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NURSING'S ROLE IN PAIN MANAGEMENT
SUMMARY

CHILDREN'S RESPONSES TO PAIN AND ANXIETY

ew technology and drug regimens for the treatment of
children with critical illnesses and injuries have led to
increasingly successful outcomes. However, with this success comes the clinical challenge of providing optimal
management of children's distress associated with intensive
care therapy. Nonpharmacologic and pharmacologic approaches to the relief of pain, anxiety, and agitation and for
the promotion of rest are well-recognized goals in the
nursing care of critically ill infants and children.
Discomfort is an almost universal consequence of critical
illness. Chest, endotracheal, and nasogastric tubes are unpleasant interventions associated with some degree of pain.
Exposure to an environment characterized by excessive
stimulation: bright overhead lights; strange noises associated with monitors, ventilators, suctioning; and medical
emergencies, even those involving other patients; and lack
of diurnal variation contribute to children's distress and anxiety often exhibited as agitation. Although young children
cannot always explicitly describe what stresses they are
feeling, older patients in the pediatric intensive care unit
(PICD) can do so and report their experiences while being
supported on mechanical ventilation. These patients indicate
that they experienced distress caused by pain, inability to
speak or reposition themsel ves when uncomfortable, the
tugging of ventilator tubing, the discomfort of being suctioned, and the hectic pace of the unit interfering with rest. 1.2
Pain is defined by the International Association of Pain 3
as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in
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Part III

Phenomena of Concern

terms of such damage." The implication of this definition is
that pain is both a sensory and emotional experience.
Anxiety is a sustained state of apprehension in response to a
real or perceived threat associated with motor tension,
autonomic activity, and vigilance scanning. Agitation is
excessive, often nonpurposeful motor activity associated
with internal tension and accompanied by anxiety, panic,
depression, delusions, hallucinations, and delirium. Delirium is the state of reduced ability to appropriately respond
to external stimuli, usually manifested as disorganized
thinking (rambling, incoherent speech), decreased level of
consciousness, altered sensory perception, disorientation, or
altered level of psychomotor activity, including agitation 4 A
key problem with agitation is the potential for physical
injury. Agitation can be the result of children experiencing
intolerable levels of pain and anxiety. However, agitation
can also result from hypoxia, bronchospasm, or inadequate
ventilatory support. Nurses are challenged to sort out what
the causes may be in agitated infants and children to provide
the appropriate interventions.
Pain and anxiety often coexist and magnify each other.
Minimizing pain and anxiety is an essential treatment goal
in the prcv, leading experts to develop treatment protocols
using psychosocial interventions, pharmacologic agents,
and the provision of the least stressful environment for children. The goals of analgesics and sedatives are to (I) alleviate anxiety or distress, (2) improve comfort, (3) facilitate
medical procedures, (4) promote sleep, (5) prevent later
memory of particularly distressing interventions, (6) tolerate
having an endotracheal tube, (7) enable safe and effective
ventilation, (8) reduce oxygen consumption, (9) control intracranial pressure, and (10) optimize cerebral perfusion
pressure.
Conventionally, pain management was initiated after
noxious stimuli, such as surgery. Recent advances in our
understanding of the responses to pain have generated interest in active intervention to prevent it from occurring. 5 Preemptive analgesia is a strategy in which analgesia administered before the painful stimulus is given to prevent or
reduce subsequent pain and analgesic requirements. The hypothesis is that this strategy prevents or reduces the "memory" of pain in the nervous system. The benefit of preemptive analgesia has been well established in animal studies,
although results from clinical studies are at best mixed. 6
Despite these mixed results, preemptive analgesia appears to
be an appropriate and humane goal of clinical practice.
During the last decade, interest and research regarding
pain in infants and children has mushroomed. A heightened
awareness of pain in such patients has led to improved
measures in the prevention, assessment, and treatment of
pain in all age groups.7-IO This shift in practice has been the
result of recent basic and clinical research, as well as more
attention to appropriate pain management by accrediting
healthcare organizations and national commissions. II However, even today, the general consensus is that pain and
anxiety are often underrecognized and undertreated. There
continues to be inadequate amounts of analgesics and
sedatives ordered by physicians and insufficient administration of these prescribed medications by nurses,z,7,1O.12.13

Despite advances in healthcare, unrelieved pain remains a
problem, and adults who can describe their hospitalization
continue to relate pain as a major stressor and their worst
memory of critical care.14.14a Examination of barriers to
effective pain management in children may help to explain
this suboptimal treatment.

BARRIERS TO EFFECTIVE PAIN
MANAGEMENT IN CHILDREN
Patients, families, and even healthcare professionals continue to have a lack of knowledge and many misconceptions
about treatment options, especially regarding the use of
opioids (narcotics) leading to addiction. These misunderstandings continue to prevent the timely and appropriate
treatment of patients of all ages. Confusion exists regarding
three terms associated with use of opioids: addiction,
physical dependency, and tolerance. These terms are often
used inappropriately and interchangeably, perpetuating misconceptions.
Drug addiction is defined as a pattern of compulsive drug
use characterized by a continued craving for a drug and the
need to use it for effects other than relief of symptoms such
as pain. 15 Persons who are addicted obtain drugs for their
mind-altering properties, not for medicinal purposes. A
behavioral pattern is established, characterized by spending
time acquiring or using drugs, abandoning normal social or
occupational activities because of the need for the drug, and
using the drugs despite adverse psychologic or physical
effects. 16 Public attention has been needed regarding the
very real concern of young people becoming abusers of
unprescribed substances, including narcotics. However, the
media campaign of constantly warning citizens to "just say
no to drugs" has not made it clear that this does not extend
to the use of narcotics under the supervision of healthcare
providers. (In light of the negative perception induced by the
using the word narcotic, the term opioid is used throughout
the remainder of the chapter when pertaining to medically
prescribed analgesics.) Parents continue to have fears that
their children will get "hooked" and become addicts. Yet
less than I % of children and adults treated with opioids for
medical reasons develop addiction, unless they have had
prior history of substance abuse,z·16,17 Therefore withholding adequate pain relief from a suffering patient on the
theoretical grounds of addiction is inappropriate.
Physical dependence means that the patient has developed a physical need for the drug, such that rapid withdrawal will manifest as a specific set of symptoms. It is a
well-recognized phenomenon that occurs after prolonged
opioid, benzodiazepine, barbiturate, and steroid administration or other nonprescribed substances, such as nicotine.
Tolerance is the development of a need to increase the dose
to achieve the same effect previously attained with a lower
dose. Patients appropriately treated with opioids, benzodiazepines, and barbiturates can become tolerant and physically dependent, and these terms are clinically important
only because they influence the choice of the appropriate
dosage and schedule for weaning patients from these
medicines.
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In addition, concerns exist regarding the safety of the
administration of opioids to infants and children. Opioids
are no more dangerous for children than they are for
adults when appropriately administered. Some differences
are found in opioid pharmacodynamics and pharmacokinetics used in infants younger than 6 months of age, but
adequate analgesia can still be provided safely with
appropriate dosages, intervals of drug administration, and
rate of administration of parenteral preparations. Even today an excessive and unfounded concern over young
children's immature metabolic capacity causing drug
accumulation and subsequent adverse effects has been
a major deterrent to administering opioids to pediatric patients. Acknowledgement that respiratory depression is a
serious and well-known side effect of opioids is appropriate. However, this effect rarely occurs in children.
Of important note is that pain acts as a natural antagonist to
the analgesic, and opioid side effects making respiratory
depression less likely in children who are experiencing
acute- pai n.
This apparent deafness to patients' complaints does not
reflect a lack of compassion. Instead, it is a product of
a pattern of a lack of knowledge about pain management
interventions and the need for easier methods of recognizing untreated pain. Physicians and nurses mistakenly
continue to believe that neuromuscular blocking agents
(NMBAs), such as pancuronium, have anxiolytic or
analgesic effects, as well as being unaware of the harmful
physiologic effects of unrelieved pain. Continued undertreatment reflecting limitations in training about pain
assessment, analgesic pharmacology, and behavioral interventions is still prevalent in healthcare. Also, a misunderstanding remains regarding neurodevelopment, such
as believing that young children do not have the neurologic
system maturity to feel pain, which may promote an
underestimation of children's pain experiences. Some
healthcare professionals hold onto the now refuted theory
that infants and young children have no memory of
painful or anxiety-provoking experiences, leading to the
erroneous conclusion that optimal pain management is not
necessary.
Healthcare professionals may cite the "resiliency" of
children or their ability to "bounce back" as indicators that
children do not feel pain as much as adults do. In fact,
children's ability to cope with distress through playing or
watching television is useful as a positive copillg mechanism. However, caregivers may interpret these observations
as children are not suffering, resulting in the withholding of
appropriate analgesics.
The reasons that pain has been ineffectively managed in
pediatric patients lie in the subjective nature of pain and the
need to verbally communicate its presence and intensity.
Developmental stages of young children may preclude
effecti ve communication of their pain. Pain is a complex
and individualized sensation that is difficult to quantify,
particularly for children. As early as 1968, McCaffery 7
recommended to those in clinical practice to consider that
"pain is whatever the experiencing person says it is, existing
whenever he say it does." However, assessment tools in
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which children can use self-report are limited to those who
are at the very least older than 3 years of age. Children
who are critically ill may have less ability to demonstrate behavioral signs of pain because of neurologic
deficits associated with their illness or suppression by
NMBAs. Therefore clinicians in the ICU rely on their own
informal observations to determine whether children are
hurting.
Even when children can self-report, it has been shown
that pediatric nurses do not routinely use self-report and
pediatric pain tools in their practice, despite their ease of use
and proven validity and reliability.8.17a Some nurses continue to use self-report only to confirm other indicators of
pain. 18 This discrepancy in practice may lead to large
variability in pain assessments and thus inconsistency in
pain management interventions for a child.
Inadequate documentation of pain management continues to lead to overall ineffective pain management. Pain
experts and organizations continue to stress the need to
make pain more visible. Unlike other vital signs, pain is not
displayed in a prominent place on the chart or at the bedside.
Strategies offered by pain organizations, such as the
American Pain Society, have recommended including the
measurement of pain intensity as a fifth vital sign, making
this data more available to those making treatment decisions. However, institutions have been slow to comply with
this recommendation. 7 Even when pain is assessed by
clinicians, failure to accept children's report of pain is still
a problem, especially if pain is reported in the absence of
objective signs of tissue damage. Few things dismay all
patients more than sensing that their doctors and nurses are
questioning whether their pain is "real."
Further complicating pain assessment strategies is the
premise supported by society that pain is to be expected
and endured, as evidenced with the phrases "no pain,
no gain," or "pain builds character," or that by asking for
analgesics, a person is being "weak." For children with
medical problems, this premise needs to be replaced with
"pain can kill." Children may deny pain if they believe they
are supposed to be brave or if they anticipate receiving an
injection for pain. For example, a child may suffer in silence
for fear of being given a "shot," particularly if he or she
does not understand the concept that asking for pain
medication will result in pain relief. Therefore children
often cannot or will not report pain to their care providers;
thus nurses must anticipate pain, recognize subtle indications of pain, and intervene to relieve pain.

