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A Focused Review

The Pharmacology of Sedation 

The term sedation encompasses a 
progressive continuum of stages rang-
ing from minimal sedation (“anxiolysis”) 
through moderate sedation/analgesia 
(“conscious sedation”), deep sedation, 
and ultimately general anesthesia. Each 
stage represents a progressive degree of 
central nervous system (CNS) depres-
sion with impaired levels of cognition 
and consciousness, decreased responsive-
ness to stimuli, loss of protective reflexes, 
and diminished respiratory effort and car-
diovascular performance. The therapeutic 
goal of sedation is to provide calm, com-
fort, pain relief, and cooperation of a pa-
tient undergoing a procedure that of-
ten evokes anxiety, discomfort, and pain, 
but which may require full patient coop-
eration. 

Sedation techniques are employed to 
facilitate diagnostic or therapeutic proce-
dures requiring varying degrees of anx-
iolysis and/or analgesia, such as magnetic 
resonance imaging (MRI), endoscopy, set-
ting a bone fracture, or an interventional 
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pain procedure (1). This review discusses 
the pharmacologic aspects of anxiolysis, 
hypnosis, and sedation in interventional 
pain management. A detailed review of 
the mechanisms of drug action and phar-
macologic properties is provided.

HISTORICAL ASPECTS

Ethyl alcohol derived from the natu-
ral fermentation process was probably the 
earliest sedative-hypnotic agent. Through 
the ages ethanol remained a vital ingre-
dient to various concoctions containing 
opium, hyoscyamus (hyoscyamine and 
scopolamine), and other botanicals used 
for therapeutic purposes. 

The therapeutic usefulness of the 
opium poppy has been known since an-
tiquity. Opium comprises some 20 natural 
alkaloids. In 1805, Serturner first isolated 
morphine from opium. Following Alex-
ander Wood’s invention of the hypoder-
mic syringe and needle in 1855, intrave-
nous use of the available anesthetic agents 
became possible. 

In the mid-nineteenth century, bro-
mide salts were first introduced specifical-
ly for sedation-hypnosis. The first barbi-
turate, barbital, was synthesized in 1903, 
followed by phenobarbital in 1912. Hexo-
barbital, the first short-acting barbiturate 
to be used intravenously, was introduced 
in 1927. The thiobarbiturates, thiopental 
and thiamylal, were synthesized in 1932 
and thiopental was first used clinical-
ly in 1934. Meprobamate emerged in the 
early 1950s as a new class of minor tran-

quilizers. 
Chlordiazepoxide, the first of the 

benzodiazepine class of sedative-hypnot-
ic tranquilizers, was introduced clinically 
in 1961, heralding a new era of sedative 
agents with more specificity for anxiolysis 
over other CNS depressant effects. Other 
benzodiazepines, including diazepam, lo-
razepam, and midazolam followed, which 
offered greater specificity and utility in 
providing sedation, anxiolysis, amnesia, 
and anesthesia. 

A new era for opioid therapy was pi-
oneered in the early 1980s with the intro-
duction of a new class of potent, fast on-
set, short-acting intravenous piperidine-
derivative opioid agents. Fentanyl was 
soon followed by sufentanil, alfentanil, 
and most recently, remifentanil. 

In 1972, ketamine, a structural an-
alogue of the psychotomimetic agent 
phencyclidine, was released for clinical 
use as a dissociative anesthetic with mul-
tiple unique features. Etomidate was also 
introduced into clinical use in 1972, with 
the expectation it would provide mini-
mal depression of cardiovascular and re-
spiratory functions. Finally, in 1989, pro-
pofol (diiopropylphenol) was approved 
for clinical use in the United States af-
ter years of use in Europe. Its distinctive 
properties allow for the rapid onset and 
short duration of sedative and anesthetic 
effects. The recent trend in sedation an-
algesia has emphasized higher specifici-
ty of effect, greater control of action, and 
enhanced safety. 

Sedation is commonly provided for pa-
tients undergoing interventional pain man-
agement procedures. Although many pain 
management interventionalists have trained 
in anesthesiology, the use of sedatives, an-
algesics and hypnotics, as well as monitor-
ing techniques, may vary considerably be-
tween practices. 

This review provides an update on re-

cent advances in the pharmacology of drugs 
commonly used for sedation, anxiolysis and 
analgesia. The information should also be 
useful for non-anesthesiologists who pro-
vide sedation for their patients. In addition 
to providing the right drug for the procedure, 
patient monitoring must be appropriate for 
the patient and the clinical circumstances. 
Undertaking a sedation analgesic course of 

therapy in support of an interventional proce-
dure will require that patients are monitored 
appropriately during the course of treatment. 
Guidelines for monitoring patients during se-
dation are available.

Keywords: sedation, anxiolysis, opi-
oids, barbiturates, benzodiazepines, ket-
amine, etomidate, propfol, sedation for inter-
ventional pain management.
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TERMINOLOGY

Sedation implies calming and al-
leviation of anxiety, with concomitant 
drowsiness or sleepiness. Hypnosis, as it 
relates to sedation, refers to a drug-in-
duced sleep from which the patient can 
be readily aroused. Analgesia entails the 
relief of pain, while anesthesia involves 
a complete loss of sensation and respon-
siveness to stimuli. Therefore, in com-
mon usage, the term “sedation” implies a 
continuum of anxiolysis, calming, sleepi-
ness, and analgesia. However, the amount 
of analgesia provided during routine se-
dation does not supply complete relief of 
pain as would be expected with local or 
general anesthesia. 

The American Society of Anesthe-
siologists (ASA) has defined three levels 
of sedation along a continuum relating to 
depth of effect (2). These three levels are 
defined as: minimal, moderate, and deep 
sedation (Table 1). General anesthesia is 
also included as an extreme level of this 
continuum, which is to be avoided when 
using sedation techniques. 

During minimal sedation or anxiol-
ysis, the patient feels relaxed and is at a 
wakeful level of consciousness with air-
way and protective reflexes intact. With 

moderate sedation or conscious sedation, 
the patient feels drowsy and has a mini-
mally-depressed level of consciousness, 
yet is readily able to verbalize or respond 
to touch. The patient may later have no 
recall of events. Airway and protective re-
flexes remain intact. Deep sedation ren-
ders the patient unconscious, amnestic, 
and responsive only to verbal or noxious 
stimuli. There is a partial or complete loss 
of airway and protective reflexes. 

There are varying degrees of overlap 
in the effects a patient may experience at 
each described level and it is difficult to 
predict which level a patient will attain 
with a given sedative dosage. The deep 
sedation level can rapidly transition into 
a level of general anesthesia with uncon-
sciousness, complete loss of airway and 
protective reflexes, and unresponsiveness 
to verbal or noxious stimuli. The progres-
sion to general anesthesia deviates to the 
extreme of the sedation technique, plac-
ing the patient at increased risk, and ne-
cessitating the expertise and proficiency 
to provide airway, ventilatory, and cardio-
vascular support. 

Common Drugs
The drugs most commonly used to 

impart sedation analgesia include: the 

barbiturates thiopental and methohexital; 
etomidate, propofol, and ketamine; the 
benzodiazepines diazepam, lorazepam, 
and midazolam; and the opioids mor-
phine, meperidine, fentanyl, sufentanil, 
alfentanil, and remifentanil. These drugs 
represent a heterogeneous group of agents 
deriving a wide spectrum of pharmaco-
logic effects from both selective, as well 
as nonspecific CNS depressant actions. 
Sedation analgesia techniques and regi-
mens strive to utilize the most efficacious 
agents, alone or in combination, in a tar-
get-controlled manner, to provide the de-
sired outcome (3). Drugs commonly used 
for sedation and analgesia, their pharma-
codynamic effects and pharmacokinetic 
parameters are listed in Tables 2-4.

MECHANISMS OF ACTION

The various pharmacologic effects 
produced by the sedative analgesic drugs 
result from interactions at specific recep-
tor sites within the central and peripher-
al nervous system. The receptor types and 
anatomical locations may be similar in 
nature or distinctly different, yet the over-
all effects derived from these actions serve 
to complement each other in the sedative 
analgesia scheme. 

