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Administration of sedation and analgesia in the interventional radiology suite is often necessary during painful
diagnostic and therapeutic procedures. Although sedative and analgesic agents are generally safe, catastrophic
complications related to their use can occur, often as a result of incorrect drug administration or inadequate patient
monitoring. The incidence of adverse outcomes related to provision of sedation and analgesia can be reduced with
improved understanding of the pharmacology of these medications, by providing adequate monitoring to sedated
patients, by recognizing patients who are at increased risk of experiencing an adverse drug reaction, and by early and
appropriate management of complications.
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Abbreviations: ASA � American Society of Anesthesiologists, BZD � benzodiazepine, CNS � central nervous system, IR � interventional radiology

INVASIVE diagnostic and therapeutic
procedures performed in the interven-
tional radiology (IR) suite can be pain-
ful and anxiety provoking (1–5), ren-
dering patients unable to follow
breathing and movement instructions
and potentially increasing the risk of
cardiovascular complications (6,7). To
calm patient anxiety, reduce un-
wanted movements, and alleviate pa-
tient discomfort, it may be necessary
to provide pharmacologic sedation and
analgesia. Proper use of these agents
improves patient satisfaction, reduces
procedure times, and stabilizes hemo-
dynamic status, but incorrect drug ad-
ministration or inadequate patient mon-
itoring can precipitate disastrous
complications (8–10).

Although anesthesiologists are best
equipped to administer sedation and

analgesia, they are usually not avail-
able to attend all IR cases, and the re-
sponsibility of medication administra-
tion and patient care often falls on the
interventionalist. The provision of seda-
tion and analgesia by properly trained
nonanesthesiologists is thought to be
safe (11–15), provided that proper meth-
ods of drug administration and patient
monitoring are adhered to. The purpose
of this article is to review the topic of
sedation and analgesia as it applies to
the IR area by discussing the medica-
tions available for the provision of seda-
tion and analgesia, describing the
proper care of sedated patients, and out-
lining the management of a number of
potential complications of sedation and
analgesia. The patient care recommen-
dations included in this review are pri-
marily derived from practice guidelines
outlined by the American Society of
Anesthesiologists (ASA) task force on
sedation and analgesia by nonanesthe-
siologists (12) and other guidelines pub-
lished in the anesthesia and medical lit-
erature (12,14,16).

DEFINITIONS

Sedation refers to the use of pharma-
cologic and nonpharmacologic means
to depress the central nervous system
(CNS) and reduce patient anxiety and
irritability. Proper sedation achieves
anxiolysis (a state of diminished ap-

prehension) and, in some circum-
stances, amnesia (a loss of memory of
events during the procedure) (12). The
stages of sedation have been catego-
rized in an attempt to define targeted
endpoints for drug administration
(Table 1). Although these categories
are useful to guide therapy, the depth
of sedation is not easily divided into
discrete stages but rather refers to a
therapeutic continuum with infinite
points ranging from minimal anxioly-
sis to coma (Table 2).

Moderate sedation/analgesia is a
depression of consciousness during
which patients respond purposefully
to verbal commands, either alone or
accompanied by light tactile stimula-
tion. The patient maintains airway pa-
tency and spontaneous ventilation,
and cardiovascular function is usually
maintained. Moderate sedation pro-
vides sufficient anxiolysis and control
of unwanted movement for most IR
cases, and respiratory compromise is
rare. This level of sedation is therefore
an appropriate target for cases that are
not supervised by an anesthesiologist.

Deep sedation/analgesia is a de-
pression of consciousness during
which patients cannot be easily
aroused but respond purposefully af-
ter repeated or painful stimulation.
The ability to independently maintain
a patent airway and ventilatory func-
tion may be impaired. Cardiovascular
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function is usually maintained. The in-
tentional induction of deep sedation
by nonanesthesiologists is discour-
aged because of the significant inci-
dence of airway and respiratory
compromise.

The term conscious sedation con-
tinues to be used in both the anesthe-
sia and nonanesthesia literature. How-
ever, this term is no longer included in
the ASA standards (12), and its use is
discouraged because it is imprecise
and potentially misleading (17–19).

Analgesia is defined as relief of pain
without intentional production of an
altered mental state such as sedation
(20). Analgesia can be targeted to the
site of drug administration (local anes-
thesia) or can have a systemic effect
(eg, intravenous opioids).

GOALS OF SEDATION AND
ANALGESIA

Surveys of practice patterns of se-
dation and analgesic use in IR depart-
ments in Europe and North America
reveal that procedural medication de-
livery patterns are highly variable,
with different levels and methods of
sedation being used for similar proce-
dures in different institutions (21–23).
The use of sedation and systemic an-
algesia during routine diagnostic an-
giography was common in these sur-
veys, despite the fact that most
patients undergoing angiography ex-
perience only mild discomfort (4).
Lang et al (3) reported that decisions
regarding the use of sedatives and an-
algesics during IR procedures were
primarily determined by habits and

philosophies of the institution and that
neither patient anxiety and pain scores
nor physician decisions affected drug
utilization. These papers illustrate the
importance of developing an approach
to medication administration that fo-
cuses on the needs of the individual
patient, in which requirements for se-
dation and analgesia are determined
on a case-by-case basis by the pain
tolerance and anxiety level of the pa-
tient and by the level of discomfort
that is expected during the procedure.

