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Infants and young children who are scheduled
for nuclear medicine imaging studies often
require sedation, and those with complicated
medical conditions will require general anesthe-
sia. There are several indications for sedation in
nuclear medicine: Sedation can reduce patient
motion during prolonged image acquisitions,
facilitate a procedure which requires patient
response to command and cooperation (e.g.,
voiding during a radionuclide cystogram) and
minimize discomfort, anxiety, or pain [1].
Appropriate sedation is even more essential in
neonates and infants, since they require special
care, patience, adaptation, experience, and skill-
ful hands. Infants undergo rapid growth and
development, and sedative and radiopharmaceu-
tical distribution and kinetics may vary from that
of older children and young adults. Newborns
and infants have a lower glomerular filtration
rate, faster circulation, and faster pulmonary
wash-in and washout of radioactive gases than
older children [2].
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Sedation is the most common technique of
ensuring immobility in infants, children, and the
developmentally compromised who are unable
to remain motionless on their own. In rare cir-
cumstances, anesthesia services are required
to ensure the safety of the patient and the sur-
rounding people. In general, the relative contra-
indications to sedation include an allergy to the
sedatives utilized, a prior adverse reaction to
sedation, history of a difficult endotracheal intu-
bation or difficulty providing positive pressure
ventilation via mask, uncontrolled gastroesopha-
geal reflux, and a patient who has significant car-
diac or respiratory compromise [3] (Table 2.1).
This chapter will review established sedation
guidelines and recommendations, the logistics
of setting up a sedation and anesthesia program,
patient selection and sedation-related risk factors
and adverse events, a review of the more com-
monly utilized sedatives, and the challenges of
providing sedation and anesthesia in the nuclear
medicine setting.

The Depths of Sedation

The tenets of sedation rely on the ability to deliver
sedation to a targeted depth and to be able to
identify the achieved levels. The term “conscious
sedation” is no longer acknowledged as appropri-
ate terminology nor is it recognized as an indica-
tor of depth of sedation. The Joint Commission,
American Academy of Pediatrics (AAP), and
American Society of Anesthesiologists (ASA)
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define sedation as a sedation continuum that one
can pass through escalating depths, described as
minimal, moderate, and deep [4, 5] (Fig. 2.1).
These depths of sedation rely on a subjective
assessment of the patient’s response to verbal,
tactile, and painful stimuli to predict the patient’s
risk of respiratory and cardiovascular compro-
mise. The associated risks with each level of the
sedation continuum are assumed but have never
been validated.

Table 2.1 Relative contraindications to sedation

Active uncontrolled gastroesophageal reflux

Active uncontrolled vomiting

Current (or within the past 3 months) history of apnea
requiring an apnea monitor

Active current respiratory issues that are different from
the baseline status (pneumonia, exacerbation of asthma,
bronchiolitis, respiratory syncytial virus)

Unstable cardiac status (life-threatening arrhythmia,
abnormal cardiac anatomy, significant cardiac
dysfunction)

Craniofacial anomaly, which could make it difficult to
effectively establish a mask airway for positive
pressure ventilation, if needed

History of adverse or paradoxical events occurring
following administration of barbiturate or chloral
hydrate

Allergy to barbiturates or chloral hydrate

History of failed sedation in this institution’s radiology
department

From Mason et al. [3] with permission
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Guidelines for Sedation Practice,
Monitoring, and Qualifications

The practice of sedation has become a con-
troversial topic over the past decade, as non-
anesthesiologists have become sedation providers.
Topics of debate include the sedatives appropriate
for administration by non-anesthesiologists, the
depth of sedation that is safe for non-anesthesi-
ologists to achieve, the training and credential-
ing appropriate for non-anesthesiologists, and
the reimbursement for non-anesthesiologists. In
2002, the American Society of Anesthesiologists
(ASA) updated the 1995 document of Practice
Guidelines for Sedation and Analgesia by Non-
anesthesiologists [6, 7]. The purpose of this docu-
ment was to “allow clinicians to provide their
patients with the benefits of sedation/analgesia
while minimizing the associated risks” [6]. These
guidelines are consistent with the most recent
updates of 2006 by the American Academy
of Pediatrics (AAP) of The Guidelines for
Monitoring and Management of Pediatric Patients
During and After Sedation for Diagnostic and
Therapeutic Procedures [4, 8—10]. Both the AAP
and ASA guidelines were intended to standardize
sedation practice in order to minimize the practice
variance which has existed in the past [11].