Minimal Sedation Moderate Sedation Deep Sedation General Anesthesia

Consciousness Awake; Relaxed
(anxiolysis); coordination 
and cognitive function 
may be impaired

Drowsy; Sleepy; 
Light sleep
(conscious sedation)

Asleep Unconscious

Responsiveness Normal response to 
verbal and tactile stimuli; 
understands and responds 
to questions

Purposeful; awakens 
when spoken to or 
touched; may have 
amnesia to events

May be unresponsive to 
verbal commands; may have 
purposeful movements to 
painful stimuli

Not arousable; Unresponsive to 
verbal or tactile stimuli; usually no 
movement except to painful stimuli 
(e.g., incision)

Airway; Protective 
Refl exes

Unaffected Patent Airway may be impaired; 
may require airway 
management

Airway often impaired (due to drug-
induced depression of muscle tone); 
often requires airway support (e.g., 
nasal airway or mask)

Ventilation Status Unaffected Adequate Possibly inadequate; 
supplemental oxygen 
indicated

Impaired; often requires support of 
ventilation (e.g., positive pressure 
ventilation, etc) 

Cardiovascular 
Function

Unaffected Stable Stable May be impaired (requires fl uids and 
vasopressor support)

The depth of sedation is on a continuum, from a fully awake and relaxed state to one of unconsciousness and unresponsiveness, with the need for airway 
support and ventilatory assistance. With deep sedation and general anesthesia, unconsciousness, which must be distinguished from sleep, may be associated 
with lack of protective airway refl exes, ventilatory compromise and cardiac decompensation. Sedation does not imply that the patient has adequate 
analgesia or anesthesia. Procedures require appropriate use of local anesthetics; use of local anesthetics can reduce the requirements for general anesthetics 
(e.g., propofol or inhalation agents during general anesthesia). Patients must be monitored appropriately during procedures involving sedation. 
Useful references: 2 and 40.

Table 1. Levels of  Sedation
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larization of the postsynaptic membrane 
and inhibition of postsynaptic neurons. 
Barbiturates may also mimic the action 
of GABA by directly activating the chlo-
ride ion channels. Barbiturates also in-
hibit excitatory alpha-amino-3-hydroxy-
5-methyl-4-isoxazole propionic acid 
(AMPA) subtypes of glutamate receptors. 
The CNS depressant effects of barbitu-
rates are based on the activation of inhib-
itory GABA

A
 receptors and the inhibition 

Barbiturates
The action of barbiturates is medi-

ated through the suppression of excitato-
ry and facilitation of inhibitory synaptic 
neural transmissions. Barbiturates inter-
act with the inhibitory neurotransmit-
ter gamma-aminobutyric acid (GABA) 
through binding to, and activation of, the 
GABA

A
 receptor subunit. GABA

A
 receptor 

activation leads to increased chloride cur-
rent conductance, resulting in hyperpo-

of excitatory AMPA receptors. Within the 
peripheral nervous system (PNS), barbi-
turates selectively depress neurotransmis-
sion through the inhibition of excitatory 
autonomic ganglia and nicotinic cholin-
ergic, acetylcholine receptors. Barbitu-
rates can reversibly depress the neural ac-
tivity of most excitable tissues, preferen-
tially suppressing polysynaptic neuron re-
sponses. Barbiturates act to suppress the 
responses of the reticular activating sys-

Drug Anxiolysis* Sedation Hypnosis Analgesia Amnesia Anesthesia Dependency

Thiopental 0 + + 0 + + +

Methohexital 0 + + 0 + + +

Diazepam + + + 0 + + +

Lorazepam + + + 0 + + +

Midazolam + + + 0 + + +

Etomidate 0 + + 0 + + 0

Propofol 0 + + 0 + + +

Ketamine 0 0 0 + + +/D 0

Morphine 0 + + + 0 + +

Meperidine 0 + + + 0 + +

Fentanyl 0 + + + 0 + +

Sufentanil 0 + + + 0 + +

Alfentanil 0 + + + 0 + +

Remifentanil 0 + + + 0 + +

Dexmedetomidine 0 + + + + S 0/A

* Possessing receptor specifi city for effect; + = Produces effect; 0 = No effect; S = Anesthetic-sparing effects; A = Attenuates withdrawal 

symptoms from barbiturates, benzodiazepines, and opioids; D = Dissociative anesthetic state

Table 2. Comparative spectrum of  pharmacodynamic effects

Drug
Heart 
Rate

Systemic 
Blood 

Pressure Ventilation
Cerebral 

Blood Flow
Intra-cranial 

Pressure
Cerebral Metabolic Rate 

O2 Consumption
Histamine 

Release

Thiopental ↑ ↓ ↓ ↓ ↓ ↓ +

Methohexital ↑ ↓ ↓ ↓ ↓ ↓ +

Diazepam 0/↑ ↓ ↓ ↓ ↓ ↓ 0

Lorazepam 0/↑ ↓ ↓ ↓ ↓ ↓ 0

Midazolam 0 0/↓ 0/↓ 0/↓ 0/↓ 0/↓ 0

Etomidate 0/↑ 0/↓ 0/↓ 0/↓ 0/↓ 0/↓ 0

Propofol 0/↓ ↓ ↓ ↓ ↓ ↓ 0

Ketamine ↑ ↑ 0/↓ ↑ ↑ ↑ 0

Morphine ↓ ↓ ↓ ↓ ↓ ↓ +

Meperidine ↑ ↓ ↓ ↓ ↓ ↓ +

Fentanyl ↓ ↓ ↓ ↓ ↓ ↓ 0

Sufentanil ↓ ↓ ↓ ↓ ↓ ↓ 0

Alfentanil ↓ ↓ ↓ ↓ ↓ ↓ 0

Remifentanil ↓ ↓ ↓ ↓ ↓ ↓ 0

Dexmedetomidine 0/↓ 0/↓ 0/↓ U U U 0

↑ = Increase; ↓ = Decrease; 0 = No change, effect; + = Produces effect; U = Unknown effect.

Table 3. Comparative pharmacologic effects
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tem in the brainstem that regulates the 
level of consciousness, as well as vital re-
spiratory and cardiovascular functions. 

Benzodiazepines
Similar to the barbiturates, the ben-

zodiazepines enhance activity of the in-
hibitory neurotransmitter GABA through 
their binding to the GABA

A
 receptor sub-

type at a specific site distinct from that of 
the GABA binding site on the receptor (4, 
5). This enhanced GABA-induced activ-
ity facilitates chloride ion channel con-
ductance, leading to hyperpolarization 
of the postsynaptic membrane and de-
creased neuronal excitability. The benzo-
diazepine-receptor binding occurs most-
ly on the postsynaptic nerve membranes 
largely within the cerebral cortex. Unlike 
barbiturates, benzodiazepines do not di-
rectly activate GABA

A
 receptors, but rath-

er modulate GABA binding. Binding of 
benzodiazepines to distinctly different 
specific GABA

A
 subunits is thought to 

be the mechanism for the various specif-
ic pharmacologic properties expressed by 
the benzodiazepines. 

Etomidate
Etomidate is another agent also be-

lieved to enhance GABA inhibitory neu-
ral activity in a manner comparable to the 
barbiturates, benzodiazepines, and propo-
fol. Unlike the barbiturates, etomidate ap-
pears to be relatively selective in its action 
as a modulator of the GABA

A
 receptor. 

Propofol
Propofol is thought to act through 

enhancing inhibitory GABA neurotrans-
mission by decreasing the rate of GABA-
receptor dissociation, thus increasing 
chloride ion channel conductance, hy-
perpolarizing the postsynaptic cell mem-
brane, and inhibiting neuron activa-
tion. Similar to etomidate, propofol’s ac-
tion appears to be relatively selective for 
modulating the GABA

A
 receptor. Neither 

etomidate nor propofol appear to modu-
late other ligand-gated channels at clini-
cally applicable doses. 

Ketamine
Ketamine offers pharmacologic 

properties and mechanisms unique to the 
other sedative analgesic agents. Ketamine 
appears to selectively depress normal 
functioning of the associative cortex and 
thalamus while enhancing activity in the 
limbic systemic, producing a function-
al disconnect between the thalamus and 
the limbic cortex. This action produces 
a cataleptic-like state of unconsciousness, 
termed dissociative anesthesia. Ketamine’s 
principle action is thought to involve non-
competitive inhibition of the N-methyl-
D-aspartate (NMDA) receptor, a gluta-
mate-gated cationic channel selective for 
calcium. This NMDA glutamate receptor 
subtype is involved in the prolonged po-
tentiation of synaptic responses associat-
ed with the wind-up, central sensitization 
phenomena. Ketamine may also interact 

with subgroups of endogenous opioid re-
ceptors, monoaminergic and muscarin-
ic, cholinergic receptors. Unlike the other 
sedative analgesic agents, ketamine does 
not interact with the inhibitory GABA 
and glycine-gated receptors. 