For all IR cases, it is recommended
that a desired endpoint for sedation be
decided on before medication is given,
and medications should be adminis-
tered incrementally until this endpoint

is achieved. Medication should be ad-
ministered in an attempt to achieve
the following goals:

1. To provide adequate analgesia,
sedation, anxiolysis, and amne-
sia during the performance of
painful diagnostic or therapeu-
tic procedures

2. To control unwanted motor be-
havior that inhibits the perfor-
mance of diagnostic procedures
or image-guided interventions,

3. To rapidly return the patient to
a state of consciousness,

4. To minimize the risks of ad-
verse events related to the pro-
vision of sedation and
analgesia.

Table 1
Definition of General Anesthesia and Levels of Sedation/Analgesia

Responsiveness Airway
Spontaneous
Ventilation

Cardiovascular
Function

Minimal sedation (anxiolysis) Normal response to verbal
stimulation

Unaffected Unaffected Unaffected

Moderate sedation/analgesia
(“conscious sedation”)

Purposeful response to
verbal or tactile
stimulation

No intervention
required

Adequate Usually maintained

Deep sedation/analgesia Purposeful response after
repeated or painful
stimulation

Intervention may
be required

May be inadequate Usually maintained

General anesthesia Unarousable even with
painful stimulus

Intervention often
required

Frequently
inadequate

May be impaired

Note.—Adapted from Practice guidelines for sedation and analgesia by non-anesthesiologists. Anesthesiology 2002; 96:1004–1017.
Used with permission.

Table 2
The Sedation Continuum

Alert-anxious
Alert-calm (anxiolysis)
Drowsy but clear mentation (sedation)
Eyes open, speech slurred
Eyes closed but answers questions appropriately
Opens eyes to voice, is confused
Oxygen desaturation on room air
Opens eyes to pain, responds purposefully
Eyes closed, moans and withdraws from pain
Moans to pain, nonspecific motor response to pain
CO2 retention
Oxygen desaturation on 2 L O2
No response to pain
Bradypnea, poor gag reflex
Apnea, hypotension
Death

Note.—Adapted from reference 13. Used with permission.
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MEDICATIONS

The most commonly used medica-
tions for the administration of seda-
tion and analgesia are summarized in
Table 3.

Hypnotics and Sedative Drugs

Benzodiazepines.—Benzodiazepines
(BZDs) act on �-aminobutyric acid re-
ceptor sites, causing a dose-related
CNS depression. They cause anxioly-
sis, antegrade amnesia, and hypnosis
and have an anticonvulsant effect.
They have no analgesic effect. In ex-
cessive doses, general anesthesia may
be induced. In susceptible patients,
particularly the elderly and those with
chronic obstructive airway disease, re-
spiratory depression and apnea may
occur at lower doses (24,25).

Midazolam (Sabex, Boucherville,
Canada) is a short-acting BZD. It is
usually given intravenously but may
be used orally. Onset of effect is
within 2 minutes, lasting between 45
and 60 minutes. The short-acting sed-
ative effect with rapid recovery, low
risk of respiratory depression, and
antegrade amnesic effects associated
with midazolam makes it the favored
sedative agent used by nonanesthesi-
ologists to achieve moderate sedation
for radiology procedures (26). It
should be given in 1-mg increments

to the desired response. Although
this agent is relatively safe, more
than 80 deaths have occurred after
midazolam use in patients undergo-
ing a variety of medical and surgical
procedures. These were mainly respi-
ratory in nature, and in 57% of cases,
an opioid had also been used (10).

Diazepam (Sabex) is a medium-
acting BZD that may be given orally,
intramuscularly, rectally, or intrave-
nously. In an aqueous solution, it
causes pain on injection and throm-
bophlebitis. A lipid emulsion prepa-
ration is therefore preferable if diaze-
pam is to be given intravenously. It
has a predictable onset of action in
2–3 minutes if given in 1- to 2-mg in-
crements. Its duration of effect is at
least 6 hours with a hangover effect
due to its active metabolite desmeth-
yldiazepam. Diazepam is not as well
suited as midazolam for use as a sed-
ative because of less pronounced am-
nesic effects, long duration of effect,
and long hangover effect.

Lorazepam (Ativan; Sabex) is a
long-acting BZD that may be given
orally, sublingually, intramuscularly,
or intravenously. It is usually given
orally or sublingually in a 0.5- to
1.0-mg dose. Its onset of effect is as
long as 60–90 minutes, and it has a
variable duration of effect with a
prolonged amnesic effect. Because of

its slow onset and prolonged effect, it
is not suitable as a titratable agent
for sedation. Machinery should not
be operated for 48 hours after admin-
istration of this drug.

Other Hypnotic Drugs.—Propofol
(Abbott Laboratories, Saint-Laurent,
Canada) is an intravenous general
anesthetic induction agent that is of-
ten used for monitored anesthetic
care by anesthesiologists. It is admin-
istered by continuous infusion or in a
10- to 20-mg bolus. Onset of action is
60 seconds, lasting 3–5 minutes.
There has been substantial investiga-
tion into the use of propofol as a sed-
ative agent for patients undergoing
endoscopic and IR procedures. Many
of these articles claim that propofol
has a favorable side effect profile and
improved sedative effects compared
with the use of intravenous midazo-
lam and opioids (5,27–30). However,
even in relatively low sedative doses,
propofol can unpredictably cause a
loss of airway reflexes. Propofol can
rapidly cause apnea in excessive
doses, and in larger boluses, dystonic
reactions may occur with patients
withdrawing from painful stimuli. It
also causes significant hemodynamic
depression in susceptible patients.
For these reasons, current guidelines
recommend that propofol only be

