows a pH-dependent solubility. In an

Table 1. Clinical Pearls for Adequate and Safe Endoscopic Sedation

acidic solution (pH <3-4), midazolam is water-soluble. After
intravenous administration, midazolam undergoes an intra-
molecular reconfiguration at physiological pH (7.4) to yield
the classic lipophilic benzodiazepine structure."'* The high
lipophilicity of midazolam results in its rapid distribution
across the blood-brain barrier to its site of action, i.e., the
central nervous system. Midazolam is metabolized in the liv-
er through oxidative and conjugative metabolism, and its
metabolites are excreted by the kidney.

The onset of effect for midazolam is 1 to 2.5 minutes, the
peak effect is at 3 to 4 minutes, and the duration of effect is
15 to 80 minutes. The duration of the effect of midazolam
depends on the duration of its administration.* Midazolam
clearance is reduced in the elderly, the obese, and those with
hepatic or renal impairment.' The major adverse effects are
respiratory depression, apnea, and hypotension. The respira-
tory depressant effect of benzodiazepines is dose dependent
and results from depression of the central ventilator response
to hypoxia and hypercapnia. Paradoxical reactions, including
hyperactive or aggressive behavior, have been reported with
benzodiazepines.! The administration of flumazenil (a ben-
zodiazepine antagonist) can reverse sedation, psychomotor
impairment, memory loss, and respiratory depression.® The
onset of action for flumazenil is 1 to 2 minutes and the dura-
tion of its effect is 60 minutes.

Propofol

Propofol (2,6-diisopropofol) is a sedative-hypnotic drug
with an amnestic effect, but a minimal analgesic effect. Its
hypnotic effect results from potentiating GABA through the
GABA, receptor in a manner similar to that of benzodiaze-
pines."” The depth of sedation increases in a dose-dependent
manner. Serum levels of propofol should be greater than 1 pg/
mL to produce sleep.”” The current formulation of propofol
contains 1% propofol (10 mg/mL), 10% soybean oil, 2.25%
glycerol, and 1.2% purified egg phosphatide. Propofol has the
benefits of a very rapid onset of action and a short recovery

1. Remember that the depth of sedation is a continuum without clear boundaries. The depth of sedation is arbitrarily divided into four levels

(minimal, moderate, deep sedation, and general anesthesia) according to four variables (responsiveness, airway, spontaneous ventilation,

and cardiovascular function), but predicting how an individual patient will respond is not always possible.

2. Target moderate sedation. Moderate sedation is generally accepted as an appropriate target for sedation by nonanesthesiologists.

Endoscopists also must remain aware that a patient may become sedated to a level deeper than was intended.

3. The pharmacological response of an individual patient to each specific agent is unique. Start with a low dose, assess the response,

and proceed gradually with titration.

4. Wait until the onset of drug action. Each sedative/analgesic has unique properties of onset of action, peak drug effect,

and biological half-life.

5. Sedative drugs produce hypnosis and amnesia but no analgesia. Opioid analgesics produce potent analgesia but little sedation.

Combinations of drugs in different classes may therefore maximize patient comfort. When combining sedatives and analgesics, reduced

dosages of both drug types are required because of synergism.
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Drug concentration
in dosage form of injection
1 mg/mL
5 mg/mL
10 mg/mL
25 mg/mL
50 mg/mL
75 mg/mL
100 mg/mL
50 ug/mL

Significant adverse
effects
Respiratory depression,
paradoxical response
Respiratory depression,
pypotension
Respiratory depression,
nausea, vomiting
Respiratory depression,
nausea, vomiting

Reversal
agent
Flumazenil
None
Naloxone
Naloxone

Metabolism/
excretion
Hepatic and intestinal/
excreted in urine
Hepatic/
excreted in urine
Hepatic/
excreted in urine
Hepatic/
excreted in urine

min

15-80
60-180
30-60

Duration of effect”,
4-8

3-4
1-2
5-7
3-5

min

Peak effect,

12
3-6
1-2

Onset of action (IV),
min
0.5-1

Primary
action
Amnesia
Sedation
Amnesia
Analgesia
Analgesia

Sedation
"The duration of drug effect may depend on the duration of administration.

Table 2. Pharmacological Properties of Sedatives/Analgesics for Gastrointestinal Endoscopy

1V, intravenous.

Midazolam
Propofol
Meperidine
Fentanyl

a)
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time.

Propofol is highly lipophilic and rapidly crosses the blood-
brain barrier. It is metabolized rapidly in the liver via hydrox-
ylation and conjugation with glucuronide and sulfate, and its
metabolites are excreted by the kidney. The onset of effect for
propofol is 0.5 to 1 minutes and the duration of effect is 4 to
8 minutes. The pharmacokinetic parameters of propofol vary
with patient factors such as weight, sex, age, and concomitant
disease. Because elderly patients have a decreased volume of
distribution and total body clearance for propofol, they are
more sensitive to propofol.”? Chronic kidney disease or liver
cirrhosis does not significantly alter propofol pharmacoki-
netics.""