ANATOMY AND PHYSIOLOGY
Pain involves a response of the peripheral nervous system,
the autonomic and skeletal motor systems, and the central
nervous system. A simple stimulus-response model is often
used to describe pain transmission and pain perception.
Although this model is useful, it must be remembered that
individual response to pain often defies straightforward
anatomic and physiologic explanation. A one-to-one relationship does not exist between a noxious stimulus and an
individual's response to the pain.
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Phenomena of Concern

Peripheral Nervous System
Nociception is the term used to describe normal pain
transmission. This process begins in the periphery (skin,
subcutaneous tissue, visceral or somatic structures), where
primary afferent neurons, called nociceptors, are distributed.
Nociceptors are free nerve endings with the capacity to
distinguish between noxious and harmless stimuli. When
tissue is exposed in sufficient quantity to noxious stimuli,
tissue damage occurs, followed by the release of chemical
substances, called mediators, from damaged cells, initiating
and facilitating the movement of the pain impulse from the
periphery to the spinal cord. Substance P is one of these
mediators that transmits pain by the ascending spinal tracts.
Prostaglandin E sensitizes tissues to bradykinin. Histamine,
potassium, and bradykinin are released from mast cells and
are actively involved in the inflammatory response to
painful injuries. Peripherally acting agents such as aspirin,
acetaminophen, and nonsteroidal antiinflammatory agents
(NSAIDs) inhibit prostaglandin synthesis and activation of
the nociceptors.
A stimulus is activated in response to thermal, chemical,
or mechanical trauma, causing an impulse to be transmitted
by nociceptor fibers. Two types of nociceptor fibers, C fibers
and A-delta fibers, are responsible for the transmission of
pain from the periphery to the spinal cord 6 The A-delta
fibers are thinly myelinated neurons that conduct impulses
at rapid velocity and have a low threshold for firing. Once
activated, these fibers are associated with what is described
as "first pain": a sharp, intense, and well-localized sensation. The C fibers are unmyelinated; they conduct impulses
at a slower speed and have a relatively high firing threshold.
They are associated with a later onset or "second pain,"
which is described as a poorly localized, dull, burning,
prolonged sensation.
Both A-delta and C fibers share the property of sensitization, which has clinical implications. Both nociceptors
become more sensitive and more reactive with repeated
episodes of noxious stimulation. Injuries such as bums,
bruises, and abrasions are often accompanied by hyperesthesia (increased sensitivity to mild stimuli) or hyperalgesia
(increased sensitivity to painful stimuli). The threshold to
sensory stimulation is decreased, and even commonly
innocuous stimulation is experienced as painful.
Peripheral nociceptors remain unmyelinated or thinly
myelinated throughout the life cycle from infancy to
adulthood. Lack of myelination does not imply lack of
conduction and perception but, rather, slower conduction.
Therefore the lack of myelination of peripheral nerves in
the infant does not support the assertion that infants
cannot appreciate pain. Moreover, the slower conduction
velocity characteristic of unmyelinated nerves may well be
offset by the shorter distances that the nerve impulse travels
in a small infant.

Spinal Cord
Pain stimuli are delivered by sensory neurons from the
peripheral site of trauma to the spinal cord. Nociceptors and
other sensory fibers travel to and converge on cells within

the dorsal hom of the spinal cord. The dorsal hom cells
activate several central mechanisms involved in the appreciation and response to painful stimuli. Some dorsal root
neurons initiate a protective, spinal reflex in response to
pain; for example, pulling one's hand away from a hot stove
even before the heat and burning are consciously realized.
Some dorsal hom cells are involved with inhibition of
further incoming nociceptive input. When these cells
become damaged from nerve injury and inhibition is
removed, pain sensation increases. Most importantly, dorsal
horn cells activate central transmission tracts that relay
peripheral input to higher brain centers. These messages
travel to the thalamus and, finally, to the brain.

Central Nervous System
The spinothalamic and the spinoreticular tracts are the main
central pathways of pain impulse transmission. These tracts
synapse in different areas of the thalamus and then continue
and ultimately terminate in various areas of the cortex. The
spinothalamic tract travels to and synapses in the lateral
thalamus. From here, the tract continues to and terminates in
the somatosensory cortex. The spinothalamic tracts "map"
information onto the somatosensory cortex so that individuals are able to identify and localize pain.
The spinoreticular pathway ascends to the brainstem
reticular formation. Some of these communications continue to the lateral thalamus and onward to the somatosensory cortex. Others travel to the medial thalamus, which
continues to the association cortex or, more specifically, to
the limbic system and the frontal cortex. These higher
cortical areas recruit a sophisticated response to pain, which
involves the appreciation of pain intensity, the desire to
escape from pain, and the anxiety that accompanies the need
to be rid of painful stimuli. This sophisticated response
determines the impact that emotions, personality, culture,
gender, past experience with pain, and the meaning of the
pain have on an individual's perception and response to
pain. The spinothalamic and the spinoreticular tracts are
completely myelinated by 30 weeks of gestation.
The cerebrum and thalamus are known as the control
centers that process and register the experience of pain.
Once the impulse enters the higher centers of the brain,
information about the pain, such as location and intensity, is
processed, as well as other factors that include fear of the
situation, past and present experiences, and the child's
current emotional status. In addition to receiving and
interpreting information from peripheral input, the central
nervous system acts as a sensory modulation system. The
brain may respond by blocking further pain impulses from
reaching the higher centers or by producing endogenous
opioids (i.e., endorphins), which saturate receptor sites
along the spinal cord and in the brain, providing an analgesic effect. These endogenous compounds are identical pharmacologically to morphine in their action on opioid receptors. Opioid receptors are present throughout the body, with
higher concentrations in the dorsal horn of the central nervous system. The action of endogenous opioids and opioid
analgesics on these central receptors is thought to provide
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analgesia. Opioid receptors are also present in many tissues
that are not involved in analgesia. The action of opioids on
these receptors is responsible for many of the side effects
and complications seen with opioid administration.

Physiologic Effects of Untreated Pain
and Anxiety
The importance of providing effective comfort measures
cannot be overemphasized as more clinicians recognize the
benefits of effective therapies beyond the obvious humanitarian reasons. Inadequate management leads to significant
deleterious consequences of a superacute and unnecessary
arousal of the stress response. All infants and children, even
the critically ill, respond to noxious stimuli with biochemical and physiologic responses that if untreated can lead to
increased patient morbidity and mortality 2 These responses
are well documented, including increases in respiratory rate,
heart rate, blood pressure, cardiac contractility, afterload,
dysrhythmias, and myocardial oxygen consumption?
The effects of unrelieved pain lead to inefficient ventilation, resulting in hypoxia. Respiratory dysfunction is the
most common result of pain associated with abdominal or
thoracic surgery because the child reduces the muscle
movement of his chest and abdominal muscles in an attempt
to splint the area and to prevent painful movements,
resulting in atelectasis. Also, splinting interferes with the
ability to cough and clear secretions, contributing to lobar
collapse and infection. The hormonal and endocrine responses to pain include the release of corticosteroids,
growth hormone, and catecholamines, as well as a decrease
in insulin secretion. This response leads to hyperglycemia
and a breakdown of carbohydrate and fat stores. Use of fat
for energy may cause metabolic acidosis, resulting from an
increase in blood lactate, pyruvate, ketone bodies, and fatty
acids. If allowed to continue, this catabolic process results in
a poor environment for healing.
Ongoing research efforts by clinicians emphasize the
importance of analgesia. Anand and co-workers l9 demonstrated that preterm infants undergoing frequent distressing
procedures (i.e., heel sticks, insertion of feeding tubes)
had marked changes in cerebral blood flow and oxygen
delivery. These changes were seen to be temporally associated with an increased risk for intraventricular hemorrhage and periventricular leukomalacia, thus leading to
significant neurodevelopmental sequelae. Pain impairs the
immune system and even enhances growth of cancerous
tumors.2.20.21

CHILDREN'S RESPONSES TO PAIN
AND ANXIETY
Historically, children have been undertreated for pain and
anxiety because of the belief that children neither respond to
nor remember painful experiences to the same degree as
adults. This is simply untrue. Now it is known that even
neonates experience pain. Studies of long-term effects of
early and prolonged exposure to pain during infancy
suggests a process whereby peripheral injury leads to

Caring Practices: Providing Comfort

551

changes in the structure and function of the pain system. 22
Longitudinal studies in preterm infants have shown that
repeated painful experiences have demonstrable and prolonged effects on the infant nervous system and behavior
long after the exposure to pain. Relationships between
neonatal pain and emotional temperament in infancy or
childhood further suggest the widespread distribution of
these neurobiologic changes. Studies indicate that repeated
painful procedures are associated with an increase in
depression, a pattern of "learned helplessness" insomnia,
feeding patterns, and impaired coping responses 9 . 22 Infants
circumcised at birth demonstrated an increased pain response to routine immunizations months later and that minimizing the pain of circumcision with lidocaine-prilocaine
(EMLA) attenuated the pain response?3
Preschool children are very egocentric in their thinking
and believe that all events and sensations originate from
their internal world. They have little understanding of causeand-effect relationships, often misconstruing the meaning
and cause of pain. They may view pain as a punishment for
past misdeeds or bad thoughts. Young children are to be
repeatedly reassured that procedures or painful experiences
are not punishments. Breakdowns in skin integrity from
cuts, abrasions, or incisions are extremely threatening to
children because of their fears of bodily injury and mutilation. They believe that all of their body and blood will leak
out. Band-Aids and dressings hold a special power for children as they fix the "leak" and hold the body in.
School-age children become more logical and reasonable
in their thinking. They are in the process of gaining greater
command over their world and tend to be achievement
oriented. Because these children are often organized by
"rules," they respond well to rituals to cope with painful
events. Once these rituals and routines are established, they
must be followed consistently to be effective.
Adolescents are capable of abstract thinking and have an
understanding of "if-then" relationships. Although capable
of adult-level problem solving, adolescents lack the life experiences that facilitate consistent mature responses. During
stressful situations, adolescents may vacillate between adult
responses and regression to immature behaviors.

TYPES OF PAIN
Clinicians must identify the type of pain to determine
appropriate interventions to relieve it. Pain is often categorized by duration, such as (I) acute (relatively brief pain that
subsides as healing takes place) or (2) chronic (pain existing
for as long as 3 to 6 months after the healing has presumed
to have occurred). Chronic pain treatment plans are complex, with the need for a multidisciplinary team to offer
multimodal approaches, usually with strong behavioral and
rehabilitation components.
Another method of classifying pain is by the inferred
pathophysiologic condition, specifically, either nociceptive
or neuropathic in origin. Nociceptive pain arises from
stimuli from somatic (bone, joint, muscle, skin, or connective tissue) and visceral (arising from organs such as the
gastrointestinal system) structures, as described in the previ-
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JABLE17-1

Useful Mnemonic to Obtain a Pain History

Palliative and provocative factors

Quality
Region and radiation
Severity
Timing

What makes the pain better? (e.g., hot or cold packs, immobilizing painful
body part, repositioning, sleeping)
What makes the pain worse? (e.g., eating, fatigue, movement)
What does the pain feel like? (e.g., shooting, throbbing, stabbing, pulsing,
burning, tingling)
Where is the pain?
Does it spread anywhere else?
How bad is the pain?
Use pain-rating scales to aid communication of pain intensity
When did the pain start?
How long have you had the pain?
Is the pain constant or intermittent?

ous section on anatomy and physiology of pain. Somatic
pain is described as aching or throbbing and is generally
well localized. Visceral pain, which is characterized as deep
and aching, is often not well localized and referred to other
areas of the body. For example, visceral pain related to hepatomegaly may radiate to the right shoulder. Nociceptive pain
usually can be blocked by opioids, NSAIDs, and steroids.
Neuropathic pain is associated with injury, dysfunction,
or altered excitability of portions of the peripheral or central
nervous system, with the pain commonly described as a
burning, stabbing, "pins and needles," or shooting sensations along the damaged nerve tract. The level of intensity
and the duration of the pain often greatly exceed the time in
which the injury would be expected to resolve. Though
many mechanisms have been proposed, the general consensus is that the injury leads to repetitive spontaneous depolarization and transmission of pain. Patients at risk for this type
of pain are those who are recovering from surgery invol ving
nerves; illnesses associated with nerve damage, such as
Guillain-Barre syndrome; or those recei ving medications
associated with neuropathies as side effects, such as chemotherapy (i.e., vincristine). A specific type of neuropathic pain
that is particularly disturbing is that following an amputation of a limb, producing "phantom limb sensations."