Table 3
Commonly Used Drugs for Sedation and Analgesia

Drug Class Drug Effects Incremental Dose*
Onset
(min) Duration (min)

Hypnotics Midazolam Sedation, anxiolysis, amnesia,
motion control, no analgesia

1.0 mg 2 45–60

Diazepam Sedation, anxiolysis 1.0–2.0 mg 2–3 6 h
Propofol Anesthetic, sedation 25–75 �g/kg/min infusion 60 s 3–5
Ketamine Analgesia, dissociation,

amnesia, motion control
5–10 mg, repeat every 10 min
with 1⁄2 dose

1–2 Dissociation: 15,
recovery: 60

Analgesics Fentanyl Analgesia 25 �g/dose, repeat every 3 min
to desired effect

2–3 30–60

Sufentanil Analgesia 2 �g/dose 2–3 15
Remifentanil Analgesia 0.1–0.2 �g/kg/min 3–5 5–7
Morphine Analgesia 2 mg/dose 3–10 3–4 h

Miscellaneous Nitrous oxide Anxiolysis, analgesia, sedation,
amnesia

Preset mixture, self-administered 1–2 �5 min after
discontinuation

Reversal agents Naloxone Opioid reversal 40 �g/dose, repeat every 2 min
as required to maximum of 2
mg

2 20–40

Flumazenil Benzodiazepine antagonist 200 �g/dose, repeat every 1 min
to maximum of 1 mg

1–2 30–60

* Doses are intravenous unless otherwise specified.
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used under the supervision of an an-
esthesiologist (12).

Ketamine (Ketalar; Parke-Davis,
Arnprior, Canada) is an intravenous
general anesthetic induction agent
that has intense analgesic properties.
It is given in 5- to 10-mg increments.
Its onset of effect is 1–2 minutes, last-
ing 45–60 minutes. It causes dose-re-
lated hallucinations and dissociative
symptoms, more commonly in
women. Ketamine can cause involun-
tary muscle movement, potentially
limiting its suitability in IR proce-
dures. Hemodynamic stability and
cerebral blood flow are maintained.
Ketamine is more commonly used in
pediatric patients (31,32). It is recom-
mended that ketamine be used under
the supervision of an anesthesiologist
(12).

Analgesics

Simple Analgesics.—Nonsteroidal
antiinflammatory drugs. This broad
category of pharmacologic agents in-
cludes salicylates (eg, aspirin), propi-
onic acid derivatives (eg, ibuprofen,
naproxen, ketoprofen), fenamates (eg,
diclofenac), and indoles (eg, indo-
methacin). All these agents have an-
algesic, antipyretic, and antiinflam-
matory effects resulting from inhibi-
tion of cyclooxygenase activity. Non-
salicylate compounds are favored as
oral analgesic agents due to a more
favorable side effect profile. These
agents should not be used in patients
with active peptic ulcer disease or
gastrointestinal bleeding or those
with a history of bronchospastic reac-
tivity to these agents. Renal toxicity
can occur with the use of these
agents, and they should be used only
with great caution in patients with
dehydration, on diuretic therapy,
with liver disease, or with dimin-
ished renal function.

Acetaminophen has analgesic and
antipyretic properties with minimal
antiinflammatory effects. It is used as
an oral analgesic agent alone or in
combination with other analgesic
agents, particularly opioids. The an-
algesic mechanism of acetaminophen
is not well understood but is thought
to be through inhibition of prosta-
glandin synthetase in the CNS. Acet-
aminophen has very limited side ef-
fects in therapeutic doses and is typi-
cally administered orally in 325- to

1,000-mg doses every 4–6 hours,
with a maximal 24-hour total dose of
4,000 mg.

Opioids.—Opioid analgesics bind
to opioid receptors distributed
widely throughout the CNS. They
are potent analgesics and have a sed-
ative effect but may cause dysphoria,
nausea, vomiting, and respiratory de-
pression. These adverse effects limit
their use to painful procedures in
which analgesia is required for the
duration of the procedure. To avoid
respiratory depression, incremental
doses are advisable. Opioids act syn-
ergistically with BZDs and decrease
BZD dose requirements to achieve a
given level of sedation (10,33). As a
result of the potential respiratory
complications associated with their
use, the administration of opioids by
nonanesthesiologists is discouraged
in some institutions.

Fentanyl (fentanyl citrate; Sabex)
is a short-acting opioid. It is given in
25-�g increments, and its onset of ef-
fect is 2–3 minutes with a 30- to 60-
minute duration of analgesic effect.
Given in larger doses, it may cause
dizziness and apnea. Small doses
(25–50 �g) may reduce the required
doses of concomitant sedative agents.
Fentanyl is favored over other opi-
oids by most physicians for short
painful procedures because of its
rapid onset and suitable duration of
effect. The respiratory depressant ef-
fect of fentanyl lasts as long as 4
hours longer than its analgesic effect.
Therefore, susceptible patients need
to be monitored carefully post-
procedure.

Sufentanil (Sufenta; Janssen-Ortho,
Toronto, Canada) is a short-acting
opioid that is eight to 10 times more
potent than fentanyl with a similar
onset of effect. For use in a moder-
ately sedated patient, sufentanil
should be given in 2-�g increments.
Incremental dosing necessitates dilu-
tion of the medication preparation.
Sufentanil is more lipid soluble than
fentanyl and may cause more drows-
iness, even in lower doses.

