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Foreword

In the last decade, the role of the healthcare provider has changed with the evolution of sedation
practices. Today, sedation is being administered by a variety of caregivers in many different
settings. An increasing number of procedures are being performed under moderate (formerly
known as “conscious”) and deep sedation in both the inpatient and outpatient arenas. For the
healthcare practitioner, it is critical to have knowledge of pharmacology, monitoring, and
regulatory requirements, as well as of local and national policies related to the administration of
sedation. The healthcare practitioner must be able to provide sedation safely in the appropriate
setting and for appropriately selected patients and procedures, in order to have the desired
clinical outcomes and improved patient and proceduralist satisfaction. Today, a variety of
healthcare professionals are involved in sedation: nurses, physician assistants, non-anesthesia
physicians, and anesthesia professionals. This book is a must-have guide to help you under-
stand your role and what is expected of you. As an administrator I highly recommend this
book as an invaluable A-to-Z reference guide for setting up and running a successful sedation
program. This book contains up-to-date information on education and credentialing, compe-
tency assessment, monitoring needs, pain management, and emergency resuscitation for a
variety of sedation areas: radiology, endoscopy, cardiology, emergency department, intensive
care, ambulatory centers and offices, among others. Since regulatory requirements and guidelines
are constantly in flux, this book includes the latest expectations from The Joint Commission,
and many general and specialty-specific guidelines that affect sedation practice are conveni-
ently listed in the Guidelines and Standards chapter.

Drs. Urman and Kaye have done an amazing job, drawing upon their many years of
anesthesia and sedation experience to provide the reader with the latest evidence-based,
practical knowledge of the various aspects of sedation practice. The book starts by defining
sedation levels and helping you select and evaluate patients. The editors have made it easy to
understand the different components needed to provide sedation safely. Pharmacology,
regulatory parameters, quality management, legal considerations, and documentation tips
are discussed. Information is provided on all spectrums, from pediatric to geriatric, and
covering emergency department, medical-surgical, intensive care, and outpatient settings.

Having worked in the healthcare industry for over 35 years in critical care and medical-
surgical units, and as an administrator in hospital inpatient and outpatient settings, I believe
this is the most complete resource available. This book has contributions from many
nationally known individuals who are experts in their respective fields. I hope that their
experience and commitment to our patients will make a difference in your practice, and
that this book will help to bring the level of knowledge and competency of your staff to a
higher level.

Martha G. Smith, RN, MN

Director of Patient Care Services,

Interim Louisiana State University Hospital,

Spirit of Charity Trauma Center, New Orleans, LA, USA

xii



Preface

With the tremendous growth of procedures being performed under moderate (formerly
known as “conscious”) and deep sedation, it is essential for all physicians, nurses, physician
assistants, and other healthcare providers and administrators to develop appropriate
policies and educational programs to provide safe patient care. Because guidelines and
regulations put forth by many professional societies, The Joint Commission (TJC), and the
Centers for Medicare and Medicaid (CMS) are constantly evolving, it is important to stay
current and well-informed.

Procedures performed under moderate and deep sedation are increasing in complexity
and duration, and many patients present with significant existing medical problems. A vast
majority of these procedures are performed outside of the operating room in both inpatient
and outpatient settings. Consequently, non-anesthesia providers are becoming more
involved in the supervision and administration of moderate and deep sedation.

Our intention was to compile a practical, comprehensive, up-to-date handbook that can
be used to set up and maintain a safe moderate/deep sedation program in your healthcare
facility. We cover all essential topics such as definitions of sedation levels, patient evaluation
and recovery, pharmacology, monitoring and equipment, legal and patient safety issues,
controversies, and emergency resuscitation. We discuss specific clinical and administrative
aspects for the nursing and physician assistant staff. The handbook describes special
considerations for unique patient populations such as pediatrics, the elderly, and patients
with significant medical problems. Finally, we cover topics related to the procedures
performed in the endoscopy, cardiology, and radiology suites, the intensive care unit, the
emergency department, the dental practice, and the infertility clinic. Our chapter contribu-
tors constitute many national experts in their respective fields.

We hope that you find this handbook an invaluable resource, whether you are a
clinician or an administrator.

Richard D. Urman, MD, MBA
Alan D. Kaye, MD, PhD

Xiii
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History of sedation

Some have argued that the development of sedation and analgesia may be one of the
preeminent advances in both medical science and human technology. The power to
manipulate and alter human consciousness and perception of pain has opened the door
to extraordinary possibilities for medical practice. However, the origins of these advances
reach far back to the limits of written history. Ancient Greeks recognized that naturally
occurring substances such as mandrake root and alcohol could alter consciousness and be
used during surgical manipulations [1,2]. Inca shamans used coca leaves to assist in
trephination operations in which burr holes drilled into the skull were thought to cure
illnesses [1]. And surgeons in the Middle Ages used ice and so-called “refrigeration
anesthesia” to dull pain sensation prior to incision [2,3].

The modern practice of sedation is the end result of a process of evolution in alteration
of consciousness, likely starting with the discovery of the analgesic properties of ether [1,4].
A medical student from Rochester, New York, named William Clarke used ether during a
tooth extraction in January 1842. Many believe that this procedure may have been the first
successful use of ether. Sedative technique using ether was further developed by Crawford
Long during a neck tumor excision [1,4,5]. Later in 1842, Horace Wells would be the first to
give a public demonstration at Massachusetts General Hospital. Unfortunately, when the
patient cried out in pain, he was ridiculed and the use of ether was called “humbug” [1,4,5].
William Morton later would return to the same “Ether Dome” at Massachusetts General
Hospital to successfully demonstrate the use of ether [1,5,6].

Over the years, the practice of sedation/analgesia has evolved significantly. Some
patients prefer sedation to general anesthesia, and they often feel less anxious about
receiving the former. Indeed, many healthcare practitioners prefer sedation because it offers
a rapid return to pre-sedation condition and because of other patient, provider, and
procedure-related factors.

Moderate and Deep Sedation in Clinical Practice, ed. Richard D. Urman and Alan D. Kaye.
Published by Cambridge University Press. (© Cambridge University Press 2012.



Table 1.1. Procedures performed under sedation administered by non-anesthesia-trained professionals
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Recently, the definitions of “general anesthesia” and “sedation” have undergone a period
of development, leading to further characterization of the two techniques as distinct.
It should be recognized that practitioners of early dental and oral maxillofacial surgery
were at the forefront of developing the practice of sedation [6]. By the 1980s, most sedation
of healthy patients for such dental procedures was administered by a registered nurse (RN),
supervised by the physician, using benzodiazepine with an opioid [4].

One of the central questions surrounding the practice of sedation relates to who should
administer it. Many agree that the individuals most trained in the administration of sedative/
hypnotic drugs, airway management, and patient resuscitation should administer sedation.
Unfortunately, the demand for such providers is significantly greater than the supply.
Therefore, many different providers, from physicians to registered nurses to physician assist-
ants, provide sedation in today’s healthcare milieu. Additionally, a broad spectrum of proced-
ures have been carried out under sedation administered by non-anesthesia-trained registered
nurses (Table 1.1) [7].

As the technology and practice of sedation and monitoring have evolved, the scope of
practice of many providers has expanded. With time, sedative techniques have transitioned
out of the operating room and into more diverse locations. Procedures have become shorter
and less invasive, and technology and medical science have advanced. Furthermore, persons
administering and managing sedation for a patient have diversified in tandem. Procedural
sedation has been administered by anesthesiologists, certified registered nurse anesthetists
(CRNAs), registered nurses, medical technicians, physician assistants, dentists, surgeons,
and even by patients themselves (with supervision). Sedation is more attractive than general
anesthesia to many stakeholders because it offers a potentially shorter recovery time,
requires limited airway management, requires fewer personnel, is often more cost-effective,
and may result in better patient satisfaction [8,9,10].

Recent technological advances have drastically changed the practice of sedation. One of the
most significant was certainly the development of pulse oximetry during World War II by Glen
Millikan [11]. Using optics to monitor the hemoglobin oxygen saturation provides a wealth of
information to the clinician. This development has revolutionized the safety of sedation.

Another critical milestone has been the evolution of sedative medications. Early sedative
drugs generally had a slower onset and longer duration of action than many modern drugs,
as well as many undesirable side effects. Over time, new agents were discovered or
developed that reduced these limitations. One of the most common sedative medications
is midazolam [12]. The popularity of this drug is likely due to its quick onset, short duration
of action, and favorable safety profile. It lacks analgesic properties but can cause desirable
amnesia. Propofol can be used to induce general anesthesia, but subhypnotic doses
have benefits of titratable sedation with rapid onset/offset. Its antiemetic properties are
especially beneficial in the ambulatory setting, but it should be noted that it lacks analgesic
effects [7,12]. Currently, the opioid of choice for sedation analgesia for many practitioners
is fentanyl. Again, this popularity is likely related to its potency and short duration of
action, such that it can be administered quite safely by an experienced practitioner
(7,12,13].

Definitions of sedation

In 2002, the American Society of Anesthesiologists (ASA) appointed a task force to update
practice guidelines for non-anesthesiologists administering sedation and analgesia. Levels
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Table 1.2. Continuum of depth of sedation: definitions of general anesthesia and levels of sedation/analgesia

Minimal Moderate sedation/ Deep sedation/ General
sedation analgesia analgesia anesthesia
(“conscious
sedation”)

Responsiveness  Normal Purposeful” Purposeful” Unarousable
response to verbal or  response after even with
tactile stimulation repeated or painful painful

stimulation stimulus

Airway Unaffected  No intervention Intervention may be  Intervention
required required often

required

Spontaneous Unaffected  Adequate May be inadequate Frequently

ventilation inadequate

Cardiovascular ~ Unaffected  Usually maintained Usually maintained May be

function impaired

Source: American Society of Anesthesiologists Task Force on Sedation and Analgesia by Non-Anesthesiologists [14].
9 Reflex withdrawal from a painful stimulus is not considered a purposeful response.

of sedation/anesthesia were defined according to responsiveness, airway, spontaneous
ventilation, and cardiovascular function, as shown in Table 1.2 [14].

The levels of sedation presented in Table 1.2 are useful only if there are agreed-upon
definitions of the different levels of consciousness. The ASA defines these levels as follows [14]:

(1) Minimal sedation (anxiolysis) - a drug-induced state during which patients respond
normally to verbal commands. Although cognitive function and coordination may
be impaired, ventilatory and cardiovascular functions are unaffected.

(2) Moderate sedation/analgesia (conscious sedation) - a drug-induced depression of
consciousness during which patients respond purposefully to verbal commands, either
alone or accompanied by light tactile stimulation. No interventions are required
to maintain a patent airway, and spontaneous ventilation is adequate. Cardiovascular
function is usually maintained.

(3) Deep sedation/analgesia — a drug-induced depression of consciousness during which
patients cannot 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.

(4) General anesthesia - a drug-induced loss of consciousness during which patients are
not arousable, even by painful stimulation. The ability to independently maintain
ventilatory function is often impaired. Patients often require assistance in maintaining a
patent airway, and positive pressure ventilation may be required because of depressed
spontaneous ventilation or drug-induced depression of neuromuscular function.
Cardiovascular function may be impaired.

The ASA further states that it is not always possible to predict how an individual patient will
respond to a particular sedation plan. If a patient’s level of sedation progresses to a stage that is
deeper than originally planned, the practitioner should be able to rescue the patient from the
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deeper level of sedation. For example, individuals who administer moderate sedation/analgesia
(formerly known as “conscious sedation”) should be able to rescue patients who enter a state of
deep sedation/analgesia, and those administering deep sedation/analgesia should be able to
rescue patients who enter a state of general anesthesia [14]. It is important to emphasize that
general anesthesia does not necessitate endotracheal intubation: one can administer general
anesthesia, as defined by the ASA, without any airway device in place. Finally, there is a
distinction between moderate sedation/analgesia and monitored anesthesia care (MAC).
Specifically, the ASA defines MAC as “the anesthesia assessment and management of a patient’s
actual or anticipated physiological derangements” that may occur during the procedure.
Furthermore, the provider of MAC must be qualified to convert to general anesthesia and
rescue the patient’s airway, and must be trained in all aspects of anesthesia care [15].

With the tremendous growth in the number and complexity of procedures, sedation has
expanded in practice to many non-anesthesia and non-physician practitioners. Many
professional organizations have established their own practice guidelines and standards
(see Guidelines and Standards, XIV). For example, the ASA guidelines specify recommen-
dations in the following areas [14]:

(1) patient evaluation

(2) pre-procedure preparation

(3) monitoring in regard to level of consciousness, pulmonary ventilation, oxygenation,
and hemodynamics

(4) recording of monitored parameters

(5) availability of an individual responsible for monitoring

(6) training of personnel

(7) availability of emergency equipment

(8) use of supplemental oxygen

(9) combinations of sedative-analgesic agents

(10) titration of agents

(11) anesthetic induction agents used for sedation/analgesia (propofol, ketamine)

(12) intravenous access

(13) reversal agents

(14) recovery care

Involvement and regulation of nurses practicing sedation

In the USA, there is little in the way of federal regulation with regard to scope of practice
issues for registered nurses practicing sedation, so many look to state boards of nursing for
regulation. Thus, there is much variability in the limitations placed on nurses practicing
sedation across the United States. Nevertheless, the Association of periOperative Registered
Nurses (AORN) has produced guidelines for what every registered nurse should know
about “conscious sedation.” These published recommended practices provide guidelines for
who manage the care of patients during sedation/analgesia [16].

According to the AORN, moderate sedation/analgesia is “produced by the adminis-
tration of amnesic, analgesic, and sedative pharmacologic agents.” Furthermore, “moderate
sedation/analgesia produces a condition in which the patient exhibits a depressed level of
consciousness and an altered perception of pain but retains the ability to respond appro-
priately to verbal and/or tactile stimulation and maintains protective reflexes” [16].
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The desire to lend safety to the practice of non-anesthesia RNs has led many state
nursing boards to develop acceptable practices for such providers. In turn, each individual
institution will use these guidelines to produce its own sedation protocols in accordance
with state law. All nurses participating in the administration of sedation and analgesia
should periodically review most recent policies and procedures in their respective state and
institution.

Outside of state law, there are a number of nonlegal organizations that develop position
statements and practice guidelines. These are frequently used in concert with state law to
develop individual sedation policies. Position statements are developed by a panel of experts
and, in the absence of clinical evidence, are based largely on expert opinion. Practice
guidelines are systematically developed and evidence-based, and are designed to assist the
practitioner in making clinical decisions on a day-to-day basis. Such guidelines should be
clear and free of bias. Finally, “recommended practices” represent an organization’s official
position on an issue and, in this case, are considered “statements of optimum performance
criteria on various aspects of technical and professional perioperative nursing practice” [15].

Knowledge of these regulatory issues is important. In the case of malpractice proceed-
ings, all of the above-mentioned guidelines are used to develop a standard of care, which is
considered to be what a reasonable, equivalent practitioner would do in a given situation.
In order to be convicted of malpractice, one must not have met the standard of care. Thus,
all practitioners should be familiar with guidelines relevant to their practice.

With the ever-widening scope of sedation, practitioners must recognize the importance
of standardizing practice. Organizing bodies such as the ASA, the AORN, the American
Association of Nurse Anesthetists, the Society for Gastrointestinal Nurses and Associates,
the American Society of PeriAnesthesia Nurses, the Emergency Nurses Association, and the
American Association of Critical Care Nurses are constantly updating and releasing practice
guidelines for those who practice sedation (see Guidelines and Standards, XIV'). Furthermore,
in the United States, most state governments use these guidelines to regulate practice through
legislation. The Joint Commission also surveys all healthcare organizations to ensure that
professional standards are maintained and protocols are followed in regard to administering
sedation to patients [13,14,17]. Patient safety must be the number one priority for practitioners
who administer sedation.

Summary

The practice of sedation has evolved significantly over the past 30 years. Once mainly the
task of anesthesiology personnel, the demand for sedation services has outstripped the
supply. The result has been the expansion of the scope of practice of other professionals.
With continued attention to a high standard of safety, many different professionals are able
to provide sedation services to those patients who need them.
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Introduction

An increasing number of procedures requiring moderate and deep sedation are being
performed outside the surgical suite. As a result, qualified non-anesthesia providers are
administering moderate and deep sedation to patients for a variety of diagnostic, therapeutic,
and/or surgical procedures. Practitioners should aim to provide patients with the benefits
of sedation and/or analgesia while minimizing the associated risks. In order to do so,
individuals responsible for patients receiving sedation and/or analgesia should understand
the pharmacology of the agents being administered as well as the role of pharmacologic
antagonists for opioids and benzodiazepines. Furthermore, combinations of sedative and
analgesics should be administered as appropriate for the procedure being performed and the
condition of the patient. Policies and standards regarding administration of sedation and
analgesia by non-anesthesia providers are addressed elsewhere in the book. The following
chapter focuses on the pharmacology of the drugs most commonly used to provide moderate
and deep sedation and their available reversal agents.

Pharmacology basics

A drug that activates a receptor by binding to that receptor is called an agonist.
An antagonist is a drug that binds to the receptor without activating the receptor and
simultaneously prevents the agonist from stimulating the receptor. Synergism is when the
effect of two drugs exceeds their algebraic sum. This is commonly seen with benzodiazepines

Moderate and Deep Sedation in Clinical Practice, ed. Richard D. Urman and Alan D. Kaye.
Published by Cambridge University Press. © Cambridge University Press 2012.
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Table 2.1. Causes of variability of individual responses
to a drug

1. Drug interactions

2. Pharmacokinetics Age
Renal function
Hepatic function
Cardiac function
Bioavailability
Body composition

3. Pharmacodynamics Genetic differences
Enzyme activity

and opioids when they are used in combination. Pharmacokinetic properties of a drug
determine its onset of action and duration of drug effect. More specifically, pharmacoki-
netics describes the absorption, distribution, metabolism, and excretion of a drug (i.e., what
the body does to the drug.) Pharmacodynamics describes the responsiveness of receptors to
a drug and the mechanism by which these effects occur (i.e., what the drug does to the
body). Individuals respond differently to the same drug, and often these different responses
reflect the pharmacokinetics and/or pharmacodynamics among patients (Table 2.1).