Major adverse effects are respiratory depression, hypoten-
sion, and pain on injection.' Hypotension results from the car-
diovascular effects of propofol including decreased cardiac
output and systemic vascular resistance. With overdosing, re-
spiratory depression generally precedes clinically significant
hypotension.® Pain on injection is reported by up to 30% of
patients, especially when receiving an intravenous bolus of
propofol. That there is no existing pharmacologic antagonist is
a disadvantage of propofol, although hypotension and respira-
tory depression typically responds rapidly to a dose reduction
or interruption of drug infusion.

Opioids

The opioid class of drugs has potent analgesic with some
sedative effects. Opioid analgesics mainly inhibit neurotrans-
mission of pain by binding to specific opioid receptors that
are present in the central nervous system and peripheral tis-
sues. Properties of opioid analgesics include rapid onset, ease
of titration, and no ceiling effect. Among the opioid analgesics
(morphine, meperidine, fentanyl, remifentanil, and so forth),
meperidine and fentanyl are the most commonly used for en-
doscopic sedation. The equianalgesic dose refers to the rela-
tive potency of two opioids to produce the same analgesic ef-
fect.’? The standard comparison dose is 10 mg parenteral
morphine, which is equivalent to 75 mg of meperidine and 0.1
mg of fentanyl.

Meperidine is a full opioid agonist with effects similar to
those of morphine. The onset of action for meperidine is 3 to 6
minutes when intravenously administered and 10 to 15 min-
utes when administered intramuscularly.* The duration of
effect is 60 to 180 minutes. Meperidine is metabolized in the
liver and excreted in the urine. All opioids increase biliary
tract pressure, but meperidine has a lesser effect.”

Fentanyl, a synthetic full opioid agonist, is highly lipid-solu-
ble and 80 to 100 times as potent as morphine. The onset of
action for fentanyl is 1 to 2 minutes and its duration of effect is
30 to 60 minutes. Fentanyl is metabolized in the liver and ex-
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creted in the urine.

Common adverse effects of opioids include constipation, re-
spiratory depression, miosis, nausea and vomiting, urinary re-
tention, and myoclonus."” Respiratory depression occurs in a
dose-dependent manner, and the concomitant use of a benzo-
diazepine with an opioid has a synergistic effect on the risk of
respiratory depression. Opioid analgesics usually produce only
mild hemodynamic depression.”> Among the opioids, fentanyl
has relatively little effect on the cardiovascular system.' Nausea
and vomiting resulting from stimulation of the medullary che-
moreceptor trigger zone occurs in a dose-independent man-
ner.! Naxloxone is a pure antagonist for opioid receptors and is
used to reverse the effects of the opioid narcotics. The onset of
action for naloxone is 1 to 2 minutes and the duration of its ef-
fect is 30 to 45 minutes.

SEDATION REGIMENS FOR
ENDOSCOPISTS IN ACTUAL PRACTICE

Implementation of an evidence-based sedation regimen
may improve the quality of sedation practice and reduce the
incidence of sedation-related adverse events." However, a fine
line may exist between over- and under-sedation in actual
practice.”” Experience combined with knowledge is required
for safe and effective administration of sedatives/analgesics for
the purpose of induction and maintenance of moderate seda-
tion. Table 3 describes the detailed sedation regimens for en-
doscopists. When deep sedation or general anesthesia is re-
quired for extended periods in complex endoscopic procedures,
anesthesiologist-assisted sedation may play an important role."

Table 3. Practical Sedation Regimens for Gastrointestinal Endoscopy

Midazolam alone

The choice of traditional sedatives/analgesics generally con-
sists of a benzodiazepine used either alone or in combination
with an opiate.”® Midazolam is the most widely used benzodi-
azepine drug because it has a more rapid onset of action and a
shorter duration than the other benzodiazepines. The initial
intravenous dose for endoscopic sedation in healthy adults
younger than 60 years of age is 1 to 2 mg (or no more than 0.03
mg/kg body weight) injected over 1 to 2 minutes."® Additional
doses of 1 mg (or 0.02 to 0.03 mg/kg) may be administered at
2-minute intervals until adequate sedation is achieved. The
usual total dose is 2.5 to 5 mg."* A maximal dosage of mid-
azolam for routine endoscopic procedure is 6 to 7.5 mg.*" A
reduction in the midazolam dosage (20% or more) is required
for patients older than 60 years of age and for those with
American Society of Anesthesiologists physical status III or
greater.

Midazolam plus opioids

When midazolam is used in combination with an opioid
analgesic, a reduction in the dosage of midazolam/opioids may
be indicated due to a synergistic interaction.' The initial doses
are 0.5 to 1 mg midazolam plus 12.5 to 50 mg meperidine or
12.5 to 75 g fentanyl.'*** Additional medication is titrated at 1
to 3 minutes intervals to achieve or maintain the desired level
of sedation. The time of titration can be decreased by using an
initial dose of 2.5 mg midazolam and 25 to 50 mg meperidine
with an additional dose of midazolam."