Remifentanil (Ultiva; Abbott Labo-
ratories, Vaughan, Canada) is a new
opioid with a rapid onset of 1–2 min-
utes and a short duration of action
(5–7 minutes). It is administered by
an infusion titrated to desired effect.
Apnea is common at inappropriate
infusion rates, and an anesthesiolo-

gist should supervise use of this
agent (12). Postprocedure nausea is
common.

Morphine (morphine sulfate; Ab-
bott Laboratories, Toronto, Canada)
is a long-acting opiate that is seda-
tive, anxiolytic, and analgesic. Its on-
set of effect is 3–10 minutes if given
intravenously and is given in 2-mg
increments. It has an analgesic effect
of 3–4 hours. Because of its longer
duration of action, it is less suitable
than fentanyl as a titratable and re-
versible sedative/analgesic agent.
Morphine often causes dysphoria
and nausea.

Miscellaneous

Nitrous oxide (VitalAire, Vancou-
ver, Canada) was first used in clinical
practice in 1844. It is a colorless, inor-
ganic natural gas. It has a good anal-
gesic effect and in low concentrations
leads to dissociation. In higher doses,
disinhibition may occur. It is adminis-
tered in 50% oxygen through a mask.
Its onset is 1–2 minutes, and its effect
is terminated within minutes of re-
moving the mask. It may be useful for
short-duration procedures but must
be used in well-ventilated rooms to
avoid operator effects.

Local Anesthetic Drugs

Local anesthetics reversibly depress
impulse transmission in nerves with
subsequent anesthesia and motor
block to a specific area. Sufficient in-
filtration with local anesthesia may
markedly reduce sedation and analge-
sic requirements but does not entirely
obviate these medications in most sit-
uations (34).

Lidocaine (Xylocaine; Astra-Zeneca
Canada, Mississauga, Canada) is an
amide local anesthetic agent with a
rapid onset and a medium duration of
action. It is available in an injectable
form in solutions of 0.5%–5% and as a
topical gel. Onset of action is 2–5 min-
utes, and the duration of anesthesia is
approximately 1 hour without epi-
nephrine and 2 to 3 hours with solu-
tions containing epinephrine. The
maximal safe single dose is 300 mg (3
mg/kg) without epinephrine and 500
mg (7 mg/kg) with the addition of
epinephrine. CNS toxicity is dose lim-
iting. Lidocaine is acidic and can cause
pain at injection. Adding 1 mL 8.4%
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sodium bicarbonate solution to 9 mL
lidocaine immediately before injection
can reduce this pain.

Bupivacaine (Marcaine; Abbott
Laboratories, Mississauga, Canada) is
an amide local anesthetic with a
slower onset of action and longer du-
ration of effect than lidocaine. It is
available in an injectable form in solu-
tions of 0.25%–0.75%. Onset of action
is 5–10 minutes, making it a less desir-
able drug for local infiltration in IR
procedures. Its duration of effect is
3–4 hours and longer with epineph-
rine, making it a suitable agent for
postoperative pain relief. The maximal
safe dose is 150 mg without epineph-
rine and 225 mg with the addition of
epinephrine. Bupivacaine is a highly
cardiotoxic drug with a long half-life,
and intravenous administration needs
to be scrupulously avoided.

Local infiltration with a mixture of
2% lidocaine and 0.25% bupivacaine
results in a rapid onset block with a
long duration of effect, and this com-
bination of properties is often desir-
able for IR procedures with significant
postoperative discomfort. Because
these drugs share the same metabolic
pathway, care needs to be taken not to
approach a cumulative toxic dose.

Reversal Agents

These agents should be given judi-
ciously in increments, waiting at least
1–2 minutes between each dose. Rapid
or overzealous reversal can precipitate
an anxiety response as well as an an-
talgesic response. Caution is required
because the sedative effects of the
drugs used may outlast the reversal
effect of these agents.

The use of reversal agents should
be reserved for instances in which pa-
tients have inadvertently been sedated
more deeply than was intended or in
patients experiencing a complication
of sedation and analgesia. Most pa-
tients should not need any reversal if
sedative agents have been used
appropriately.

Naloxone (Sabex) is an opioid an-
tagonist that reverses both the respira-
tory and analgesic effects of opioids.
Drug administration should be ti-
trated in 0.04-mg increments to the de-
sired effect to minimize the reversal of
the analgesia effect. Because its dura-
tion of effect is �90 minutes, which is
considerably shorter than that of some

opiates, repeated doses may need to
be given.

Flumazenil (Anexate; Hoffmann-La
Roche, Mississauga, Canada) is a com-
petitive antagonist at the �-aminobu-
tyric acid/BZD receptor. The dose for
reversal is 0.01 mg/kg and should be
given in increments of 0.1–0.2 mg in
adults. Its duration of effect is 15–140
minutes, and patients may become rese-
dated after this period, particularly if
longer acting BZDs are used. If fluma-
zenil has been used, patients must be
monitored for 2 hours after the proce-
dure to ensure that they do not become
resedated after reversal effects wear off.
Some patients may experience intense
agitation on reversal of BZD activity.
This drug should be used with caution
in any patient on long-term BZD
treatment.

NONPHARMACOLOGIC
ADJUNCTS FOR SEDATION

Nonpharmacologic methods of an-
algesia and sedation such as hypnosis
and anodyne imagery have been suc-
cessfully used in the IR department
(35–38). They have been shown to sig-
nificantly reduce drug requirements,
and hypnosis has been shown to be a
cost-effective method of delivering
care to IR patients (39). Although the
training of staff in techniques of hyp-
nosis is reported to be relatively sim-
ple, the practice of nonpharmacologic
methods of sedation and analgesia has
yet to become widespread.