The Joint Commission has also established
standards for sedation and anesthesia care and,
recently, in 2007, established recommendations
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for the minimal training and qualifications
expected of sedation providers: “Individuals
administering moderate or deep sedation and
anesthesia must be qualified and have the appro-
priate credentials to manage patients at what-
ever level of sedation or anesthesia is achieved,
either intentionally or unintentionally” [12]. With
respect to deep sedation, the Joint Commission
specified that “individuals must be qualified to
rescue patients from general anesthesia and are
competent to manage an unstable cardiovas-
cular system as well as a compromised airway
and inadequate oxygenation and ventilation”
[12]. The Joint Commission does not specify the
methods required to validate a provider’s rescue
skills but instead states that “each organization is
free to...determine that the individuals are able to
perform the required types of rescue” [12].

More recently, the Centers for Medicare &
Medicaid Services (CMS) published in 2009 the
Revised Hospital Anesthesia Services Interpretive
Guidelines — State Operations Manual (SOM)
Appendix A.7, 8, which mandated that deep seda-
tion be identified as anesthesia services. Deep
sedation was defined as “a drug-induced depres-
sion of consciousness during which patients can-
not be easily aroused but respond purposefully
following repeated or painful stimulation. The
ability to independently maintain ventilatory
function may be impaired. Patients may require
assistance in maintaining a patent airway, and
spontaneous ventilation may be inadequate.
Cardiovascular function is usually maintained”
[12]. In 2010, the CMS limited the administra-
tion of deep sedation to an anesthesiologist, non-
anesthesiologist physician, dentist, oral surgeon,
podiatrist, certified registered nurse anesthetist
(CRNA), or anesthesia assistant [13, 14]. One
year later, these guidelines were revised in Pub.
100-07 State Operations Provider Certification
which revised Appendix A of 42 CFR 482.52 and
acknowledged that individual hospitals may
establish their own policies with respect to the
qualifications of sedation providers, provided
that national guidelines of one or more special-
ties are followed [14].
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Setting Up a Sedation
and Anesthesia Service

The Department of Radiology/Nuclear Medicine
generally depends on the services of other spe-
cialties to provide sedation or anesthesia [15].
Frequently, these services are provided by
departments of anesthesia, pediatrics, hospital
medicine, emergency medicine, or intensive care
medicine [16-20]. Each institution and health
care facility must determine which specialists can
be credentialed to administer sedation services.
In 2004, the ASA first issued guidelines for
the delivery of anesthesia in locations outside
of the operating room. This statement on non-
operating room anesthetizing locations sets a
minimum standard for these anesthetizing loca-
tions and, essentially, the expectation that they be
similar to that of the operating room. Although
these expectations may seem obvious, they are
not always easy to meet in the Department of
Radiology/Nuclear Medicine. For example, anes-
thetizing locations are expected to have a source
of wall oxygen along with a means for removal of
waste anesthesia gases. Older nuclear medicine
suites, however, were not designed with anesthe-
sia services in mind; many were designed prior to
the ASA guidelines of 2004. Accommodation of
anesthesia services has, for these sites, required
that renovation and engineering services recon-
figure these sites. As radiology units strived
to become more efficient, they have found that
the capability to recover patients postanesthesia
within their department offsets the inefficiency
of transporting patients to remote anesthesia
recovery areas. However, even recovery sites
remote to the operating room must provide iden-
tical postanesthesia care. This care requires addi-
tional resources, as there is the expectation that
“appropriate post-anesthesia management should
be provided. In addition to the anesthesiologist,
adequate numbers of trained staff and appropriate
equipment should be available to safely transport
the patient to a postanesthesia care unit” [21].
To facilitate coordination between the Department
of Radiology/Nuclear Medicine and the outside
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services that provide anesthesia and sedation, it is
preferable to appoint a director(s) of Radiology/
Nuclear Medicine Anesthesia and Sedation. This
professional(s) should have a commitment to
promoting safe and efficient care to all radiology
patients through collaboration with the radiology/
nuclear medicine physicians, nurses, and technol-
ogists. As the technology and image techniques
in the field of radiology advance, it is important
that this director(s) remains current with these
advances and proactively plans with the nuclear
medicine physicians and technologists whenever
specific imaging techniques require specialized
anesthesia management.