Pharmacokinetics (determines onset of action and duration of drug effect) is affected
by route of administration, absorption, and volume of distribution. Volume of distribu-
tion is influenced by characteristics of the drug including lipid solubility, binding to
plasma proteins, and molecular size. Pharmacodynamics and pharmacologic drug effects
are described in terms of dose-response curves, which depict the relationship between the
dose of a drug administered and the resulting pharmacologic effect. Dose-response curves
predict the effect of the drug on the patient with increasing dose. Titration of a drug
should proceed based on expected pharmacodynamics of the drug given. Key consider-
ations during titration of medications include appropriate choice for the patient’s condi-
tion (e.g., renal failure, liver failure, previous drug exposure), appropriate choice of
incremental dosing (i.e., time and quantity), and periodic monitoring. Preexisting disease
processes also effect elimination half-time, which is an important consideration when admin-
istering sedation. Elimination half-time is the time necessary for plasma concentration of a
drug to decrease to 50% during the elimination phase. Because elimination half-time is
directly proportional to volume of distribution and inversely proportional to its clearance,
renal and hepatic disease (altered volume of distribution and/or clearance) affect elimination
half-time. It is important to understand that elimination half-time does not reflect time to
recovery from drug effects. Elimination half-time allows for an estimation of the time it will
take to reduce the drug concentration in the plasma by half. After about five elimination half-
times, a drug is nearly totally eliminated from the body. Therefore, drug accumulation is
likely if dosing intervals are less than this period of time.

Context-sensitive half-time

Elimination half-time does not always explain duration of action of many drugs used in
sedation, especially if multiple boluses or infusions are used. Context-sensitive half-time
(CSHT) is defined as the time taken for blood plasma concentration of a drug to decline by
50% after a drug infusion has been stopped. The “context” refers to the duration of the
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Figure 2.1. Context-sensitive half-times of drugs used in sedation.

infusion of the drug. Figure 2.1 shows examples of several classes of drugs (benzodiazepines,
opioids, barbiturates, propofol) with their CSHT (minutes) plotted against duration of
infusion (hours). As depicted in this representative graph, several hours of continued infusion
or multiple repeated boluses given at close intervals can result in significant accumulation of
the active drug in the patient. This can lead to exaggerated side effects (sedation, respiratory
depression) and delayed recovery. Therefore, it is prudent to take CSHT of the drug into
consideration, especially during longer (> 2 hour) procedures, and also to keep track of the
total amount of drug(s) given by adding up all the boluses and/or infusions.

Synergy effects

Drugs used in sedation can have synergistic (i.e., additive) effects. This presents both
advantages and disadvantages for the practitioner. The advantage is that one can achieve
the desired level of sedation by using several agents while minimizing the total amount of
each. For example, fentanyl has analgesic properties while midazolam is more useful as a
sedative and an anxiolytic drug. On the other hand, when these drugs are administered
together, it can lead to exaggerated sedation and respiratory effects. Therefore, titration to
effect and close monitoring are needed. Table 2.2 shows commonly used drug classes
and their relative effects on sedation, anxiety, and pain, and on the cardiovascular and
respiratory systems.

Routes of administration

Routes of administration include parenteral (intravenous, intramuscular, inhalational) and
enteral (oral, rectal, nasal). For the purposes of moderate and deep sedation, intravenous
administration is perhaps most useful. Drugs administered by the intravenous (IV) route
generally have a more rapid onset than those administered by the intramuscular (IM) route.
Intravenous sedative/analgesic drugs should be given in small, incremental doses titrated to
desired end points of sedation and analgesia, with adequate time allowed between doses
to achieve those effects. Ideally, each component should be administered individually to



Chapter 2: Pharmacology principles 1

Table 2.2. Drug classes commonly used in sedation and their effects
Drug class Effects

Sedation Anxiolysis Pain Cardiovascular Respiratory

system system

Local anesthetic = - Al @ -

Benzodiazepine ++ 4 _ + 40
Opioid + + == ++
Propofol e o - 4 4+
Barbiturate 4+ 4L - 4+ 4+
Ketamine ++ + A L
Dexmedetomidine ++ + + JL _

-, no effect; +, moderate effect; ++, significant effect.
@ significant effect if overdosed

assess the need for additional analgesia to relieve pain or additional sedation to decrease
anxiety or awareness.

Preemptive analgesia

Transmission of pain processes from tissue damage leads to sensitization of both peripheral
and central pain pathways. Specifically, injury to nociceptive nerve fibers induces neural
and behavioral changes that persist long after the injury has healed or the offending
stimulus has been removed. This post-injury pain hypersensitivity can be due to posttrau-
matic changes in either the peripheral nervous system or the central nervous system. The
noxious stimulus-induced neuroplasticity can be preempted by administration of analgesics
or by regional neural blockade. Providing agents prior to surgery to reduce postoperative
pain is termed preemptive analgesia, and its aim is to prevent sensitization of nociceptors
before surgical stimulus. Thus, preemptive analgesia is a treatment that is initiated before
surgical procedure to reduce sensitization of pain pathways. When appropriate drug doses
are administered just prior to surgery, local anesthetic infiltration, gabapentin, opioids,
acetaminophen, NMDA-receptor antagonist, cyclooxygenase (COX) inhibitors, nerve
block, subarachnoid block, and epidural block have all been shown to provide postoperative
pain benefits.

Drug interactions

Potential drug interactions require the clinician providing sedation to be cognizant of
potential drug-drug effects, which can lead to morbidity and to mortality. Synergistic
effects of two or more sedatives are well described and may result in central nervous system
(CNS) and respiratory depression. Anesthesia providers spend years studying and refining
their craft, and this is not always the case for the non-anesthesia sedation provider.
Therefore, it is strongly recommended that healthcare providers develop an excellent
understanding of the side effects as well as potential drug interactions of the agents
they are using in the clinical setting. This must include herbals, of which there are over
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C|— Figure 2.2, Schematic of benzodiazepine-GABA-
l chloride ion channel complex. BDZ, benzodiazepine.
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29,000 available, and many of which can interact in unfavorable ways with conventional
sedative medications. For example, St. John’s wort can cause a lethal serotonergic crisis
with meperidine, and kava-kava can potentiate CNS depression with any sedatives. Many
of the “G” herbals - including ginger, garlic, ginseng, and ginkgo - can increase the risk of
bleeding.

Benzodiazepines

Benzodiazepines are well suited for moderate and deep sedation because of their anxiolytic,
amnesic, and sedative properties. At recommended doses and with careful titration, this
drug class provides hypnosis (sedation) and anterograde amnesia with minimal effects on
the cardiovascular and respiratory systems in healthy patients. Benzodiazepines do not
provide analgesia. Commonly administered benzodiazepines include midazolam (Versed),
diazepam (Valium), and lorazepam (Ativan).

Mechanism of action of the benzodiazepines is by facilitating the actions of gamma-
aminobutyric acid (GABA) receptors in the brain. GABA is the principal inhibitory
transmitter in the CNS. Benzodiazepines are highly lipid-soluble and rapidly enter the
CNS, bind to GABA receptors in the brain and enhance opening of chloride channels
(Figure 2.2). Increased chloride conductance produces hyperpolarization of the postsynap-
tic neuronal cell membrane and reduces excitability.

Desired clinical effects of the benzodiazepines used during moderate and deep sed-
ation include anxiolysis, hypnosis (sedation), anterograde amnesia, anticonvulsant effects,
and spinal-cord-mediated skeletal muscle relaxation. The different clinical effects of
each benzodiazepine are due to binding of the GABA receptor at different sites. A large
disparity exists between the level of sedation and the degree of amnesia. Patients may
seem conscious, but they are amnesic to events and instructions. Benzodiazepines pro-
duce minimal changes in hemodynamic parameters (blood pressure, heart rate, cardiac
output). However, dose-related effects of the benzodiazepines range from anxiolysis and
amnesia to obtundation of airway reflexes and central respiratory depression. Recom-
mended dose ranges of midazolam, diazepam, and lorazepam and other considerations
are shown in Table 2.3.
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Table 2.3. Commonly used benzodiazepines: dosing and other considerations

Drug (brand Dosing (intravenous) Onset Duration Considerations
name)
Pediatric Adult
All Major side effects
benzodiazepines are respiratory
depression and
hypotension.
Reduce dose by
one-third to one-
half when used
with other CNS-
depressing drugs
or in the elderly or
debilitated.
Midazolam Incremental Initial: 0.5-2.5 1-5 1-25h
(Versed) bolus: 0.05- mg slowly min
0.1 mg/kg over 2 min
Titrate: 0.25 Titrate: 0.5 mg
ma/kg every increments
5 min Max: 5 mg
Max: 0.2
ma/kg
Diazepam Incremental Initial: 2.5-10 30s— 2-6h Diazepam is painful
(Valium) bolus: 0.1-0.3  mg slowly 5 min on injection.
ma/kg Titrate: 2-5 mg Should not be
increments every 5-10 diluted.
over min
minimum of Max: 20 mg
3 min
Max: 0.6
ma/kg
Lorazepam Incremental Initial: 0.02— 5-10 4-6 h Lorazepam is
(Ativan) bolus: 0.05 0.05 mg/kg min painful on
ma/kg over over 2 min; injection. Prior to IV
2 min may repeat %2 use, must be
May repeat 2 dose every diluted with an
dose every 10-15 min equal amount of
10-15 min Max: 2 mg compatible diluent.
Max: 2 mg

Midazolam (Versed)

Midazolam is a short-acting, water-soluble benzodiazepine possessing sedative, amnesic,
anxiolytic, and anticonvulsant properties. Furthermore, midazolam has replaced diazepam
for use in moderate and deep sedation. Midazolam is 2-3 times more potent than diazepam
and is commonly used in procedural sedation. Midazolam’s amnesic effects are more potent
than its sedative effects. Like diazepam, midazolam is highly bound to plasma proteins. It is
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rapidly redistributed from the brain to other tissues and metabolized by the liver. Thus, it
has a short duration of action. Metabolism in the liver is by hydroxylation, and midazolam is
excreted by the kidneys after conjugation. Elimination half-time of midazolam is 1-4 hours,
and shorter than diazepam. The elimination half-time may be doubled in the elderly as a
result of age-related decreases in hepatic blood flow and possibly enzyme activity. Midazolam
should be used with caution in the morbidly obese due to their increased volume of
distribution and the prolonged half-life of the drug.

Diazepam (Valium)

Diazepam is a water-insoluble benzodiazepine also used in procedural sedation as well as in
the treatment of anxiety and seizures. Like midazolam, it is classified as an anxiolytic,
amnesic, anticonvulsant, and sedative. Diazepam is dissolved in propylene glycol and
sodium benzoate and may cause pain on injection. Due to its high lipid solubility, diazepam
is taken up rapidly into the brain. It is then redistributed extensively to other tissues.
Because diazepam is highly protein-bound, diseases associated with decreased albumin
concentration (e.g., malnutrition, liver disease, renal dysfunction, burns, and sepsis) may
increase its effects. Diazepam is metabolized by the liver, producing two active metabolites:
desmethyldiazepam and oxazepam. Desmethyldiazepam is metabolized more slowly and
is slightly less potent than diazepam, but contributes to the sustained effects of the drug.
In healthy individuals, elimination half-time is 21-37 hours. This range is markedly
increased in those with cirrhosis of the liver and increased age, which is consistent with
the increased sensitivity of these patients to the drug’s sedative effects. Abrupt discontinu-
ation of diazepam after prolonged administration may result in withdrawal symptoms.
These symptoms include anxiety, hyperexcitability, and seizures.

Lorazepam (Ativan)

Lorazepam is a long-acting benzodiazepine with similar properties to midazolam and
diazepam, but with more potent amnesic properties. Metabolized in the liver, its metabol-
ites are inactive. Lorazepam has an elimination half-time of 10-20 hours, with urinary
excretion accounting for greater than 80% of the dose given. It has a slower onset of action
and much slower metabolic clearance compared to midazolam. Onset with IV adminis-
tration is within 1-2 minutes and peak effect occurs at 20-30 minutes. Duration of
lorazepam is 6-10 hours. Despite its slower onset of action, lorazepam is occasionally used
for longer procedures requiring amnesia, sedation, and anxiolysis.

Adverse effects of benzodiazepines

Severe adverse effects may occur when benzodiazepines are administered with other drugs
such as opioids. In combination with opioids, cardiovascular and hemodynamic pertur-
bations become more significant. Respiratory depressant effects on spontaneous ventilation
are enhanced dramatically when opioids are used in combination with benzodiazepines,
and these are dose-dependent. These effects are also exaggerated in patients with chronic
obstructive pulmonary disease. Furthermore, benzodiazepines exhibit a longer elimination
half-time and greater sedative effect in elderly patients. Venoirritation may occur with
diazepam and lorazepam.
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Opioids

Opioids, also known as narcotics, are potent analgesics commonly used to provide pain
relief during procedures. Opioids in combination with benzodiazepines provide adequate
moderate and/or deep sedation and analgesia for many potentially painful procedures.
Some of the more commonly used opioid agonists are morphine, fentanyl (Sublimaze),
hydromorphone (Dilaudid) and meperidine (Demerol) (Table 2.4).

Mechanism of action of opioids describes the workings of all exogenous substances,
natural or synthetic, that bind to opioid receptors and produce some agonist effects.
Opioids act as agonists of opioid receptors at presynaptic and postsynaptic sites inside
and outside the CNS. Occupancy of opioid receptors results in increased potassium
conductance, calcium channel inactivation, or both, which produces an immediate decrease
in neurotransmitter release. Opioid receptor activation results in mostly presynaptic inhib-
ition of neurotransmitters (i.e., acetylcholine, dopamine, norepinephrine, and substance P).
Opioid effects are dose-dependent and occur because of opioid binding at receptor sites.
These receptor sites, located primarily in the CNS, include the mu, kappa, delta, and sigma
receptors. The affinity of most opioid agonists for receptors correlates well with their
analgesic potency. Desired clinical effects of opioids include analgesic, sedative, antitussive,
and antishivering effects. Agonist action at the mu receptor is responsible for analgesia,
euphoria, and sedation. Kappa receptor activation results in sedation and weak analgesia.
Agonist action at the delta receptor also produces weak analgesia. The analgesic effect from
systemic administration of opioids likely results from receptor activity at several different
sites. These include sensory neurons in the peripheral nervous system, the dorsal horn of
the spinal cord, the brainstem medulla, and the cortex of the brain. Each of the sites plays an
important role in opioid-induced analgesia. The dorsal horn of the spinal cord provides
analgesia by inhibiting transmission of nociceptive information. The medulla potentiates
descending inhibitory pathways that modulate ascending pain signals. The cerebral cortex
decreases the perception and emotional response to pain.

However, due to the widespread distribution of opioid receptors, many varied and
unwanted effects may occur. Respiratory depression and physical dependence, pruritus
and bradycardia result from agonist activity at the above receptor sites. Furthermore,
agonism of the sigma receptor results in hypertension, tachycardia, delirium, and dys-
phoria. Other unwanted side effects of opioid agonists include orthostatic hypotension,
skeletal muscle rigidity, nausea and vomiting, constipation and delayed gastric emptying,
urinary retention, pupillary constriction, and sphincter of Oddi spasm.

Morphine

Morphine is the prototype opioid agonist with which all other opioids are compared.
Morphine produces analgesia, euphoria, and sedation. The cause of pain persists, but even
low doses morphine increase the pain threshold and modify the perception of pain.
Continuous, dull pain is relieved by morphine more effectively than sharp, intermittent
pain. Analgesia is most prominent when morphine is administered before the painful
stimulus occurs. In the absence of pain, morphine may produce dysphoria rather than
euphoria. When morphine is given IV, onset of the clinical effects occurs within a few
minutes, and they peak within 15-30 minutes; elimination half-time is 2-4 hours. When
administered IM, morphine is well absorbed, with an onset of effect in 15-30 minutes;
peak effect occurs in 45-90 minutes, and the duration of action is 4 hours. Morphine
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Table 2.4. Commonly used opioid agonists: dosing and other considerations

Drug Dosing (intravenous) Onset Duration Considerations
(brand
name) Pediatric Adult
All opioids Reduce dose by one-
third to one-half when
given with other CNS-
depressing drugs, or
in the elderly or
debilitated. May
cause CNS and/or
respiratory depression,
nausea, vomiting,
hypotension, dizziness.
Morphine Incremental Initial: -2 mg ~ 5-10  3-4h
bolus: 0.05-0.15  slowly min
mag/kg slowly Titrate: 1-2
Titrate: to mg slowly
desired effect every 5-10
Max: 3.0 mg min
single dose Max: 15 mg
Hydromorphone Initial: 0.1-0.2 3-5 2-3h
(Dilaudid) mg min
Titrate: 0.1-0.2
mg
Max: 2.5 mg
Fentanyl Not Initial: 0.05-2 30-60 s 30-60 Fentanyl and
(Sublimaze) recommended  ug/kg slowly min meperidine are
outside critical ~ over 3-5 min contraindicated in
care areas in Titrate: patients who have
pediatrics 1 pg/kg at 30 received monoamine
min intervals oxidase (MAQ)
Max: 4 pg/kg inhibitors within last
14 days.
Meperidine Initial: 1-1.5 Initial: 10 mg 1-5 1-3h
(Demerol) ma/kg Titrate: 10 mg ~ min
Titrate: 1 mg/kg ~ increments
increments Max: 150 mg
Max: < 100 mg

is metabolized by conjugation with glucuronic acid at both hepatic and extrahepatic
sites, especially the kidney. Its active metabolite, morphine-6-glucuronide, produces
analgesia and ventilatory depression by way of agonism of the mu receptors. Thus,
elimination of morphine in patients with renal failure may be impaired, causing an
accumulation of metabolites and unexpected depression of ventilation even with small
doses of opioids.
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Table 2.5. Equianalgesic opioid dosage table for a 70 kg adult

Drug Duration Oral Parenteral Half-life
Codeine 4-6h 200 mg 120 mg IM 3h
Morphine 3-6h 30-60 mg 10 mg IM/IV 15-2 h
Hydromorphone 4-5h 7.5 mg 1.5 mg IM/IV 2-3h
Meperidine 2-4 h 300 mg 75 mg IM/IV 3-4 h
Fentanyl 1-2°h N/A 0.1 mg IM/IV 1.5-6 h
Oxycodone 4-6 h 20 mg N/A N/A
Methadone 4-6 h 10-20 mg 10 mg IM/IV 15-40 h
Oxymorphone 3-6h N/A 1 mg IM/IV

Levorphanol 6-8 h 4 mg 2 mg IM/IV

Hydrocodone 3-4 h 30 mg N/A

Adapted from Urman and Vadivelu [1].