Opioids
Opioid mediated pharmacolog-

ic properties result from ligand binding 
to specific opioid receptors distributed 
throughout the CNS and peripheral tis-
sues (6, 7). Three major types of opioid 
receptors have been identified: mu sub-
types 1 and 2 and various subtypes of 
kappa and delta receptors; the sigma re-
ceptor is not considered to be an opioid 
receptor. 

Opioids mimic the actions of en-
dogenous peptide opioid receptor li-
gands, the endorphins, enkephalins, and 
dynorphins. Opioids interact at supra-
spinal, spinal and peripheral sites of ac-
tion. Opioid-receptor activation inhib-
its the presynaptic release of excitato-
ry neurotransmitters, acetylcholine and 
substance P. Increased potassium con-
ductance following opioid-receptor ac-
tivation results in hyperpolarization of 
the postsynaptic cell membrane and in-
hibition of neuronal response. The opi-
oid effect is selective for nociception. No-
ciceptive impulses can be interrupted at 
various levels of the descending inhibi-
tory (antinociceptive) modulation path-
way, from the periaqueductal grey down 
through the nucleus raphe magnus to the 
dorsal horn of the spinal cord. 

CLINICAL RELEVANCE

The pharmacologic mechanism and 
site of action for the sedative analgesic 
agents establishes the basis for the clini-
cally relevant aspects of these drugs in in-
terventional pain medicine. Pharmaco-
logic properties inherent to the physio-
chemical nature and structural stereose-
lectivity of the drug convey certain pa-
rameters as to how the drug is processed 
by the body and how the drug acts on the 
body. These respective pharmacokinetic 
and pharmacodynamic parameters will 
contribute significantly to the type and 
degree of effects produced by the sedative 
analgesic drug. Drugs within a particular 
class such as the barbiturates, benzodiaz-
epines, and opioids, are all considered to 
have a common mechanism of action and 
exhibit a similar spectrum of effects. The 

Drug pKa
Partition 

Coeffi cient

Elimination 
Half-Life
(hours)

Volume of 
Distribution

(liters/kg)

Context-
Sensitive 
Half-Life 
(minutes)

Thiopental 7.6 58-63 11.6 2.5 200

Methohexital 3.9 2.2

Diazepam 3.4 21-37 1-1.5

Lorazepam 1.3-11.5 10-20 0.8-1.3

Midazolam 6.15 1-4 1-1.5 180

Etomidate 4.2 2-5 2.2-4.5

Propofol 11 5012 0.5-1.5 1.8-5.3 55

Ketamine 7.5 2-3 2.5-3.5

Morphine 7.9 1.4 1.7-3.3 3-5

Meperidine 8.5 32 3-5 3-5

Fentanyl 8.4 955 3.1-6.6 3-5 260

Sufentanil 8.0 1,727 2.2-4.6 2.5 30

Alfentanil 6.5 1,145 1.4-1.5 0.5-1.0 60

Remifentanil 7.3 0.17-0.33 0.4 3-4

Dexmedetomidine 7.1 2.89 2 1.7

Table 4. Comparative pharmacokinetic parameters
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particular pharmacokinetic and pharma-
codynamic parameters intrinsic to an in-
dividual drug within the group will im-
part the distinctive quality to that drug’s 
effects (8, 9). 

Barbiturates
Within the barbiturate class, drugs 

with clinically relevant usefulness in pro-
viding sedation for various types of di-
agnostic or therapeutic intervention-
al pain procedures include thiopental 
and methohexital. Thiopental is a par-
enteral thiobarbiturate, administered 
as a 2.5% solution with an alkaline pH 
of 10.5, making it incompatible for ad-
mixture with acidic drugs such as opi-
oids. Methohexital, a parenteral oxybar-
biturate administered as a 1% solution, 
is also alkaline. Both produce a dose-
dependent progression of CNS depres-
sion with sedation, amnesia, hypnosis, 
and anesthesia. They are very lipid sol-
uble, highly protein bound, and largely 
non-ionized at physiologic pH. Follow-
ing a single dose intravenous (IV) ad-
ministration, barbiturates rapidly ac-
cumulate in the CSF and brain tissues 
leading to a fast onset of effects, usual-
ly within 30 seconds. The dose and rate 
of administration are two primary de-
terminants of plasma concentration af-
fecting drug diffusion into the CSF. The 
roughly 20-minute duration of action is 
largely determined by a rapid redistribu-
tion of drug from the vessel rich groups 
of tissues (brain) to peripheral compart-
ments in muscle and fat, which lowers 
plasma and brain drug concentrations. 
A more prolonged hepatic metabolism 
following first-order kinetics and renal 
excretion, accounts for the elimination 
of drug. Following repeat bolus dosing 
or continuous infusion administration 
with saturation of all tissue sites, the ter-
mination of drug effects becomes more 
dependent on hepatic metabolism than 
redistribution. 

Methohexital is twice as potent as 
thiopental. Its onset of action is equiva-
lent to thiopental, yet its duration of ac-
tion is half as long. Methohexital has few-
er cumulative effects and a faster recovery 
than thiopental following repeat boluses 
or continuous infusion. Cardiovascular 
effects of barbiturates are greatly influ-
enced by the patient’s intravascular vol-
ume status, basal autonomic activity, and 
cardiac functioning. 

Barbiturates depress the central 

medullary vasomotor center resulting in 
a decreased cardiac output, systemic arte-
rial pressure, and peripheral vascular re-
sistance. A reflex tachycardia in response 
to hypotension normally maintains car-
diac output along with an increased myo-
cardial contractility through compensato-
ry baroreceptor reflexes. At an equivalent 
dose, methohexital produces less hypo-
tension by allowing a greater heart rate re-
sponse to decreased blood pressure by re-
ducing baroreceptor reflex sensitivity. Hy-
potension produced by the barbiturates 
is reflected in reduced hepatic and renal 
blood flows. Barbiturates cause a dose-de-
pendent depression of the central medul-
lary respiratory center resulting in a de-
crease in respiratory rate, tidal volume, 
and apnea with a decreased ventilatory re-
sponsiveness to hypercapnia and hypox-
ia. Airway reflexes are not sufficiently de-
pressed, thus noxious airway stimuli can 
induce laryngospasm and bronchospasm. 
Laryngospasm and hiccoughing occur 
more often with methohexital. 

Barbiturates constrict cerebral vas-
culature resulting in decreased cerebral 
blood flow (CBF), cerebral blood vol-
ume, and intracranial pressure (ICP). 
The decrease in systemic arterial pressure 
is usually less than the reduction in ICP, 
thus cerebral perfusion and compliance 
are increased. A proportional decrease 
in cerebral metabolic oxygen consump-
tion (CMRO

2
) and CBF allows a lower 

ICP. CMRO
2
 can be maximally decreased 

(55% of normal) by barbiturates when 
the electroencephalogram (EEG) be-
comes isoelectric (burst-suppressive pat-
tern) (10). In contrast to decreasing EEG 
electrical activity, methohexital tends to 
activate epileptic foci. Barbiturates in gen-
eral possess anticonvulsant activity. Sub-
hypnotic doses of barbiturates can cause 
a paradoxical state of excitement and dis-
orientation. 

Barbiturates are not analgesic and 
may even lower the threshold for pain. 
Barbiturates do not provide muscle re-
laxation and can cause involuntary mus-
cle contractions or tremors. Methohexi-
tal is associated with causing myoclonic-
like muscle contractions and diaphrag-
matic hiccoughing. Tolerance to the bar-
biturate sedative-hypnotic effects tends to 
develop with repeated and prolonged use. 
There is considerable potential for devel-
oping physical dependence, as well as a 
withdrawal syndrome upon discontinua-
tion of drug use. 