Patient Selection

The American Academy of Pediatrics advocates
five safety goals for sedation: (1) guard the
patient’s safety and welfare; (2) minimize physi-
cal discomfort and pain; (3) control anxiety, min-
imize psychological trauma, and maximize the
potential for amnesia; (4) control behavior and/or
movement to allow the safe completion of the
procedure; and (5) return the patient to a state in
which safe discharge is possible [4]. Multiple
factors are required in order to achieve these
goals such as careful patient selection for seda-
tion, credentialing qualified individuals to admin-
ister the medications and to rescue from an
adverse response, the use of appropriate physio-
logic monitoring, and the appropriate selection of
sedatives and analgesics.

A thorough medical history and review of sys-
tems should be documented prior to scheduling a
patient and should include pertinent prior surgi-
cal, sedative, and anesthetic histories. All current
medications and drug allergies must be noted
along with relevant clinical consultations and
laboratory and clinical studies. To optimize the
pre-evaluation and appropriate triage of patients,
each patient and family should be directly con-
tacted by a qualified health care professional
prior to final scheduling. This direct contact
enables the past and current history to be clarified
and expounded upon and provides the family
with the opportunity to ask questions. Fasting
(i.e., NPO) instructions must also be finalized.
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Table 2.2 Red flags for sedation

1. Apnea

2. Full-term infant less than 1 month of age (unless an
inpatient admitted to the hospital)

3. Respiratory-compromised patients

4. Uncontrolled/unpredictable gastroesophageal reflux
or vomiting that poses an aspiration risk

5. Craniofacial abnormality that may make it difficult
to establish effective mask airway

6. Cyanotic cardiac disease or unstable cardiac status

7. Painful procedure that may be challenging to
provide adequate analgesia without a general
anesthetic

8. High-risk procedure that may require presence of
an anesthesiologist for resuscitation

9. Procedure that requires absolute immobility only
achievable with a general anesthetic

10. Procedure being performed in remote location that
is so removed that immediate emergency backup
assistance would be virtually impossible

11. Inadequate qualified personnel available to provide
safe procedural sedation

In most radiology departments, this triage is
performed by a core group of radiology nurses.
These nurses also determine with the family and
patient which medications, if any, should be con-
tinued even on the day of the intended procedure.
All conversations and accompanying medical
information should be documented in a manner
consistent with individual institution policy.
There are no universally accepted criteria for
the triage of patients to sedation or anesthesia.
There are recommendations, however, which have
been developed and followed, identifying “red
flags” which warrant further assessment or con-
sultation prior to receiving sedation (Table 2.2).
In general, those patients who are tri-
aged to receive sedation, particularly by non-
anesthesiologists, tend to be classified as
American Society of Anesthesiologists (ASA)
levels T and II and, occasionally, level III
(Table 2.3). Children in ASA classes III and IV,
those with special needs, anatomic airway abnor-
malities, or extreme tonsillar hypertrophy, often
require additional and individual consideration
and often require general anesthesia (as opposed
to sedation). These and other patients with com-
plicated medical histories may also warrant prior
consultation with other specialties such as cardi-
ology, otolaryngology, pulmonary, or neurology.
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Table 2.3 ASA physical status classification