Hydromorphone (Dilaudid)

Hydromorphone is an opioid analgesic and is a semisynthetic derivative of morphine with
5-6 times the potency of morphine. Hydromorphone can be used to relieve moderate to
severe pain, and can be administered via oral, intramuscular, or intravenous routes, among
others. It has slightly faster onset of action and slightly shorter duration of action than
morphine. Unlike morphine, it is metabolized to inactive compounds and results in less
histamine release. Adverse side effects of hydromorphone are similar to those of other
potent analgesics such as morphine and meperidine, but it may be a useful alternative in
patients with contraindications or allergies to other opioids.

Fentanyl (Sublimaze)

Fentanyl is a phenylpiperdine-derivative synthetic opioid agonist structurally related to
meperidine. Analgesic effects of fentanyl are 75-125 times more potent than those of
morphine (Table 2.5). Fentanyl is often used as the analgesic component in moderate and
deep sedation because of its rapid onset and minimal histamine release. A single dose of
fentanyl IV has a more rapid and shorter duration of action than morphine. The greater
lipid solubility of fentanyl compared to morphine explains its more rapid onset and greater
potency. The short duration of a single dose of fentanyl associated with a rapid fall in
plasma concentration reflects its rapid redistribution into inactive tissue sites such as
skeletal muscle and fat. However, when multiple IV doses of fentanyl are administered,
or with continuous infusion, progressive saturation of inactive tissues occurs. As a result,
duration of analgesia and depression of ventilation may be prolonged when the plasma
concentrations of the drug do not decrease rapidly. Metabolism of fentanyl occurs in the
liver. IV fentanyl results in clinical effects within 30 seconds to 1 minute. Peak effects occur
within 10 minutes and duration of action is 30-60 minutes following a single dose.
Analgesic concentrations of fentanyl greatly potentiate the effects of midazolam and
decrease the dose requirements of propofol. Synergism of opioids and benzodiazepines
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plays an important role in achieving hypnotic states for potentially painful procedures.
However, the combination can easily result in ventilatory depression.

Meperidine (Demerol)

Meperidine is a synthetic opioid agonist, and like fentanyl it is a phenylpiperidine deriva-
tive. Meperidine is about one-tenth as potent as morphine. Meperidine is a shorter-acting
opioid agonist than morphine with duration of action about 2-4 hours. Meperidine
produces sedation and euphoria similar to that of morphine in equal analgesic doses.
Metabolism is primarily hepatic. The principal metabolite, normeperidine, produces CNS
stimulation in high concentrations. Urinary excretion is the principal elimination route.
Elimination half-time of meperidine is 3-5 hours. Decreased renal function can predispose
to accumulation of meperidine. Structurally, meperidine is similar to atropine and possesses
atropine-like effects which may result in dry mouth, tachycardia, and pupillary dilatation.
Myocardial depression can occur with meperidine at clinically relevant doses. Meperidine
should not be used in patients on monoamine oxidase (MAO) inhibitors. In patients taking
antidepressant drugs (MAO inhibitors, fluoxetine), meperidine may precipitate serotonin
syndrome (autonomic instability with hypertension, tachycardia, diaphoresis, hyperther-
mia, agitation, and hyperreflexia) or potentiate side effects of serotonin reuptake inhibitors.
In addition, meperidine may cause seizures in patients with renal insufficiency or a history
of seizures, or when used in repeated or high doses. Normeperidine-induced seizures are
more likely in patients who have received high chronic meperidine therapy, large doses of
meperidine over a short period, and/or have an impaired ability to eliminate the metabolite.
Elderly patients manifest decreased protein binding of meperidine, resulting in increased free
drug in the plasma and an apparent increased sensitivity to the opioid. Because of its unique
and extensive side-effect profile, meperidine is recommended as a second-line analgesic.

Adverse effects of opioids

Opioids have a direct effect on the respiratory center in the brain, resulting in a dose-
dependent depression of the ventilatory response to carbon dioxide. Opioids also blunt the
increase in ventilation resulting from hypoxia. They can produce generalized skeletal
muscle rigidity. At clinically relevant doses, morphine and fentanyl do not cause significant
myocardial depression. However, morphine and fentanyl can reduce cardiac output by
causing a dose-dependent bradycardia. Other unwanted effects include nausea and
vomiting, constipation, biliary spasm, and urinary retention.

Other drugs for deep sedation

Other drugs used for deep sedation include propofol (Diprivan), ketamine (Ketalar),
dexmedetomidine (Precedex), and etomidate (Amidate) (Table 2.6).

Propofol (Diprivan)

Propofol is a substituted isopropylphenol with rapid, short-acting sedative hypnotic and
antiemetic properties. Mechanism of action involves potentiation of the GABA receptor
complex. Propofol is highly lipid-soluble, which explains the drug’s rapid onset with bolus
administration and makes it a readily titratable drug for intravenous sedation. The concen-
tration of propofol decreases rapidly after intravenous bolus due to redistribution. Propofol
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Table 2.6. Other drugs: dosing and considerations

Drug Dosing (intravenous) Onset Duration Considerations

(brand name)
Pediatric Adult

Propofol (Diprivan) — — Bolus: Within ~ 2-4 min Do not give to patients
10-50 mg 30s with egg or soybean oil
Titrate: allergy. Does not have
25-100 any analgesic
pg/kg/ properties. Pain on
min injection may be

reduced by lidocaine.
May cause respiratory
depression,
hypotension,
hiccoughs, wheezing,

coughing.
Ketamine (Ketalar) Initial: 1-2 Initial: 1 min 5-15 min  Consider concurrent
ma/kg IV 10 mg, or midazolam.
*IM dose: 0.2-0.75 Contraindicated in
2 mg/kg ma/kg patients with increased
intracranial pressure.
May cause

hypertension,
confusion, delirium,
hallucinations,
nystagmus, nausea,
hypersecretions,
respiratory depression,
agitation upon

awakening.

Dexmedetomidine ~ — Loading 10-15 2-4 h Reduce loading dose by
(Precedex) dose: 1 min one-half for patients 65

pg/ka/h years or older, and for

over 10— those with impaired

20 min renal or hepatic

Titrate: function. May cause

0.2-0.7 to bradycardia,

1 pg/kg/h hypotension, and dry

mouth. Concomitant
use of other CNS
depressants will result
in increased levels of

sedation.
Etomidate 02-03 02mg/kg <1 3-5 min Effects may be
(Amidate) ma/kg over min (upto 10 prolonged in liver
(ketamine  30-60 s min) failure. May cause
preferred) nausea/vomiting,

muscle twitching,
respiratory depression.
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is well suited for deep sedation because it allows for prompt recovery without residual
sedation and a low incidence of nausea and vomiting. Typical dosing for minimal analgesia
and amnesia effects is 25-100 pg/kg/min. Metabolism of propofol is both hepatic and
nonhepatic (pulmonary uptake and first-pass elimination, renal excretion). Hepatic metab-
olism is rapid and extensive, resulting in metabolites that are excreted in the urine.
Elimination half-time is 0.5-1.5 hours. Despite the rapid clearance of propofol by metabol-
ism, there is no evidence of impaired elimination in patients with cirrhosis. Even at low
doses, propofol can cause decreased oxygen levels and increased carbon dioxide levels, and
inhibit airway reflexes. Because of its pronounced respiratory depressant effects and narrow
therapeutic range, propofol should only be administered by individuals trained in airway
management.

Propofol is a popular choice for sedation of mechanically ventilated patients in the
intensive care unit. Propofol has been implicated in propofol infusion syndrome, in which
critically ill patients requiring long-term (> 24 hours) sedation develop lactic acidosis,
rhabdomyolysis, renal failure, and cardiac failure. Propofol can also cause pain and irrita-
tion upon IV injection. Mixing of propofol with any other drug is not recommended.
Mixing of propofol with lidocaine to prevent pain with IV injection may result in coales-
cence of oil droplets, which may pose a risk of pulmonary embolism. The formulation of
propofol containing soybean oil, glycerin, yolk lecithin, and sodium edentate has been
implicated in episodes of bronchoconstriction following drug administration. Therefore, it
should be avoided in patients with allergies to the above ingredients. Risk of infection and
hypertriglyceridemia is also a concern. As supplied, it should be handled with aseptic
technique and discarded once open for 6 hours.

Water-soluble preparations of propofol are available, including fospropofol, which is a
prodrug that is metabolized to propofol, formaldehyde, and phosphate. Advantages of a
water-soluble preparation include reduced pain at the site of intravenous administration
and reduced chance for bacteremia and hyperlipidemia.The maximum recommended dose
of fospropofol is 12.5 mg/kg, its peak levels are lower than for equipotent doses of propofol,
and the drug has a longer-lasting effect.

Ketamine (Ketalar)

Ketamine, a phencyclidine derivative (PCP), is different from other hypnotic drugs in that it
produces a cataleptic state in which a patient’s eyes remain open with a slow nystagmic gaze.
Ketamine is a CNS depressant resulting in dissociative state and analgesia. Hypertonus and
purposeful skeletal muscle movements often occur with ketamine administration. The
major effect of ketamine is thought to be produced through inhibition of the N-methyl-
D-aspartate (NMDA) receptor complex. Ketamine also interacts with opioid, nicotinic, and
muscarinic receptors. Ketamine’s onset of action is rapid, reaching peak plasma concen-
trations within 1 minute after IV administration and 5 minutes after IM administration.
Intense analgesia can be achieved with subanesthetic doses of ketamine at 0.2-0.5 mg/kg IV.
Ketamine’s clinical effects occur rapidly, with a return to consciousness within 15 minutes
after a single dose.

Ketamine produces profound analgesia, stimulation of sympathetic nervous system,
bronchodilation, and minimal respiratory depression. Ketamine is not significantly
bound to plasma proteins and leaves the blood rapidly, to be distributed into the tissues.
Ketamine is extremely lipid-soluble, which accounts for the rapid effects on the brain
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after administration. It is metabolized by hepatic microenzymes and has a large volume
of distribution, resulting in an elimination half-time of 2-3 hours. Ketamine’s active
metabolite, norketamine, is one-third as potent as ketamine. Chronic administration of
ketamine results in enzyme induction and tolerance to subsequent doses. Ketamine pro-
duces sympathetic nervous system stimulation with increases in blood pressure, heart rate,
and cardiac output. It should be used with caution in patients with hypertension and
coronary artery disease. Critically ill patients may experience the opposite effects, including
hypotension and decreased cardiac output as a result of depletion of catecholamine stores
and exhausted sympathetic nervous system compensatory mechanisms.

Ketamine does not cause significant ventilatory depression or affect airway tone.
However, secretions are increased with ketamine administration and patients remain at
risk for nausea and vomiting. Unpleasant emergence reactions limit the use of ketamine
outside of the operating room. Combinations of ketamine and benzodiazepines limit these
unwanted reactions and also increase amnesia.

Dexmedetomidine (Precedex)

Dexmedetomidine is a highly selective alpha-2-adrenergic agonist principally used for the
short-term sedation of intubated and ventilated patients in an intensive care setting.
Hypnosis results from stimulation of the alpha-2 receptors in the locus ceruleus, and the
analgesic effect originates at the level of the spinal cord. Dexmedetomidine as a single agent
produces sedation, pain relief, anxiety reduction, stable respiratory rates, and predictable
cardiovascular responses. Dexmedetomidine facilitates patient comfort, compliance, and
comprehension by offering sedation with the ability to rouse patients. Dexmedetomidine
produces sedative and analgesic effects without respiratory depression. Dexmedetomidine
(0.2-0.7 mg/kg/h) is useful for postoperative critical care patients requiring mechanical
ventilation. It does not result in clinically significant ventilatory depression, and sedation
mimics natural sleep. The elimination half-time of dexmedetomidine is 2-3 hours. Dexme-
detomidine is highly protein-bound and undergoes rapid and extensive metabolism in the
liver. Its metabolites are excreted in the urine. Moderate decreases in heart rate may occur
with dexmedetomidine infusion. Other adverse effects are probably due to unopposed vagal
stimulation and include heart block, severe bradycardia, or asystole. Because of its sym-
patholytic actions, dexmedetomidine may also result in hypotension. Should it become
necessary to reverse the sedative and cardiovascular effects of IV dexmedetomidine, atipa-
mezole (Antisedan) is a specific and selective alpha-2-receptor antagonist that rapidly and
effectively reverses these effects.

Etomidate (Amidate)

Etomidate is an intravenous agent with hypnotic but not analgesic properties. It produces
minimal hemodynamic effects at clinically relevant doses. Etomidate is a carboxylated
imidazole derivative of which one isomer possesses hypnotic qualities. Etomidate appears
to have GABA-like effects; seemingly producing hypnosis through potentiation of GABA-
mediated chloride currents. Etomidate is metabolized by hydrolysis via hepatic microsomal
enzymes and plasma esterases. Etomidate is primarily cleared in the urine and has a short
elimination half-time of 2-5 hours. Involuntary myoclonic movements are common with
administration of etomidate. The frequency of the myoclonic-like activity can be attenuated
by prior administration of an opioid. Awakening after a single injection of etomidate is
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rapid, typically without residual depressant effects. Etomidate has a high incidence of pain
on injection and may result in venous irritation. Nausea and vomiting after administration
may occur. The limiting factor on its use is the ability of etomidate to transiently depress
adrenocortical function.

Adjunct medications
Diphenhydramine (Benadryl)

First-generation H; antihistamines cross the blood-brain barrier because of their lipophilic
molecular structure, leading to sedation. It should be noted that adverse reactions may be
due to their inhibition on muscarinic, serotoninergic and adrenergic receptors. Toxicity
with overdose, whether intentional or accidental, has been reported. Antiemetic effects may
be elicited, and clinically relevant uses can extend beyond the treatment of allergic symp-
toms to the treatment of vestibular disorders, as sedatives, as sleeping aids, and as anti-
emetics. In this regard, diphenhydramine, typically in a dose of 25-50 mg IV, can provide
safe and effective sedation in most patients. Specific potential side effects include dry
mouth, drowsiness, dizziness, nausea/vomiting, constipation, headaches, photosensitivity,
and urinary retention.

Scopolamine

Scopolamaine is a muscarinic antagonist. It possesses sedative properties and is a treatment for
nausea/vomiting and motion sickness. Historically, from the 1940s to the 1960s it was used to
induce twilight sleep in laboring mothers to eliminate the memory of pain. In rare instances,
this agent is utilized to provide amnesia and sedation in a variety of settings. Rare side effects
include confusion, rambling speech, agitation, hallucinations, paranoid behaviors, and
delusions. Preparations include oral, subcutaneous, IV, transdermal patch, and opthalmic.

Nonsteroidal anti-inflammatory drugs (NSAIDs)

Prostaglandins were first identified from semen, prostate, and seminal vesicles by Goldblatt
and von Euler in the 1930s. The discovery of the cyclooxygenase reaction through which
arachidonic acid is cyclized to yield prostaglandin, the identification of the cyclooxygenase
enzyme, and the demonstration by Sir John Vane that aspirin, indomethacin, and NSAIDs
were all inhibitors of cylooxygenase, all occurred in the early 1970s. Work by Habenicht in
1985 and later work by Needleman in 1990 ultimately demonstrated that an endogenous
COX-1 and an inducible enzyme COX-2 existed.

It should not be surprising that NSAIDs have served as analgesics, anti-inflammatory,
and antipyretic medicines since 1898 and are effective in mild to moderate surgical pain, with
one benefit of this class of drugs being that they lack the adverse effects of opioids, including
respiratory depression. Some common NSAIDs available include ibuprofen, naproxen,
aspirin, indomethacin, and meloxicam. Surgical bleeding may be adversely affected by
platelet dysfunction from NSAIDs.

Using structure activity relationships, pharmaceutical companies in the 1990s invested
billions of dollars to develop more selective NSAIDs, namely COX-2 inhibitors (e.g.,
Celecoxib). These selective agents were introduced in 1999 and worked differently than
older NSAIDs. Extensive research nearly 20 years ago identified the COX-2 site, as an
inducible enzyme that is the location for the mediation of pain, inflammation, and fever
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pathways. All NSAIDs and aspirin inhibit active sites of COX-1 and COX-2. These agents
typically bind with the side chain of Arg-120, forming a weak ionic bond. Many of the
NSAIDs have a carboxylic acid or enolic acid portion that allows this bond formation. The
COX-2 enzyme binding is in what is called a catalytic side pocket, and for aspirin this
bonding is 10-100 times less efficient, thereby reducing its effectiveness at the COX-2 site.

These agents have many uses, including for mild to moderate pain relief and as a
component for preemptive analgesia. Ketorolac (toradol) and ibuprofen (caldolor) are
available as an intravenous preparation, and considerable research is ongoing to develop
a COX-2 intravenous preparation in the near future. The use of NSAIDs can help reduce
the amount of opioids administrated to the patient.

Acetaminophen

Acetaminophen (paracetamol) is widely used to reduce pain and fever. Intravenous acet-
aminophen can be found on more and more formularies, as its efficacy and safety profile have
shown promise in recent literature. Double-blind clinical trials showed that IV acetaminophen
reduced the need for opioid rescue medication. The pain medicine has been found to be well
tolerated in recent clinical trials, having a tolerability profile similar to placebo. Furthermore,
adverse reactions are extremely rare. An IV formulation of acetaminophen is available in
Europe and is currently undergoing extensive clinical development for use in the United States.
This I'V formulation should have important implications for management of pain and fever for
patients undergoing surgical procedures and interventions, as well in the intensive care unit.