Propofol alone
The clinical advantages of propofol include rapid onset and
off-set of sedation with quick recovery times. A meta-analysis

Midazolam alone

Initial dose: midazolam 1-2 mg or 0.03 mg/kg

Additional dose”: midazolam 1 mg or 0.02-0.03 mg/kg (2-3 min)

Midazolam plus opioids

Initial dose: midazolam 0.5-2.5 mg + meperidine 12.5-50 mg

midazolam 0.5-1 mg + fentanyl 12.5-75 ug

Additional dose”; midazolam 1 mg (2-3 min)
midazolam 1 mg or fentanyl 12.5-50 pg (1-3 min)

Maximum doses for
routine endoscopic

Propofol alone sedation:
Bolus Initial dose: propofol 10-60 mg Midazolam 6 mg
Additional dose”: propofol 10-20 mg (0.5 min) Meperidine 150 mg
Continuous Continuous infusion by infusion pump: 2-5 mg/kg/hr or 100-200 mg/hr, with or Fentanyl 200 pg
without initial bolus 0.25-0.5 mg/kg Propofol 400 mg
Combination propofol Preinduction: midazolam 0.5-2.5 mg and/or

meperidine 25-50 mg/fentanyl 25-75 ug

Induction: propofol 10-40 mg or up to 0.5 mg/kg

Maintenance of sedation: propofol 5-20 mg

“Minimal interval of administration.
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showed that propofol allows a more rapid initiation of seda-
tion (2 vs. 6 to 8.5 minutes) and a shorter recovery time (15 vs.
50 to 55 minutes) when compared with midazolam-based
regimens.” Many patients who receive propofol alone may re-
quire deep sedation because propofol provides no analgesic ef-
fect.!

The published protocols for propofol recommend an initial
bolus of propofol ranging from 10 to 60 mg, followed by addi-
tional boluses of 10 to 20 mg administered with a minimum of
20 to 30 seconds between doses.' The short duration of action
of propofol may require frequent and somewhat technically
demanding propofol administration to maintain sedation levels.

Continuous infusion of propofol by pumps may theoretical-
ly be associated with a reduced need for nurse intervention
and a more stable maintenance of a consistent level of seda-
tion. The published protocols for continuous propofol infusion
states are 2 to 5 mg/kg/hr (or 100 to 200 mg/hr), sometimes
with an initial 0.25 to 0.5 mg/kg bolus.”*"* Although continu-
ous infusion of propofol by a pump is widely used in anesthe-
sia practice and the pumps are easily programmed, most non-
anesthesiologists prefer the flexibility of the bolus approach.”*

Balanced propofol sedation (combination propofol)

Balanced propofol sedation is analogous to balanced anes-
thesia, which is a well-established pharmacologic concept in
the practice of general anesthesia. Balanced anesthesia involves
the administration of a mixture of small amounts of several
neuronal depressants to maximize the therapeutic actions
while minimizing the likelihood of a dose-related adverse re-
action from any of the individual drugs.! In endoscopic prac-
tice, balanced propofol sedation describes the use of an opioid
and/or benzodiazepine, where each is given as a single dose,
followed by small incremental doses of propofol administered
to achieve a target level of sedation (preferably moderate seda-
tion).> Balanced propofol sedation can provide the benefits of
propofol-mediated sedation while reducing the risk of rapid,
irreversible oversedation." However, recovery time from bal-
anced propofol sedation might be longer than recovery from
propofol only.

The published protocols for balanced propofol sedation dic-
tate a pre-induction dose of either an opioid (fentanyl, 25 to 75
ug; meperidine, 25 to 50 mg), midazolam (0.5 to 2.5 mg), or
both."*** An initial bolus of propofol (10 to 40 mg, or up to 0.5
mg/kg) is then administered, followed by additional boluses of
5 to 20 mg titrated to achieve the target level of sedation.%**
Maintenance of sedation is achieved with repeated doses of 5
to 20 mg propofol. The average cumulative doses of propofol
in balanced propofol sedation are 65 to 100 mg for colonosco-
py and 35 to 70 mg during EGD."

Moon SH

CONCLUSIONS

Various sedation regimens using a single agent or mixture of
sedatives and analgesics are now used for gastrointestinal en-
doscopy. Because endoscopic sedation by nonanesthesiologists
is a worldwide practice, it is important for endoscopists to be
fully aware of the general principles of sedation and the phar-
macology of any sedative and analgesic that they use. Experi-
ence combined with knowledge will promote optimal admin-
istration of sedatives/analgesics for the purpose of induction
and maintenance of moderate sedation. Sedation regimens for
adequate and safe sedation continue to evolve.
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