PAIN ASSESSMENT
Successful assessment and control of pain depends, in part,
on a positive relationship between healthcare professionals,
children, and their families. For children who are able to
communicate their discomforts directly, pain assessment is
easier to obtain. However, fear, confusion, developmental
immaturity, and the severity of illness hinder children's
ability to communicate with caregivers. Children are quite
capable of describing many aspects of their pain. Through a
brief but comprehensive interview, the caregiver may learn
much about a child's pain. Fundamentally, caregivers are to
ask the child or parent what word they use for pain, such as
"owie" or "boo-boo." A basic assessment must include at
least the intensity (severity) and location of the pain. Further
assessment in a systematic manner can be done, if possible,
encompassing the description of the pain (sharp, pulsing,

dull), as well as its duration, any influencing factors
(aggravating or relieving), or any radiation to other areas.
Information regarding aspects of the pain such as using the
fonnat of "PQRST" will help to delineate the problem so
that management can be more effective (Table 17-1). In
many instances, such as postoperative care, nurses need to
be alert to a child's pain within the situational context. For
example, after bowel surgery, a child may experience incisional pain, as well as gas pain. It is important to differentiate between the two because incisional pain responds best to
opioids, whereas gas pain worsens with opioids and responds to increased activity and movement by the child.
Self-report is the most critical component of pain
assessment. Children are to be encouraged to describe their
pain because their statements reflect the most reliable
indicator of pain. When self-report is available, it represents
the "gold standard" for assessing children's pain?4

Self-Report Scales
The easiest and most accessible method commonly used in
assessing the presence of pain in adolescents and adults is to
ask them verbally to rate pain intensity with a 0 to 10 scale,
with 0 meaning no pain and 10 being the worst pain one
could ever imagine. To use the numeric scale, the patient
must be able to count to 10 and understand the principles
of rank and order. Therefore, for children between 3 and
13 years of age, scales better suited to their cognitive ability
are more useful.
Many pediatric self-report pain tools have been tested in
clinical settings with diverse populations to detennine their
reliability and validity. Several scales use pictures of faces
in various levels of pain for younger children to rate pain
intensity (Figs. 17-1 and 17-2). They present faces ranging
from happy and not hurting to sad and hurting arranged
linearly along a vertical or horizontal line. Younger children
tend to respond at the extreme points on pain-rating scales,
perhaps signifying their limited cognitive capacity to make
the discriminations of which older children are capable. The
Eland color scale is unique in that it addresses both pain
location and intensity (Fig. 17-3). The child is presented
with back and front views of a body outline and is asked to
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Fig. 17·2 Faces rating scale. Explain to the child that each face
is for a person who feels happy because he or she has no pain (hurt)
or sad because he or she has some or a lot of pain. Face 0 is very
happy because the person doesn't hurt at aiL Face I hurts just a
little bit Face 2 hurts a little more. Face 3 hurts even more. Face
4 hurts a whole lot, but face 5 hurts as much as you can imagine,
although you don't have to be crying to feel this bad. Ask the child
to choose the face that best describes how he or she is feeling. This
rating scale is recommended for persons of age 3 years and older.
(From Whaley L, Wong 0: Nursing care of infants and children,
ed 6, 1999. Copyrighted by Mosby, Inc. Reprinted by permission.
The Wong-Baker Faces Pain Scale may be reproduced for clinical
and research use, provided the copyright information is retained
with the scale.)

......

J:

~

Fig. 17-1 The Oucher was developed and copyrighted by Judith
E. Beyer, RN, PhD, 1983. New versions for African-American and
Hispanic patients are also available. (For copies and information,
contact: Judith E. Beyer, RN, PhD. School of Nursing, University
of Missouri-Kansas City, Kansas City, MO 64108.)

choose four color crayons to represent different levels of
pain. The location ofthe pain may be marked directly on the
body parts affected. Pain intensity is indicated by the color
that the child chooses to color or mark the painful part. The
Eland tool has been shown numerous times to be a very
sensitive tool for identifying painful locations. 25 Pain
intensity scales provide a means for communication between child and caregiver, as well as between caregivers.
Understanding how a child is rating pain intensity over a
continuum of time and activities gives more information
about the child's experience. Changes in therapy can be
geared to meeting the deficiencies in pain coverage.
Believing the child is important. If the child perceives
that he or she is not believed, he or she will not report
accurately, making assessment more difficult. If the child
fears that admitting pain will result in an intramuscular
injection or a painful examination, he or she will often deny
pain. Healthcare professionals must assure the child that he
or she will be included in deciding how to best treat the pain.

Observational Scales
Self-report tools are not feasible in children who are
preverbal (generally younger than 3 years of age) or unable

to communicate because of the severity of their illness. Yet
critically ill children who are unconscious, sedated, mechanically ventilated, or paralyzed may be experiencing severe
pain but unable to communicate to others. Clinicians are to
realize that pain will be expressed differently depending on
the age and development level. Learning each individual's
response to pain requires awareness and time to get to know
the child. The nurse is then able to make pain assessments
that incorporate the individual patient's behavioral responses to discomfort. Inferring pain from behavior is
fraught with difficulties, however, because there are frequent discordances between pain behavior and self-report.
The concordance between behavior and self-report of pain is
often best for brief, sharp pain, such as pain from a needle.
Behaviors seen with nonprocedural pain may differ dramatically from those seen in a child suffering from acute pain
episodes for invasive procedures. Overt signs of pain may
be suppressed. Instead, the child may sleep more, have a
decrease in appetite, and appear depressed and withdrawn.
On the other hand, a child who is experiencing pain may be
active and playing "normally" as a way to distract attention
from the pain and attempting to enjoy a favorite activity.
Behaviors such as watching television, playing, or sleeping
can be distraction strategies used for coping with acute pain.
Therefore clinicians are to be wary of depending on general
observation because it will often lead to underassessment
and therefore undertreatment of pain in children. The
absence of behaviors associated with pain does not indicate
the absence of pain.
Interpretation of behaviors of infants and children to
determine the presence of pain without a reliable and valid
assessment tool presents several problems. Pain estimates
may vary, depending on the behavioral criteria used by each
observer to infer pain. Although one health professional may
believe that a patient's behavior indicates pain, another may
interpret the behaviors as signs of anxiety or emotional
distress. Several behavioral observation pain scales have
been developed to help caregivers be more objective, systematic, and consistent in their assessment of pain behaviors. These scales use behavioral criteria, with some scales
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Mark each box with color child selects:
No pain

Mild pain

Moderate pain

Severe pain

No hurt

A little hurt

More hurt

Worst hurt

D

D

D

Fig. 17-3 Eland color scale. Redrawn with permission of the author, who also gives pennission for this
to be duplicated for use in clinical practice. (Permission from Joann M. Eland.)

also including physiologic criteria, therefore not depending
on the child's verbal ability or cooperation. Healthcare professionals need to recognize that these scales cannot, for the
most part, discriminate well between the physical response
of pain and other forms of stress or discomfort.
Researchers have defined specific distress behaviors as
indicators of pain: the character of any crying or other
vocalizations, facial expression, motor responses (ranging
from restlessness to not wanting to move at all), body posture such as guarding a body part, and general activity
or appearance of the child. These symptoms provide a basis for the development of observational tools reported in
the literature, including the CRIES and, more recently, the
FLACC. However, these nonverbal behaviors are not to
be used instead of or to refute a patient's verbal complaints
of pain.
The CRIES, an acronym of the indicators of the scale to
assist raters' memory of the assessment parameters, was
developed for determining postoperative pain in infants 26
(Table 17-2). Consisting of five physiologic and behavioral
indicators, each indicator is rated on a 3-point scale (0, 1,2)
that results in a total score ranging from 0 to 10. The
psychometric properties of the measure were established
with infants (32 to 60 weeks' gestational age) cared for in
NICDs and PICDs. Although tested thoroughly for reliabil-

ity and validity, the feasibility and clinical usefulness of the
measures have not been formally assessed. However, to date
the CRIES is the most promising measure available for
assessment of postoperative pain in infants 27
The FIACC, an acronym for the assessment criteria as
well, has been found to have interrater reliability and
. preliminary validity for scoring postoperative pain in
young children of ages 2 months to 7 years, thus providing
a simple consistent method for clinicians to identify,
document, and evaluate pain 28 (Table 17-3). A pain score
ranging from 0 to lOis derived from each category with a
subscore of 0 to 2. Further testing in other populations needs
to be done.
These scales have limitations in reliably selecting all
patients in pain and therefore must be used in combination with knowledge of the clinical and environmental
context of the pain assessment. Because these observations
may indicate other sources of distress, it is important to
examine the context or situation in which changes in the
behaviors are seen. Healthcare professionals may ask themselves: Given the infant's or child's diagnosis and treatments, is it reasonable to infer that this child is experiencing
pain? Do these behavioral changes respond to analgesics?
What other factors may be contributing to the child's
distress?
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CRIES Neonatal Postoperative Pain Measurement Score

lI'

~Criteria

iI;'

'i;!Crying
iiRequires 02 for
~J saturations >95%
~liIncreased vital signs

m!F
liii~xpression

l!i~leepless
~~Coding Tips for Using CRIES

1

2

No
No

High pitched
<30%

Inconsolable
>30%

HR and BP less than
or equal to preop
None
No

Increase in HR or BP <20%
of preop
Grimace
Wakes at frequent intervals

Increase in HR or BP >20%
of preop
Grimace/grunt
Constantly awake

if;~Crying

"':['=;:~t:
~J:

~!tequires 02 for sal~ >95%

t'"

~!;
I"~.,~.··•. ·.creased vital signs

1~tr'~ii";
~!b,

fii~'
iGi, .
~t

~xpression
~~{
~~"

I,
iit'.

t~leepless
!i!;'

I:
W,ii

1Iii'
Iill,,'"

~jfrom

The characteristic cry of pain is high pitched.
If no cry or cry that is not high pitched, score O.
If cry high pitched but baby is easily consoled, score I.
If cry is high pitched and baby is inconsolable, score 2.
Looks for changes in oxygenation. Babies experiencing pain manifest decreases in
oxygenation as measured by transcutaneous monitoring or pulse oximetry,
If no O2 is required, score 0, If <30% O2 is required, score I.
If >30% O2 is required, score 2. (Consider other causes of changes in oxygenation such as
atelectasis, pneumothorax, oversedation.)
Note: measure BP last because this may wake child, causing difficulty with other assessments,
Use baseline preoperative parameters from a nonstressed period.
Multiply baseline HR x 0.2; then add this to baseline HR to determine the HR, which is 20%
over baseline, Do likewise for BP. Use mean BP.
If HR and BP are both unchanged or less than baseline, score O.
If HR or BP is increased but increase is <20% of baseline, score L
If either one is increased >20% over baseline, score 2.
The facial expression most often associated with pain is a grimace, This may be characterized
by brow lowering, eyes squeezed shut, deepening of the nasolabial furrow, open lips
and mouth,
If no grimace present, score O. If grimace alone present, score L
If grimace and noncry vocalization grunt present, score 2.
This parameter is scored based on the infant's state during the hour preceding this
recorded score.
If he or she is continuously asleep, score 0,
If awakened at frequent intervals, score L If awake constantly, score 2.