Clonidine

Clonidine is a central alpha-2-receptor agonist, and is an antihypertensive medication. As a
depletory of free and total catecholamine levels, it inhibits the release of norepinephrine. It has
been used for many treatments beyond elevated blood pressure, including opioid withdrawal,
other hyperarousal states, insomnia, and neuropathic pain, related to its sedative, anxiolytic,
and analgesic properties. It is used in numerous preparations, including oral, transdermal, and
epidural, to prolong the effects of analgesia when used together with local anesthetics. Since
clonidine is a mild sedative, it can be used as a premedication before surgery or procedures.
Prominent other side effects include lightheadedness, dry mouth, dizziness, and constipation.

Local anesthetics

Local anesthetics (LAs) prevent the generation and the conduction of the nerve impulse.
Their primary site of action is the cell membrane, and the major mechanism of action of
these drugs involves their interaction with one or more specific binding sites within the
sodium (Na") channel. The degree of block produced by a given concentration of local
anesthetic depends on how the nerve has been stimulated and on its resting membrane
potential. Thus, a resting nerve is much less sensitive to a local anesthetic than one that is
repetitively stimulated; higher frequency of stimulation and more positive membrane
potential cause a greater degree of anesthetic block. These frequency- and voltage-depend-
ent effects of local anesthetics occur because the local anesthetic molecule in its charged
form gains access to its binding site within the pore only when the Na* channel is in an
open state, and because the local anesthetic binds more tightly to and stabilizes the
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inactivated state of the Na® channel. As a general rule, small nerve fibers are more
susceptible to the action of local anesthetics than are large fibers.

Local anesthetics, as unprotonated amines, tend to be only slightly soluble. Therefore,
they are generally marketed as water-soluble salts, usually hydrochlorides. Inasmuch as
the local anesthetics are weak bases (typical pK, values range from 8 to 9), their hydro-
chloride salts are mildly acidic. This property increases the stability of the local anesthetic
esters and any accompanying vasoconstrictor substance. Under usual conditions of
administration, the pH of the local anesthetic solution rapidly equilibrates to that of the
extracellular fluids. Although the unprotonated species of the local anesthetic is necessary
for diffusion across cellular membranes, the cationic species interacts preferentially
with Na* channels. Changes in pH of the injected local anesthetic solution can produce
a shortening of onset time, with marked decreases paralleling major pH changes. The
limiting factor for the pH adjustment is the solubility of the base form of the drug. For
each local anesthetic, there is a pH at which the amount of base in solution is maximal
(a saturated solution).

Another approach to shortening onset time for producing surgical anesthesia has been
through the use of carbonated local anesthetic solutions. The local anesthetic salt is the
carbonate, and the solution contains large amounts of carbon dioxide to maintain a high
concentration of the carbonate anion. Combinations of local anesthetic with an opioid are
increasingly used in situations where one desires sensory blockade without significant
motor block, as in obstetrical anesthesia and pain management. The addition of epidural
and intrathecal opioids allows use of lower concentrations of local anesthetic.

Plasma concentrations of local anesthetics are dependent on:

the dose of the drug administered
e the absorption of the drug from the site injected, which depends on the vasoactivity of

the drug, site vascularity, and whether a vasoconstrictor such as epinephrine has been

added to the anesthetic solution
e biotransformation and elimination of the drug from the circulation

Peak local anesthetic blood levels that develop are directly related to the dose administered
at any given site.

Undesired effects of local anesthetics

Table 2.7 shows the toxic dose of several local anesthetics.

Central nervous system

Following absorption, local anesthetics may cause stimulation of the CNS, producing
restlessness and tremor that may proceed to clonic convulsions. In general, the more potent
the anesthetic the more readily convulsions may be produced. Alterations of CNS activity
are thus predictable from the local anesthetic agent in question and the blood concentration
achieved. Central stimulation is followed by depression; death is usually caused by respira-
tory failure.

Cardiovascular system

Following systemic absorption, local anesthetics act on the cardiovascular system. The primary
site of action is the myocardium, where decreases in electrical excitability, conduction rate,
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Table 2.7. Local anesthetics: duration of action and toxic dose

Local Concentrations  Maxium total Volume of Average
anesthetic (%) recommended maximum total onset and
(brand name) dose recommended duration of
dose action
Procaine 0.25-0.5% 350-600 mg 140-240 mL of Onset: 2-5 min
(Novocaine) 0.25% Duration:
70-120 mL of 15-60 min
0.5%
Chloroprocaine  1-2% < 800 mg 80 mL of 1% Onset:
(Nesacaine) 40 mL of 2% 612 min
Duration:
30 min
Lidocaine, plain  1-2% 3-5 mg/kg; 30 mL of 1% Onset: 1-2 min
(Xylocaine) < 300 mg 15 mL of 2% Duration:
30-60 min
Lidocaine, with 1-2% lidocaine 5-7 mg/kg; 50 mL of 1% Onset: 1-2 min
epinephrine Epinephrine: <500 mg 25 mL of 2% Duration:
1:100,000 or 60-240 min
1: 200,000
Bupivacaine, 0.25-0.5% 2.5 mg/kg; 70 mL of 0.25% Onset: 5 min
plain (Marcaine, < 175 mg 35 mL of 0.5% Duration:
Sensorcaine) 120-240 min
Bupivacaine, 0.25-0.5% < 225 mg 90 mL of 0.25% Onset: 5 min
with bupivacaine 45 mL of 0.5% Duration:
epinephrine Epinephrine: 180-360 min
1: 200,000
Mepivacaine 1% < 400 mg 40 mL of 1% Onset: 3-5 min
(Polocaine) Duration:
45-90 min

Adapted from Windle [2].

and force of contraction occur. In addition, most local anesthetics cause arteriolar dilata-
tion. The cardiovascular effects usually are seen only after high systemic concentrations are
attained and effects on the CNS are produced. However, on rare occasions lower doses will
cause cardiovascular collapse and death, due to either an action on the pacemaker or the
sudden onset of ventricular fibrillation. However, it should be noted that ventricular
tachycardia and fibrillation are relatively uncommon consequences of local anesthetics
other than bupivacaine. Finally, it should be stressed that untoward cardiovascular effects
of local anesthetic agents may result from their inadvertent intravascular administration,
especially if epinephrine also is present.

Lidocaine

Lidocaine (Xylocaine), introduced in 1948, is currently the most commonly used local
anesthetic.
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Pharmacological actions

The pharmacological actions that lidocaine shares with other local anesthetic drugs have
been described widely. Lidocaine produces faster, more intense, longer-lasting, and more
extensive anesthesia than does an equal concentration of procaine. It is a good choice for
individuals sensitive to ester-type local anesthetics.

Absorption, fate, and excretion

Lidocaine is absorbed rapidly after parenteral administration and from the gastrointestinal
and respiratory tracts. Although it is effective when used without any vasoconstrictor, in the
presence of epinephrine the rate of absorption and the toxicity are decreased, and the
duration of action usually is prolonged. Lidocaine is dealkylated in the liver by mixed-
function oxidases to monoethylglycine xylidide and glycine xylidide, which can be metab-
olized further to monoethylglycine and xylidide. Both monoethylglycine xylidide and
glycine xylidide retain local anesthetic activity. In human beings, about 75% of xylidide is
excreted in the urine as the further metabolite, 4-hydroxy-2,6-dimethylaniline [3].

Toxicity

The side effects of lidocaine seen with increasing dose include drowsiness, tinnitus, dysgeu-
sia, dizziness, and twitching. As the dose increases, seizures, coma, and respiratory depres-
sion and arrest will occur. Clinically significant cardiovascular depression usually occurs at
serum lidocaine levels that produce marked CNS effects. The metabolites monoethylglycine
xylidide and glycine xylidide may contribute to some of these side effects.

Clinical uses

Lidocaine has a broad range of clinical uses as a local anesthetic. It has utility in almost any
application where a local anesthetic of intermediate duration is needed. Lidocaine also is
used as an antiarrhythmic agent.

Bupivacaine

Bupivacaine (Marcaine, Sensorcaine), introduced in 1963, is a commonly used amide local
anesthetic. Its structure is similar to that of lidocaine, except that the amine-containing
group is a butyl piperidine. It is a potent agent capable of producing prolonged anesthesia.
Its long duration of action plus its tendency to provide more sensory than motor block has
made it a popular drug for providing prolonged analgesia during labor or the postoperative
period. By taking advantage of indwelling catheters and continuous infusions, bupivacaine
can be used to provide several days of effective analgesia.

Bupivacaine was developed as a modification of mepivacaine. Its structural similarities
with mepivacaine are readily apparent. Bupivacaine has a butyl (four-carbon substitution)
group on the hydrophilic nitrogen.

Bupivacaine has made a contribution to regional anesthesia second in importance only
to that of lidocaine. It is one of the first of the clinically used local anesthetic drugs that
provides good separation of motor and sensory blockade after its administration. The onset
of anesthesia and the duration of action are long and can be further prolonged by the
addition of epinephrine in areas with a low fat content. Only small increases in duration are
seen when bupivacaine is injected into areas with a high fat content. For example, a 50%
increase in duration of brachial plexus blockade (an area of low fat content) follows the
addition of epinephrine to bupivacaine solutions; in contrast, only a 10-15% increase in
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duration of epidural anesthesia results from the addition of epinephrine to bupivacaine
solutions, since the epidural space has a high fat content.

Toxicity

Bupivacaine is more cardiotoxic than equieffective doses of lidocaine. Clinically, this is
manifested by severe ventricular arrhythmias and myocardial depression after inadvertent
intravascular administration of large doses of bupivacaine. The enhanced cardiotoxicity of
bupivacaine probably is due to multiple factors. Lidocaine and bupivacaine both block
cardiac Na* channels rapidly during systole. However, bupivacaine dissociates much more
slowly than does lidocaine during diastole, so a significant fraction of Na™ channels remains
blocked at the end of diastole (at physiological heart rates) with bupivacaine [4]. Thus the
block by bupivacaine is cumulative and substantially more than would be predicted by its
local anesthetic potency. At least a portion of the cardiac toxicity of bupivacaine may be
mediated centrally, as direct injection of small quantities of bupivacaine into the medulla
can produce malignant ventricular arrhythmias [5]. Bupivacaine-induced cardiac toxicity
can be very difficult to treat, and its severity is enhanced in the presence of acidosis,
hypercarbia, and hypoxemia.

Clinical uses

In the United States, bupivacaine has been used mainly for obstetrical anesthesia and
postoperative pain control when analgesia without significant motor blockade is highly
desirable, as this is achievable with low bupivacaine concentrations. In contrast to lidocaine,
however, when high blood levels occur with bupivacaine, a higher incidence of cardiotoxic
effects is seen. Bupivacaine has a poorer therapeutic index than lidocaine in producing
electrophysiological toxicity of the heart [6]. Although bupivacaine metabolism is slower
in the fetus and newborn than in the adult, active biotransformation is accomplished by
the fetus and newborn.

A second major role of bupivacaine is in subarachnoid anesthesia. It produces very
reliable onset of anesthesia within 5 minutes, and the duration of anesthesia is approximately
3 hours. In many ways, it is similar to tetracaine; however, the dose of bupivacaine required
is somewhat larger - specifically, 10 mg of tetracaine is approximately equal to 12-15 mg of
bupivacaine. The onset of sympathetic blockade following spinal anesthesia appears to be
more gradual with bupivacaine than with tetracaine. Also, the sensory blockade produced by
bupivacaine lasts longer than the motor blockade, which is in contrast to what occurs with
etidocaine and tetracaine. Bupivacaine can be used for subarachnoid anesthesia in either the
glucose-containing hyperbaric solution (0.75%) or with the isobaric solution by using the
drug packaged for epidural use as a 0.25% or a 0.5% concentration.

Ropivacaine

The cardiac toxicity of bupivacaine stimulated interest in developing a less toxic long-lasting
local anesthetic. The result of that search was the development of a new amino ethylamine,
ropivacaine, the S-enantiomer of 1-propyl-2’,6'-pipecolocylidide. The S-enantiomer, like
most local anesthetics with a chiral center, was chosen because it has a lower toxicity
than the R isomer. This is presumably due to slower uptake, resulting in lower blood
levels for a given dose. Ropivacaine is slightly less potent than bupivacaine in producing
anesthesia. In several animal models, it appears to be less cardiotoxic than equieffective
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doses of bupivacaine. In clinical studies, ropivacaine appears to be suitable for both
epidural and regional anesthesia, with duration of action similar to that of bupivacaine.
Interestingly, it seems to be even more motor-sparing than bupivacaine.

(linical uses of local anesthetics

Local anesthesia is the loss of sensation in a body part without the loss of consciousness
or the impairment of central control of vital functions. It offers two major advantages. The
first is that the physiological perturbations associated with general anesthesia are avoided.
The second is that neurophysiological responses to pain and stress can be modified
beneficially, as described earlier in the chapter under the section on Preemptive analgesia.
As discussed above, local anesthetics have the potential to produce deleterious side effects.
The choice of a local anesthetic and care in its use are the primary determinants of such
toxicity. There is a poor relationship between the amount of local anesthetic injected and
peak plasma levels in adults. The serum level also depends on the area of injection. It is
highest with interpleural or intercostal block and lowest with subcutaneous infiltration.
Thus recommended doses serve only as general guidelines.

Treatment of local anesthetic systemic toxicity (LAST)

Symptoms of local anesthetic systemic toxicity (LAST) may include tinnitus, metallic taste
in the mouth, lip numbness, lightheadedness, seizures, arrhythmias, and finally cardiovas-
cular collapse. If suspicion for toxicity is high, prompt and effective airway management is
crucial in preventing hypoxia and acidosis, which are known to potentiate LAST.

If seizures occur, they should be rapidly treated with benzodiazepines. Small doses of
propofol or thiopental are also acceptable. Although propofol can stop seizures, large doses
further depress cardiac function, and propofol should be avoided when there are signs of
cardiovascular compromise.

If cardiac arrest occurs, initiate ACLS. Avoid calcium channel blockers and beta-
adrenergic receptor blockers. If ventricular arrhythmias develop, amiodarone is the pre-
ferred treatment (lidocaine or procainamide are not recommended).

Lipid emulsion therapy can be initiated at the first signs of LAST, but after airway
management. Dosing consists of a 1.5 mL/kg 20% lipid emulsion bolus, followed by an
infusion of 0.25 mL/kg/min, continued for at least 10 minutes after circulatory stability is
attained. If circulatory stability is not attained, consider giving another bolus and increasing
infusion to 0.5 mL/kg/min. Approximately 10 mL/kg lipid emulsion over 30 minutes is
recommended as the upper limit for initial dosing. Remember that propofol is not a
substitute for lipid emulsion. Failure to respond to lipid emulsion and vasopressor therapy
should prompt institution of cardiopulmonary bypass. Because there can be considerable
lag in beginning cardiopulmonary bypass, it is reasonable to notify the closest facility
capable of providing it when cardiovascular compromise is first identified during LAST.
(Adapted from Weinberg [7].)

Reversal agents for benzodiazepines and opioids

The benzodiazepine and opioid antagonists are important drug classes to consider when
administering moderate and/or deep sedation. Reversal agents provide a mechanism to
quickly restore sensorium following short procedures. In addition, should abolition of
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Table 2.8. Reversal agents

Drug Dosing (intravenous) Onset Duration Considerations
(brand
name) Pediatric Adult
Flumazenil 0.005-0.1 0.2 mg over 15's, 30-60s < 60 min  Can precipitate
(Romazicon)  mg/kg, with repeat at 0.2 mg seizures in those
0.01 mg/kg every 60sto 1 mg with history of
most used max; may repeat seizures and
dose at 20 min intervals tricyclic overdose. If
Max: 3 mg in seizures occur they
30 min may be refractory
until flumazenil is
metabolized.
May cause visual
disturbances,
diaphoresis,
arrhythmias.
Naloxone Less than 5 04 mg every 2 min 45 min Can precipitate
(Narcan) years or 20 kg:  2-3 min ventricular
0.001-0.1 mg/  Max: 10mg tachycardia and
kg, may fibrillation in those
repeat every with
2-3 min cardiovascular
Max: 2mg disease or
Greater than receiving
5 years or cardiotoxic drugs.
20 kg: 2 mg May cause nausea
dose, may and vomiting,
repeat as sweating,
needed tachycardia,

hypertension,
pulmonary edema.

airway reflexes and/or respiratory depression occur due to benzodiazepine and/or opioid
administration, reversal agents are available (Table 2.8).

Flumazenil (Romazicon)

Flumazenil is a specific benzodiazepine-receptor antagonist that effectively reverses most of
the CNS effects of benzodiazepines. Flumazenil is a competitive antagonist that prevents or
reverses all agonist effects of benzodiazepines in a dose-dependent manner. It reverses the
sedative-hypnotic effects of benzodiazepines as well as the depression of ventilation that can
occur when benzodiazepines are combined with opioids. Titration of flumazenil to the
desired level of consciousness is recommended (Table 2.8). Lower total doses of flumazenil,
0.3-0.6 mg IV, are generally adequate to decrease the degree of sedation, whereas doses of
0.5-1.0 mg IV abolish the therapeutic effects of benzodiazepines. Because the duration of
action of the benzodiazepines is longer (up to 6 hours) than flumazenil’s duration of action
(30-60 minutes), supplemental doses may be necessary to maintain antagonist activity.
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A continuous low-dose infusion of flumazenil of 0.1-0.4 mg/hour may be used rather
than repeated doses to maintain wakefulness. Reversal of benzodiazepines is not without
risk. In patients with a history of seizures, flumazenil can result in precipitation of
withdrawal seizure activity. Therefore, flumazenil is not recommended for use in patients
taking antiepileptic drugs for the control of seizure activity. Flumazenil antagonism of the
benzodiazepine sedative effects generally does not cause acute anxiety, hypertension, or
tachycardia. Also, the drug is not associated with alterations in coronary hemodynamics in
patients with coronary artery disease. Presumably, flumazenil’s weak intrinsic agonist
activity attenuates effects of abrupt reversal of the benzodiazepines.