SUGGESTIONS FOR
ADMINISTRATION OF
SEDATION AND ANALGESIA

Many different medications are
available for the induction of moder-
ate sedation during IR procedures,
and the drug or drug combination
used in an institution will often vary
depending on operator preference and
experience. Some principles of drug
administration may help to ensure
safe and effective use of these agents:

1. Sedative drugs should be easily
titrated to the desired clinical
effect and should have a pre-
dictable onset and duration of
effect with a rapid recovery
profile.

2. Intravenous drug administra-
tion is favored because it re-
sults in a more reliable rate of

onset and a more predictable
rate of absorption.

3. Each drug should be given in
increments.

4. Appropriate time needs to be
given to allow the drug effect
to be evaluated before giving
the next incremental dose or a
different drug.

5. Drug combinations need to be
used prudently and according
to required effect and patient
response.

6. Repeated increments need to be
given throughout the procedure
to maintain an adequate level
of patient comfort.

For all patients in whom pain is
anticipated during the procedure or in
the recovery period, preemptive anal-
gesia should be administered. Pre-
emptive analgesia is based on the
premise that the initiation of antiin-
flammatory and analgesic agents be-
fore the initiation of the procedure re-
duces peripheral nociception and
decreases postoperative analgesic re-
quirements (40). All patients undergo-
ing painful procedures should receive
acetaminophen (1 g orally) and a non-
steroidal antiinflammatory drug (eg,
50 mg diclofenac sodium, 500 mg
naproxen orally or rectally) 30–60
minutes before the anticipated time of
initiating the procedure. Skin infiltra-
tion with local anesthesia is part of the
practice of preemptive analgesia (41),
and liberal use of these drugs with a
combination of long- and short-acting
agents is recommended.

Effective, moderate sedation can be
achieved with the administration of a
short-acting BDZ, either alone or com-
bined with an opioid agent. In the au-
thors’ opinion, midazolam should be
administered intravenously in 1-mg
increments until a desired level of se-
dation and anxiolysis is achieved. Fen-
tanyl can also be used in small (25 �g)
increments to potentiate the sedative
effects of midazolam and to provide
systemic analgesia. Larger doses of
opioids may be necessary during par-
ticularly painful procedures such as
hepatobiliary interventions or uterine
fibroid embolizations.

SKILLS AND TRAINING OF
PERSONNEL

All personnel responsible for the
administration of sedation and analge-
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sia and the monitoring of sedated pa-
tients both during and after the proce-
dure must be capable of recognizing
and acting on complications of overse-
dation. They must have knowledge of
the pharmacology of the drugs that
they are administering and be familiar
with available antagonists (12). Per-
sonnel should be capable of maintain-
ing airway patency and assisting ven-
tilation. It is recommended that an
individual with advanced cardiac life
support skills be immediately avail-
able in cases in which moderate or
deep sedation is administered.

During IR procedures, two quali-
fied individuals must be present to en-
sure adequate care of a sedated pa-
tient. The interventional radiologist is
responsible for overseeing drug ad-
ministration and ensuring patient
safety. A second designated individ-
ual, usually a nurse or a respiratory
technologist, must be present during
the procedure to monitor the patient
for adverse drug reactions, to assess
the response to medications, and to
acquire and record vital signs. During
moderate sedation, this individual
may assist with minor interruptible
tasks provided that adequate monitor-
ing of the patient’s level of sedation is
maintained (12). During deep seda-
tion, whether intentional or accidental,
this designated individual should
have no other responsibilities besides
monitoring the patient and providing
assistance with ventilation as needed.

EQUIPMENT AND SETTING

Appropriate sedative and analgesic
agents and their relevant reversal
agents should be immediately avail-
able in the IR area. An oxygen source,
suction equipment, nasal cannulae,
appropriately sized oral airways, and
a bag-valve mask should be in the pro-
cedure room. IR suites should be
equipped with a cardiac monitor, an
automatic blood pressure cuff, and a
pulse oximeter. Appropriate emer-
gency equipment must be immedi-
ately available. All IR departments
should be equipped with a cardiac
monitor/defibrillator, a laryngoscope,
age-appropriate cuffed endotracheal
tubes, and standard resuscitation
drugs.

The primary goal of administration
of sedation is anxiolysis, and care
should be taken to provide a treatment

environment that minimizes patient
anxiety. Patients who undergo proce-
dures while awake are exposed to a
number of anxiety-provoking audi-
tory and visual stimuli. It has been
demonstrated that modifying these
stimuli by providing music and limit-
ing ambient noise may reduce analge-
sic and sedative requirements (42,43),
although the literature is not unani-
mous in this regard (44).

PREPROCEDURE PATIENT
PREPARATION

Patients should be evaluated with a
medical history and physical examina-
tion to determine the degree of physi-
ologic reserve of the CNS and cardio-
vascular and respiratory systems and
to assess for the likelihood of the pa-
tient experiencing an adverse reaction
to sedation. Details of medication use,
drug allergies, time of last oral intake,
abnormalities of major organ systems,
and alcohol or substance abuse should
be elicited. The physical examination
should include assessment of vital
signs, level of consciousness, weight,
and evaluation of airway. The pa-
tient’s ASA status should be deter-
mined (Table 4).