1. A normal healthy patient
2. A patient with mild systemic disease
3. A patient with severe systemic disease

4. A patient with severe systemic disease that is a
constant threat to life

5. A moribund patient who is not expected to survive
without the operation

6. A declared brain-dead patient whose organs are
being removed for donor purposes

Excerpted from http://www.asahq.org/Home/For-
Members/Clinical-Information/ASA-Physical-Status-
Classification-System of the American Society of
Anesthesiologists. A copy of the full text can be obtained
from ASA, 520 N. Northwest Highway, Park Ridge,
1L 60068-2573

Risks of Sedation and Anesthesia

The risks of sedation and anesthesia include
hypoventilation, apnea, airway obstruction, car-
diopulmonary arrest, and the morbidity and mor-
tality associated with these events [1, 17, 22-25].
These adverse responses during and after seda-
tion for a diagnostic or therapeutic procedure
may be minimized, but not completely elimi-
nated, by (1) a careful pre-procedure review of
the patient’s underlying medical conditions and
consideration of how the sedation process might
affect or be affected by these conditions, (2)
appropriate drug selection for the intended proce-
dure, (3) presence of an individual with the skills
needed to rescue a patient from an adverse
response, and (4) appropriate physiologic moni-
toring and continuous observation by personnel
not directly involved with the procedure which
allow for accurate and rapid diagnosis of compli-
cations and initiation of appropriate rescue inter-
ventions [4].

Most Common Medications Used
in Pediatric Sedation

Unfortunately, most drugs used for sedation in
children do not carry pediatric information that
have been reviewed and approved by the Food
and Drug Administration. Only a small percent-
age of drugs approved by the FDA are labeled for
pediatric use, with the rest being used where the
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intent is the “practice of medicine.” The published
medical literature includes off-label use in
pediatrics.

The most common medications currently used
to provide sedation in children have recently
been reviewed [26]. These include chloral
hydrate, pentobarbital, midazolam, dexmedeto-
midine, ketamine, propofol, ketorolac, morphine,
and fentanyl. The mean features of these drugs
are presented below.

Chloral Hydrate and Pentobarbital

Historically, chloral hydrate and pentobarbital
have been the hypnotics of choice for pediatric
sedation [27-30]. Both medications have no anal-
gesic properties. They are useful for non-painful
procedures as a sole agent (magnetic resonance
imaging, computerized tomography, nuclear
medicine). They can also be used with adjuvant
analgesics in order to promote a hypnotic, seda-
tive state for interventional procedures. Rates of
successful sedation with chloral hydrate and pen-
tobarbital range from 85 to 98 % [31, 32]. Both
pentobarbital and chloral hydrate are medications
which have almost 100 years of clinical experi-
ence. Because of their extended half-life (which
approaches 24 h), they have been associated with
prolonged recovery times and sedation-related
morbidity. Adverse events with these medica-
tions include oxygen desaturation, nausea, vomit-
ing, hyperactivity, respiratory depression, and
failure to adequately sedate [29, 33].

Chloral hydrate is only available as an oral
sedative. Pentobarbital, on the other hand, can
be given by various routes; it may be adminis-
tered intravenously, intramuscularly, and orally.
Children less than 1 year of age respond well
to these two medications when given in the oral
form. Pentobarbital, flavored with cherry syrup,
is more palatable and equally effective as chlo-
ral hydrate [34]. Comparing the two medications,
oral pentobarbital has been associated with fewer
respiratory events as compared to chloral hydrate.
The incidence of a drop in oxygen saturation
during sedation was over seven times higher
in patients sedated with oral chloral hydrate
compared to those sedated with pentobarbital [3].
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Oral pentobarbital has been shown to have similar
efficacy and a lower rate of respiratory complica-
tions compared with intravenous pentobarbital in
infants [35].