Naloxone (Narcan)

Naloxone is a nonselective antagonist at all three opioid receptors. It is a competitive opioid
antagonist that promptly reverses opioid-induced analgesia and depression of ventilation. The
short duration of action of naloxone (30-45 minutes) is thought to be due to its rapid removal
from the brain. Return of opioid effects occurs unless supplemental doses of naloxone are
administered. Alternatively, a continuous infusion of naloxone (3-5 pg/kg/h IV) may be used
rather than additional IV boluses of the drug. Antagonism of opioid-induced ventilatory
depression results in reversal of analgesia. Slow titration of naloxone may reverse the
unwanted respiratory effects while allowing for partial agonism of opioid receptors and some
analgesia. Naloxone is primarily metabolized in the liver. Adverse reactions may occur with
reversal of opioid activity, including tachycardia, hypertension, dysrhythmias, nausea,
vomiting, and diaphoresis. Nausea and vomiting appear to be closely related to the dose and
speed of injection and may be attenuated by administration of the drug over 2-3 minutes.
Cardiovascular stimulation after intravenous administration of naloxone is presumed to
result from the sudden perception of pain and sympathetic nervous system stimulation. As
a result, hypertension, tachycardia, cardiac dysrhythmias (including ventricular fibrillation),
and pulmonary edema can occur. Furthermore, withdrawal symptoms may occur with
reversal of both benzodiazepines and/or opioids in patients dependent on them.

Clinical pearls

e Sedating to a desired effect. To administer sedation safely requires an understanding
of drug pharmacokinetics such as half-life, context-sensitive half-time, and common
side effects. However, sedating to a desired effect is sometimes more of an art than a
science. It also requires experience and understanding both of the procedure and of
patient characteristics. If the patient has had sedation before, it is important to examine
prior records for documentation of drugs given, total dosages used, and reported
patient comfort.

e Desired ideal characteristics of the drugs used in moderate and deep sedation
include: rapid onset; easily controlled depth of sedation and possibility for reversal,
if needed; rapid recovery; minimal respiratory effects; amnesic and analgesic effects,
cardiovascular stability; nonallergic and with no active metabolic byproducts.
However, none of the drugs used in moderate or deep sedation has all of the
desired characteristics outlined above. Therefore, a combination of drugs is often
employed to achieve many of the desired effects while minimizing the unwanted
side effects.
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e Common objectives of sedation include:

(1) Decreasing patient anxiety. This is best accomplished with benzodiazepines.

(2) Increasing pain threshold. Pain can be preempted and treated with acetaminophen
and/or nonsteroidal anti-inflammatory agents (NSAIDs) such as ibuprofen (PO, IV)
and ketorolac (IV). Short- and long-acting opioid medications can provide more
effective pain control, but can be associated with several side effects.

(3) Imposing some degree of amnesia. Benzodiazepines are the most effective agents for
this purpose.

(4) Maintaining minor variation of vital signs such as blood pressure, heart rate, and
oxygen saturation. Some of the medications used can lead to hypotension (propofol,
opioids), bradycardia (dexmedetomidine, high-dose opioids), and decreased
respiratory rate (propofol, opioids). Using a combination of drugs from different
classes can help achieve desired sedation end points while resulting in fewer
unwanted side effects.

e Slowly titrate medication(s) to desired effect. Many facilities will place limits on the
total amount of particular medication that can be administered in a given time period. It
is important to remember that each patient may respond differently to a given amount
of medication, and that one may observe delayed side effects, such as respiratory
depression. Slowly titrating to desired effects and setting limits on total dose that can be
given can help prevent unintended oversedation (see ASA continuum of depth of
sedation, Table 1.2 [8]).

e Drug dosing modifications may be necessary to account for the patient’s body habitus
(obesity can lead to increased drug volume of distribution), cardiac status (decreased
cardiac output), nutritional status (drug protein binding), liver and/or kidney
dysfunction (decreased drug metabolism and excretion), extremes of age, concurrent
use of other drugs (a patient’s regularly taken drugs can interact with the administered
drugs and result in increased side effects), and allergies.

e Have I given enough sedation and analgesia? As mentioned above, slowly titrating to
desired effect is most prudent. Administer drugs appropriate for the given level of
stimulation during the procedure. Also, it is important to be familiar with the procedure
and anticipate a more/less stimulating period before it actually occurs. Also, take the
patient’s comorbidities (e.g., chronic pain, liver or kidney disease, obesity) into
consideration. Another useful end point is observing changes in vital signs such as blood
pressure and heart rate in response to the medications you have just administered to
counteract the discomfort/pain caused by the ongoing procedure. Another useful end
point is the change in respiratory rate in response to drugs given and procedure
stimulation.

Summary

The safe and effective administration of moderate and deep sedation by non-anesthesia
providers occurs quite frequently in a variety of locations within and outside of the hospital
setting. Providing sedation and analgesia for many different types of patients and proced-
ures requires knowledge of the commonly used drugs. An understanding of the pharma-
cology of the benzodiazepines and opioids as well as their reversal agents is important to
assure patient safety. Other drugs used in sedation, such as propofol, ketamine, etomidate,
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and dexmedetomidine, warrant similar attention prior to their use to maintain safety.
Furthermore, techniques to obtain the desired end point with drug administration without
undesirable side effects should be kept in mind. Slow titration of a drug while monitoring
the patient’s response (level of consciousness, respiratory rate, blood pressure, etc.) dictates
dosage. Drug choice should be based on the procedure. Painful procedures require analgesia
and possibly sedative-hypnotics, whereas nonpainful procedures may only require sedation.
Dose requirements vary based on patient characteristics (e.g., height, weight, age) and body
habitus. Comorbidities such as hepatic and/or renal failure also frequently affect dose
requirements, as does history of alcohol and/or drug use. Generally, decreased doses are
required when combining benzodiazepines and/or opioids with other CNS-depressive
drugs. Decreased doses should also be used in the elderly and the debilitated.
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Introduction

A comprehensive strategy is needed for adequate management of patients through
the entire peri-procedure period. Assessments and interventions pre-procedure, peri-
procedure, and post-procedure are codependent. For example, failure to recognize an
opioid-dependent patient during the initial pre-procedure screening may result in ineffect-
ive sedation strategies. Overuse of and/or failure to report long-acting sedative medications
used during procedural sedation can result in a delayed and complicated recovery period.
This chapter deals with important considerations with regard to pre-procedure, peri-
procedure, and post-procedure patient assessment and pain management strategies. For a
detailed discussion of patient evaluation and procedure selection, see Chapter 4.

Considerations and patient assessment prior
to procedural sedation

Given the magnitude of adverse outcomes that can accompany sedation, it is paramount
that before start of any procedure, practitioners evaluate patient characteristics, patient
preferences, appropriateness of sedation given the invasiveness of the procedure, special
considerations during the procedure (e.g., risk to the patient with movement during the
procedure), and patient safety. The primary goal of giving sedation should be to achieve an
acceptable level of patient comfort while considering all of these factors.

Practitioner training and experience in administering sedation is also an important
consideration. The American Society of Anesthesiologists (ASA) states in its practice
recommendations for care of patients receiving sedation that it is often difficult to predict
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how an individual patient will respond to a given dose of sedative medications [1].
All practitioners who administer sedatives should be able to manage complications of
patients whose level of sedation is deeper than originally intended. The ASA consensus
guidelines for sedation by non-anesthesiologists indicate that a practitioner should be able
to control a compromised airway (associated with deep sedation) while administering
moderate sedation, and they similarly specify that a practitioner should be able to manage
the cardiovascular instability associated with general anesthesia while administering deep
sedation [1].

Comprehensive perioperative risk stratification is beyond the scope of this chapter.
However, with regard to patient characteristics, the expert consensus is strong that careful
pre-procedure evaluation of the patient improves patient satisfaction and decreases adverse
outcomes [1]. While taking a pre-procedure patient history, the sedation provider should
consider the following important patient factors: past experiences with sedation and/or
anesthesia, expectations, pain tolerance, anxiety levels/ability to cooperate, drug allergies,
time and nature of last oral intake, and overall health (Table 3.1).

In regard to evaluating the patient’s overall health, it would be prudent to seek
consultation with an expert skilled in perioperative management for patients who have
significant organ-system abnormalities and/or those who would be assigned an ASA
physical status of 3 or higher (Table 3.2). Sedative drugs and medications are well known
to cause critical cardiovascular and hemodynamic perturbations on the deeper end of the
sedation scale.

For patients with preexisting painful conditions, it is useful to perform an initial pain
assessment prior to the procedure for post-procedure comparison. When evaluating
pain characteristics, questions should address a pain rating, location, quality, onset,
duration, pattern, alleviating/aggravating factors, and any related symptoms (Table 3.3).
A focused physical examination of the pain site should also be performed. Any unusual
factors including erythema, swelling, temperature changes, skin changes, pain with non-
noxious stimuli, muscle atrophy, and hair growth patterns at the pain site should
be noted.

For most patients, pain assessments and establishment of pain treatment goals can
be performed by a non-anesthesiologist. However, consultation should be sought for
special populations, including the elderly, patients with history of substance abuse,
chronic pain patients, pediatric patients, patients with indwelling pain pumps/catheters,
and those patients at increased risk from respiratory depression (e.g., sleep apnea, history
of airway problems or difficult airway).

The above criteria for pain assessment rely heavily on verbal communication, and
adequate pain assessments may not be possible during moderate or deep sedation.
In these situations, behavioral pain assessments are useful (see Tables 3.5 and Tables 3.6
below). Many of the behaviors that indicate pain are often obvious, and they may include
facial grimacing, writhing or shifting, moaning, agitation, and/or withdrawal from the
painful stimulus. In addition, changes in physiologic parameters are also sensitive indica-
tors of pain or discomfort. The patient in pain will often manifest an increase in breathing
rate, heart rate, and/or blood pressure. Often, all three physiologic parameters are
increased.

Management of the chronic pain and/or opioid-dependent patient can be challenging.
Sedation requirements can be extremely variable. In addition to anxiety and depression,
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Table 3.1. Important patient history aspects for pre-sedation patient evaluation

Details of past experiences with sedation and/or anesthesia

e Previous effective and ineffective sedation and pain control regimens
e Drug allergies

e Adverse reactions to any medications

Patient expectations

e Anxiety levels/ability to cooperate

Risk and consequences of movement during the procedure

Time and nature of last oral intake

Overall health

e Organ-system abnormalities

e Airway or respiratory problems or predictors of complications
e History of drug or alcohol abuse
e History of chronic pain and/or chronic opioid use

Table 3.2. American Society of Anesthesiologists (ASA) physical status classification system

ASA physical Definition

status

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

Table 3.3. Criteria for assessing pain

Pain rating (using an appropriate assessment scale)
Location

Quality (sharp, dull, burning, shooting)

Onset (sudden, gradual)

Duration

Pattern (continuous, intermittent)
Alleviating/aggravating factors

Related symptoms
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it is not uncommon for this patient population to have other psychiatric disturbances.
Furthermore, these patients are often medicated with various anxiolytics, antidepressants,
anticonvulsants, and muscle relaxants, all of which can unpredictably impact targeted
levels of sedation compared to the typical patient. Unless an adverse drug interaction
is foreseen, baseline pain medications should not be withheld in anticipation for any
procedure.

Chronic pain patients may also have existing pain control adjuncts such as intrathecal
pain pumps and/or spinal cord nerve stimulators. If possible, their use should be continued
through the procedure. In the peri-procedure period, it is very important not to reduce
baseline methods for controlling pain in any patient population. In all instances, it is
imperative for the chronic pain patient to form an acceptable perioperative sedation and
pain management strategy with the healthcare delivery team during the evaluation phase. If
available, a chronic pain expert should be consulted.

Regional anesthesia techniques (epidural, spinal, and peripheral nerve blocks with or
without catheters) can also be employed in conjunction with a regional anesthesia specialist
and an acute pain service to avoid titrating large amounts of systemic opioids in opioid-
dependent patients. These systems deliver analgesia (usually local anesthetics and/or
opioids) directly to target nerves (peripheral nerve catheters) and/or dermatomal regions
(neuraxial catheters). Working preexisting neuraxial and nerve catheters can and should
be continued through the procedure phase, with recommendations from a regional
anesthesia specialist.

Existing patient-controlled analgesia (PCA) intravenous systems may also need
readjustment in the procedure phase. Prior to the procedure, the baseline bolus dose can
be increased by 20% on PCA systems to cover procedure-related breakthrough pain.
Additional increased PCA background infusions may be needed to control long-lasting
pain from more invasive techniques. In many centers, PCA adjustments are made only with
input from an acute pain specialist.

Overview of pain assessment scales

Appropriate assessment of pain increases caregiver awareness of pain status, allows for the
delivery of appropriate interventions, provides for feedback, decreases both patient and
caregiver frustration, and improves patient satisfaction. Efficient pain management can
result in better wound healing, improved respiratory function, decreased stress, and
increased rest. Clinical practice guidelines issued by the Agency for Healthcare Research
and Quality (AHRQ) suggest that, like vital signs, pain levels should be checked frequently.
These guidelines recommend reassessing pain intensities 30 minutes after parenteral drug
administration, 60 minutes after oral drug administration, and with each report of new or
changed pain [2].

Since the cognitive functionality, intellectual development, level of alertness, and
even educational level can vary dramatically among individual patients, no single all-
encompassing method of pain assessment can be used. To address this issue, a wide range
of pain assessment tools have been developed and validated over the past 30 years. The
following sections will expound upon the most common pain assessment tools in
current use in (1) general and (2) special populations. When using any of these tools, it is
important to keep in mind that a trend in pain scores is more useful than a single pain score
by itself.
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General population scales

In the general population, which includes mature children, adults, and the cognitively intact
elderly, the use of self-report scales has been validated as the most reliable indicator of pain.
The most common self-report scales include the Numeric Rating Scale (NRS), the Verbal
Numeric Scale (VNS), the Visual Analog Scale (VAS), and the Faces Pain Scale (FPS).

Numeric Rating Scale (NRS)

The NRS is the most commonly used pain scale. With this scale, patients quantify their pain
by pointing to a number on a 0-5 or 0-10 scale, where 0 represents the absence of pain and
5 or 10 represents the worst pain they can imagine. Validated in multiple studies, the NRS is
preferred by most adults [3,4]. However, the elderly population may have difficulty with the
NRS [2].

Verbal Numeric Scale (VNS)

The VNS is a variation of the NRS that requires the patient to verbally rate pain on a scale of
0 to 10. This scale is most commonly used in clinical practice, and is especially useful with
patients who have psychomotor or visual impairment [2]. The VNS is also useful for pain
assessment over the telephone or via electronic correspondence.

Visual Analog Scale (VAS)

Similar to the NRS, the VAS is a horizontal or vertical 10 cm line with “no pain” written at
one end and “the worst imaginable pain” at the other end [2]. Patients mark a point on the
line correlating with pain intensity. The practitioner then measures the distance from
“no pain” to the patient’s mark to determine a score based on length. The VAS is highly
sensitive to change in pain intensity [5]. Like the NRS, this scale is not preferred for use with
elderly patients, particularly those with mild to moderate cognitive impairment.

Faces Pain Scale (FPS)

The FPS is a categorical scale that uses visual descriptors, and it has been validated for use in
adults and children [5-7]. Patients are shown a scale with seven faces that display different
expressions ranging from neutral to grimacing (Figure 3.1). Patients then point to the face
that corresponds to their level of pain. Each face correlates with a score between 0 (no pain)
and 10 (terrible pain). As the FPS does not require reading ability, this scale is well-suited
for and preferred by those with lower education levels or mild cognitive impairment
(including the elderly). The FPS has been validated across multiple cultures and has a
strong positive correlation with other pain scales [5,8].

e
CE €=
= =
0 6 8 10

Figure 3.1. Faces Pain Scale (FPS) [9]. This Faces Pain Scale-Revised has been reproduced with the permission
of the International Association for the Study of Pain (IASP).
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Table 3.4. Pain scale comparison for various patient populations

General population scales

Normal adult/mature child NRS preferred by most adults; FPS

Elderly adult FPS most preferred; VAS least preferred
Mild-moderate cognitive impairment FPS most preferred; VAS least preferred
Psychomotor impairment VNS commonly used

Visual impairment VNS commonly used

Low educational level FPS most preferred, reading ability not required

NRS, numeric rating scale; VNS, verbal numeric scale; VAS, visual analog scale; FPS, faces pain scale.

In deciding which pain scale to choose, Table 3.4 offers a comparison between various
patient demographics.

Special population scales

Although the gold standard for pain assessment is the self-report scale, many instances in
clinical practice preclude its use. These scenarios, while quite varied in scope, can most
often be generalized into four broad categories:

(1) the young child who has yet to develop verbal communication skills

(2) the individual who is unable to verbalize despite having full cognitive function
(3) the individual who is cognitively impaired due to sedation or delirium

(4) the individual with severe intellectual and developmental delays

Each of these broad categories includes an observational component as part of the assess-
ment. As with the communicative patient, general concepts for assessing procedure-related
pain and/or pain during sedation begin in the pre-procedure period with adequate patient
preparation. One should always give explanations of the procedure and of any associated
sedation plans that are appropriate to the patient’s age and cognitive ability. This process
can be particularly useful for helping the patient to understand the possibility of pain
involvement during the procedure and for enhancing patient cooperation.

Pain assessment in the young child

The Premature Infant Pain Profile (PIPP) and the Neonatal/Infant Pain Scale (NIPS) are
commonly used in infants. For children who cannot communicate, (because of either
sedation or cognitive impairment) the Faces, Legs, Activity, Cry, Consolability (FLACC)
and the Children’s Hospital of Eastern Ontario Pain Scale (CHEOPS) are used. In addition,
parents can be asked to help assess pain levels [10]. However, this practice may be a
logistical challenge in a procedure suite or operating room.

The FLACC scale is one of the most commonly used assessments during sedation
(Table 3.5). It is an observer report-based scale that has been validated with low interrater
variability [11]. A score of 0-2 is given in each of five categories (face, legs, activity, cry,
and consolability). These point values are added together to provide a pain score between
0 and 10. Pediatric sedation is discussed in Chapter 19.
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Table 3.5. The FLACC scale

0 1 2
Face No particular Occasional grimace or frown,  Frequent or constant frown,
expression or withdrawn, disinterested clenched jaw, quivering chin
smile
Legs Normal position  Uneasy, restless, tense Kicking or legs drawn up
or relaxed
Activity Lying quietly, Squirming, shifting back and Arched, rigid, or jerking
moves easily forth, tense
Cry No cry Moans or whimpers, Crying steadily, screams or
occasional complaint sobs
Consolability — Content, relaxed  Reassured by occasional Difficult to console or
touching or talking to, comfort
distractible

Pain assessment in the nonverbal but cognitive patient

A practitioner may have to manage the pain concerns of an individual who is alert and
oriented to his/her surroundings but unable to verbalize that he/she is experiencing pain.
Examples include the intubated patient, the patient with neurologic deficits (acute stroke), or
any patient with a pathologic condition that influences phonation. Because these patients
are alert and aware of their surroundings and condition, most critical care practices
recommend the use of self-report scales to assess pain [12,13]. For this subset of patients,
a few of the validated self-report scales described above are particularly helpful. These
include the NRS, the VAS, and the Verbal Descriptor Scale (VDS).