Krechel SW, Bildner J: CRIES: a new neonatal postoperative pain mea..o;;urement score: initial testing of validity and reliability, Pediatr AlleSlh

!1:~':53-61.

1995, Neonatal pain assessment tool developed at the University of Missouri-Columbia.

lIil;'-

III

TABLE

11-3

FLACC Scale

it~·
fi~"
~;;::

~tegories
!If'

Scoring

.

o

1

2
Frequent to constant quivering
chin, clenched jaw
Kicking or legs drawn up
Arched, rigid or jerking
Crying steadily, screams or
sobs, frequent complaints
Difficult to console or comfon

lit-rom Merkel SI, Voepel-Lewis T, Shayevitz JR et al: The FLACC: a behavioral scale for scoring postoperative pain in young children, Pediatr Nurs
r~.'23:293-297, 1997.
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A major limitation for observational scales that depend on motor activity is that they cannot be used in
children with neurologic deficits or receiving NMBAs.
Researchers 29 ,3o recommend a continued effort to develop a
reliable and valid observational scale for such infants and
children.

Physiologic Indicators
Children in acute pain most often have an elevated heart
rate, respiratory rate, and blood pressure. The cardiovascular
and respiratory responses are a result of the release of
catecholamines from the adrenal medulla in the body's
preparation for "fight or flight." Preterm and newborn
infants may respond somewhat differently with an increase
or decrease in heart rate. 30" The magnitude and intensity of
the change in heart rate are related to the duration and
intensity of the stimulus and the temperament of the
individual infant.
The body cannot sustain the stress response for extended periods, Physiologic adaptation will occur, sometimes within minutes of the painful stimulus. Vital signs
will return to normal, and other physical parameters
associated with acute pain, such as sweating and pupillary
dilation, will cease. A nurse assessing a child for pain
may be misled by the presence of "normal" physiologic
parameters. Although appealing as concrete markers, physiologic indicators often are not sensitive for distress of a
prolonged nature. Other more complex modalities, such as
serum cortisol or endorphin levels, are relatively invasive
and not practical for real-time usage, and techniques such as
palmar sweat measurement require complex apparatus for
evaluation, which is well beyond most routine clinical
settings.

Other Considerations in Assessment
Culture plays a role in children's reports and responses to
pain. As racial and cultural diversity increases in the United
States, clinicians should be familiar with beliefs and
practices common to the cultural groups they serve and have
their pain assessment tools translated into languages of their
patients. A clear standard of care has emerged requiring that
routine measurement of pain be done at regular intervals
using consistent and valid criteria. II For critically ill infants
and children, this practice includes assessment intervals of
every 4 to 8 hours at a minimum,31 as well follow-up for any
pharmacologic and nonpharmacologic interventions administered to them.
In children who cannot report on their own pain, parent
ratings may be the best proxy measure available. Most
parents provide information on how to ask the children
about pain and which cues to look for. Parents appear to be
highly aware of particular behaviors exhibited by their
children when experiencing pain in the postoperative
setting. Parents' perceptions of their children's pain are also
important, and nurses can encourage them to participate in
pain assessment. 32 More needs to be known about parents'
rating of their own children's pain.

ASSESSMENT OF AGITATION
Agitation is a form of behavioral communication for
patients who are unable to communicate their discomfort
verbally because of age, illness, neurologic status, or
intubation. Agitation is not a diagnosis; it is simply a sign
that something is wrong and may be caused by lifethreatening events, such as hypoxia; emotional distress,
such as anxiety; physical distresses from pain or nausea;
drug reactions or withdrawal when physiologically dependent; or environmental factors. Environmental reasons for
agitation may be related to a cold or hot room temperature,
noises associated with anticipated unpleasant procedures, or
lack of parental presence.
Assessing and managing severe agitation in an infant
present a challenge to pediatric nurses. Nurses must constantly review a mental "checklist" of possible causes for
agitation in their patients using a calm, systematic approach
to determine the cause of the behavior, such as the rapid
decisions outlined in the algorithm in Fig. 17-4. If a patient
is supported on a ventilator, a quick check for technologic
causes by hand ventilation with a bag-mask device may
determine if this is the cause of the agitation. In general,
pain is to be considered and ruled out as a contributing
factor in a patient with repeated episodes of agitation. A trial
of analgesics, even in the absence of a clear pain source, is
appropriate and is to be included in the systematic approach
to managing agitation in a critically ill child.
Treatment of agitation becomes critical to reduce a
child's own harmful activities, such as self-extubation,
removal of arterial and venous catheters, increased systemic
and myocardial oxygen consumption, and a lack of cooperation with medical treatments. Opioids and sedatives are
administered to reach the desired clinical outcome to reduce
pain and anxiety. Undersedation is more easily detectable
because agitation behaviors include overt symptoms of
hypertension, tachycardia, respiratory distress, and physical
movements to displace catheters. However, oversedation is
often more difficult to assess because it has a more insidious
onset caused by drug accumulation and difficulty in
differentiating it from the severity of the underlying illness.
Noting oversedation is especially important because its side
effects include respiratory depression and problems in
weaning from the ventilator, hemodynamic instability,
gastrointestinal stasis, muscle wasting, and decreased ability
to communicate.1.33 Additional risks for prolonged effects
and toxicity from accumulated metabolites of sedatives
occur in some patients, such as those with renal or hepatic
failure, because of impaired excretion of these medications.
The goal of sedation is to provide a level of medication
to promote sleep and reduce anxiety for the child yet allow
caregivers to arouse him or her for assessment and provide
ongoing medical interventions. Specifically, sedation allows
compliance with mechanical ventilation but also prevents
awareness of the potentially very frightening environment
of the PICU. Nurses often rely on subjective methods to
determine the effectiveness of the sedative regimen rather
than standardized tools such as sedation scales, which
hampers consistent documentation of levels of sedation and
thus communication within the team of caregivers. A wide
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t
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Remove source and/or
provide analgesia

Reduce stimulation
position/swaddle

/
Calming

Agitation

Provide sedation

Reduce respiratory support
as tolerated

Fig. 17-4 Decision flowchart for assessment and management of agitated infants. (Adapted from
Gordin PC: Assessing and managing agitation in a critically ill infant, MCN Am J Matern Child Nurs
15:26-32, 1990.)

range of adjectives with ambiguous definitions are commonly applied to describe an appropriately sedated patient,
such as "snowed," "chilled," or "fidgety."
Clearly, a means of reliably measuring the level of sedation in rcu patients on a continuous basis, including both
physiologic parameters and behavioral responses to the therapy, would be advantageous. Currently, limited clinical research is available on the use of assessment tools for measuring the depth of sedation in the critically ill that could be
used to titrate sedatives. Plasma concentration monitoring
is generally not useful, and drug therapy monitoring is better accomplished using observational and objective criteria.

Observational Tools
One of the earliest scales to be developed was the Ramsey
scale, which is considered the criterion reference method for
assessing sedation. This tool is often used in adult and
pediatric rcu settings as the principal method for numerically ranking a patient's level of consciousness because of
its availability and ease of use. However, it has not been
tested for its reliability and validity. Other limitations are
that it is not designed to be a continuous method of
assessment, with overlapping categories not clearly defined.I.33.34 For example, it is not clear if the Ramsey score
is defined as a level I or level 4 for a patient who is asleep
but responds to a light stimulus by becoming anxious or

agitated. Also, it is not clear how to rate a patient's sedation
if he or she is unresponsive to a voice but yet is biting the
endotracheal tube (ETT). Responsiveness scales such as the
Ramsey scale have a major limitation regarding the need to
measure the arousability of the patient, which is counterproductive to the goal of sedation in a critically ill child
because he or she is repeatedly disturbed from rest.
Recently, other scales have been developed to overcome
these shortcomings. The Comfort Scale is an eightdimensional observational scale used to measure general
distress in prcu patients without requiring arousability as a
criteria 35 (Table 17-4). This tool encompasses the physiologic and behavioral responses associated with pain, anxiety, and fear. Following staff training of 2 hours, it is
reported to be clinically useful, valid, and reliable, with an
administration time of 3 minutes. Other critical care
professionals have demonstrated adequacy of sedation
within a target score ranging from 17 to 26 out of a total
score of 40. 36 Although not validated for preterm infants, it
has been used to assess levels of sedation and an increase in
agitation at the time of withdrawal of morphine infusion. 19
Two similar scales in the literature for adult rcu patients
are the Motor Activity Assessment Scale (MAAS) and the
Sedation-Agitation Scale (SAS). The MAAS categorizes
patients across a wide cognitive spectrum, from those
unresponsive to usual stimuli to those who are dangerously
agitated 33 (Table 17-5). Clear and concise descriptions are
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TABLE

11-4 Comfort Scale

li~riteria/Oescriptor

Score

tV'
Jm:'

Heart Rate Baseline

iWAlertness
Deeply asleep
~~. Lightly asleep
Drowsy
J.fr,.
~t Fully awake and alen
~\';, Hyperalert

4
5

It Calm

I

i

I

!Ii

2
3

~l'!-

~'talmness/Agitation

3m!:

~.

2

Slightly anxious

~l~ Anxious

3
4
5

I

Very anxious
!!<f" Pamcky
!!E:::

~Respiratory Response

~~: No coughing and no spontaneous respiration

1

Spontaneous respiration with little or no response to
~,i,
ventilation
ii,;~, Occasional cough or resistance to ventilator
Actively breathes against ventilator or coughs regularly
!Sfll
!iii:. Fights ventilator, coughing or choking

2

I..
fJe

3
4

5

f,j,1'

~;!J>hysical Movement
~;'i', No movement
l!11,;
i!~lL Occasional, slight movement
Jf,~,' Frequent, slight movement
iii,:, Vigorous movement limited to extremities
1!u:'
ilr," Vigorous movement including torso and head

'IOOd Pressure (MAP) Baseline

~~:

Criteria/Descriptor

I

2
3
4
5

Score
_

ii!),.