Consideration should be given to the use of
oral pentobarbital in infants less than 12 months
of age, regardless of the presence of an intrave-
nous line. Patients over 1 year of age receive
intravenous sedation because it is more predict-
able and reliable. Pentobarbital is titrated up to
6 mg/kg intravenously to provide sedation and
hypnosis. Patients who are on barbiturate therapy
(for seizures) can develop tolerance to barbitu-
rates and may receive a higher dose, up to 8 mg/
kg body weight.

Midazolam

Midazolam is a short-acting benzodiazepine
with sedative, anxiolytic, muscle relaxant, and
amnestic effects with rapid onset and short dura-
tion of action. It is administered orally, intrave-
nously, intramuscularly, as well as intranasally.
Midazolam is usually administered to provide
anxiolysis, with accompanying mild sedation.
This state usually suffices for short diagnos-
tic procedures, especially in children who are
tired, sleepy, or close to their regular nap time.
Adverse effects with midazolam include respi-
ratory depression and hypotension, with rare
effects including headache, nausea, emesis,
cough, and/or hiccups. Contraindications include
acute narrow-angle glaucoma, uncontrolled pain,
existing central nervous system depression, and
shock [36].

Dexmedetomidine

Dexmedetomidine (Precedex; Hospira, Lake
Forest, IL) is a highly selective alpha-2 adreno-
ceptor agonist approved for use in intubated and
non-intubated adults. Dexmedetomidine is not
approved for pediatric use by the FDA. It is,
however, used for pediatric sedation in several
settings such as diagnostic radiologic imaging
studies and intensive care units.
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Dexmedetomidine offers the advantage of
providing sedation and analgesia with little respi-
ratory depression and in most a tolerable decrease
in blood pressure and heart rate [37]. When
administered to adults within clinical dosing
guidelines, there are no accompanying changes
in resting ventilation [38—40].

It can produce dose-dependent decreases in
blood pressure and heart rate as a result of its
alpha-2 agonist effect on the sympathetic ganglia
with resulting sympatholytic effects [39, 40].

The half-life of dexmedetomidine is shorter
than that of pentobarbital and chloral hydrate.
A short half-life makes dexmedetomidine easier
to titrate, quicker to recover from, and potentially
associated with fewer prolonged sedation-related
adverse events.

There is literature to support that dexmedeto-
midine has some analgesic properties [41-43]. It
may be useful for select interventional radiology
procedures that require sedation and minimal
analgesia. It can be particularly effective when
supplemented with a local anesthetic during the
procedure. In addition, some feel that dexme-
detomidine actually mimics some aspects of nat-
ural sleep [25].

Although there are no absolute contraindica-
tions to dexmedetomidine, the concurrent use of
digoxin is often considered a relative contraindi-
cation, as it has been associated with extreme
bradycardia in children and cardiac arrest in
adults [44, 45]. Rarely, dexmedetomidine can
cause potentially life-threatening cardiovascular
complications in some adults and children [44,
46-49]. The use of dexmedetomidine in nuclear
medicine has been recently reported [50].

Ketamine

Ketamine is a rapid-acting dissociative agent that
is administered via intravenous, intramuscular,
oral, rectal, nasal, epidural, or intrathecal routes.
Ketamine can produce a rapid onset of deep seda-
tion and analgesia with minimal respiratory
depression and cardiovascular side effects
[51, 52]. Ketamine is unique because it provides
deep sedation and profound analgesia while still
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maintaining airway muscle activity and upper
airway patency [53]. Large doses of ketamine can
produce a state of general anesthesia.