For the VDS, patients choose the expression that best describes their pain from a written
list which contains “no pain,” “mild pain,” “moderate pain,” “severe pain,” and “extreme
pain.” The usefulness of the VDS is limited in the case of patients of lower education levels
and those with poor eyesight. Of the NRS, VAS, and VDS, the one found to best correlate
with correct assessment of pain is the NRS [14].

» <« » «

Pain assessment in the delirious or sedated patient

The noncommunicative patient population consists largely of elderly patients with
severe cognitive impairment. Accordingly, most assessment tools aim to understand pain
treatment in this demographic group. However, these same pain scales are also applicable
to patients in pain who are in a state of shock, who are suffering from brain injury, or
who are deeply sedated. Because direct communication is not possible, assessment tools
should aim to address the sensory and behavioral dimensions of pain. These scales rely
on behavioral indicators such as restlessness, muscle tension, frowning, grimacing, and
vocalizations. Although several different pain scales have been validated, the most
effective assessment tool in the population subset is the Behavioral Pain Scale (BPS)
[15-17]. To use the BPS, a patient is observed for 1 minute. Evaluation of pain status
is based on the sum of three subscales: facial expression, upper limb movement, and
compliance with mechanical ventilation (Table 3.6). Each subscale is scored from 1 to 4
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Table 3.6. The Behavioral Pain Scale (BPS)

Item Description Score

Facial expression Relaxed
Partially tightened
Fully tightened
Grimacing

AN w N —

Upper limbs No movement
Partially bent
Fully bent with finger flexion
Permanently retracted

N ow N —

Compliance with ventilation  Tolerating movement
Coughing but tolerating ventilation for most of the time
Fighting ventilator
Unable to control ventilation

AN w N —

based on response. Thus the cumulative BPS score is between 3 (no pain) and 12
(maximal pain).

Pain assessment in the intellectually and developmentally delayed

Assessing pain in individuals with intellectual and/or developmental delay can be
particularly challenging. Although the pain scales currently in use have been validated,
their interpretation can be complicated. Two commonly used scales in this population
include the Non-Communicating Children’s Pain Checklist (NCCPC) in the pediatric
population and the Non-Communicating Adult Pain Checklist (NCAPC) in the adult
population.

In brief, the NCCPC is based on a 27-item scale representing six subcategories of
pain behavior that include vocal reaction, emotional reaction, facial expression, body
language, protective reaction, and physiological reaction. The total score ranges from
0 to 81. The NCAPC is a modified version of the NCCPC that is based on an 18-item
scale with a total score that ranges from 0 to 54. In general, the use and interpretation of
these assessment tools requires special training, and they are beyond the scope of this
chapter.

Recovery and discharge

Common postoperative factors that result in discharge delay include pain, postoperative
nausea and vomiting (PONV), drowsiness, and lack of a patient escort. Concern over
inadequate pain control is a major source of anxiety for patients undergoing procedures.
Moreover, uncontrolled pain itself is associated with increased complaints of nausea,
vomiting, delirium, readmission to the hospital, and delayed resumption of normal activities
at home [18].

The American Society of PeriAnesthesia Nurses (ASPAN) has published clinical guide-
lines for dealing with post-sedation pain [19]. Care is broken down into three phases:
assessment, intervention, and expected outcomes. The assessment portion should include a
history of any pre-procedure pain and any previous interventions with clinical outcome.



Pain assessment

Yes: >4/10, or not acceptable to patient No: </=4, or acceptable to patient

|

Treat with opioid if cardiovascular and respiratory status are adequate
and/for non-opioid if not contraindicated
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Figure 3.2. American Society of PeriAnesthesia Nurses (ASPAN) post-procedure pain management algorithm. Modified from Buss and Melderis [20].
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With any patient intervention, vigilance with proper monitoring for adverse effects is
critical. Familiarity with the procedure requiring sedation can also help guide therapy
and outcomes. For example, a patient complaining of arm pain after an abdominal
procedure might have had a positioning injury or existing arthritis prior to the procedure.

When treating post-sedation patients, ASPAN suggests the use of nonopioid medications
for patients experiencing mild to moderate pain. For moderate to severe pain, multimodal
therapy is often necessary. Different classes of effective analgesics used may include opioids,
NSAIDs, tricyclic antidepressants, and anticonvulsants. When using nontraditional therapies
or dealing with refractory pain, a pain expert should be consulted. Buss and Melderis [20]
offer a practical pain treatment algorithm for pain in the post-anesthesia care unit (PACU)
(Figure 3.2). If no contraindications exist and vital signs are stable, pre-procedure baseline
pain regimens should always be continued in the recovery period. Taking care of psychosocial
needs (allowing visitation from family members) may also be beneficial for recovery.

In general, the use of opioid medications (both during sedation and in the recovery
phase) must be balanced against their side effects (sedation, constipation, nausea and
vomiting, and respiratory depression). Overuse of opioids may in fact significantly prolong
recovery times because of their side effects.

Comprehensive post-procedure discharge criteria are beyond the scope of this chapter
and patient discharge considerations are discussed in Chapters 4 and 8. However, specific
considerations for discharge readiness from a pain management perspective include:
allowance of sufficient time to elapse (2 hours) after the last administration of sedation
reversal agents (naloxone, flumazenil) to ensure patients do not become re-sedated; provid-
ing ambulatory patients and their designated escorts with instructions regarding diet,
medications, activities post-sedation, and telephone contact number in case of emergency;
and counseling parents/guardians on the possibility of airway obstruction in children if
the head falls forward when the child is secured in a car seat.

Summary

A key factor related to successful pain management in the peri-procedure period is
recognizing the need for a collaborative team effort between the patient and all involved
healthcare team members. In addition, it is important to realize that the peri-procedure
pain experience is a dynamic process that requires constant assessment and adjustment.
With appropriate vigilance, planning, and continuous communication between team
members, many of the barriers involved in planning and executing an effective pain
management strategy can be overcome.

Pharmaceutical Council and the
Joint Commission on Accreditation
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Patient evaluation

Pre-screening

Patient evaluation for a sedation procedure can begin with the first telephone contact.
When the patient first calls to schedule an appointment, an administrative assistant or
scheduler may ask simple screening questions about snoring/sleep apnea, age, height and
weight, the presence of common comorbid diseases such as diabetes, heart and lung disease,
and routine use of narcotics or sedatives. Although a clerical person may not have the
clinical education to question patients in detail or follow up positive findings with further
questions, initial screening will allow separation of patients into those who are good
candidates for sedation and those who are not. This determination will help to schedule
and consent patients appropriately, for sedation versus sedation with anesthesia backup
versus anesthesia.

This is especially helpful when patients, in particular inpatients and others who are
scheduled “only” for diagnostic procedures, are not routinely seen and evaluated until the
day of the procedure. Patients who are referred for procedures in radiology and transferred
from private gastroenterologists for interventional gastroenterology procedures are often
not seen by the physician performing a procedure until the day of the procedure, when it
may be too late to provide an alternative to sedation. Inpatients who are scheduled for
“minor” procedures in radiology may not be seen until they arrive in the radiology suite.
The pre-sedation evaluation may be at extremely short notice in the emergency department
or the cardiac cath lab when the procedure is urgent or emergent.

Patients for elective procedures may be referred by their primary care physician or may
be self-referred. In either circumstance, the referral may not be associated with an informa-
tive history and physical by the physician who knows the patient best. The surgeon/
practitioner/physician who receives the referral may not be able to determine whether the
referral is a query alone (“Does this patient need a procedure? Just wondering, but there are
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other unresolved medical issues, so send the patient back before scheduling anything”) or a
query accompanied by a clinical green light to proceed (“If this patient needs a procedure,
the patient is optimized to proceed with whatever you think is necessary, and the evidence is
attached”). It is helpful to request clarification of this issue from referring physicians, but
the problem remains when the patient is self-referred.

If there is time, particularly if the procedure is elective, a formal screening questionnaire
can be employed. A screening questionnaire filled out prior to the first encounter (com-
pleted at home and mailed in, or over the internet, or while the patient is waiting to be seen)
will facilitate evaluation. The screening questionnaire can be followed up by a nurse
practitioner or an experienced sedation RN, depending on the urgency of the case.

The interviewer asks important historical questions about medication use, exercise
tolerance, medical history, surgical history, allergies, drug intolerance, social habits, and
expectations regarding the procedure and sedation. The interviewer can discover the
patient’s previous experiences with anesthesia, sedation, and other procedures. It is import-
ant to uncover intolerances to medications, positioning issues (ability to lie flat, neck range
of motion), sleep apnea/snoring, difficult intubation or any history of unexpected events
during procedures. The patient will not always know what historical information is
important. It is important for an experienced nurse to ask the right questions in a kind,
nonthreatening and nonjudgmental way and to know, from clinical experience, which
answers necessitate further investigation. The patient may be more likely to confide in
the nurse, while telling the physician what he/she thinks the physician wants to hear. The
physician can be notified of patients who present more of a clinical challenge and must be
evaluated further or scheduled differently.

History and physical

If necessary, the patient can be referred to his/her primary care physician for a pre-
procedure history and physical (H&P) or medical clearance between the date of initial
encounter and the day of the procedure. If appropriate, the surgeon/practitioner/
physician who is to perform the procedure should perform the H&P. In any case, the
H&P should be less than 30 days old prior to moderate sedation and less than 48 hours
old prior to deep sedation.

Patient instructions

It is important that the patient be at his/her baseline “steady state” for the procedure. Even if
the patient is NPO the night before, required medications may be taken with sips of water in
the early morning to ensure that blood pressure, heart rate, and other medical conditions
are controlled prior to the procedure. The phrase “NPO after midnight” should always
be accompanied by the statement “except the following necessary medications with sips of
water or other clear liquid.”

Patients should/may be informed that they may continue to drink clear liquids up until
2 hours before they arrive at the facility. This allows for bowel preps to be completed,
adequate hydration, patient satisfaction, and, for the diabetic patient, maintenance of
adequate blood glucose. Clear liquids may include tea or coffee without milk or cream,
clear juices and sodas without particulate matter, fat-free broth, water, or perhaps only
bowel prep.
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Any procedure is an anxiety-producing event. If the patient takes medication for
baseline anxiety or pain, these medications should be continued to avoid a distressing spike
in anxiety or pain level on the morning of the procedure. If the patient is NPO, he/she
should not take oral diabetic medications or the usual dose of short- or intermediate-acting
insulin, in order to avoid hypoglycemia. Insulin pumps or the dose of long-acting non-
peaking insulin (glargine or levemir) should be adjusted to cover only basal requirements.
The patient may require the assistance of his/her primary care physician to adjust insulin
appropriately. He/she may bring short- or intermediate-acting insulin to the facility to be
administered as needed during the peri-procedure period.

Screening, evaluation, and instruction of patients requires clinical experience, and
clerical staff members should not be performing any more than simple initial screening
or instructing patients as to time, location, and routine standard instructions. Lack of
critical information or incorrect instruction can cause a procedure to be canceled or
rescheduled, or allow an adverse event to occur during or after the procedure. Patients
should be optimized and adequately informed for the procedure, so that everything
proceeds as planned.

Evaluation on day of procedure

Not all procedure areas allow or require pre-procedure screening or interviews. The patients
are evaluated when they arrive on the day of the procedure or are brought to the procedure
area as inpatients. To avoid surprises, it is useful to require the referring physician to
provide critical information. It seems to be a common belief that radiology in particular
is a “black box” into which even a very sick patient can be deposited, later to emerge
unscathed with a diagnosis or an inferior vena cava filter. The referring service cannot begin
to imagine what takes place while the patient is in the procedure area. It is difficult to
accustom referring physicians to providing needed information, but the effort is well worth
it in the end.

Initial evaluation

It is the procedural RN who will perform the initial evaluation on the day of the procedure.
There should be a standard history form that he/she fills out, based also on any initial
screening, while talking with the patient. It should include all of the elements: medication
use, exercise tolerance, medical history, surgical history, allergies, drug intolerance, and
social habits.

The interviewer can discover the patient’s previous experiences with anesthesia, sed-
ation, and other procedures and his/her expectations regarding the procedure and sedation.
It is important to uncover intolerances to medications, positioning issues (ability to lie flat,
neck range of motion), sleep apnea/snoring, difficult intubation or any history of unex-
pected events during procedures.

The pre-procedural assessment usually also addresses religion, whether or not the
patient has a ride home (if applicable), who to call in an emergency, and some discharge
planning.

Data should include height, pain score (1-10/10) weight, blood pressure, heart rate,
respiratory rate, temperature, oxygen saturation, whether room air or oxygen (and how
much oxygen), pertinent labs (including very recent glucose or potassium if the patient is a
diabetic or in renal failure), studies, ECG or chest x-ray if appropriate.
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Table 4.1. Richmond Agitation-Sedation Scale (RASS)

Score Description

+4 Combative, violent, danger to staff

+3 Pulls or removes tube(s) or catheter(s); aggressive
+2 Frequent nonpurposeful movement, fights ventilator
+1 Anxious, apprehensive, but not aggressive

0 Alert and calm

—1 Awakens to voice (eye opening/contact) > 10 seconds

-2 Light sedation, briefly awakens to voice (eye opening/contact) < 10 seconds

-3 Moderate sedation, movement or eye opening; no eye contact

—4 Deep sedation, no response to voice, but movement or eye opening to physical
stimulation

-5 Unarousable, no response to voice or physical stimulation

The assessment should include baseline level of consciousness/sedation score, which
should also be monitored and documented during sedation (Table 4.1). In addition, it
should include a baseline modified Aldrete score or the equivalent, so that the patient can be
compared against baseline in the recovery area in order to determine criteria for discharge
from post-sedation monitoring (Table 4.2).

The RN also makes important visual observations about the patient and any accom-
panying family members: eye contact, anxiety, strength, agility, fragility, steadiness, pain,
distress, color, family relationships, and general health status. An astute RN begins planning
appropriate sedation for the specific procedure from the moment she/he meets the patient.
She/he will know if the patient will need lifting or positioning help, constant reassurance, or
an attendant of a certain age or gender. It is important to put the patient at ease and to
reassure him/her that he/she is important and will be well cared for. Questions and
concerns should be solicited, welcomed, and addressed.

If the procedure is to be done in an inpatient ICU room, the unit RN may be called
upon to be the sedation/procedure RN. The ICU RN needs to understand this role
and be prepared to perform it, including completion of a thorough pre-procedure
assessment.

Physician exam, informed consent, and attestation

The United States Centers for Medicare and Medicaid Services (CMS) requires that
the procedure physician participate in the pre-procedure evaluation as well. A licensed
physician or allied health professional (fellow, resident, physician assistant, or nurse
practitioner) may complete the initial assessment and sedation plan, including the physical
exam, which should include heart and lung exam and an appropriate neurological exam as
well as any other pertinent physical abnormalities. An airway exam should be completed
(Table 4.3), and Mallampati scoring should be performed (Figure 4.1).

High Mallampati score, short distance between chin and thyroid cartilage (small
chin), poor mouth opening, short thick neck and other abnormalities predict difficult
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Table 4.2. Adult Aldrete score (modified): a minimum score of 10 (or baseline), with no score less than 1 in any
category, is required for discharge from sedation monitoring

Variable Pre Post

Activity: can move voluntarily or on 4 extremities
command 2 extremities
0 extremities

- N o = N
- N S —= N

Respiration Can deep breathe/cough freely
Dyspnea/shallow or limited breathing/
tachypnea
Apneic/mechanical ventilator

Circulation (preoperative BP BP + 20% of pre-sedation level

mmHg) BP + 20-49% of pre-sedation level

BP + 50% of pre-sedation level

Consciousness Fully awake
Arousable on calling
Not responding

Oxygen saturation % > 92% on room air
Needs O, to remain > 90%
< 90% with O,

O - N O - N O =N O
o — N S —= N S — N O

Total score

Based on Aldrete JA, Kroulik D. A postanesthetic recovery score. Anesth Analg 1970; 49: 924-34.

Table 4.3. A guide to airway examination
Nonintubated patient Intubated patient

O Endotracheal tube O Tracheostomy

O Cooperative patient O Uncooperative 0O Cooperative patient O Uncooperative
patient patient

Mouth opening/TMJ excursion Anatomy externally

oo0O 10203 pts FB O normal O abnormal

Mallampati class History of airway problems
O1o20304 O no O yes

Thyromental distance/chin
00O 10203 pts FB O beard

Teeth
O intact/normal for age O poor repair
O loose O missing

Denture
O in O out

Neck extension/ROM
O full O limited
O Thick obese short neck

Remarks:
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Figure 4.1. (A) Mallampati
scoring classes during an
airway examination (1-4);

(B) Visualization grades during
direct laryngoscopy (1-4).

Class 1 Class 2 Class 3 Class 4
\—’\/ B
PN N~ \___\/
W R >4 SNe—
& <= S
Grade 1 Grade 2 Grade 3 Grade 4

intubation and/or difficulty/impossibility of mask ventilation and should alert the
surgeon/practitioner/physician that the patient is a poor candidate for moderate or
deep sedation, or may be difficult to intubate in an emergency. Other indicators include
but are not limited to the presence of a beard (which may cover a small chin or make
mask ventilation difficult), protruding upper teeth (maxilla relatively large, making
mandible relatively small, predictive of a difficult airway), narrow jaw, history of radi-
ation to the neck or larynx, and loose teeth. If the patient is uncooperative, the airway
exam must be based on external appearance alone. If the patient has an established airway
(tracheostomy or endotracheal tube), airway patency is more or less assured under most
circumstances.