4

5

Muscle Tone
Muscles totally relaxed; no muscle tone
Reduced muscle tone
Normal muscle tone
Increased muscle tone and flexion of fingers
and toes
Extreme muscle rigidity and flexion of fingers
and toes

I

2
3
4
5

Facial Tension
Facial muscles totally relaxed
Facial muscle tone normal; no facial muscle
tension evident
Tension evident in some facial muscles
Tension evident throughout facial muscles
Facial muscles contorted and grimacing

I
2
3
4
5

I

2
3
4

5

Total Score = _ _

~om Marx CM, Smith P, Lowrie LH et aI: Optimal sedation of mechanically ventilated pediatric critical care patients, Crit Care Med 22: 163·170,

tlfCSc
'
(ore

2
3

_

Blood pressure below baseline
Ir~ Blood pressure consistently at baseline
Infrequent elevations of 15% or more (1-3)
~~: Frequent elevations of 15% or more (more than 3)
~J~ Sustained elevation ~ 15%

TABLE

I

Heart rate below baseline
Heart rate consistently at baseline
Infrequent elevations ~ 15% above
baseline (1-3) during observation period
Frequent elevations of ~ 15% above baseline
(more than 3)
Sustained elevation of ~ 15%

J

994.

11-5 Modified Motor Activity Assessment Scale
Description

Definition

Unresponsive

Minimal or no response to noxjous* stimulus; does not communicate
or follow commands.
Opens eyes or raises eyebrows or turns head toward stimulus or moves
limbs with noxious stimulus.
Opens eyes or raises eyebrows or turns head toward stimulus or moves
limbs with touch or when name is spoken; drifts off after stimulation; follows simple commands.
No external stimulus is required to elicit movement; calm, awakens
easily, and follows commands.
No external stimulus is required to elicit movement; picking at tubes
but consolable.
No external stimulus is required to elicit movement; attempting to sit
or move limbs to get up and inconsolable despite frequent attempts;
requires physical restraint, biting ETI.
No external stimulus is required to elicit movement; patient unsafeattempting to pull at ETT/catheters; desaturating; thrashing side-toside; climbing over the rail; striking at staff.

Responsive only to noxious stimuli
Responsive to touch or name

Calm and cooperative
Restless and cooperative
Agitated

Dangerously agitated, uncooperati ve

~~odified by Boston Children's Hospital from Devlin JW, Boleski G, Mlynarek M et al: Motor activity a"essment scale: a valid and reliable sedation scale
~'ror use with mechanically ventilated patients in an adult surgical intensive care unit, Cric Care Med 27: 1271-1275, 1999, via personal communication
~from Curley MAQ,
~*Noxious stimulus,

1999.
suctioning or 5 seconds of nail bed pressure.

len: Endotracheal tube.
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used for each of the six categories, with higher scores
indicating increasing levels of agitation. Beginning efforts
to establish validity and reliability of the MAAS are being
done in a surgical ICU setting with patients over 18 years of
age receiving mechanical ventilation,33 as well as in a
PICU. 37 Nurses have found the MAAS to be easy to use in
assessing and documenting the level of sedation following
administration of sedative agents, as well as accurately
reflecting the patient's true level of sedation. One problem is
that only motor ability is assessed, not physiologic indicators, such as heart rate, which might be useful in neurologically impaired patients.
The SAS involves rating agitated behavior that is already
occurring, such as thrashing movements, or actually stimulating the calmer adult to determine his or her arousability 34
Each patient assessment took 2 to 5 minutes, and studies to
indicate its use as a reliable and valid tool for describing
sedation and agitation in adult ICU patients have begun. 38
These scales are limited to those children with otherwise
normal neurologic responses because many criteria within
them require some form of motor movement. Researchers
have not defined the optimal level of sedation using either
the MAAS or SAS. For all three scales, clinicians must
know that the satisfactory or appropriate level of sedation
will vary from patient to patient and at different times for the
same patient. A clear end point as the optimal level of
sedation needs to be defined yet targeted for individual
patients.

Bispectrallndex
Anesthesiologists have long sought to catalog specific
electroencephalogram (EEG) changes induced by various
anesthetic and sedative agents. Despite predictions that the
EEG could be a clinically useful monitor of "anesthetic
depth," multiple technical problems and clinical complexities precluded its routine use as a monitor of anesthetic
effect. A recently developed EEG machine (Aspect, A-lOoo,
Natick, Mass.) converts the continuous output of the raw
EEG pattern into continuous trends for a number of derived
variables, such as the bispectral index (BIS).39 The BIS has
proven to be a valid and reliable measure of hypnotic drug
effect in the operating room, but it has only recently been
considered for use in ICU. Simmons and colleagues 38
explored use of this technique in assessing sedation as
propofol was titrated in adult patients supported on mechanical ventilation who were recovering from surgery or trauma
and comparing it with the SAS. The depth of sedation could
be better estimated by using the BIS than by using clinical
signs alone. 39
The BIS measures a state of the brain, not a concentration
of a particular drug. Interpretation of the BIS is predicated
on the assumption that sedation is intended to produce a
state of sleep that includes a lack of awareness and a lack of
recall, whereas analgesia is intended to produce a state of
reduced pain perception manifested by decreased autonomic
responses to noxious stimuli. In general, a HIS score is a
discrete value between 0 and 100, with awake patients
scoring in the mid to upper 90s, conscious sedation dropping
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the BIS to 70s to 80s, and general anesthesia having scores
in the 40 to 60 range. 38 No identification of a "best" level
of sedation has been determined. This new monitoring
technique is promising; however, more investigation is
necessary to determine the reliability of the HIS and how it
can be used to provide optimal sedation and analgesia,
including its economic impact, before it can be incorporated
into routine clinical practice in the future.

NONPHARMACOLOGIC MANAGEMENT
OF PAIN AND AGITATION
Although the research is not as well established, nonpharmacologic interventions for the reduction of pain and
agitation have long been recognized as enhancing or
complementary to other medical interventions. Key recommendations are that these interventions work best when
introduced early in the course of illness as a part of a
multimodal treatment approach and that they should not be
considered as a substitute for anaigesics 7 ,11 The best
management involves an integrated approach that considers
both pharmacologic and nonpharmacologic strategies with
the overall goal to provide comfort. A wide array of interventions is available and effective in making pain more
tolerable for some children, especially during medical procedures. 4o Still, nonpharmacologic interventions are often
neglected. However, many of these methods fall within the
independent scope of nursing practice and contribute to a
holistic approach to pain management building trusting relationships with children and their families.
Patients and parents are increasingly willing to try complementary and alternative therapies that involve mind-body
interactions, including meditation, prayer, massage therapy,
and healing or therapeutic touch, as part of their treatment. 41 ,42 Proponents of these interventions explain that by
receiving caring and purposeful touching of the skin or in
the form of pleasant distractions, the stress response is reduced. including a release of endogenous opioids, and pain
is relieved. More controversy lies in the insistence that human energy fields can be manipulated to promote comfort
and healing, such as that espoused by those who advocate
therapeutic touch. 43 ,44
Patients can learn to use music for both distraction and
relaxation, as found effective in many settings such as
PICUs or cancer units, particularly if patients are allowed to
choose the type of music they want to hear. 45 Having
available small, portable tape players with headsets to block
out environmental noises and building a library of audiotapes with a variety of musical styles and artists have been
found useful.
In addition, nurses are to take time to provide basic
comfort measures. Attention to mouth care, eye care,
preventing the pulling of tubes, itching, muscle cramps, and
thirst may calm an agitated patient. A child can be
positioned in neutral alignment, with all parts of the body
supported and the joints slightly flexed. Frequent position
changes are important and may be necessary more often
than every 2 hours, depending on the medical status of the
child. Positioning a patient so that self-calming behaviors
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(e.g., sucking a thumb or fingers) are supported is a simple
way to assist patients to cope with the stressors inherent in
PICU care.

Environmental Control
The PICU is a brightly lit and noisy place that is often
overwhelming even to healthy adults who visit and work
there. Thus the impact on sick infants and children as they
are surrounded by unfamiliar equipment that looks and
sounds threatening may be very disturbing. With the
combination of the critical illness affecting many vital
organs and the discomfort of many medical procedures, it is
not surprising that some children become confused, agitated, or even combative. Behavioral conditioning may
actually occur when a seemingly nonnoxious stimulus is
paired with an unpleasant experience on a regular basis.
Some common examples of this are the pairing of ventilator
alarms with suctioning and handling of extremities before
needlesticks for blood sampling or intravenous (IV) insertion. Some patients begin to expect that whenever they hear
a ventilator alarm or feel someone touch their foot that
something unpleasant will happen. This association can
result in agitated behavior that seems to occur without any
consistent pattern. Careful structuring of the patient's
experiences to "unlearn" these associations is necessary to
treat this cause of distress. However, preventing this type of
learning is much easier than unlearning it after a problem
develops. Using pleasant interventions, such as massage or
music, to provide a signal to the child that a particular period
is safe for them to relax is useful as well.
Promoting sleep both enhances psychologic health and
provides physical benefits by promoting growth and healing,
and it has become a focus of critical care study. Researchers
have acknowledged that it is not safe or realistic to provide
complete darkness or lack of assessment of a child in the
PICU at night; however, they do point out that noise could
be reduced by minimal alarm sounds and a concerted effort
by staff to communicate in lowered tones and to refrain from
past rituals of bathing children during the night shift. 46
Nurses can organize care by clustering assessments, medications, and interventions to allow maximum periods of
undisturbed rest and sleep. A lack of sleep results in
increasing anxiety and sensitivity to pain and discomfort,
hyperactivity, and aggression, all leading to delirium. ICU
psychosis, a pattern of agitation and delirium associated
with being in the ICU 3 to 5 days, is most often caused by
a combination of such factors as the patient's premorbid
coping mechanisms and the environment, including a
frightening atmosphere, lack of sleep, unusual and disturbing sounds, lack of windows, and deprivation of day-night
cycles. 47 Simple strategies such as reducing unpleasant
noises, such as applying rubber stoppers to the ends of
suction tubing when not in use, are useful. Decreasing
environmental stimulation has been particularly recommended for the treatment of mild opioid or benzodiazepine
withdrawal. 31 Because many interactions are potentially
threatening to children in the PICU, they may begin to
generalize their distress toward all approaches by care-