When given in small bolus doses, ketamine
provides analgesia for an average of 30 min. As
an infusion, ketamine can produce a continuous
state of analgesia which may be titrated up and
down in response to (or in anticipation of) the
painful stimulus. It is especially useful for
patients who will undergo an exceptionally pain-
ful procedure, those on long-term treatment with
opioids, or those who have a high tolerance to
opiates. Ketamine provides an effective alterna-
tive to narcotics in these patients.

The use of ketamine for pediatric sedation and
analgesia has been described in various nonop-
erating room settings. Most of the experience
with ketamine in children is drawn from emer-
gency medicine and, lately, from interventional
radiology.

Hallucinations, delusions, nightmares, and
emergence delirium are phenomenon most com-
monly described as a potential side effect of ket-
amine; these are more commonly noted in adults
[53, 54]. The presence of these adverse events in
the pediatric population is controversial [55, 56].
In adults, the concomitant administration of ben-
zodiazepines (midazolam or diazepam) with ket-
amine has been shown to decrease the incidence
of these events. Again, the utility of benzodiaze-
pines in reducing these events in children is con-
troversial [57-59]. Some reports indicate that the
addition of benzodiazepines leads to an increased
incidence of oxygen desaturation events [60].
Under age 5, there is no definitive evidence that
benzodiazepine administration will reduce the
hallucinations, delusions, and excitatory behav-
ior that can occur with ketamine. Children over
age 5 may benefit from concomitant benzodiaze-
pine administration.

Propofol

Propofol is an intravenous anesthetic approved
for use in the induction and maintenance of gen-
eral anesthesia in children and adults. It has a
rapid onset of action, distributed extensively and
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rapidly cleared from the body. Emergence from
anesthesia occurs quickly.

Common adverse events include apnea (chil-
dren and adults). Other common adverse events
in adults include bradycardia, arrhythmias, blood
pressure problems, decreased cardiac output,
burning/stinging at the site of injection, hyperlip-
idemia, respiratory acidosis, rash, and pruritus.

Propofol is also used in monitored anesthesia
care for deep sedation in intensive care units and
areas outside the operating room, including radi-
ology and nuclear medicine suites. There has been
an increasing interest by non-anesthesiologists
in using propofol as a sedation agent [16—18].
Propofol is commonly administered first via a
slowly titrated load to achieve the targeted depth
of sedation which is then maintained with a con-
tinuous infusion at doses of 100 mcg/kg/min
upwards [61]. Propofol administration requires
that the sedation provider be proficient and
expert in the identification and management of
airway compromise: even at low-dosing ranges,
the cross-sectional area of the airway at the level
of the tongue and epiglottis narrows, and patients
can manifest signs of obstruction [62, 63]. There
is literature to support that propofol can be as
safely administered by gastroenterologists, pedi-
atricians, nurse practitioners, and emergency
room physicians as it can be by anesthesiologists
[16-18, 64, 65].

Ketorolac and Other Non-opioid
Analgesics

Analgesics may be required for procedures in
addition to the use of hypnotics, sedatives, or
infiltration with local anesthesia. There are a
variety of analgesics available. Ketorolac is a
nonsteroidal anti-inflammatory drug adminis-
tered intravenously every 6 h with a maximum of
72 h of administration. A one-time administration
of ketorolac may be sufficient to provide analge-
sia for simple, short nuclear medicine procedures
such as cerebral spinal fluid (CSF) flow studies
and lymphangiograms.

Intravenous ibuprofen and intravenous acet-
aminophen were approved for use in the USA in
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2009 and late 2010, respectively. However, the
current costs of these medications have limited
their routine clinical use.

Ketorolac and ibuprofen may inhibit platelet
aggregation and prolong bleeding time, which
may be an undesirable effect for some condi-
tions. Alternative analgesics include narcotics or
ketamine.