The attending physician is required to review the assessment and exam, talk to the
patient and/or family about the procedure and the sedation plan (including a contingency
plan in the event of failed sedation, which may include consent for anesthesia), and sign
declaring that the patient is a good/appropriate candidate for the procedure and sedation
planned.

An ASA score should be assigned, and the implications of the assigned score should be
considered before proceeding with sedation. Even if the procedure is simple and short, a
moribund patient with a difficult airway who has a massive deep venous thrombosis may
not be a candidate for an inferior vena cava (IVC) filter under minimal or moderate
sedation in radiology. The ASA score (American Society of Anesthesiologists physical
status class) predicts the possibility of adverse events:

e Class 1 patients are healthy with no systemic disease, and the pathologic process for
which the operation is to be performed is localized, without systemic effect. Example: a
healthy athlete scheduled for knee surgery.

e Class 2 patients have mild to moderate systemic dysfunction caused by a coexisting
systemic disease or by the pathologic process for which the operation is to be performed.
Examples: controlled hypertension, controlled diabetes, upper respiratory infection,
smoking, thyroid tumor that does not threaten the airway. Pregnancy and extremes of
age are sometimes included in this category.

e Class 3 patients have multiple-system disease or controlled major system disease that
affects activity. Examples: chronic obstructive pulmonary disease, chronic stable angina,
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obesity (which is a multisystem disease), lung tumor that decreases pulmonary function,
pheochromocytoma after medical optimization.

e Class 4 patients have severe systems disorders that are life-threatening and may not be
correctable by medical management or operation. Examples: congestive heart failure,
unstable angina, severe pulmonary or hepatic dysfunction, major trauma, prematurity
with respiratory distress and necrotizing enterocolitis, pheochromocytoma prior to
medical optimization.

e Class 5 patients are moribund, with little chance of survival with surgery, and no chance
of survival without surgery. Examples: ruptured aortic aneurysm, major trauma,
massive intracerebral injury.

(Class 6 is used to denote a brain-dead organ donor.)

E is used as a modifier to denote emergency operation, with no time to optimize
medical condition. A healthy patient with an acute appendicitis would be classified 1E.
E implies increased risk.

Class 4 and 5 patients are at increased risk for morbidity and mortality, with mortality rates
of 7-50%.

RN affirmation

At the authors’ institution, the registered nurse (RN) as the gatekeeper also signs the bottom
of the pre-procedure evaluation form along with the nursing history form only after she/he
has ascertained that the physician portion is complete. Sedation and procedure may not
commence until the nurse declares the pre-procedure evaluation to be completed.

Final review

The physician and the RN do a miniature “time-out” at the bedside here to concur that the
evaluation is complete and it is safe to proceed. This could be a time for the entire team to
come together for a pre-procedure “huddle” to review patient status and any concerns
before moving the patient into the procedure room. There are successes reported in the
literature related to team building and culture of safety resulting from these huddles.

Procedure selection
Patient selection

Before proceeding to procedure selection, it must be restated that patient selection and
procedure selection go hand in hand. After patients are screened, and even after evaluation
on the day of the procedure, only those patients who are appropriate candidates for sedation
should be scheduled for or proceed with procedures under sedation. It is never too late to
change plans when new information or findings become evident.

Avoid complications and sedation failure by selecting only patients who are amenable to
easy and safe sedation. Consider scheduling patients with the characteristics listed below
under anesthesia rather than under sedation, unless the procedure is amenable to local
anesthesia with minimal sedation, or schedule for sedation with anesthesia backup con-
sented for and immediately available.

A good candidate for sedation is a person with good overall health status, and no
significant comorbid conditions, serious multiple allergies, or known contraindications.
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Adverse events that occur during sedation most often involve the respiratory or cardiovas-
cular systems. The following should always trigger concerns, even if they are discovered at the
last moment:

obesity

difficult airway/significant craniofacial abnormalities

beards (small chins both predict difficult airways and lead patients to grow beards)
sleep apnea

malignant hyperthermia

coagulopathy/hypercoagulability

heart or lung disease that is a threat to life

significant neurological disease

other organ-system disease that presents a significant hazard, such as diabetes

history of anesthesia/sedation complications or sedation failure

intolerance of medications routinely used for sedation

routine medications or drugs that may react with sedation agents

chronic pain or anxiety with a baseline need for analgesics or anxiolytics

pediatric patients, who are not consenting individuals and are thus not obligated to
cooperate

e extremes of age

Procedure and location selection

The scope of practice of the surgeon/practitioner/physician(s) involved and the individual
facility determine the range of procedures possible. The setting may be quite flexible and
general (an operating room) or very specifically designed and equipped (e.g., diagnostic or
interventional radiology, diagnostic or interventional gastroenterology, or cardiac catheteri-
zation lab).

Facilities may also be distinguished by their proximity to the highest level of medical care.
Locations may include those within the hospital that are routinely amenable to anesthesia or
deep sedation (operating rooms, emergency department, intensive care units), those within
the hospital designed specifically for diagnostic and interventional specialty practices includ-
ing gastroenterology, radiology, and cardiology (where procedures usually take place in the
dark!), the detached outpatient surgery center on the medical center campus, one of many
other diagnostic and/or procedural areas on or near the medical center campus, a detached
outpatient surgery center with or without facilities for overnight observation, or a procedure
room in a physician’s private office that serves as its own recovery area.

Procedures should be scheduled in the setting equipped for the specific requirements
and complexity of the procedure, specifics of the recovery, and the anticipated length of
recovery/time to discharge.

Within the hospital itself, there is a range of immediate access to the highest level of care.
Outpatient surgery centers on a medical center campus have access to in-hospital recovery
facilities and 23-hour observation/limited-stay units as well as inpatient floors and intensive
care units. Some detached outpatient surgical centers are equipped for overnight recovery
and observation, although most are equipped only for day surgery. Office practice locations
may be equipped only for recovery in the procedure room itself, allowing procedures to be
scheduled no earlier than the end of the recovery period of the previous patient.
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There should be a finite and known set of designated locations where procedures and/or
sedation can take place within a facility or building, with designated recovery areas for each
location, even if the setting is the physician’s private office. Benefits of designating locations
include the ability to monitor quality of care and the ability to direct rescue personnel
quickly. Potential locations include the following:

e Main hospital operating rooms are usually not a site for procedures under sedation,
but there may be occasions where a surgeon has a series of cases, one of which may
be amenable to local anesthesia, with minimal or moderate sedation. An example
is a surgical oncologist who is removing a small lesion or a portacath, with one of
the post-anesthesia care unit (PACU) RNs administering sedation and monitoring
the patient.

e Vascular multi-use hybrid angiography/operating suites adjacent to or part of the main
operating room can be a site for diagnostic angiography under local with minimal or
moderate sedation. An IVC filter might be placed in a very sick patient with local alone,
with a sedation nurse to monitor, comfort, and reassure the patient.

e Main hospital PACUs or preoperative holding areas may have small monitored
procedure rooms where an emergency thoracostomy might be placed on a patient who
has a pneumothorax discovered on the postoperative chest film under local anesthesia
and minimal or moderate sedation, or a lumbar puncture might be performed with local
anesthesia and minimal sedation. Bone marrow biopsies may be “orphan” procedures,
only occasionally performed under more than local and minimal sedation (moderate
sedation or even general anesthesia), and they might easily be performed in the PACU
or preoperative holding area.

e The emergency department is a site for a number of procedures, including lumbar
punctures, suturing of wounds, and reducing fractures and dislocations. Most
emergency physicians perform at least moderate sedation, and those with advanced
airway skills can perform deep sedation, with end-tidal CO, monitoring. Trauma
patients who are already intubated can undergo even deep sedation, although
hemodynamic instability poses a significant concern. In a trauma center, all manner of
emergency procedures may take place in the emergency department. Relief of pain and/
or anxiety may uncover the symptoms of hypovolemia and shock.

e Intensive care units, including but not limited to the surgical ICU, medical ICU, cardiac
care unit, neuroscience ICU, neonatal ICU, pediatric ICU, and burn ICU, are common
sites of procedures under sedation, including but not limited to thoracostomy
placement, wound debridement, tracheostomy, PEG tubes, placement of invasive
monitoring catheters, and ventriculostomies. If patients are not intubated and
procedures such as ventriculostomies are too painful for moderate sedation,
intubation should be considered or a physician (intensivist) who is credentialed for
deep sedation should be present to administer sedation while the neurosurgeon
performs the ventriculostomy. If the patient is hemodynamically unstable or at risk
of aspiration, as is often the case with an acute upper gastrointestinal bleed, the
airway should be secured before attempting sedation, and the procedure may need to
be performed in the operating room rather than the intensive care unit if massive
transfusion is anticipated. Gastroenterologists find it challenging to cauterize and
clip while directing sedation as well as transfusion, and benefit from a second senior
physician (the anesthesiologist, since an intensivist may not be readily available in
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the middle of the night) stabilizing the patient and transfusing blood products.

A patient may be transferred to the operating room, or an anesthesiologist may be
available to bring the benefits of the operating room to the patient. This
circumstance underscores the importance of consenting for multiple contingencies.
A patient who needs a foreign body removed from the stomach might also best be
scheduled under anesthesia in the operating room rather than in the ICU, since
movement will make the task more challenging.

The ENT clinic procedure room may be a site of long procedures, including rhinoplasty, that
are amenable to local anesthesia and moderate sedation. Despite the length of some of the
procedures, patients are kept fairly comfortable in the minimal to moderate sedation range.
In the urology clinic, routine brief diagnostic cystoscopy is possible with local anesthesia
and minimal to moderate sedation. Patients may be recovered by the RN in the
procedure room itself.

Inpatient and outpatient echocardiography labs may commonly be sites for
transesophageal echocardiography with local anesthesia and moderate sedation. Viscous
lidocaine is gargled and swallowed while the patient is still awake to minimize the
stimulating effect of the echo probe. Benzocaine spray is associated with
methemoglobinemia and its use is not advised since it is impossible to regulate the dose.
If a cardioversion may be required after transesophageal echocardiography, the patient
is pre-consented and evaluated for anesthesia prior to sedation. The two procedures can
take place at the same time in the ICU, or the cardioversion can follow in the ICU after
the echocardiogram in the echo lab.

The cardiac catherization lab is the site of a range of diagnostic and interventional
procedures. Angiography and percutaneous transluminal coronary angioplasty (PTCA)
are usually performed under sedation, as is pacemaker placement. The patient can be
pre-assessed and consented for a brief general anesthesia (with propofol) for the actual
testing of the pacemaker, which takes only a few minutes, after which the patient is
returned to the care of the RN administering sedation. Other diagnostic and
interventional studies are scheduled for sedation or anesthesia after pre-screening and
assessment by the cardiologist. In some circumstances, the patient is evaluated and
consented for anesthesia, which is canceled in favor of sedation if the patient seems to
tolerate sedation without problems. This works well if the cardiologists and the
anesthesiologists communicate effectively. Because the cardiologists work in the dark
and have excellent technology at the authors’ institution, they voluntarily utilize
end-tidal CO, monitors in the cath lab to detect apnea.

Interventional radiology is the site of a range of procedures including CT- and
fluoroscopy-guided biopsies, cryotherapy, placements of drains and stents,
embolization of damaged blood vessels, and neurointerventional procedures.

Both patient and procedure considerations must be taken into account. If the patient
is unstable or potentially unstable, the airway should be secured in advance and an
anesthesiologist should be present to manage the patient, unless the patient is
already intubated and the trauma team is present. A trauma patient who is not

yet unstable but is potentially unstable should not be sent optimistically to radiology
with an unsecured airway and inadequate IV access for diagnostic/possible
interventional procedure in the middle of the night without a contingency plan.

If the patient must not move during the procedure, if it necessitates a prone position,
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or if it is likely to be very painful, the procedure should probably be performed
under anesthesia. Even if the procedure is “minor” but the patient is ASA 3-5,

any sedation other than reassurance may be unwise, and a contingency plan

should be created in advance. Local anesthetic with assurance and vigilant
monitoring is in the end kinder than precipitating a crisis. Because so many
procedures take place in the dark, making it difficult to observe patients, end-tidal
CO, monitoring can be beneficial in this setting.

Diagnostic radiology is the site of many routine procedures (CT, MRI, nuclear
medicine/PET scans, ultrasound) and is easily tolerated by most consenting adults, but
some patients require at least oral sedation and distraction with music or talking.
Patients who have trouble cooperating may or may not be more cooperative with
sedation. Challenging patients might be scheduled under anesthesia or an
anesthesiologist-led nurse sedation team on specific days. A protocol should be
developed to manage recurring sedation challenges so that care is consistent.
Interventional gastroenterology can be the site of both simple diagnostic procedures
(e.g., upper and lower diagnostic endoscopies, enteroscopies) and complex diagnostic
and interventional procedures (including but not limited to endoscopic ultrasound,
ERCP, stent placement, foreign body removal). Even a simple diagnostic procedure is
hazardous if the patient is fragile or obese or has sleep apnea, and again, since
procedures take place in the dark, end-tidal CO, monitoring should be considered even
for moderate sedation. Again, both the patient and the procedure must be considered
when determining whether sedation or anesthesia is appropriate. At many institutions,
as patient acuity and comorbidities as well as procedure complexity have increased, the
percentage of cases done under anesthesia has risen from 40% to 60%, after patient and
case pre-selection by the team at the facility. With high demand for time, most, or all, of
the cases must proceed as planned, without failed sedation or unanticipated adverse
events. Patients who are extremely ill should be scheduled for the main operating room
rather than a detached location.

Aesthetics and plastic surgery practices may distribute their time between the main
hospital operating rooms, a detached outpatient suite on the campus of the medical
center, a detached outpatient suite off but associated with the medical center campus, a
private detached outpatient suite, and a private office. Again, pre-screening allows
procedures and patients to be scheduled in the appropriate location.

An outpatient chronic pain clinic may be the site of procedures, but the patients are
known to the practitioners, and pre-screening is guaranteed. These patients are already
on chronic pain medications, which should not be discontinued, and do not “count” as
part of the sedation given during the procedure. Patients who are not likely to tolerate
sedation should be scheduled in an operating room.

An outpatient laser facility for procedures on eyes or skin may be a site for local
anesthesia with minimal or moderate sedation, or even general anesthesia. Patients can
be pre-screened for type of sedation or anesthesia required, with inability to cooperate
(e.g., pediatric patients) a first consideration.

The pulmonary lab is mostly a site for flexible bronchoscopy, although pulmonologists
also perform bronchoscopies in the intensive care units. Diagnostic flexible
bronchoscopies can be performed with moderate sedation, while rigid bronchoscopies
and flexible bronchoscopies with bronchial ultrasound and biopsies are best performed
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under general anesthesia. Many of these patients are extremely fragile with threatened
loss of airway, and the procedures are often urgent.

e An outpatient surgery center on the campus of a medical center has access to the
hospital itself, but patients should be pre-screened to avoid cancelations, delays, and
problems. Patients can be scheduled under any type of anesthesia or sedation, and it is
possible to schedule and consent a patient for sedation with anesthesia backup since
most patients are scheduled under anesthesia. Patients can easily be transferred to the
main hospital for planned or unplanned admission, although the majority of patients
should recover and be discharged home.

e A freestanding surgery center detached from the medical center campus must be more
self-sufficient, although there may often be access to anesthesia care as well as sedation.
Patients should be pre-screened and cases should be scheduled appropriately. Some
centers may be staffed and equipped for 23-hour overnight observation, but most
patients are expected to recover and be discharged home. This is not the ideal setting for
the patient who is fragile or ill, or for procedures involving significant fluid shifts and
blood loss. Any member of the team should feel empowered to call emergency
ambulance services if she/he feels a patient is in danger.

e The physician’s private office is extremely isolated, and, in general, only very simple
procedures with local or minimal sedation are appropriate in this setting. Mohs procedures,
biopsies, vasectomies, and lumbar punctures are procedures which are amenable to local
anesthesia with minimal sedation. When such a procedure is routinely performed in a
facility equipped and staffed for the procedure, most patients do well.

Criteria for selection

Consider the length of each procedure. Schedule procedures in locations detached from the
medical center campus only if the procedure and recovery period can be completed within
the working day (which may include overnight observation in some facilities). Consider how
long a patient can comfortably lie still in a given position, and the cumulative dose of local
anesthetic, sedative, and/or opioid that will be required before the procedure is completed.

Schedule procedures in locations equipped both for the procedure and for sedation and
any contingencies that can be routinely expected as a result of either the procedure or the
patient. Always consider the patient when choosing the location.

If a procedure involves or may involve blood loss, schedule it in a facility where
transfusion is an option.

Procedures taking place out of the operating room setting should be amenable to local
anesthesia with minimal or moderate sedation unless they are to take place in the emer-
gency department or intensive care unit with physicians credentialed and skilled in deep
sedation or anesthesia. Schedule procedures that require deeper sedation or anesthesia, even
if appropriate for the location, for a day and in a setting when deep sedation or anesthesia
care can be provided.

Procedures where it is critical that the patient does not move (with or without requiring
cooperation from the patient) should not be scheduled under significant sedation.
A significantly sedated patient may not be relied upon to remember to cooperate, and a
patient cannot be guaranteed to stay still unless he/she is unable to be uncooperative, and
the latter circumstance is beyond the scope of sedation practice. More sedation is rarely
the solution to restlessness, agitation, or lack of cooperation.
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If a procedure may be amenable to sedation in some patients, but not certainly amenable
to sedation in all patients, it is reasonable to schedule patients on a day when both sedation
and anesthesia are available. Evaluate patients and consent them for both contingencies.
This allows a greater range of options without aborting the procedure and rescheduling.

Summary

The chapter covers pre-screening, history and physical for evaluation of patients who are
potential candidates for procedures under sedation, as well as instructions for patients.
Reevaluation of patients on the day of the procedure is a requirement and should be
documented, along with exam by the proceduralist physician, informed consent, and
affirmation by the RN that all is in order prior to initiation of sedation. Patient and
procedure should be determined to be appropriate for sedation, and selection criteria are
discussed.
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Patient monitoring and equipment
Standard monitoring

Monitoring is one of the most important aspects of the practice of sedation. An appropri-
ately trained and experienced healthcare provider is considered the only indispensable
monitor for the immediate supervision of the staff as well as the observation of the patient.
Indeed, a qualified healthcare provider is the main determinant of patient safety during
sedation and anesthesia [1-4]. Therefore, any physician or other healthcare provider who
will be involved in patient care during any procedure requiring sedation should be clinically
competent in the practice of resuscitation and monitoring. The reader is referred to the
Guidelines and Standards section of the book, and needs to be familiar with specialty-
specific monitoring practice advisories.