givers. When treatments and procedures are unexpected,
children are kept in a constant state of tension and readiness.
They may become distressed and hypersensitive to seemingly benign, routine procedures of care. Advocating for
protected periods in which children are allowed freedom
from the intrusive examinations and treatments, unless an
unstable condition arises, may provide a sense of control for
children. Whenever possible, nurses can provide a "routine" to children to introduce predictability into this chaotic
environment, which may then help them cope with the many
distressing experiences.
Infants and children with neurologic damage may be
unable to regulate their own motor responses to the
excessive sensory input of ICU. They may react positively
to swaddling because it provides boundaries to the incoming
stimuli and their ability to respond to it with disorganized
motor responses.
Toddlers and older children need to understand what is
happening to them. Not telling children that a procedure will
be painful reduces their trust in the PICU staff. Toddlers and
young children respond to brief honest explanations as to
what is happening to them, as well as having whatever
control is possible within the situation. The approach may
be as simple as saying, "I know that this will hurt; however,
if you take a deep breath and blowout slowly, it may hurt
less." It is important to follow a procedure with praise for
any cooperative behaviors. Even young children may be
assigned a small "job" such as holding the tape, pouring
saline on the dressing, or pulling off the old dressing. By
being active participants in their care, children feel more in
control rather than feeling controlled by their pain. Choices
can be offered to the child whenever possible. For example,
"Should we start with the bum dressing or the central line
dressing change?"
Children say that parents are their greatest source .of
strength when facing pain 24 Excluding a parent from
observing an invasive procedure has been the traditional
approach in PICUs, based on fears of parental interference
or because of the view that it is better for the parent "not to
see." This tradition is perceived by many parents as a major
source of anxiety at a time that parents may perceive that it
is crucial to the child's course of recovery to be there. A
study by Powers and Rubenstein 48 challenges these assumptions as they surveyed parents of children undergoing
intubation, central venous catheter placement, and chest
tube placement, as well as the nurses involved in the
procedure. Parental presence significantly reduced the
parental anxiety related to the procedure. The reasons for
this finding centered on the fact that the parents found that
the actual procedure was far less noxious than what they had
imagined and that they believed their presence was a
comfort to their child until the sedation was given. Also,
94% of the nurses found a parent's presence helpful to the
child and to the parents. None of the physicians in the study
thought that the parents interfered or were in the way of
them successfully performing all procedures.
Positive evidence has shown that parents are fairly
accurate in predicting how distressed their children will be
about an upcoming procedure. This finding seems to be due
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to the parents' knowledge of their children's usual pattern of
reactions. Nurses should advocate for parent involvement in
their children's care and praise them for providing soothing,
nurturing behaviors in this high-tech environment. Because
children may react to their parents' fears, parents should be
provided with adequate support so that they can be effective
with their critically ill child. They can learn how to use
many of the cognitivelbehavioral and physical comfort
strategies described in the next sections. 49

Cognitive Behavioral Techniques
Children have incredible inner resources that give them the
ability to cope with distress: their imaginations, their ability
to focus to the extent of being unaware of their surroundings, their ability to distract themselves through play, and
their motivation to try new things. Nurses may tap into these
resources and teach children, as well as their parents as their
children's coaches, systematic strategies to cope with
painful events.
This process can begin by assessing the degree the child
can follow directions. Distraction is a highly effective
method of relieving mild anxiety and pain because the child
pays attention to the activity, not the painful stimulus. 5o For
toddlers and preschool children, diversion activities such as
counting and reciting nursery rhymes are easy to do, work
well, and involve parental coaching of the children. Use of
soothing, familiar music in the form of lullabies or tapes
featuring the parents' voices may serve to divert children's
attention and permit relaxation.
Play therapy and medical play are important for any child
who is undergoing medical treatment. Through play, children gain more command and control over their hospital
experience. Most patients in the PICU may not be able to
actively participate in a program of medical play, but they
can benefit from hearing stories or tapes about the hospital.
As patients improve, more active play alternatives can be
offered. By allowing children to play with and manipulate
devices such as stethoscopes and needleless syringes, they
gain a sense of mastery over the objects and become less
sensitized to the presence of these objects at their bedside.
After a distressing procedure, nurses should encourage
children to express their feelings about pain. Medical play
with dolls is a way of "working through" what has
happened to them, whereas older children may want to draw
pictures. If developmentally appropriate, the child can be
encouraged to explore medical instruments, role-play procedures using dolls, and reenact procedures in a nonthreatening environment.
For children older than 6 years of age, focusing on a
pleasant mental picture or mentally traveling to a place of
contentment provides another means of coping with a
painful activity. Such guided imagery is most effective if all
of the senses are evoked (vision, hearing, smell, taste,
movement). Another approach would be to have the child
think of a favorite television show and becoming one of the
characters. This strategy can also be used to rehearse
mentally or prepare for a stressful situation, such as being a
soldier fighting a battle; to decrease feelings of powerless-
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ness. 50 A similar mind process is used when a child is
coached to use positive self-talk: "I will be okay; this
procedure will help make me well."
Controlled breathing to promote relaxation is another
easy technique to use with children as they focus their
attention on the movement of air in and out of their bodies
during the procedure or "blowing away the pain." This can
be followed with techniques promoting muscle relaxation of
voluntary skeletal muscles for older children. Use of props
such as blowing bubbles or party blowers have been found
to be helpful.
The specific interventions used with a specific patient
depend on the developmental stage, type of pain the child is
experiencing, and personal preference and, for optimal
learning, can be introduced and practiced when the child is
not agitated or distressed. Additional interventions such as
biofeedback and hypnosis are not as useful because they
require specialized training, and children in the PICU are
too tired or ill to participate.

Physical Comfort Measures
Massage techniques include simple rhythmic rubbing,
stroking, and kneading of muscle and soft tissues and are
effective in reducing edema, stiffness, and pain, especially
in myofascial trigger points. Trigger points are small,
circumscribed hypersensitive areas located within a tight
band of muscle that develop as a result of acute or chronic
muscle strain. Any area of the body can be massaged;
favorite sites are the back, hands, and feet. Clinicians are to
avoid massaging areas of thrombophlebitis, infection, or
tissue necrosis and malignancies. This technique can easily
be taught to parents.
For infants, rhythmic movement in the form of rocking
helps with relaxation and decreases pain. Nonnutritive
sucking with a pacifier is also comforting. Pretreatment of
newborns up to 6 weeks of age with oral sucrose has shown
a rapid and significant calming effect lasting for at least
4 minutes following a heellance. 9 The theory is that sucking
of sucrose reduces the stress response through endogenous
opioids because subsequent administration of naloxone
reverses the process.
Superficial heating or cooling techniques decrease sensitivity to pain. Because of the variable uses and contraindications to these techniques in relation to a specific injury,
nurses must collaborate with physical therapists for specific
uses. Warm compresses or a heating pad applied to the to
painful site promotes relaxation and healing by improving
circulation and availability of nutrients at the injured site, as
well as reducing inflammatory edema. Heat is not to be used
over areas of circulatory compromise or irradiated tissues.
Cold compresses or ice packs reduce muscle spasms, skin
sensitivity, inflammation, and joint stiffness. Precautions
should be taken to ensure that the hot or cold packs are
wrapped, allowing comfortable sensation of cold or heat
without damaging the skin. Nurses should rotate ice packs to
a new site at intervals no longer than 10 minutes.
Another form of cutaneous stimulation is transcutaneous
electrical nerve stimulation (TENS), a battery-operated
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device that deli vers a low-voltage electrical current through
electrodes placed on skin. This method is most often used
for musculoskeletal discomfort, phantom limb pain, or
postoperative pain and is usually monitored by a physical
therapist.

PHARMACOLOGIC MANAGEMENT
OF PAIN AND AGITATION
A variety of medications are currently available to manage
pain, including opioid and nonopioid analgesics, given
systemically by different types of deli very systems, as well
as regional and local anesthetic techniques. The goals of
therapy must be to optimize pain control while minimizing
side effects and adverse outcomes. For patients who are
anxious or agitated, sedatives or anxiolytics are used to
promote comfort by promoting relaxation and sleep, reducing anxiety, and increasing tolerance of common ICU
interventions. The intricacy of treating relatively brief
periods of acute, intense pain requires clinicians to follow
principles of thinking preemptively. Nurses must be familiar
with the time interval to onset of action, as well as expected
duration of action of any analgesic or sedative given to their
patients (Table 17-6).
The pharmacokinetics and pharmacodynamics of analgesics, anxiolytics, anesthetics, and sedatives are significantly altered in critically ill patients, requiring careful
attention to individualizing the regimen for a specific
patient. Drug toxicity may be a problem in critically ill
patients, especially those with renal or hepatic compromise
who are more likely to exhibit decreases in clearance,
which results in longer durations of action from accumulation of the opioids, as well as any active metabolites,
leading to prolonged sedation.

Opioids
Opioids remain the single most important group of medications for the relief of moderate to severe pain in PICU
patients. Analgesia is achieved primarily by binding to
/-l-receptors in the peripheral, spinal, and supraspinal opioid
receptors and, subsequently, inhibiting the release of several
neurotransmitters, including substance P from the primary
afferent terminals. In addition, inhibition of the conduction of pain up the spinothalamic tract by the opioid
prevents the fibers from signaling to the brain that a painful
situation exists.

Key Concepts Related to Opioids
Equianalgesia. Opioids bind to receptors with varying strengths, which contributes to different analgesic
potency between different opioids. 10 The term equianalgesia refers to the fact that different opioids require different
doses to provide approximately the same pain relief, usually
comparing all available opioids to a specific dose of
parenteral morphine. A common misconception is that the
more potent a drug is, the more therapeutically superior it is.
Potency is the ratio of the dose of two analgesics required to

produce the same analgesic effect. Fentanyl is more potent
than morphine because the dose of morphine required to
achieve the same analgesia as fentanyl is 100 times the
fentanyl dose. However, fentanyl is not a more effective or
superior opioid. Lack of knowledge regarding this concept
often leads to undertreatment of pain.
Recommended Dosages. Most clinicians find it
helpful to refer to a chart, such as Table 17-6, to provide a
list of doses, both oral and parenteral, that are approximately
equal to each other in their ability to provide pain relief.
Such tables provide an initial dose as they convert from one
opioid to another or when changing the route of administration; however, these guidelines are only to be considered
as dosing estimates. Traditionally, the child's weight has
been used to determine the starting opioid dose. Numerous
variables can influence the appropriate dose for the individual patient. The optimal dose is to be determined al ways
by titration. 51
Ceiling Dose. Most drugs have a ceiling dose in
which the recommended maximum dose is not to be
exceeded because no further benefit will be gained yet side
effects will be increased. However, opioids have no ceiling
dose for analgesia, meaning that as doses are increased,
further increases in analgesia continue to be achieved. Doses
of opioids are escalated until pain relief occurs or side
effects intervene. There is no predetermined maximum dose
of an opioid.
Considerable variation, as much as a tenfold difference,
is found among patients in their opioid requirements during
the postoperative period 52 All opioid analgesics have
recommended initial doses (see Table 17-6). For children
who remain alert and are still experiencing pain, it is safe to
titrate further doses, using doses equivalent to half the initial
dose. Opioid response increases linearly with the log of the
dose. Thus a dose increment of less than 30% to 50% is not
likely to improve analgesia significantly for those in
moderate to severe pain.52 Very high doses of opioids may
be required in patients with terminal cancer or extensive
burns (because ofhypermetabolism).53 This wide variability
reinforces the need for prompt and individualized attention
to unrelieved pain.
Tolerance. Continued exposure to opioids results in
tolerance, which is a pharmacologic property of opioids and
benzodiazepines in which higher doses are required to gain
the same effect. It is usually managed by increasing the
dose, although the addition of other analgesics, sedatives,
or both may be clinically beneficial. The rate at which
tolerance develops depends on the pattern of use. If
treatment is intermittent, adequate sedative and analgesic
effects are possible with standard doses of opioids and benzodiazepines for a longer period. However, if the drug is
given continuously, significant tolerance can develop more
quickly. Tolerance is not related to an increase in the rate of
metabolism but rather to alterations in receptor numbers and
sensitivities. When tolerance to a specific opioid develops,
incomplete cross-tolerance to other opioids develops. By
changing from one opioid to another, the analgesia achieved
is often improved with lower doses of the newer opioid,
even using appropriate calculations to account for differ-
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ences in potency. Therefore when patients are switched to
another opioid, the starting dose of the new drug can be
reduced to 50% to 75% of the equianalgesic dose to account
for this incomplete cross-tolerance. 52
Physical dependence is also a pharmacologic property
of opioids that is defined by a withdrawal syndrome
following sudden discontinuation of the opioid or administration of an opioid antagonist. Generally, physical
dependence is assumed to develop after 2 to 7 days of
opioid therapy?,3 1.49 Further details on how to wean a
patient from opioids are offered in a later section of this
chapter.