Narcotics

The choice of narcotic should depend on the
duration of the procedure and the extent of anal-
gesia required. Morphine and fentanyl are the
more popular narcotics. Morphine requires
approximately 10 min to take effect and has a
duration of action of approximately 2 h. Fentanyl
works quicker, has 100 times the potency of
morphine, and can produce analgesia in minutes.
It generally needs to be re-dosed at least every
30-60 min depending on the procedure.
Narcotics should be administered prior to (i.e.,
in anticipation of) the painful stimulus so that
adequate analgesia is present at the time of the
stimulus.

Respiratory depression is the most common
adverse event resulting from narcotic use. In
addition, rapid administration of fentanyl may
result in rigid chest syndrome. Naloxone is the
opioid antagonist indicated for the reversal of
opioid-induced respiratory depression. Naloxone,
as well as other drugs and equipment for resusci-
tation, should be readily available in the radiol-
ogy/nuclear medicine suites.

Combination Therapy

Additional medications increase the risk of
adverse events, so the sedation physician or
anesthesiologist should be aware of the possible
adverse events that may result from the medica-
tions administered. Drugs with long durations
of action must be allowed to manifest their
pharmacologic actions and peak effects before
additional doses are considered. The practitio-
ner must know whether the previous dose of any
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drug has taken full effect before administering
additional medications [4]. If the mechanisms
of action of concomitant medications are simi-
lar, synergistic effects may be potentiated,
and the risk of adverse events is magnified.
Respiratory depression is a common pathway
of adverse events and may result unexpectedly
and quickly.

Practitioners must also be cognizant that drug
interactions may occur. Drugs such as protease
inhibitors, macrolide antibiotics, some azole anti-
fungals, and cimetidine inhibit the cytochrome
P450 system, and concomitant use of these medi-
cations can result in prolonged sedation with
midazolam and other hypnotics that involve the
same enzyme systems.

Challenges in Nuclear Medicine

As the availability and introduction of complex
imaging studies continue to increase, anesthesi-
ologists and sedation-care providers must main-
tain their understanding of associated principles,
safety, and management concerns for the patients
undergoing imaging studies [66]. The unique
environment in nuclear medicine presents inher-
ent challenges for providing sedation and the
administration of general anesthesia.

Radiation Safety

Unlike other modalities in pediatric imaging,
there is a need for enhanced safety around the use
of radioactive materials in nuclear medicine.
Sedation and anesthesia providers must observe
basic radiation safety practices, in the same man-
ner that the nuclear medicine nurses and tech-
nologists practice radiation safety. The sedation
and anesthesia providers may be required to
complete radiation safety training and may be
even required to wear dosimeters while working
in the area. Exposure to radioactive materials
should be minimized. Biologic fluids must be
considered as radioactive and must therefore be
handled and disposed of appropriately. Spills
should be handled in accordance with existing
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protocols and reported to the nuclear medicine
technologist who will then report the incident to
designated radiation safety officers.

Duration and Timing of Procedures

The anticipated duration of the scan will impact
on the medical decision on what pharmacologic
agent to use (e.g., short-acting versus longer-
acting sedative) and the preferred intervention
(e.g., intubation versus use of oral airway for
general anesthesia). It is therefore essential for all
health professionals involved to discuss the
expected duration of the imaging study as well as
the anticipated recovery plans after sedation or
anesthesia.

Unlike other pediatric imaging modalities,
nuclear medicine studies require an uptake period
following injection of the radioisotope. This
uptake period can last from half an hour for brain
studies to over an hour for whole-body scans. It
may be helpful to contact the sedation or anesthe-
sia provider prior to radioisotope injection, in
order to confirm the availability of such services
soon after the uptake period.

The degradation process of the isotopes also
plays a role in the duration of the scan; as a gen-
eral rule, the farther the time point of the injec-
tion of the isotope to the start of the scan, the
longer the subsequent duration of the scan. It is
therefore best to perform the scan as soon as the
uptake of the isotope is completed (about half an
hour for brain studies and an hour for whole-
body PET scans). Again, sedation providers or
anesthesiologists who are assigned concurrently
to other units may need to be reminded in advance
in order to ensure proper timing of the initiation
of sedation or general anesthesia.