Preprocedure fasting may decrease
the risk of aspiration of gastric con-
tents, a rare but potentially fatal com-
plication of deep sedation and general
anesthesia. Although the duration of
fasting required before administration
of sedation remains controversial
(12,45), the ASA has recommended 6
hours of no oral intake for solids and 2
hours for clear liquids. In emergent
situations in which preprocedure fast-
ing is not practical, care should be
taken to protect against aspiration by
limiting the depth of sedation, delay-
ing the procedure, or arranging for en-
dotracheal intubation.

Medications intended to decrease
the risk and consequences of aspira-
tion include prokinetic agents such as
metoclopramide (Reglan; A.H. Rob-
bins, Richmond, VA) (10 mg intrave-
nous) to increase gastric motility and
promote emptying, and histamine H2
receptor antagonists such as ranitidine
(Zantac; Glaxo, Research Triangle
Park, NC) (50 mg intravenous) to de-
crease the pH of gastric contents (46).
The use of these drugs should be con-
sidered in patients who are at high
risk of reflux (eg, obese, pregnant,
emergency nonfasting, or a history of
hiatal hernia or scleroderma) or who
have a depressed level of conscious-
ness before the procedure (eg, previ-
ous stroke, head injury, intoxication).

Patients who are taking nothing by
mouth for prolonged periods may be-
come dehydrated and consequently
are at higher risk of contrast material–
induced nephropathy when undergo-
ing image-guided interventions. Those
considered at risk of contrast material
nephropathy should be hydrated with
0.45% saline at 1.0–1.5 mL/kg per
hour from the onset of the nothing by
mouth status (47).

PATIENT CONSENT

A discussion of the risks and bene-
fits of receiving sedation and analgesia
should be included during acquisition
of informed consent. Estimates of the
incidence of adverse events and fatal-
ities related to sedation and analgesia
are highly variable. However, the
overall risk of significant adverse ef-
fects is thought to be low. A review of
patients who underwent endoscopy
after sedation with BZDs and supple-
mental narcotics reported the inci-
dence of serious cardiopulmonary
complications and death as 5.4 and 0.3
per 1,000, respectively (33), and a
study of deaths associated with dental
procedures estimated the fatality rate
as one per 152,000 (48).

PROCEDURE MONITORING AND
PATIENT CARE

All patients receiving moderate se-
dation should receive supplemental
oxygen, either through nasal prongs
or a mask, and should have adequate
intravenous access throughout the
procedure and until the patient is no
longer at risk of cardiopulmonary de-

Table 4
ASA Physical Status Classification

I. Healthy patient
II. Mild systemic disease: no

functional limitation
III. Severe systemic disease: definite

functional limitation
IV. Severe systemic disease that is a

constant threat to life
V. Moribund patient not expected to

live without the operation
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pression (12). All results of patient
monitoring, including vital signs,
depth of sedation, dose, route, and re-
sponse to medications, must be docu-
mented in the patients’ chart. Patients
must be continuously monitored to as-
sess the depth of sedation and to rec-
ognize complications of oversedation,
including respiratory depression, air-
way compromise, and cardiovascular
instability. Assessment of the depth of
sedation is greatly simplified by the
use of a scoring system such as the
Ramsey scale (Table 5).

Vital signs (blood pressure, pulse,
respiratory rate), should be recorded
before and immediately after any drug
administration and should be moni-
tored and recorded at 5-minute inter-
vals until the patient has reached a
stable level of sedation. Throughout
the procedure and in the immediate
recovery period, vital signs should be
recorded every 15 minutes. Electrocar-
diographic monitoring should be used
for all patients undergoing deep seda-
tion. It should also be used during
moderate sedation for patients with
significant cardiovascular disease (12).

All patients undergoing sedation/
analgesia should be monitored by
pulse oximetry with appropriate
alarms (12). However, monitoring ox-
ygenation by pulse oximetry is not a
substitute for monitoring ventilatory
function. Deeply sedated patients can
hypoventilate and become signifi-
cantly hypercapnic without becoming
hypoxic if they are given supplemen-
tal oxygen (49). End-tidal CO2 moni-
toring allows visual monitoring of the
respiratory rate and may detect respi-
ratory depression sooner than pulse
oximetry (50). Although CO2 monitor-
ing requires specialized monitoring
equipment, it can be performed on pa-
tients wearing an oxygen mask. Pa-

tients receiving anxiolysis or moderate
sedation are at low risk of respiratory
depression, but monitoring of exhaled
CO2 should be considered for all pa-
tients receiving deep sedation (12).

POST-SEDATION CARE

Patients continue to be at signifi-
cant risk of developing complications
related to sedation and analgesia after
their procedure. Continued observa-
tion, monitoring, and predetermined
discharge criteria are therefore
thought to decrease the likelihood of
adverse outcomes after moderate and
deep sedation (12). Postprocedure
monitoring should be done in an ap-
propriately staffed and equipped area
until the patients are at their baseline
level of consciousness.

Oxygenation should be monitored
until patients are not at risk of hypox-
emia. If fentanyl is used as the analge-
sic agent, most patients are at mini-
mal risk of hypoxemia within 60
minutes of the last dose. Other opi-
oid analgesics may require longer
periods of observation. Level of con-
sciousness and vital signs should be
assessed and recorded at regular in-
tervals until discharge criteria are
met.