Management of Side Effects
Central nervous system effects include drowsiness, confusion. and dizziness, which can occur initially but usually
disappear within a few days. Nurses should ensure that a
sedated patient can be easily aroused during this time;
otherwise, this is a warning that further opioid doses could
lead to respiratory depression. A patient who has been in
severe pain may be sleep deprived; once the pain is
controlled, he or she may be "catching up" on sleep. This is
not a sign of overdosage as long as the patient is arousable.
Other effects from opioids include myoclonus, which is the
involuntary jerking of the muscles. Although the mechanism
for its cause is unclear, a benzodiazepine or barbiturate may
be useful in its management.
Clinically significant respiratory depression is the most
feared of the opioid-induced side effects. Like sedation.
tolerance to respiratory depression develops over days. The
longer the patient receives opioids, the wider the margin of safety. Patients most at risk are infants younger
than 6 months of age. A decreased metabolic rate and a
less restrictive blood-brain barrier predispose the neonate
to a greater risk of opioid-induced respiratory depression. Therefore correct dosing and careful monitoring are
crucial when newborns and young infants are treated with
opioids.
Pain is a potent respiratory stimulant and counteracts
opioid-induced respiratory depression. Patients do not
succumb to opioid-induced respiratory depression while
awake and in pain. 15 No additional doses of opioids are
to be given to children who are somewhat sedated but have
no signs of respiratory compromise. They are to be
assessed frequently for break-through pain and further need
for analgesia. Mild respiratory depression can be managed
by reducing the opioid dose. whereas with moderate to
severe depression, stimulation, airway support. and bagmask ventilation are to be considered. If administration of
opioid antagonists such as naloxone (Narcan) becomes
necessary, it is to be given in frequent low-dose boluses
because it is not a benign medication. Giving too much
naloxone or giving it too rapidly can increase sympathetic
activity, leading to hypertension, tachycardia, ventricular
dysrhythmias, vomiting, pulmonary edema, and cardiac
arrest, in addition to precipitating severe pain that is
extremely difficult to control. One method is to mix an
ampule (0.4 mg) with 10 ml of normal saline and slowly
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administer a dose of 0.5 ml IV every 2 minutes until
respirations improve. 15 Nurses should discontinue administering the naloxone as soon as patients are responsive
to physical stimulation and are able to take deep breaths.
Patients who have been receiving opioids for more than
I week may be exquisitely sensitive to anlagonists. 53 .54
Sometimes administering more than one dose of naloxone
is necessary because the half-life for naloxone is significantly shorter than that of opioids, thus requiring continuous monitoring for the first few hours. The goal is to
reverse the respiratory depression without compromising
analgesia. Obviously, the potential for respiratory depression is of less concern in infants and children receiving
mechanical ventilation.
Cardiovascular effects theorized as the result of histamine release can cause vasodilation, resulting in hypotension, especially when patients are hypovolemic or have poor
cardiovascular reserves. Pruritus, usually confined to the
face and hairline and not associated with a rash, is presumed
to result from the histamine release. Treatment consists of
giving antihistamines, such as diphenhydramine (Benadryl),
or changing to another opioid in which pruritus may not
occur. Infusions of low-dose opioid antagonists, such as
naloxone, sometimes prescribed for prevention and treatment of pruritus, have been proposed but require close
monitoring to ensure avoidance of reversing the analgesic
effects as wel1. 54 Genitourinary effects from increased
smooth muscle tone within the bladder can lead to sphincter
spasm and urinary retention. Tolerance develops quickly,
but urinary catheterization may be necessary for short-term
management.
Nausea and vomiting usually subside after a few days of
use of opioids. Slow and steady opioid titration helps to
reduce nausea. Historically, clinicians have added an
antiemetic with the additional idea that it will potentiate the
analgesic effect of the opioid. However, there is no scientific
basis for the belief that phenothiazines such as promethazine
enhance the analgesic effects of opioids. 54 In fact, some
studies indicate that promethazine increases sensitivity to
pain and increase the amount of opioids required to produce
satisfactory pain relief. 54
Constipation is of concern for those patients receiving
around-the-clock (ATC) opioid regimens of more than a few
days. Stool softeners often are not enough to prevent
constipation with chronic opioid use. Clinicians must be
vigilant to signs of constipation and consider administering
a laxative. Other therapies such as oral naloxone have
received some attention because it is poorly absorbed
following oral administration, and its effects may be limited
to the gastrointestinal system 52 without reversing the needed
analgesic effects.
Simply decreasing the opioid dose often is sufficient to
eliminate or make a side effect more tolerable, or if this
strategy is ineffecti ve, children may benefit from a change in
opioid. Some patients may not tolerate a particular opioid
but will do well with another. The exact reasons for this are
not fully explained. Vigilant pain assessment and evaluation
of the patient's response to the new opioid guide further
titration of the new opioid.
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17-6

Pharmacologic Managem~nt of Pain and Agitation
Approximate
Equianalgesic
Dose

Onset
of Action

Duration
of Action

Intermittent IV bolus: 0.05-0.3 mg/kg q2-4h
Continuous IV infusion: 0.03-0.06 mg/kg/hr
with initial bolus of 0.05 mg/kg
Oral: 0.15-0.3 mg/kg q4h
Intermittent IV bolus: 1-2 Ilg/kg
Continuous IV infusion: 1-3 Ilg/kg/hr
Epidural: continuous infusion: 0.4-1 Ilg/kg/hr
Intermittent IV bolus: 0.015 mg/kg/dose q4-6h

IV: 10 mg

IV: 2-10 min

IV: 2-5 hr

Infants and toddlers: 1-12 hr
Older children: 1-3 hr

IV: 0.1 mg

3-5 min

0.5-1 hr

IV:3 hr (may be up to 36 hr after
long-term infusions)

IV: 1.5 mg

2-10 min

3-4 hr

1-3 hr

Intemlittent IV bolus or oral: 0.1 mg/kg
(maximum: 10 mg/dose); for either route,
give q4h for 2-3 doses, then every 12 hr
as needed

IV or oral: 10 mg

IV: 10-20 min
Oral: 30-60 min

4-62 hr

~OXYCOdOne

Oral: 0.1 mg/kg q4h

Oral: 10 mg

10-15 min

IV: 4-6 hr
Oral: 6-8 hr;
increases to
22-48 hr with
repeated
doses
3-6 hr

Iroline magnesium

Oral: 10-15 mg/kg q8-12h (maximum: I g/dose
or 3 g/day)

NA

30-60 min

4-6 hr

NA

IV bolus: 0.5 mg/kg q6h (maximum: 30 mgt
dose with no more than 5 days of use)

NA

30-60 min

4-6 hr

NA

~!

ijii'

~prug
;i':to:pioid

Analgesics
Morphine

!/F
j[i~"

!lli:

iii
JJI'

!1!ifentanyl
1!1i.
!~L

~~l!
~l'J'

I

lH·ydromorphone
-:' (Dilaudid)
it.iethadone
I!i!-.

~;

ti~:

1';Hj~:Ji'

Initial Dose

I

~li1
U!l;;

~tonoPiOidS

~

1f. i. ;•.

trisal.icylate

Half-life With Active Metabolites

1.2-3 hr

j,'!. (TnlJsate)

,*etoralac
.;(Toradol)
m.~

I' Acetaminophen
II>,

(Tylenol)

~Gabapentin

r"Eft .. (Neurontin)

Oral: 10-15 mg/kg q4h (maximum: 75 mg/kgl
dose)
Oral: 5 mg/kg or 100 mg bid; increase gradually to 300-400 mg PO tid

NA

30-60 min

3-4 hr

NA

NA

NA

NA

NA

Oral and IV: 0.03-0.1 mg/kg q6h (maximum:
2 mg/dose)
IV bolus: 0.05-0.15 mg/kg
Continuous IV infusion: IV loading dose of
0.05-0.2 mg/kg followed by infusion of
1-2 /-lg/kg/min
Oral: 0.5-0.75 mg/kg (maximum dose: 20 mg)
IV bolus: 0.5-1 mg/kg followed by repeated
doses of I mg/kg q3-5min (maximum total
dose of 6 mg/kg)
POllV: 0.1-0.5 mg/day given in 2-3 divided
doses; maximum: 0.15 mg/kg/day
1M: 1-3 mg/dose q4-8h to a maximum of

NA

IV: 1-5 min
PO: 30-60 min
IV: 1-3 min
PO: 10-30 min

3-4 hr

10-20 hr

1-3 hr

2-20 hr

NA

1-10 min

1-4 hr

NA

NA

PO: 8 hr
IM/IV: 4-8 hr

NA

NA
NA

PO: Peak
concentration
2-6 hr
1M: 1-3 hr
IV: 1-2 hr
10-60 min
0.5-1 min

2-8 hr
3-10 min

8-30 hr

NA

0.5-3 min

5-20 min

8-12 min

if~Sedati veslAnxiolyticsl
110.
~~ .A nes th e t'lCS
!~Lorazepam

1""

IMidaZOlam
101i

NA

0.15 mg/kg/day

I:PrOpofol

POIPR: 25-50 mg/kg; may repeat x 1
IV bolus: 0.25-2 mg/kg/dose
IV continuous infusion: 5-100 /-lg/kg/min
IV bolus: 0.5-3 mg/kg
Continuous IV infusion: 50-200 /-lg/kg/min