Combination Studies

Combination studies in nuclear medicine require
even more careful planning. In centers with posi-
tron emission tomography—computerized tomog-
raphy (PET-CT) scanners, combination studies
can be performed without moving the patient.
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In centers that do not have PET-CT scanners, the
patients will need to be transferred to a CT scan-
ner after the PET scan. This may present prob-
lems of transporting patients who are intubated
or who received short-acting sedating agents. In
addition, the intake of oral contrast may be
required for abdominal CT scans; in such cases,
the patient will need to wake up, drink the oral
contrast agent, and wait for at least an hour prior
to being re-sedated. Other modalities such as
MRI may also be required following nuclear
medicine scans. There is a need to coordinate the
availability of the subsequent scanners and the
staff in order to minimize the duration of sedation
and general anesthesia.

There may be requests for additional studies
or procedures after a nuclear medicine imaging
study. These include non-painful procedures such
as blood draws through existing intravenous
lines, dressing changes, or echocardiograms.
Often, these do not create problems unless the
schedule is so tight that no additional time in the
scan room is permitted. In such cases, these pro-
cedures are best performed in the recovery area
or postanesthesia care unit (PACU). Painful pro-
cedures such as spinal taps and fluid aspirations
may also be requested. In such cases, the decision
on whether these procedures can be performed,
and if so, the timing, should be made with appro-
priate discussion prior to the nuclear medicine
study. A consensus must also be reached on
whether sedation or general anesthesia will be
continued after the primary diagnostic scan.

Painful Procedures

Painful diagnostic procedures in nuclear medi-
cine such as cerebral spinal fluid (CSF) flow
studies and lymphangiograms may require the
administration of analgesic agents to decrease
pain and optimize the procedures and scans.
Again, the choice of analgesics should depend on
the duration of the procedure and the extent of
analgesia required. In addition, some diagnostic
procedures by themselves do not inflict pain, but
due to the underlying condition (e.g., fractures in
children who require bone scans), children may
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experience severe discomfort or pain during
these procedures. In such cases, discussion with
the inpatient service may be necessary to ensure
the comfort of these patients prior to arrival at the
nuclear medicine suite.

Some children will require repeat visits for
tests that may cause discomfort or pain, such as
radionuclide cystograms. Sedatives that tend to
provide amnestic effects, such as midazolam,
will be especially helpful for these children.

Bladder Catheterization

Although extended fasting periods and certain
medications (e.g., dexmedetomidine) can cause
hypotension, the benefits of rehydration prior
to and during sedation or anesthesia should be
carefully weighed against the potential ramifi-
cations of the patient developing a full bladder.
The presence of a full bladder may necessitate
the need for bladder catheterization for several
reasons [67]. First, a full bladder may obscure or
cause reconstruction artifacts. The former may
constitute a significant problem in oncologic
cases where the pelvic area needs to be fully
evaluated. Secondly, the urge to void may result
in patient discomfort and potential spontaneous
voiding with associated spillage of radioactive
material. Although bladder catheterization will
alleviate these risks, the procedure itself may
require the administration of additional seda-
tives or analgesics. It is therefore essential to
have a collaborative discussion prior to the
scan, among the sedation provider, the nuclear
medicine physician, and the technologist who
will be performing the study, in order to create
a contingency plan.

Summary

Sedation and general anesthesia are required for
certain patients who are scheduled for nuclear
medicine imaging. The creation of a credentialed
anesthesia and sedation service will enhance
the efficiency of the radiology/nuclear medi-
cine department while promoting safe care of
pediatric patients. The nuclear medicine setting is

R.P. Prescilla and K.P. Mason

unique and poses inherent challenges. There is a
need for ongoing discussions among the provid-
ers of sedation and anesthesia, the nuclear medi-
cine nurses, technologists, and physicians.
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