Discharge timing for patients un-
dergoing IR procedures are usually
determined by the recovery period of
the procedure. However, some criteria
pertaining to sedation and analgesia
must be met before discharge. The fol-
lowing discharge criteria are recom-
mended by the ASA (12):

1. Patients should have returned
to their baseline level of
consciousness.

2. Vital signs are stable and
within acceptable limits.

3. Sufficient time (as long as 2
hours) should have elapsed af-
ter the administration of rever-
sal agents (naloxone, flumaze-
nil) to ensure that patients do
not become resedated after re-
versal agents have worn off.

4. Outpatients should be dis-
charged in the presence of a
responsible adult who will ac-
company them home and be
able to report any postproce-
dure complications. Patients
must be instructed not to drive.

5. Outpatients and their escorts
should be provided with writ-

ten instructions regarding diet,
medications, activities, and a
phone number to call in case of
emergency.

HIGH-RISK PATIENTS

Obese Patients

Sedated obese patients are at in-
creased risk of gastroesophageal re-
flux, upper airway obstruction, and
oversedation (51,52). The risk of reflux
may be reduced by strict adherence to
fasting requirements and preproce-
dure treatment with an oral H2 antag-
onist and metoclopramide. Upper air-
way obstruction can occur in obese
patients at lighter levels of sedation,
and therefore patients should be care-
fully monitored for this complication.
Obese patients are more susceptible to
the respiratory depressant effects of
sedative agents, and drug doses
should be based on an estimated lean
body mass not total body mass. Incre-
mental dosing and waiting for effect
are crucial.

Patients with Chronic Obstructive
Pulmonary Disease

Patients with chronic obstructive
pulmonary disease are at substantial
risk of respiratory adverse events re-
sulting from the administration of se-
dation and analgesia. Supine position-
ing of these patients impairs chest
muscle wall function, further reducing
functional residual capacity and im-
peding adequate oxygenation. Pa-
tients with severe chronic obstructive
pulmonary disease already have a
blunted ventilatory response to CO2,
and excessive sedatives and opiates
will further compromise this response,
predisposing patients to severe respi-
ratory depression with excessive
sedation.

Supplemental oxygen must be pro-
vided to all patients with chronic ob-
structive pulmonary disease. All pre-
scribed bronchodilatory medications
should be given before the procedure.
Attempts should be made to limit the
use of opiates and sedative agents
where possible. Adequate local anesthe-
sia can substantially reduce sedative
and analgesic requirements. Incremen-
tal dosing and intense patient monitor-
ing are necessary.

Table 5
Sedation Scale (Ramsey Scale)

Score Description

0 None, patient maintains
wakefulness

1 Mild, occasionally drowsy
2 Moderate, frequently drowsy,

easy to arouse
3 Severe, somnolent, difficult to

arouse
S Sleeping
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Patients with Coronary Artery
Disease

Coexistent coronary artery disease
is frequently present in patients un-
dergoing IR procedures, particularly
for peripheral vascular or renovascu-
lar disease. Inadequate sedation can
increase the risk of an acute cardiac
event in these patients as a result of
increased cardiac demand. Similarly,
excessive sedation or respiratory sup-
pression can also precipitate cardiac
complications by inducing hypoten-
sion or hypoxemia.

Ideally, proper sedation and anal-
gesia in the patient with coronary ar-
tery disease will reduce or maintain
myocardial oxygen requirements and
optimize myocardial perfusion and
oxygenation. All routine cardiac med-
ications, particularly beta-blocker
therapy, should be taken on the day of
the procedure. Supplemental oxygen-
ation must be provided. Adequate an-
algesia and anxiolysis must be pro-
vided to minimize the stress response
to the procedure. Adverse reactions to
sedation and analgesia, particularly
airway obstruction, hypoxia, and hy-
potension, must be immediately rec-
ognized and corrected.

Patients with Chronic Renal Failure

Most medications (or their metabo-
lites) used for sedation and analgesia
are secreted renally, and patients with
chronic renal failure receiving these
medications will be predisposed to
overdose or to prolonged effect.
Longer acting opioids such as meper-
idine and morphine should not be
used in these patients, but shorter act-
ing agents such as fentanyl are
thought to be safe. Patients with
chronic renal failure have an exagger-
ated response to BZDs, and smaller
doses of these medications with incre-
mental dosing should be used. In the
authors’ institution, dialysis-depen-
dent CRF patients undergo dialysis on
the day of the image-guided proce-
dure to correct fluid balance. Because
drugs and metabolites are protein
bound, hemodialysis is ineffective in
removing these substances from the
circulation.

Patients with Drug Addiction

Dose requirements in the drug-de-
pendent patient are often unpredict-
able, and drug tolerance is often en-
countered. Drug-seeking behavior can
be difficult to distinguish from anal-
gesic requirements. Drug-dependent
patients should take all prescribed re-
placement medications (eg, metha-
done) on the day of their procedure.
Adequate local anesthesia will limit
systemic analgesic requirements. A
short-acting BZD can be used in this
patient group with incremental dos-
ing. Severe withdrawal symptoms can
be experienced with reversal agents,
and therefore these agents should be
used with great caution, and only
when absolutely necessary.

Elderly Patients

In addition to being associated with
a higher incidence of concomitant ill-
ness, increased age is an independent
risk factor for adverse effects of seda-
tion and analgesia. In elderly patients,
sedatives and analgesics elicit a longer
lasting and more pronounced effect
because of changes in bioavailability
and reduction in drug metabolism
(24,25). Generally, elderly patients
need lower doses on a milligram-per-
kilogram basis. Once again, conserva-
tive incremental dosing should be
used in this patient population, and
medication requirements should be
minimized with the liberal use of local
anesthetics.