Benzodiazepines 
The benzodiazepines of clinical rel-

evance for use within a sedation analge-
sia format include diazepam, midazolam, 
and lorazepam. All of these agents can be 
administered parenterally. Oral dosage 
forms are available for diazepam and lo-
razepam, while the parenteral form of 
midazolam can be used orally or intrana-
sally for effect. Diazepam and lorazepam 
are insoluble in water and their formula-
tions with propylene glycol cause painful 
irritation on injection. Midazolam is wa-
ter soluble in an acidic solution (pH 3), 
with minimal irritation. All agents are lip-
id soluble and highly protein bound. As a 
sedative, midazolam is twice as potent as 
diazepam and half as potent as lorazepam, 
while lorazepam itself is six times as po-
tent as diazepam. At physiologic pH (7.4), 
midazolam undergoes an intramolecular 
reconfiguration, which increases its lipid 
solubility (11). Following a single IV seda-
tive dose, the onset of effect for midazol-
am is rapid, 30 to 60 seconds, gaining fast 
entry into the CSF. Its duration of effect, 
which ranges from 15 to 80 minutes, is 
terminated by redistribution of midazol-
am to peripheral tissue sites and rapid 
metabolic clearance. Diazepam’s lipid sol-
ubility is similar to that of midazolam and 
exhibits a rapid onset of effect within 60 
seconds and a longer duration of effect, 
lasting one to six hours. Diazepam under-
goes hepatic conversion to an active me-
tabolite with a slow metabolic clearance. 
The lipophilicity of lorazepam is less than 
either midazolam or diazepam such that 
its onset of effect is slower, within one to 
two minutes, while its duration of effect 
is much longer, extending six to 10 hours, 
due to a slower metabolic clearance (12). 
While the volumes of distribution are 
similar amongst the benzodiazepines, the 
clearance rates for diazepam and loraze-
pam are much slower than for midazolam. 
The slower metabolic clearance rates are 
reflected in longer context-sensitive half-
times for diazepam and lorazepam, which 
impede their use in short-term continu-
ous infusion regimens. 

The spectrum of effects imparted 
by the benzodiazepines include: anxiol-
ysis, sedation, amnesia, hypnosis, anti-
convulsant, myorelaxation, and anesthe-
sia. The potency and efficacy exhibited by 
the various benzodiazepines with regard 
to these characteristic effects will depend 
upon their individual inherent affinity for 
the GABA receptor subtypes (4), as well as 
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their degree of receptor binding. 
Benzodiazepines produce a dose-de-

pendent cardiovascular depression usu-
ally expressed as a reduced peripher-
al vascular resistance with decreased ar-
terial blood pressure. Depressant effects 
are more pronounced in the presence of 
preexisting cardiac disease, hemodynam-
ic instability, or in conjunction with opi-
oid, propofol, or barbiturate administra-
tion. Midazolam tends to reduce periph-
eral vascular resistance to a greater extent 
than diazepam and may exert a vagolyt-
ic effect on heart rate. The respiratory de-
pressant effects of the benzodiazepines 
are dose-dependent and result from a de-
pressed central ventilatory response to hy-
percapnia and hypoxia. Depressant effects 
tend to be greater for midazolam than di-
azepam or lorazepam in equipotent doses 
and are accentuated in the presence of re-
spiratory disease or with the concomitant 
administration of other sedative-hypnot-
ics or opioids. Unlike the barbiturates, 
benzodiazepines can suppress upper air-
way reflexes. Benzodiazepines decrease 
CMRO

2 
and CBF while maintaining a 

normal CBF/ CMRO
2
 ratio similar to the 

barbiturates and propofol, although not 
to the same extent. A burst-suppressive, 
isoelectric EEG can not be produced by 
benzodiazepines, indicating a ceiling ef-
fect to decreases in CMRO

2
 induced by 

benzodiazepines. 
Little or no change in ICP is noted 

with benzodiazepines. The muscle relax-
ant effects produced by benzodiazepines 
are mediated centrally through the spi-
nal cord and not peripherally at the neu-
romuscular junction. The potency of the 
amnestic effects for the benzodiazepines 
is greater than their respective sedative ef-
fects, resulting in a longer duration of am-
nesia than sedation. Lorazepam has four 
times the amnestic potency of midazol-
am. Like other sedative-hypnotic drugs, 
the benzodiazepine exhibit tolerance to 
their effects with repeated, long-term 
use and have the potential for develop-
ing physical dependence, as well as a with-
drawal syndrome, upon abrupt discontin-
uation of use. 

In contrast to other sedative-hyp-
notic drugs, there is a specific antago-
nist agent for the benzodiazepine class 
of drugs. Flumazenil, a structural analog 
of the benzodiazepines, has a high affin-
ity for benzodiazepine-receptor ligand 
binding with minimal intrinsic activity. 
Flumazenil acts as a competitive antago-

nist to the benzodiazepine agonist at the 
receptor site. The degree to which ago-
nist activity is reversed or blocked by flu-
mazenil is dependent on the concentra-
tion of flumazenil present relative to that 
of the agonist. Flumazenil is short-acting 
with an elimination half-life of one hour. 
Roughly 45 to 90 minutes of antagonism 
results from a single intravenous dose. For 
prolonged antagonist effects, repeat bolus 
dosing of flumazenil or a continuous in-
fusion can be utilized. While it can be ex-
pected and anticipated that all benzodiaz-
epine-induced effects will be blocked by 
flumazenil, respiratory depression is not 
completely reversed and the effects on 
CBF and CMRO

2
 do not change. When 

flumazenil is administered in the presence 
of chronic, long-term benzodiazepine us-
age, an acute withdrawal syndrome can be 
precipitated that is stereotypic of the sed-
ative-hypnotics. 

Propofol
Propofol is a chemically distinct sed-

ative-hypnotic agent that is insoluble in 
water and is formulated as an egg leci-
thin emulsion for IV use. Pain on injec-
tion is common and can be ameliorat-
ed by prior administration of 1% lido-
caine or an analgesic. Propofol is highly 
lipid soluble, and after a single intrave-
nous dose, produces a rapid onset of ef-
fect within 30 to 45 seconds, and rapid ef-
fect-site equilibration time similar to that 
of thiopental. Duration of effect is short, 
5 to 10 minutes, largely due to redistribu-
tion to peripheral tissues. Due to the ex-
tensive variability in the therapeutic win-
dow for dosing propofol, it is best titrated 
to effect (13). 

Propofol undergoes extensive he-
patic metabolism to inactive metabolites 
that are excreted renally. The metabol-
ic clearance rate for propofol is also rap-
id, 10 times that of thiopental, which ex-
ceeds the rate of hepatic blood flow, indi-
cating possible extrahepatic routes of me-
tabolism such as the lung. Context-sen-
sitive half-time for propofol is short, less 
than 40 minutes, and does not appear to 
be significantly affected by the duration of 
a continuous infusion. Prompt recovery 
from effect results after even prolonged 
infusions. While the therapeutic index of 
3.4 for propofol is comparable to that of 
thiopental at 3.9, recovery is faster after 
propofol than after thiopental (14). This 
differential is further extended with the 
administration of repeat bolus doses or 

continuous infusions. 
Propofol produces a dose-depen-

dent depression of the cardiovascular 
system consisting of both direct myocar-
dial depression and decreased peripher-
al vascular resistance. This depressant ef-
fect is greater than that of thiopental, giv-
en comparable dosages. Propofol inhibits 
sympathetically mediated vasoconstric-
tion of peripheral vasculature and alters 
the baroreflex mechanism, resulting in 
less increase in heart rate for a given fall in 
systemic blood pressure. This cardiovas-
cular depression and hypotension are ex-
aggerated in the presence of hypovolemia 
and preexisting cardiac disease. 

Propofol produces profound respi-
ratory depression, decreasing minute vol-
ume and producing episodes of apnea to 
a greater extent than does thiopental. Pro-
pofol infusions at subanesthetic doses will 
inhibit ventilatory responses to hyper-
capnia and hypoxia. Propofol depress-
es laryngopharyngeal reflexes to a great-
er degree than barbiturates, thus facili-
tating upper airway manipulations. Pro-
pofol can decrease CBF, ICP, and CMRO

2
. 

Because of propofol’s cardiovascular de-
pressant effects, mean arterial pressure 
must be supported when treating elevat-
ed ICP in order to prevent critical reduc-
tions in CPP. 

Propofol does not alter cerebrovas-
cular autoregulation. Propofol possesses 
anticonvulsant activity; however, neuro-
excitatory events such as myoclonus, opis-
thotonus, and hiccoughing have been as-
sociated with propofol administration. 
Subhypnotic doses of propofol can pro-
vide antiemetic and antipruritic effects. 
Propofol is not analgesic. Tolerance does 
not develop to propofol following repeat-
ed dosing or long-term infusion. 

Etomidate
Etomidate is also chemically unrelat-

ed to other sedative-hypnotic or anesthet-
ic agents. Its carboxylated imidazole struc-
ture is unstable in water and is thus solu-
bilized for IV use in propylene glycol. This 
formulation, with a pH of 6.9, is associat-
ed with pain on injection and thrombo-
phlebitis. Irritation may be minimized by 
prior injection of lidocaine or analgesic. 
Etomidate is very lipid soluble and highly 
protein bound. At physiologic pH, 99% of 
the drug is non-ionized. Thus, it has a rap-
id onset of effect following a single intra-
venous dose with redistribution account-
ing largely for its rapid emergence time. 
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Etomidate undergoes hepatic and plasma 
esterase hydrolysis to an inactive metabo-
lite. Metabolic clearance for etomidate is 
five times greater than for thiopental. 