Furthermore, healthcare providers should be familiar with monitoring equipment and be
able to interpret the data obtained from it. Mechanical and electronic monitors are a good
resource and can provide useful information to assist the healthcare provider in ensuring the
integrity of vital organs and proper perfusion and oxygenation of tissue [1]. Although
monitoring will not prevent all adverse events or accidents in the perioperative period, there
is vast evidence that it will improve patient safety by detecting the consequences of errors and
by giving early warning that the condition of a patient is deteriorating.

The monitoring process, basically “data collection,” involves vigilant observation of the
patient’s signs and symptoms and interpretation of data provided by the monitors. Initi-
ation of corrective action and timely therapeutic intervention are required if any parameters
are found to be out of range and clinically significant.

Moderate and Deep Sedation in Clinical Practice, ed. Richard D. Urman and Alan D. Kaye.
Published by Cambridge University Press. (© Cambridge University Press 2012.
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Table 5.1. Patient monitoring and supplementary devices

Basic monitoring

Pulse oximeter

Electrocardiography (ECG)

Automatic noninvasive blood pressure measuring device
Capnography (increasingly utilized for moderate/deep sedation)
Respiratory monitorig devices

Additional monitoring (as required)

Brain function monitor (e.g bispectral index monitor)
Transesophageal echocardiography

Invasive blood pressure monitoring (peripheral arterial, central venous, pulmonary arterial)
Temperature measurement

Supplementary Equipment (immediately available)
Stethoscope

Appropriate lighting

Defibrillation and other resuscitation equipment

Drug and fluid infusion devices

In the past, the availability of technology and monitoring devices was limited to the
most primitive monitoring equipment in medicine such as the stethoscope and the manual
blood pressure cuff. The data obtained from these devices were interpreted by an experi-
enced physician and utilized for the application of therapeutic interventions. In the present,
data collection can be accomplished either manually or automatically. With the develop-
ment of new and advanced technologies, basic automatic data collection monitoring devices
are available to most sedation and anesthesia providers, and to healthcare institutions at
almost every level.

While automatic data collection systems provide continuous data on several patient
parameters allowing more time for the provider to make a clinical decision, these systems
also have built-in alarms. These may give false or no alarm, contribute to “alarm fatigue”,
display distorted data, or even malfunction in the middle of a case [3,5]. Therefore, the use
of these monitoring devices has to be under the premise that they will never be a substitute
for a trained healthcare provider and the initial manual monitoring techniques. Monitoring
equipment can range from very basic to more sophisticated (Table 5.1), dictated by patient’s
condition and the procedure being performed.

It is important to emphasize that when administering a sedative/analgesic to a patient,
this must occur in an adequately equipped facility. The minimally required equipment for
patient monitoring, drugs, and other supplies must be readily available, including life
support and emergency resuscitation equipment [1] (Table 5.1).

Monitoring should be tailored to the specific operative procedure, the patient’s risk
factors, underlying medical conditions, and the type of sedation/anesthesia to be adminis-
tered [5] (Table 5.2).
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Table 5.2. Monitoring requirements for different anesthetic and sedation techniques
Monitoring during deep sedation and general anesthesia
Blood pressure (noninvasive or invasive; CVP, PAP, if applicable)
Pulse oximeter

Electrocardiography

Temperature probe

Capnography

Exhaled/inhaled anesthetic gas concentration (intubated patients)
Circuit low pressure alarm (intubated patients)

Additional ventilator parameters (intubated patients)

Monitoring during moderate sedation

Blood pressure (noninvasive or invasive)

Pulse oximeter

Electrocardiography

Capnography (see ASA and other professional society guidelines)

Additional monitoring for intubated patients (see above)

CVP, central venous pressure; MAC, monitored anesthesia care; PAP, pulmonary artery pressure;
ASA, American Society of Anesthesiologists.

Monitoring outside the operating room is becoming more frequent and necessary.
Advances in technology for surgical, therapeutic, and diagnostic procedures are increas-
ingly opening new possibilities and new procedural sites away from the operating room that
nevertheless require adequate and reliable patient monitoring. Although these procedures
are generally shorter in duration and may be done on an outpatient basis, they may be
complex and involve medically challenging patients. Thus, patient monitoring requirements
should be the same in these remote locations, since the monitoring is no less important
than when patients undergo procedures in the operating room or when they require
postoperative hospitalization [6].

It is the responsibility of the healthcare provider who will be administering sedation and
monitoring the patient to check all equipment before starting each case and, if possible, to
complete an equipment checklist. Healthcare providers must be familiar with the equip-
ment that they will be using, and they must verify adequate functioning of the following, as
applicable: oxygen supply, suction, monitoring devices, breathing systems, vapor analyzer
(if applicable), infusion devices, and alarms.

Monitoring must be performed during all phases of sedation. It involves the observation of
the data provided by the monitoring devices as well as clinical observation of the patient’s
mucosal color, pupil size, response to procedure stimuli, and movements of the chest wall.
During the start and maintenance of sedation the following must be utilized and monitor
readings periodically recorded: pulse oximeter reading, blood pressure reading, electrocardi-
ography, measurement of airway gases such as inspired oxygen flows/concentration and exhaled
carbon dioxide (if used), and airway pressures and tidal volumes (if the patient is intubated) [2].
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Cardiovascular and hemodynamic monitoring
Arterial blood pressure monitoring

Blood pressure is an indirect way to measure and monitor adequate organ perfusion.
During the procedure blood pressure may vary and organ perfusion may be comprom-
ised. The accurate measurement of blood pressure is of extreme importance to guide the
therapeutic approach of the care provider. Normal blood pressure ranges are considered
those under 120 mmHg systolic and 80 mmHg diastolic. Values over these parameters
are considered hypertension, and the JNC-7 (Joint National Commission, 7th report) has
classified elevated blood pressure into the categories shown in Table 5.3 [7]. Hyperten-
sion increases the risk of patients developing cardiac arrhythmias, increased myocardial
oxygen consumption, bleeding, increased systemic vascular resistance and heart rate
[3]. Therefore, hypertension should be addressed prior to procedure to prevent these
complications. The ultimate goal should be to manage and control blood pressure at
the same time by balancing the effects of the body’s autoregulatory mechanisms
and the use of antihypertensive and sedative medications, in order to maintain blood
pressure within the desired range. Adequate hemodynamic control may not only limit
postoperative complications but also provide improved long-term outcomes. Monitoring
plays an important role in enabling the clinician to predict the blood pressure response,
rapidly and flexibly control it, and ultimately adjust the treatment to each individual’s
needs [8].

Nevertheless, attention should also be directed towards detecting lower than normal
blood pressure, or hypotension. Although hypotension has not been classified as precisely
as hypertension, in general, hypotension is considered a drop in blood pressure to levels
that affect blood flow to organs enough to generate symptoms and/or signs of low blood
pressure. The amount of pressure required for a patient to maintain adequate blood flow to
a vital organ varies among individuals. Therefore, clinically significant hypotension has
been defined as a drop in systemic arterial blood pressure of more than 20-30% below the
preoperative blood pressure, or a mean arterial pressure of less than 60 mmHg. The aim
should be to keep the mean arterial pressure above 75% of the patient’s baseline value.
Hypotension may occur in response to hypovolemic states, reduced cardiac output,
myocardial ischemia, sepsis, effect of drugs and anesthetic agents, vagal responses, or
acidosis [3,9]. Management of hypotension will be tailored to the underlying cause while
providing adequate oxygenation, volume replenishment, and correction of the metabolic
changes.

Table 5.3. JNC-7 blood pressure classification in adults (> 18 years old) [/]

Blood pressure categories Systolic Diastolic

Normal < 120 mmHg < 80 mmHg
Prehypertension 120-139 mmHg 80-89 mmHg
Stage 1 hypertension 140-159 mmHg 90-99 mmHg

Stage 2 hypertension > 160 mmHg > 100 mmHg
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Table 5.4. Noninvasive and invasive blood pressure monitoring techniques

Noninvasive blood pressure monitoring
Auscultation of Korotkoff sounds

Palpation of arterial pulse

Doppler ultrasonic flow probes
Oscillotonometry

Automated devices

Invasive blood pressure monitoring
Arterial cannulation

Central venous catheter

Pulmonary artery catheters

Blood pressure can be monitored and measured by many different methods, mainly
classified into noninvasive and invasive (Table 5.4).

Noninvasive arterial blood pressure monitoring

Noninvasive monitoring involves applying external pressure with a manual blood pressure
cuff over the proximal upper or lower limb. The standard location for blood pressure
measurement is usually considered the brachial artery. The cuff is applied to the proximal
part of the arm just above the elbow and inflated, transiently interrupting arterial blood
flow until the distal pulse of the limb disappears. Then it is slowly deflated until the pulse
reappears. In the clinical setting, the gold standard and the most frequent interpretation
method used by physicians is the Korotkoff sounds method. This requires the use of a
mercury sphygmomanometer and a stethoscope to listen to the sounds that are generated
from the turbulence of the blood as it begins to flow again through the artery, and as the
pressure from the inflated cuff decreases. The first sound generally corresponds to the systolic
blood pressure, while the moment the sound disappears corresponds with the diastolic blood
pressure. When performed properly, this method is considered one of the most accurate,
although there is still some degree of error common to all manual techniques. It is important to
keep in mind that the size of the pressure cuff in relation to the patient’s limb diameter may
influence the accuracy of the pressure measurement. A cuff that is too narrow may give higher
than normal measurements, and a cuff that is too wide may give lower values. Normally, the
cuff should cover around two-thirds of the proximal limb or measure 20% more than the
diameter of the limb (Table 5.5). Also, if the cuff is deflated too fast, this can result in higher
blood pressure measurements. The recommended cuff deflation rate is 3-5 mmHg per second
[4,11,12]. Other variations in blood pressure may also result from changes in the location
of the blood pressure measurement and changes in posture. The more distal the artery, the
more the systolic pressure increases and the diastolic pressure decreases [12]. Diastolic blood
pressure measurements tend to be slightly higher in patients who are sitting versus supine [4].

The oscillotonometric method is a technique consisting of observing the oscillations of
pressure on the sphygmomanometer cuff during gradual deflation. The point where
maximal oscillations are observed has been shown to correspond with the mean arterial
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Table 5.5. Mercury sphygmomanometer cuff sizes

Indication Bladder Arm

Width x length Circumference
Small adult/child 12 x 18 cm <23cm
Standard adult 12 x 16 cm <33 cm
Large adult 12 x 40 cm < 50 cm
Adult thigh cuff 20 x 42 cm <53 cm

Reproduced with permission from Williams et al. [10].

Table 5.6. British Hypertension Society recommendations for blood pressure measurement
by standard mercury sphygmomanometer or semiautomated device

Verify that the device is validated and properly calibrated

Preferably measure blood pressure in the sitting position

In elderly and diabetic patients obtain an initial measurement for comparison
Ensure patient is comfortable by removing tight clothing

Raise arm to heart level and ask the patient to relax the limb

Ask the patient to remain silent during the measurement procedure

Verify that the cuff size is appropriate for the patient

Deflate the cuff slowly by lowering the mercury column at a rate of 2 mm/s
Measure and record blood pressure to the nearest 2 mmHg

Consider diastolic blood pressure at the point of sound disappearance (phase V)
Take two readings and use the mean

An isolated reading should not be considered enough basis to initiate treatment

Reproduced with permission from Williams et al. [10].

pressure. This technique has been used for the development of ambulatory blood pressure
monitors and home monitors.

Ultrasound techniques are used when patients have very weak or inaudible Korotkoff
sounds. An ultrasound transmitter is placed over the artery under a sphygmomanometer
cuff. The transmitter will detect the motion of the blood vessel as the flow increases, and
also the decrease in motion of the artery as it reaches diastolic blood pressure levels [11,12].
The guidelines for management of hypertension from the British Hypertension Society
describe the appropriate method to be followed for the accurate measurement and inter-
pretation of blood pressure values [10] (Table 5.6).

Blood pressure measurement equipment

e Mercury sphygmomanometers, based on mercury displacement, are considered the
gold standard for clinical measurement of blood pressure. This device has hardly
changed for the past 50 years and has not been surpassed by any other device in terms of
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Table 5.7. Arterial line insertion technique

1) Immobilize the forearm and hand

(
(2) Hyperextend the wrist

(3) Palpate the radial artery and prep the skin

(4) Administer 1% lidocaine locally

5

(6) Place the catheter: direct threading or transfixing methods
(7) Securely attach the catheter and T-connector to the skin

(
(

)
)
)
)
) Select catheter size: 18-20 adults, 22-24 infants
)
)
8) Join the T-connector to the transducer system
)

9) Flush the line with approximately 3 mL saline

accuracy and satisfaction. The current tendency is to withdraw mercury from its use in
sphygmomanometers, as has happened with thermometers. The major concern is the
metal’s toxicity and safety. The downside is that there has not been a more accurate
device developed to replace it.

e Aneroid devices (aneroid means “without fluid”) are devices capable of measuring the
pressure of liquid, as well as of gas. These have been less popular because of significant
concerns about their accuracy [13].

e Automated devices or electronic monitors are used frequently in the clinical setting
because of their ability to provide periodic blood pressure measurements. These
readings can be scheduled or timed according to the frequency required. The
American Society of Anesthesiologists Task Force on Sedation and Analgesia by
Non-Anesthesiologists recommends that blood pressure should be measured at a
minimum of 5-minute intervals during the procedure, unless such monitoring interferes
with the procedure [14]. Some devices allow readings as frequently as every minute,
although such short cycles should be avoided for routine monitoring [11].

Invasive arterial blood pressure monitoring

Invasive arterial BP monitoring is a method of direct arterial pressure monitoring by means
of a peripheral arterial catheter that connects to an external transducer [4,11]. Direct
blood pressure measurement is indicated in cardiopulmonary bypass surgeries and hemo-
dynamically unstable patients when ample variability in blood pressure is expected. Also, a
tight control of blood pressure may be required in patients with intracranial aneurysms,
severe carotid or coronary artery disease, induced hypotension cases, and when there is a
need for numerous arterial blood gas samples. The most common site chosen for cannula-
tion is the radial artery. Some complications associated with the placement of the line are
thrombosis, distal ischemia (< 0.1%), infection, hemorrhage, and fistula or aneurysm
formation [4,11]. The insertion technique is summarized in Table 5.7.

Electrocardiography (ECG)

The ECG is an indirect method of measuring cardiac electric activity by means of a visual
display. Monitoring the ECG signals in the sedated patient offers the ability to detect cardiac
arrhythmias, myocardial ischemia, electrolyte imbalances, and the presence of pacemaker
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Figure 5.1. Proper placement of the ECG leads.

White
(RA)

function [3]. The most important aspect of ECG monitoring is correct electrode placement
(Figure 5.1). Two sensing electrodes and one ground electrode are required as a minimum,
although four- or five-lead monitoring is also frequently used. Special attention should be
paid to both electrode positioning and placement, since the improper application of the
electrodes could predispose to electrical noise and inadequate graphing of the signals [11].
Lead I, II, or III are generally used for procedural monitoring and recovery. Lead II is
most commonly used because it allows good visualization of the P waves and facilitates
the detection of arrhythmias. Lead Vs is preferred for the detection of myocardial ische-
mia [3,15] (Table 5.8).

Respiratory monitoring

Monitoring respiratory activity can be achieved by capnography or auscultation of breath
sounds. A method of indirectly monitoring respiratory activity by chest observation alone does
not guarantee adequate air exchange. Automated apnea monitoring and appropriate alarms
are especially useful when the patient is physically separated from the healthcare provider.
Since ventilation and oxygenation are distinct physiologic processes, the monitoring of both
respiration and oxygenation should be considered.

Monitoring of oxygenation

Pulse oximetry was developed in the early 1980s and is now the primary source of oxygen
saturation monitoring in any clinical setting. Pulse oximetry indirectly measures arterial
oxygen saturation of the blood, noninvasively and continuously. It has been shown to be
effective to detect desaturation and hypoxemia earlier than clinical observation of the
patient alone. The hemoglobin saturation is determined by light-absorbance techniques
that measure the transmitted light by oxyhemoglobin and deoxyhemoglobin combined.
A normal SpO, (95-100%) indicates adequate oxygenation of the lungs and peripheral
tissues. It must not be assumed, however, that this is an indication of the amount of oxygen
that is actually being delivered. A low SpO, may indicate a problem with the patient or with
the monitor. It is important to consider the possibility of artifacts in the measurements.
Some of the artifacts can be related to the use of contrast dyes (methylene blue, indocyanine
green, indigo carmine), increased carboxyhemoglobin, presence of large amounts of methe-
moglobin, and noise generated by the surgical electrocautery or other electrical devices in
the operating room [3,11].
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Table 5.8. ECG monitoring

ECG analysis Possible abnormalities
Rate Regular or irregular
P—P interval Tachycardia or bradycardia
Rhythm Sinus rhythm determined by the presence of P waves
Atrioventricular conduction blocks: absence of P waves
Premature depolarizations Extrasystoles
Atrial
Ventricular
Fibrillation Atrial
Ventricular

Ectopic tachycardias

Myocardial ischemia

ST segment elevation or depression

Detect changes in the QRS complex — Q wave
Electrolyte imbalance

Hyperkalemia Tall peaked T waves (> 6 mEg/L)
Prolongation of PR interval (> 7 mEqg/L)
Absent P wave with wide QRS complex (> 8 mEqg/L)
Ventricular fibrillation, “sine wave pattern,” asystole

Hypokalemia T wave depression
Prominent U waves

Pacemaker function
Sharp electrical spikes where one would expect P waves

Other ECG patterns possible, depending on the type of pacemaker

Based on information from Webster et al. [15].

Temperature monitoring

Although patients undergoing sedation are not exposed to potent inhalation agents used for
general anesthesia, the importance of temperature monitoring should not be underesti-
mated. Patients undergoing minor surgical procedures are generally exposed to the ambient
enviro