Pediatric Patients

A complete discussion of the topic
of pediatric sedation and analgesia is
beyond the scope of this paper, and
the interested reader is referred to a
current review article dedicated to this
topic (14). In general terms, children
tend to require higher doses by weight
to achieve a given endpoint and have
narrower safety margins than adult
patients. Respiratory depression and
airway obstruction are the most com-
mon causes of adverse reaction in pe-
diatric patients, and children 1–5 years
of age are most at risk. Currently, most
agents that are used for sedation and
analgesia in adults are not approved
by the U.S. Food and Drug Adminis-
tration for use in pediatric patients.

WHEN TO ASK AN
ANESTHETIST TO ATTEND

ASA guidelines recommend that an
anesthesiologist be in attendance for
all cases in which deep sedation or
general anesthesia is the intended
level of sedation. It is also recom-
mended that for procedures on pa-
tients of ASA level 3, 4, or 5 during
which any more than minimal seda-
tion is to be administered, consider-
ation should be given to seeking the
consultation of an anesthesiologist re-
garding patient care (12).

The frequency with which an anes-
thesiologist attends IR procedures for
other cases is in part determined by
institutional habit, anesthesiologist
availability, and the comfort level and
experience of the interventional radi-
ologist. The radiologist must recog-
nize that some subgroups of patients,
such as those previously outlined, are
at higher risk of adverse drug reac-
tions and should proceed with seda-
tion only if his/her knowledge and
experience justifies doing so.

MANAGEMENT OF ADVERSE
REACTIONS TO SEDATION

Excessive Sedation

For most procedures performed
without anesthesiology assistance,
moderate sedation is the target level of
sedation (Table 1), and if a deeper
level of sedation is encountered, this
should be considered an adverse
event. Oversedation is not in and of
itself dangerous to the patient. How-
ever, risks of airway compromise, hy-
poventilation, and hemodynamic in-
stability increase significantly with the
induction of deep sedation, and a
properly trained individual with no
other responsibilities must be assigned
to monitor deeply sedated patients.

Desaturation

The most common cause of desatu-
ration in sedated patients is airway
obstruction. Relaxation of the pharyn-
geal muscles and loss of muscle tone
allows the tongue to fall back and ob-
struct the upper airway. This is more
common at lower levels of sedation in
those with sleep apnea and obesity.
Snoring, grunting, or complete ab-
sence of breath sounds may be ob-

1126 • Sedation and Analgesia in the Interventional Radiology Department September 2003 JVIR



served followed by a gradual decline
in oximetry values. Airway obstruc-
tion is usually effectively managed
with a jaw thrust to support the air-
way and to arouse the patient. An oral
or nasal airway is useful in the over-
sedated patient to maintain an ob-
structed airway. Vomiting patients
must be rolled onto their side and suc-
tion provided to clear the upper air-
way. Supplemental oxygen therapy
delivered by a nonrebreather mask is
recommended in all patients with
desaturation.

Hypoventilation

Hypoventilation occurs when the
normal regulatory balance in the re-
spiratory center is compromised and
the ventilatory response to hypoxemia
and hypercapnia is blunted. Apneic
patients should be encouraged or
stimulated to breathe deeply. Suitably
trained personnel must be available to
support the airway in these patients.
Supplemental oxygenation should be
provided by a nonrebreather mask,
and pharmacologic reversal of the
causative agent may be needed. Con-
sideration should be given to insertion
of an endotracheal tube if apnea is
persistent.

Hypotension

If patients are found to be hypoten-
sive or bradycardic, it should be deter-
mined whether the instability is a re-
sult of a complication related to the
procedure or a result of oversedation.
Procedure-related causes of hypoten-
sion include hemorrhage, sepsis, de-
hydration, vasovagal reactions, and
anaphylactic reaction to iodinated
contrast material. These complications
should be immediately recognized
and managed appropriately.

Hemodynamic instability resulting
from sedation is occasionally encoun-
tered in deeply sedated patients, par-
ticularly in patients with limited
cardiopulmonary reserve. Oxygen
should be administered to all hypoten-
sive patients at 10 L/min by a nonre-
breathing mask. An intravenous fluid
bolus should be delivered while the
patient is being assessed. Reversal of
excessive medication should be under-
taken judiciously. An early call for
assistance is prudent because the pa-

tient’s condition may rapidly deterio-
rate without aggressive resuscitation.

Administration of vasopressive
agents such as ephedrine (ephedrine
sulfate; Sabex) (2.5–5-mg intravenous
increments) may be used in combina-
tionwith adequate fluidmanagement in
the management of hypotension. How-
ever, potential benefits of pharmaco-
logic intervention in hypotension must
be weighed against the risks of overcor-
rection with potential cardiac and cere-
brovascular consequences. If the use of
this class of drug is being considered,
more experienced assistance should be
requested at the same time.

CONCLUSION

The provision of adequate sedation
and analgesia to patients undergoing
invasive diagnostic or therapeutic pro-
cedures in the IR department im-
proves patient satisfaction and facili-
tates optimal patient care by reducing
unwanted movement and stabilizing
hemodynamic status. The administra-
tion of sedation and analgesia is asso-
ciated with a significant risk of ad-
verse effects, particularly respiratory
compromise. However, knowledge of
sedative and analgesic agents and
their proper use, careful monitoring of
sedated patients during and after in-
terventional procedures, and adequate
training of support personnel to recog-
nize and act on complications mini-
mize the risk of permanent injury to
the patient.
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