In contrast to the barbiturates and 
propofol, etomidate exerts minimal ef-
fects on the cardiovascular system. A 
slight reduction in peripheral vascular 
resistance might be noted, while the car-
diac output usually remains unchanged. 
Etomidate has minimal respiratory de-
pression and rarely produces apnea. Like 
the barbiturates and propofol, etomidate 
decreases CMRO

2
, CBF, and ICP. Since it 

has minimal cardiovascular effects, ele-
vated ICP can be treated while maintain-
ing CPP. 

Etomidate produces EEG changes 
similar to the barbiturates, however it can 
also produce epileptic-like EEG potential 
in the presence of an underlying seizure 
disorder. Excitation phenomena and my-
oclonus have been associated with etomi-
date, as well as a high incidence of postop-
erative nausea and vomiting. 

Etomidate is not analgesic. Etomi-
date causes a dose-dependent, reversible 
suppression of adrenocortical steroido-
genesis through enzyme inhibition. Sup-
pression is noted after a single dose, but 
is probably not clinically significant un-
less etomidate is infused for prolonged 
periods. 

Ketamine
Ketamine, a structural analog of 

phencyclidine, is unique in comparison 
to other sedative-hypnotic and anesthet-
ic agents in its ability to provide both am-
nesia and analgesia at subanesthetic dos-
es (15-17). Ketamine is available as a race-
mic mixture of two stereoisomers. In con-
trast to propofol and etomidate, ketamine 
is water soluble in formulation and is not 
associated with pain on injection. Ket-
amine is highly lipid soluble, yet less pro-
tein bound than other sedative analgesic 
agents. Following IV administration, ket-
amine attains a rapid onset of effect with 
redistribution to peripheral compart-
ments and hepatic metabolism, account-
ing for recovery. Non-parenteral (enteral, 
sublingual and nasal) routes of ketamine 
administration require larger doses and 
show delayed onset, reduced bioavailabili-
ty, limited absorption, and extensive first-
pass metabolic effects. 

Ketamine is biotransformed by he-
patic cytochrome P450 enzymes (CYP) 
into several metabolites, some retaining 

activity with end products being excret-
ed renally. Ketamine exhibits a high he-
patic extraction ratio and a short elimi-
nation clearance rate. Unlike other seda-
tive-hypnotic and anesthetic agents, ket-
amine is devoid of cardiorespiratory de-
pressant effects. 

Ketamine’s dose-dependent increase 
in heart rate, arterial blood pressure, and 
cardiac output are medicated through 
sympathetic nervous system stimula-
tion and increased catecholamine release. 
This increased cardiac workload can af-
fect myocardial oxygen supply and de-
mand and can also be detrimental in the 
presence of ischemic heart disease and hy-
pertension. Tachycardia and hypertension 
can be managed through the concomi-
tant use of a benzodiazepine, barbiturate, 
or opioid agent. This indirect sympatho-
mimetic effect tends to predominate over 
ketamine’s potential for direct myocardi-
al depressant effects. Loss of sympathetic 
tone such as in shock-like states and cat-
echolamine deletion can, however, result 
in hypotension with ketamine adminis-
tration. 

Ketamine does not significantly de-
press respiratory functions. In fact, ket-
amine can improve pulmonary compli-
ance and provide bronchodilation, mak-
ing it a favorable agent to use in the pres-
ence of reactive airway disease. Adminis-
tration of induction doses, especially in 
conjunction with opioids, can result in 
apnea. Protective upper airway reflexes 
are usually maintained. Ketamine does in-
crease salivary and bronchial gland secre-
tions, mediated through central choliner-
gic stimulation. This effect can be atten-
uated with the use of an anti-sialogogue 
agent. Ketamine causes cerebral vasodila-
tion, increasing CBF and ICP. Thus, ket-
amine should be avoided in conditions of 
decreased intracranial compliance. Emer-
gence phenomena consisting of psychoto-
mimetic effects, hallucinations, deliri-
um, and vivid dreams occur following re-
covery from ketamine. The incidence of 
these reactions can be up to 30%, occur-
ring more commonly in adults. Pretreat-
ment with benzodiazepines can minimize 
these effects. 

Opioids
Drugs within the opioid class that 

exhibit clinical significance for use within 
a sedative analgesic scheme include mor-
phine, meperidine, fentanyl, sufentanil, 
alfentanil, and remifentanil. These opioids 

produce their effects mostly though inter-
actions with the mu receptor subtypes. 
The different pharmacokinetic proper-
ties of these agents will largely determine 
the onset, duration, and disposition of the 
drug effect, whereas the drug’s receptor 
specificity and affinity will determine the 
type and quality of effect. In terms of their 
pharmacokinetic profiles, certain opioids 
within this group lend themselves well to 
use in short-term continuous infusions or 
repeated bolus dosing when the goal is to 
provide a rapid onset and offset of effects. 
Pharmacokinetic profiles exhibiting high 
lipid solubility and rapid clearance rates 
contribute towards low context-sensitive 
half-times. Context-sensitive half-time 
indicates the time necessary for drug plas-
ma concentration to decrease by 50% fol-
lowing discontinuation of an infusion of a 
particular duration (18, 19). 

Morphine, considered the prototyp-
ic mu agonist, is poorly lipid soluble and 
highly ionized at physiologic pH. Follow-
ing a single IV dosing, onset of effect is 
slow, lagging behind peak plasma con-
centrations. CSF concentrations of mor-
phine peak at 15 to 30 minutes after ad-
ministration and decline slower than plas-
ma levels, prolonging the duration of ef-
fect. Thus, plasma concentrations of mor-
phine do not closely correlate with its 
pharmacologic activity. Less than 0.1% 
of IV morphine enters the CNS; most ac-
cumulates in the liver, kidneys, and mus-
cle. Morphine undergoes hepatic and ex-
trahepatic, renal, glucuronidation metab-
olism. Unlike fentanyl, morphine does 
not undergo significant first-pass uptake 
in the lungs. One metabolite, morphine-
6-glucuronide, is active and has a great-
er potency and duration than the parent 
morphine. 

Meperidine is a synthetic phenylpi-
peridine opioid agonist at mu and kap-
pa receptors. Meperidine has about one-
tenth the potency of morphine. Following 
IV administration it has a faster onset and 
shorter duration of effect than morphine. 
Clearance of meperidine depends on ex-
tensive hepatic metabolism and urinary 
elimination. Normeperidine is an active 
metabolite with a long elimination half-
life, possessing analgesic and CNS stimu-
lant effects. In the presence of decreased 
renal function or with prolonged meperi-
dine use, normeperidine can accumulate, 
causing myoclonus and seizures. 

Fentanyl is also a synthetic phenyl-
piperidine opioid that is 75 to 100 times 



304

Pain Physician Vol. 8, No. 3, 2005

Colson • The Pharmacology of Sedation

more potent than morphine. Following 
a single dose IV administration, fentan-
yl exhibits a rapid onset and short dura-
tion of effect. Both the higher potency and 
rapid onset reflect fentanyl’s greater lipid 
solubility compared to that of morphine. 
Fentanyl’s short duration of effect follow-
ing a single dose results from its rapid re-
distribution to inactive peripheral tissues. 
Roughly 75% of the initial fentanyl dose 
undergoes first-pass pulmonary uptake. 
With multiple repeat dosing or continu-
ous infusion, inactive tissue sites become 
saturated and plasma clearance and dura-
tion of effects can be prolonged. Fentan-
yl from peripheral tissue compartments 
returns to the plasma as fentanyl and is 
eliminated by hepatic metabolism, which 
slows the rate of decrease in plasma con-
centration and increases the context-sen-
sitive half-time of fentanyl. Fentanyl un-
dergoes extensive hepatic N-demethyl-
ation metabolism and renal excretion. A 
primary metabolite, norfentanyl, retains a 
lesser analgesic potency. Despite fentanyl’s 
short duration of effect, its elimination 
half-time is longer than morphine. This is 
can be attributed to fentanyl’s larger vol-
ume of distribution (Vd), secondary to its 
greater lipid solubility and tissue uptake 
compared to morphine’s low lipophilici-
ty. Plasma concentrations of fentanyl are 
maintained by slow reuptake from inac-
tive tissue reservoir sites. 

Sufentanil is a thienyl analogue of 
fentanyl, with an analgesic potency five 
to 10 times that of fentanyl, which paral-
lels a greater affinity of sufentanil for the 
opioid receptor. A single IV dose results in 
a rapid onset of effect, similar to fentanyl, 
with equivalent CNS effect-site equilibra-
tion times. Single dose effects are of short 
duration due to prompt redistribution to 
inactive tissue sites. Sufentanil undergoes 
substantial first-pass pulmonary uptake 
to an extent similar to fentanyl. Sufentanil 
is rapidly metabolized by N-dealkylation 
and O-demethylation, forming some 
weakly active metabolites. Both hepatic 
clearance and renal excretion are impor-
tant for sufentanil clearance. Cumulative 
drug effects can accompany repeat bolus-
es or extended infusions. The context-sen-
sitive half-time for sufentanil is less than 
that for fentanyl or alfentanil, primari-
ly due to sufentanil’s larger Vd (14). This 
provides sufentanil with a more favorable 
recovery profile. 

Alfentanil is a tetrazole analogue of 
fentanyl possessing only one-fourth to 

one-tenth the potency of fentanyl (12). 
Alfentanil has lower lipid solubility than 
either fentanyl or sufentanil. After single 
dose intravenous administration, alfent-
anil demonstrates a more rapid onset of 
effect than fentanyl or sufentanil, with a 
CNS effect-site equilibration time of 1.1 
minutes, compared with fentanyl and suf-
entanil at 6.8 and 6.2 minutes, respectively 
(14). Alfentanil is roughly 90% non-ion-
ized at physiologic pH due to its low pKa, 
thus permitting ready access to the CNS 
and rapid plasma-brain equilibration. 
The elimination half-time for alfentanil is 
shorter than that of fentanyl or sufentanil. 
Alfentanil’s smaller Vd, relative to fentan-
yl and sufentanil, contributes to a longer 
context-sensitive half-life for alfentanil, 
since distribution of alfentanil from the 
plasma to tissue reservoirs is insignificant. 
Alfentanil’s short duration of effects, 15 to 
20 minutes, reflects its rapid redistribu-
tion and elimination parameters. Alfen-
tanil undergoes rapid hepatic clearance 
and metabolism with renal excretion. 

Remifentanil is also a congener of 
fentanyl, possessing selective mu opioid 
receptor agonist activity. Remifentanil has 
an analgesic potency similar to fentanyl 
and roughly 20 times that of alfentanil, 
yet shares a similar effect-site equilibra-
tion time as alfentanil, about six times as 
fast as fentanyl and sufentanil. Structural-
ly, remifentanil is unique to all the other 
opioids in containing a methyl ester side 
chain linkage, which makes it vulnerable 
to nonspecific tissue and plasma esterase 
hydrolysis to inactive metabolites. Thus, a 
single dose IV administration of remifen-
tanil results in both a rapid onset and off-
set of effects. Remifentanil’s small Vd and 
rapid clearance account for its short-lived 
effects with an elimination half-time of 
roughly six minutes. The context-sensitive 
half-time of about four minutes for remi-
fentanil is much shorter than that for fen-
tanyl, sufentanil, and alfentanil, and un-
like the others it is not dependent on the 
duration of infusion. Remifentanil’s phar-
macokinetic properties provide the ad-
vantages of rapid controllable titratability 
to effect, short duration, lack of cumula-
tive effects even in the presence of renal or 
hepatic dysfunction, and a rapid, control-
lable, predictable recovery. 

Pharmacodynamic Effects of Opioids
The desirable and therapeutic spec-

trum of effects provided in a dose-depen-
dent fashion by the opioids includes an-

algesia, sedation, euphoria, hypnosis (nar-
cosis), altered consciousness, and anesthe-
sia. All of the opioids produce a similar 
spectrum of systemic effects that may be 
viewed as ancillary or side effects in defer-
ence to the desired, primary effects. Car-
diovascular effects of opioids are dose-
related and can involve bradycardia and 
vasodilation, from a reduction in resting 
sympathetic tone (an effect on the hy-
pothalamus), causing hypotension. Mor-
phine may cause vasodilation indirectly 
by causing the release of histamine. Opi-
oids can depress medullary vasomotor 
centers, decreasing central sympathetic 
tone and reducing preload and afterload. 
Carotid sinus baroreceptor reflex control 
of heart rate can be depressed by fentan-
yl and its analogue opioids. Hypotension 
also can result from central stimulation of 
vagal nuclei in the medulla, or a direct de-
pressant effect on the sinoatrial node. Me-
peridine has anticholinergic properties 
and usually no related bradycardia. Fen-
tanyl, sufentanil, alfentanil, and remifen-
tanil all produce bradycardia to a much 
greater extent than morphine. 

Morphine and meperidine are asso-
ciated with histamine release, which is in-
fluenced by dose and rate of administra-
tion. Opioid-induced histamine can cause 
bronchospasm in reactive airway-sensi-
tive patients. Even in large doses, fentan-
yl and its congeners do not cause hista-
mine release. 

Opioids produce a dose-related re-
spiratory depression by direct effect on 
central brainstem ventilatory centers me-
diated through mu 2 receptors. Respira-
tory depression is characterized by a de-
creased responsiveness to hypercapnia, el-
evating the apneic threshold, and dimin-
ishing hypoxic drive. Ventilatory mechan-
ics are manifested by decreased frequency 
of breathing, compensated by increased 
tidal volume. At sufficiently high doses, 
tidal volume decreases and apnea can oc-
cur. The concomitant use of barbiturates 
and benzodiazepines can have a synergis-
tic effect on the respiratory depressant ef-
fects of opioids. Under conditions of nor-
mocarbia, opioids generally reduce CBF, 
ICP, and CMRO

2
, however, they do so to 

a much lesser extent than the barbiturates 
and benzodiazepines. Opioids usually 
show no EEG evidence of seizure activity, 
except potentially at high doses. 

Neurotoxicity from the accumu-
lation of the meperidine metabolite, 
normeperidine, can cause myoclonus and 
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seizures. Opioid-induced muscle rigidity 
represents a centrally mediated, general-
ized hypertonicity of body skeletal mus-
cle, which can impair ventilation. It is 
most often associated with fentanyl and 
its congeners following the rapid admin-
istration of large doses. Opioid-induced 
nausea and vomiting results from a direct 
stimulant effect on the medullary chemo-
receptor trigger zone of the area postrema. 
No apparent dose-dependent relationship 
seems to exist for this effect. Opioids act 
on peripheral receptors in gut and geni-
tourinary tract smooth muscle to stimu-
late tonic contractions and decrease pro-
pulsive peristaltic contractions. Resultant 
side effects include delayed gastric empty-
ing, biliary colic, constipation, ileus, and 
urinary retention. 

Like the barbiturates and benzodiaz-
epine, the development of tolerance and 
physical dependence results from repeat-
ed dosing and prolonged administration 
of opioids agonists. Tolerance is usually 
manifested early as a decrease in the dura-
tion of effect followed by a decrease in in-
tensity of effect. Cross-tolerance develops 
between all opioids, although it is often 
incomplete. Acquired tolerance may take 
two to three weeks to develop to analgesic 
doses of morphine. Opioid-induced tol-
erance develops more rapidly to depres-
sant effects such as analgesia and respira-
tory depression, and slowly towards stim-
ulant effects like constipation and miosis. 
Following the development of tolerance, 
a state of physical dependence is induced 
whereby a stereotypical opioid withdraw-
al syndrome will result upon discontinu-
ation of an opioid drug. Onset of with-
drawal and abstinence symptoms typical-
ly occurs within 15 to 20 hours and can 
last 10 to 14 days. Following withdrawal, 
tolerance to the opioid effects is lost. 

Like the benzodiazepine class of 
drugs, there exists specific drug antag-
onists to the opioid mu agonist effects. 
These antagonist agents have a high af-
finity for the opioid receptor, yet lack the 
intrinsic activity to activate it. Naloxone 
and naltrexone, two such opioid antago-
nists, are structural analogs of morphine. 
They display competitive inhibition and 
displacement of opioid agonists at the re-
ceptor level. Administered intravenously, 
naloxone promptly reverses opioid-in-
duced effects and respiratory depression, 
as well as analgesia. Naloxone has a short 
duration of action, 30 to 45 minutes, and a 
rapid elimination half-time, 60 to 90 min-

utes. It may be necessary to repeat nalox-
one dosing or administer a continuous in-
fusion for prolonged opioid antagonism. 
Side effects accompanying the reversal of 
opioid effects may include nausea, vom-
iting, tachycardia, hypertension, cardi-
ac dysrhythmias, and pulmonary edema. 
Acute opioid withdrawal symptoms can 
also be precipitated in the presence of 
opioid physical dependence. Adverse ef-
fects can be minimized by careful titra-
tion of naloxone in terms of dose and rate 
of administration. In contrast to nalox-
one, naltrexone is effective orally and pro-
duces sustained antagonism for as long as 
24 hours. 

SIDE EFFECTS AND COMPLICATIONS

Effects other than the primary de-
sired effect of the sedative analgesic agents 
may be considered adverse or side effects. 
These usually represent an extension of 
the drug’s pharmacologic spectrum of 
effects. Many of these effects have previ-
ously been alluded to under pharmaco-
logic aspects. Complications from a drug 
are usually unexpected and result from a 
hypersensitivity type of reaction or a drug 
interaction with a drug from within the 
same class or from an entirely different 
class. Drug interactions can be antago-
nistic or synergistic in nature. Addition-
ally, the use of a drug under a certain set 
of conditions, subserving a potential for 
harm or complication, warrants a contra-
indication to its use. 

Excessive ventilatory or cardiovascu-
lar depression as an extension of the phar-
macologic effects of the sedative analge-
sics can be the result of a dose-dependent 
response or from the combined effect of a 
drug interaction. An additive drug inter-
action occurs when the combined effects 
of drugs working through a common 
mechanism of action produces a sum to-
tal of effect. A synergistic interaction in-
volves the combined effect of drugs medi-
ated through different mechanisms yield-
ing a response greater than simple sum to-
tal. Antagonistic interactions result in an 
effect less than that of one drug alone, or 
essentially a reversal of a drug’s effect. The 
concurrent use of a barbiturate and ben-
zodiazepine would be expected to pro-
duce additive depressant effects. However, 
co-administration of a sedative-hypnot-
ic with an opioid would result in marked 
synergist depressant effects. Ventilatory 
depressant effects of the opioids can also 
be accentuated by the use of tricyclic anti-

depressants, phenothiazines, monoamine 
oxidase inhibitors (which are contrain-
dicated with meperidine), and amphet-
amines. The use of beta and alpha ad-
renergic blocking agents, such as meto-
prolol and terazosin, can unmask the di-
rect myocardial depressant effects of ket-
amine. Drug interactions can produce 
effects through altering biotransforma-
tion processes that either induce or in-
hibit drug metabolism or clearance. Plas-
ma protein binding displacement can in-
crease the fraction of a drug available for 
activity. The barbiturates can induce cer-
tain hepatic enzymes and inhibit others. 
Cimetidine is known to reduce diazepam 
metabolism, and erythromycin can inhib-
it midazolam metabolism through actions 
on hepatic microsomal enzymes. Plasma 
levels of fentanyl and alfentanil can be in-
creased with the concurrent use of propo-
fol, while the concomitant use of fentanyl 
can elevate plasma concentrations and ex-
tend the elimination of etomidate. 

Allergic drug reactions can be either 
anaphylactic or anaphylactoid in nature. 
The anaphylactic type involves an anti-
body-antigen interaction mediated by a 
type I hypersensitivity reaction that is not 
dose-related. The anaphylactoid type does 
not involve an antibody-antigen contact, 
but rather a drug-induced histamine re-
lease from mast cells or drug-activated 
complement response. Those hypersensi-
tivity reactions involving sedative analge-
sic drugs are mostly of the anaphylactoid 
type. Thiopental, unlike methohexital, 
shows a greater potential to evoke mast 
cell release of histamine. The incidence of 
hypersensitivity reaction with thiopental 
is 1/14,000 versus 1/7,000 for methohex-
ital. Gross estimates for other sedative an-
algesic agents include etomidate at rough-
ly 1/450,000 and propofol 1/100,000 (14). 
Etomidate, propofol, and ketamine do not 
induce the release of histamine. Propofol’s 
allergenic properties are attributed to its 
structural phenyl nucleus and diisopropyl 
side chain. Both morphine and meperi-
dine evoke histamine release, but none of 
the fentanyl analogues cause histamine re-
lease, even at high doses. In terms of the 
histamine release potential of certain sed-
ative analgesics, the risks for adverse reac-
tions would be increased in the presence 
of reactive airways, asthma, and chron-
ic atopy. 

There are few absolute contraindi-
cations to the use of certain of the sed-
ative analgesics. Known hypersensitivity 
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reaction to a drug or its congeners seems 
obvious. Relative contraindications rely 
on clinical judgment and a risk-to-bene-
fit analysis. The barbiturates and etomi-
date should not be used in the presence of 
the various porphyria-predisposed condi-
tions. Due to it ability to activate epileptic 
foci, etomidate should be used with pre-
caution, if at all, in the presence of epi-
leptiform disorders. Ketamine should be 
avoided in the presence of systemic and 
pulmonary hypertension, ischemic, and 
valvular heart disease, and conditions of 
decreased intracranial compliant or in-
creased intraocular pressure. Consider-
ation should be given to the use of ket-
amine in the presence of psychiatric ill-
nesses as a result of its propensity to pro-
duce psychotomimetic effects during re-
covery. The incidence of emergence delir-
ium with ketamine in adults is 10 to 30%, 
and is substantially lower in pediatrics pa-
tients; it may be dose-dependent. Ben-
zodiazepines, diazepam, and midazolam 
should be avoided in the presence of acute 
narrow angle glaucoma and untreated 
open angle glaucoma. 

Sedative analgesic use in pregnancy 
is controversial. Opioids appear to be rel-
atively safe and are given a Class B rating 
(no evidence of risk in humans) on the 
FDA Classification of Teratogenicity. The 
barbiturates thiopental and methohexi-
tal are also Class B. The benzodiazepines 
and etomidate are rated C (risk cannot be 
ruled out). When used in the first trimes-
ter, diazepam has been shown to be asso-
ciated with cleft lip, cleft palate, and con-
genital hernias. 

Precautions need to be taken regard-
ing the use of strict aseptic techniques in 
handling propofol. Most propofol formu-
lations do not contain bacteriostatic addi-
tives and propofol significantly supports 
bacterial growth. Every effort should be 
taken to prevent contamination of pro-
pofol vials and syringes. Unused propofol 
should be discarded six hours after open 
exposure. Finally, unlike the volatile an-
esthetics, the barbiturates, benzodiaze-
pines, etomidate, propofol, ketamine, and 
the opioids do not trigger malignant hy-
perthermia. 

RELEVANT ASPECTS IN INTERVENTIONAL 
PAIN MANAGEMENT

The sedation analgesia drugs afford 
the means by which diagnostic and thera-
peutic interventional pain procedures can 
be performed in a manner conducive to 

compassionate patient care. The contin-
uum of sedation analgesia allows various 
levels of relief from anxiety, stress, discom-
fort, and recall associated with an invasive 
interventional process. The pharmacolog-
ic properties and effects of these drugs are 
most clinically beneficial when they are ap-
plied in a manner that best utilizes their ad-
vantages to the needs of the situation. 

Goals
Sedation analgesia objectives are to 

serve the needs of the patient and the re-
quirements of the procedure (20). Proce-
dural variables to consider are the nature 
of the procedure, its degree of invasive-
ness, and previous experience with a pa-
tient’s tolerance or discomfort. Also im-
portant considerations are the overall du-
ration of the procedure and the extent to 
which the need for patient immobility, 
cooperation, or participation is expected. 
Patient considerations include the follow-
ing: age, especially whether pediatric or 
elderly; health status, particularly in terms 
of cardiopulmonary functioning and he-
patic and renal functions; ability to coop-
erate and communicate; pregnancy status; 
level of maturity and capacity to under-
stand all that the procedure entails; and 
known drug allergies or past reactions. 
These patient variables will require a fo-
cused examination and assessment by the 
practitioner. Once the procedural aspects 
have been determined and the patient is 
informed and evaluated, then the sedation 
analgesia regimen can be planned. 

The goal of the sedation analgesic 
treatment plan is to maintain a therapeu-
tic level of medication in order to attain 
the desired plane of sedation along the 
continuum throughout the procedure pe-
riod. This treatment is best provided us-
ing the IV route for drug administration, 
carried out using single or repeat bolus 
dosing, bolus injection followed by a con-
tinuous infusion, or possibly by a target 
controlled, computer-assisted continuous 
infusion (21-23). The computer-assisted 
infusion incorporates a drug’s pharmaco-
kinetic data profile with an infusion de-
vice, which takes the set therapeutic plas-
ma level, injects a bolus dose, and follows 
with a set continuous infusion. This com-
puterized mode can potentially provide 
the most constant plasma concentrations. 

Variables
Selection variables for the seda-

tion analgesic agent(s) involve consider-

ation of the drug’s inherent pharmaco-
logic properties, and the preferable phar-
macokinetic and pharmacodynamic char-
acteristics, as previously discussed. Rate 
of onset and recovery, mode of elimina-
tion, and balance between those desirable 
and adverse effects are all primary factors 
(24). Within this context, consideration is 
made for the inherent limitations in phar-
macologic spectrum of effect for the vari-
ous sedative analgesic drugs. The sedative-
hypnotic agents, such as the barbiturates, 
benzodiazepines, etomidate, and propo-
fol, are capable of producing a dose-de-
pendent spectrum consisting of anxioly-
sis, sedation, amnesia, hypnosis, and an-
esthesia. Ketamine is unique. It creates a 
cataleptic-like state of calming sedation, 
analgesia, amnesia, hypnosis, and anes-
thesia. Similar to the volatile anesthetics, 
ketamine is a complete intravenous anes-
thetic. The opioids, to varying degrees of 
effect, produce a spectrum consisting of 
sedation, analgesia, hypnosis (narcosis), 
and anesthesia.

Pharmacologic Agents
A variety of sedative analgesic agents 

are available to assist in providing in-
terventional pain procedures (25). Both 
thiopental and methohexital provide a 
rapid onset of effect and prompt awaken-
ing after a single IV dose, refl ecting rap-
id redistribution from CNS to peripheral 
inactive tissues. However, following mul-
tiple repeated doses or protracted infu-
sion, the context-sensitive half-time is 
prolonged, which does not lend itself well 
to short procedures requiring a faster re-
covery. 

Within the benzodiazepine group, 
midazolam exhibits both a faster onset 
and offset of effect after a single IV dose 
than either diazepam or lorazepam; it also 
provides a greater degree of amnesia. Fol-
lowing multiple IV boluses or infusion, 
midazolam has a shorter context-sensitive 
half-time than diazepam or lorazepam 
due to its rapid hepatic clearance. 

Following a single IV dose, etomi-
date also displays a rapid onset and off-
set of effects and quick awakening owing 
to its fast redistribution and rapid esterase 
hydrolysis. Etomidate’s context-sensitive 
half-life is less than thiopental and is not 
affected by the duration of infusion. Due 
to its lack of cardiovascular depressant ef-
fect, etomidate would be a good alterna-
tive in the presence of cardiovascular dys-
function. Drawbacks might include pain-
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ful injection and myoclonus. 
Propofol’s fast onset and offset of 

effect following a single IV bolus, cou-
pled with its short context-sensitive half-
life with even prolonged infusions make 
it readily titratable to effect (23, 26, 27). 
Similar to the barbiturates, propofol’s pe-
diatric dosage requirements are somewhat 
higher, while elderly patients will require 
fewer drugs (28, 29). In addition to the 
advantages of fast onset, prompt recov-
ery with minimal residual sedation, pro-
pofol possesses antiemetic and antiprurit-
ic properties. Painful injection and lack of 
analgesia are shortcomings. 

Ketamine exhibits a rapid onset of 
effect following a single IV dose, how-
ever full recovery is delayed and is even 
more prolonged after repeat boluses 
or infusion. Ketamine provides intense 
analgesia and amnesia at subanesthet-
ic doses (30). Ketamine’s sympathetic 
stimulant effect needs to be considered 
in the presence of cardiovascular dys-
function. The emergence delirium and 
excitation associated with ketamine can 
be attenuated with the co-administra-
tion of a benzodiazepine. As an aside, it 
is common for anesthesia professionals 
to combine ketamine with propofol (a 
mix called “Ketofol”) in order to derive 
therapeutic benefits from the advantages 
of each drug, as well as to minimize their 
disadvantages. 

The opioid class adds another di-
mension to the sedative analgesic regi-
men (30). Both morphine and meperi-
dine administered IV exhibit slower on-
set and longer duration of effects than 
the fentanyl analogues, making them 
less titratable. Their higher association 
with nausea and vomiting, as well as his-
tamine release, also make them less de-
sirable. A single IV dose of fentanyl has 
a faster onset and shorter duration than 
morphine. However, with multiple re-
peated doses or long continuous infu-
sions, fentanyl’s inactive redistribution 
sites become saturated. Coupled with its 
slow clearance rate, fentanyl’s context-
sensitive half-time becomes prolonged. 
Sufentanil exhibits a rapid onset and off-
set of effects after a single IV dose with a 
context-sensitive half-time shorter than 
alfentanil. Alfentanil shows a rapid on-
set and offset of effects following IV ad-
ministration. The context-sensitivity 
half-times for both sufentanil and alfen-
tanil are short and infusion duration time 
dependent. Remifentanil also displays a 

rapid onset and offset of effects following 
IV dosing (31); it possesses an extreme-
ly short context-sensitive half-time that 
is independent of the duration of infu-
sion. Remifentanil’s distinctive mode of 
esterase metabolism is unaffected by he-
patic or renal dysfunction. The fentanyl 
congeners all have potential risks for bra-
dycardia, hypotension, and skeletal mus-
cle rigidity when administered rapidly in 
large doses. While the most advantageous 
regimen available appears to be a combi-
nation of a sedative-hypnotic and opioid 
agent, the synergistic potential for cardio-
pulmonary depression with such concur-
rent therapies needs to be stressed. 

A relatively new drug possessing 
uniquely combined sedative and analge-
sic properties is dexmedetomidine. It is 
a selective alph-2 agonist designated for 
IV infusion administration. It provides 
anxiolysis, sedation, and analgesia, while 
maintaining hemodynamic stability and 
minimal respiratory depression (32). 
Dexmedetomidine exhibits a slow onset 
of effect and an elimination half-time of 
six hours (33). 

Monitoring
Undertaking a sedation analgesic 

course of therapy in support of an inter-
ventional procedure requires that patients 
are monitored appropriately during the 
procedure (34-36). The most common 
adverse effects from sedation analgesia 
is excessive CNS depression and conse-
quent ventilatory and hemodynamic fail-
ure. Monitoring parameters should in-
clude continuous noninvasive blood pres-
sure, pulse respiratory rate, and pulse ox-
imetry, and periodic assessments of seda-
tion level (37, 38). Supplemental oxygen, 
suction apparatus, and emergency airway 
management equipment should be readi-
ly available. While monitoring physiolog-
ic parameters, be especially vigilant for 
the following: decreases in oxygen satura-
tion for 30 seconds or longer of more than 
10% or for adult and pediatric patients 
and 5% or more for patients age 65 or old-
er; signs of respiratory distress or airway 
obstruction; decrease in blood pressure 
more than 10% below baseline; vasovagal 
reaction; or loss of consciousness. Inter-
ventions in response to any alterations in 
the monitored parameters should include 
verbal or physical stimulation of the pa-
tient, supplemental oxygen, and possible 
administration of a reversal agent, such as 
naloxone or flumazenil (39). 

Guidelines
Practice guidelines for sedation and 

analgesia by non-anesthesiologists were es-
tablished by the American Society of Anes-
thesiologists Task Force in 2001 (2). More 
recently, a formal declaration distinguish-
ing monitored anesthesia care from mod-
erate sedation analgesia was approved by 
the American Society of Anesthesiologists 
House of Delegates in 2004 (40). 

CONCLUSION

Sedation encompasses a progressive 
continuum of stages ranging from relax-
ation and anxiolysis to general anesthesia. 
Recent trends in the development of se-
dation analgesic drugs have emphasized 
higher specificity of effect, greater con-
trollability of action, and enhanced pre-
dictability of outcome. Drugs within a 
particular class are considered to share a 
common mechanism of action and pro-
duce a similar spectrum of effects. Toler-
ance to the effects of most sedative anal-
gesic drugs develops with repeated, long-
term use. Along with this tolerance phe-
nomenon is the potential for physical de-
pendence, that manifests as a withdrawal 
syndrome upon discontinuation of drug 
use. Side effects and complications asso-
ciated with the sedation analgesic drugs 
usually result from a dose-dependent 
extension of their pharmacologic spec-
trum of effects, hypersensitivity reaction, 
or drug interaction. The pharmacologic 
properties and effects of sedation anal-
gesic drugs are most clinically beneficial 
when applied in a manner that best uti-
lizes their advantages appropriate to the 
specific requirements of a particular sit-
uation. Sedation analgesia therapy pro-
vided in support of an interventional pro-
cedure requires strict patient monitoring. 
The ASA has established practice guide-
lines for sedation and analgesia by non-
anesthesiologists. 
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