NA

Vaster M, Krane El, Kaplan RF et ai, eds: Pediatric pain management and sedation handbook; 1997, St Louis, 1997, Mosby: S1. Jude Children's Research Hospital Pharmaceutical Department:
e',i'·orm,/Ia.rv handbook, Hudson, Ohio, 2000, Lcxi-Comp; Harvey MA: Managing agitation in critically ill patients, Am J Crit Care 5: 12, 1996; Yaster M, Berdc C, Billet C: The management of opioid and
Hm~en:lOclia,:epine dependence in infants, children, and adolescents, Pediatrics 98: 135-139, 1996; Gordin PC: Assessing and managing agitation in a critically ill infant. MCN Am J Matern Child Nul's 15:26-32,
Chambliss CR, Anand KJS: Pain management in the pediatric intensive care unit, Curr Opin Pediatr 9:248-253, 1997.
Not applicable or no available information.
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Specific Opioids
MOIphine is considered the "gold standard" of opioids. The
clearance of morphine is increased in patients with extensi ve bums or sickle cell disease, thus requiring higher doses
titrated to clinical effect. 2,53 Septic shock and renal disease
decrease the clearance of morphine and its active glucuronide metabolites, respectively.
Hydromorphone (Dilaudid) is similar to morphine with
anecdotal reports of less risk of pruritus. However, a
metabolite may accumulate in renal failure, resulting in
neurotoxicity and cognitive impairment.
Fentanyl has several advantages in the critical care
setting: a rapid onset of action; relative short duration,
which makes it useful for short-term procedural-related
pain; and because fentanyl administration is not associated
with histamine release, it has become a popular analgesic for
critically ill patients at risk for hypotension and bronchospasm. It is suitable for continuous infusions or transdermal
delivery. A new preparation, oral transmucosal fentanyl
citrate (OTFC), has good oral bioavailability by sublingual
absorption and can be used as an effective preoperative
analgesic and sedati ve, especially when IV access is not
available. However, several disadvantages with fentanyl by
any route are seen clinically. Tolerance and dependence
predictably develop much more quickly than with other
opioids, as soon as after only 5 to 10 days of continuous
fentanyl infusions, leading to frequent dose escalation 2 The
clearance is dependent on hepatic blood flow and thus may
be decreased in cardiac failure. Chest wall rigidity may
follow rapid IV administration of doses greater than which
would best be managed by administering a neuromuscular
blocking agent, naloxone, or both. More potent opioids
similar to fentanyl are sufentanil and alfentanil. However,
they are less useful in PICUs because of cost and familiarity
in dosing and do not offer any significant pharmacokinetic
advantage over fentanyl53
Methadone is a synthetic opioid with a long half-life
following IV or oral administration 2 and produces less
sedation and gastrointestinal effects than other opioids. Thus
it is useful in providing a smooth transition from IV to oral
opioids as an effective analgesic, while suppressing withdrawal symptoms even at low doses.
Oxycodone. often compounded with other agents such as
acetaminophen (Percocet), is also useful in mild to moderate
pain. However, this opioid is not available in a parenteral
form. Clinicians are to be mindful of the fact that although
there is no ceiling dose of oxycodone, there is one for
acetaminophen (75 mg/kg/day or 15 mg/kg/dose) to avoid
the risk of hepatic toxicity. Therefore clinicians can use the
noncompounded form, oxycodone, with its long-acting
form, called OxyContin, for those patients in which hepatic
toxicity is to be avoided. Hydrocodone (Lortab, Vicodin) is
also useful in treating mild to moderate pain. However, it is
available in the United States only as a compounded product
with acetaminophen.
No advantages of using meperidine over morphine have
been proven. Yet the use of meperidine has a distinct
disadvantage over other opioids; its metabolite (normeperidine) may accumulate in patients with impaired renal

function, leading to central nervous system irritability and
seizures. Therefore it is no longer recommended for
critically ill patients? Clinicians should not give naloxone
for meperidine-associated seizures because doing so will
only add to the neurotoxicity. By an unclear mechanism,
meperidine does provide effective reversal of shivering
secondary to anesthesia and amphotericin-associated rigors,
making an occasional bolus the only justified use of this
opioid.
Mixed agonists-antagonists opioids (nalbuphine, butorphanol) have the theoretical advantage of causing less
respiratory depression than pure opioids. Their use in severe
pain is limited by their ceiling effects and their potential to
reverse pure opioid agents previously given and precipitate
withdrawal 2 and therefore are not recommended for use for
continuing painful states, such as those that children
experience during critical illness.
Special considerations are necessary when gi ving opioids
to young infants. Generally, morphine given to infants
younger than 6 months of age tends to have a longer
elimination half-life and a lower clearance rate. 55 The
duration of action of morphine is highly variable among
infants in this age group. Because of the unpredictability
in response, opioid titration in young infants must be
conservative, with a recommended morphine starting dose
of 0.01 to 0.03 mg/kg. The infant's response to an opioid
dose is to be assessed carefully. Once the infant's response
is known, it becomes easier to titrate further doses of opioid.

Drug Delivery Systems
Medical conditions in PICU patients such as an ileus or
recent gastrointestinal surgery, along with concerns for poor
drug absorption, may preclude the use of oral agents. The
availability of IV access eliminates the necessity for
intramuscular injections to provide analgesia for children.
Traditional approaches to pain management have been
through as-needed (pm) doses of analgesics, which, by
design, dictate that patients experience reemergence of pain
before each new request, as well as requiring the child to
notify the caregiver that he or she is experiencing pain.
Younger children may not understand the concept between
requesting pain medication and obtaining pain relief,
whereas older children will often deny or endure pain to
avoid an intramuscular injection. Many as-needed dosing
regimens result in patients receiving no or little analgesics.
Analgesics are always more effective, actually with less
dosage, in preventing pain rather than overcoming established pain by "chasing it." An as-needed schedule is
appropriate for children who have intennittent (pain separated by pain-free intervals), unpredictable pain, or pain
related to specific activities.
PICU patients often experience pain continuously. Therefore effective pain management strategies include techniques that permit continuous delivery of analgesics, such as
ATC scheduled dosing or continuous infusions, and provision of additional analgesic doses for break-through
pain. 13 . 15 For continuous pain, effective analgesia requires
the maintenance of constant serum and cerebrospinal fluid
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concentrations of the opioids, achieved by continuous IV
infusions. For patients receiving continuous infusions of
opioids, titrating or adjusting the dose according to anticipated responses of the patients to problems or procedures
provides critical care nurses a prevention-based focus for
care. Continuous infusions avoid the peaks and troughs of
blood concentrations associated with side effects and
inadequate analgesia. On the other hand, bolus dosing offers
rapid onset of analgesia when the patient is either about to
experience pain or the level of pain intensity has suddenly
increased. "Rescue doses" are supplemental doses offered
to patients on ATC schedules to treat pain that "breaks
through" the baseline analgesic level. The size and frequency of rescue dosing vary with the route of administration. As baseline doses are escalated, rescue doses need to be
adjusted. Adjustment of the opioid dose is essential throughout the patient's course of illness.
A common way of offering patients an interactive
method of treating their own pain by way of selfadministration of the rescue. doses is with the use of
patient-controlled analgesia (PCA) devices. These devices
allow parenteral delivery of opioids on demand, according
to parameters set by the healthcare team. The pump can be
programmed to provide a background, continuous infusion
yet allow the child to push a button to deliver a rescue dose
at programmed intervals. Although the child may push the
PCA button frequently, the PCA device will only successfully deliver a opioid dose when the preset lockout time has
passed. For safety, a total hourly maximum setting limits the
overall availability of opioid to the patient.
Patients must be alert, oriented, and physically able to
push a button. Although usage of the PCA requires adequate
understanding of instructions by the child, pumps are
routinely effective in children 7 years of age and older and
have been used successfully in children as young as 5 years
of age. 10.24 For young children or those who are developmentally delayed and not cognitively able to understand
how to self-administer analgesics, some experts advocate
for family-controlled analgesia and nurse-activated dosing.
Potential candidates for parent-controlled analgesia are to be
considered carefully. Because the child's safety is paramount, caregivers are to carefully evaluate parents in terms
of their ability to provide parent-controlled analgesia.
Parents who successfully manage the care of a chronically
ill child at home may be very capable of assuming the
responsibilities for parent-controlled analgesia. They may
wish to retain some control over their child's care during a
hospital stay and are often familiar with hospital routines.
On the other hand, parents of children who are undergoing
a single elective procedure may not be the best candidates to
provide parent-controlled analgesia. These families are
unfamiliar with the hospital routine and the care of their
child after surgery.
PCA addresses the variations in analgesic requirements
between individuals. With a PCA, the patient is able to
finely titrate the amount of opioid delivered to simultaneously maximize analgesia and minimize side effects.
Patients gain an element of self-control when using PCA.
They are no longer as dependent on healthcare providers to
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ensure pain relief. Most patients report greater satisfaction
with pain relief when using PCA in comparison with more
traditional methods of pain management 6 Extensive experience has been reported with various opioids. A common
regimen for morphine includes a loading dose, if needed, of
0.05 mg/kg, followed by a moderate basal rate (0.03-0.06
mg/kg/hr), with rescue doses 30% to 50% of the hourly
continuous dose every 10 to 15 minutes.

Nonopioids
Nonopioids, including acetaminophen and acetylsalicylic
acid, or other NSAIDs, such as ibuprofen, are employed for
mild to moderate pain. Unfortunately, these medications do
have a ceiling effect that makes them inappropriate for
treating severe pain. However, they can be used in
combination with opioids to lower the opioid dose requirements and incidence of opioid-related side effects.
NSAIDs act peripherally to provide their analgesic effect
by interfering with the synthesis of prostaglandin, through
the inhibition of cyclooxygenase (COX). There are two
isoenzymes of COX: COX-I and COX-2. The COX-I
isoform is expressed primarily in the kidney, gastrointestinal
tract, and platelets. In contrast, the COX-2 isoform is found
in low levels in tissues but is induced during inflammation.
By selectively inhibiting the COX-2 isoform, prostaglandin
pathways are influenced, decreasing pain and inflammation
and avoiding the toxicities of the inhibition of COX-I. Most
NSAIDs are nonselective inhibitors of COX. At present, two
selective COX-2 inhibitors are available (celecoxib and
rofecoxib) for which platelet aggregation does not appear to
be effected at indicated dosages. 56 However, limited pediatric data is available for dosing, as well as side effects for
these selective COX-2 inhibitors. Also, the COX-2 inhibitors are not recommended for use in patients with advanced
renal disease.
Serious side effects of nonselective NSAIDs include
(I) gastrointestinal irritation and bleeding, (2) coagulopathies from decreased platelet aggregation, and (3) nephrotoxicity. Prolonged administration (greater than 5 to 7 days)
or concurrent use with other nephrotoxic drugs are to be
avoided, especially for children with preexisting renal
dysfunction 52 The nonselective NSAID, choline magnesium trisalicylate (Trilisate) is preferred in patients who
have a risk of bleeding because it has less effect on platelet
aggregation and no effect on bleeding time at the usual
clinical doses. 52
Ketorolac (Toradol) is the only parenteral NSAID with a
potency similar to opioids and has been shown to be
effective in postoperative pain in children, especially if
given preemptively and continued on an ATC schedule.
However, all NSAIDs are to be used with extreme caution
in patients with extensive surgical dissection, such as
posttonsillectomy, because clinical trials of NSAID therapy
have demonstrated increased postoperative blood loss.2
Also, ketorolac is useful in treating vasoocclusive crises in
sickle cell disease.
Acetaminophen is an effective oral analgesic and antipyretic with a low side-effect profile (no reduction in platelet
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actIvIty and minimal gastric irritation). However, It IS a
weak antiinflammatory agent, and hepatotoxicity is of
concern with doses of more than 75 mg/kg/day.

Medicines for Neuropathic Pain
Early recognition and aggressive therapy improve the
prognosis for the resolution of neuropathic pain. Although
some patients report relief using NSAIDs and other nonopioid analgesics, neuropathic pain is less responsive to
opioids than nociceptive pain 52.57 without dosages leading
to unacceptable side effects. Several classes of drugs that are
not traditional analgesics are more often useful, including
(I) tricyclic antidepressants such as amitriptyline (Elavil)
and (2) anticonvulsants such as gabapentin (Neurontin),
phenytoin (Dilantin), or carbamazepine (Tegretol).
The analgesic effects of tricyclic antidepressants (TCAs)
result from their pharmacologic activity of "calming"
damaged nerves, not through their antidepressant activity.
Because these drugs can cause cardiac rhythm disturbances,
baseline electrocardiograms (ECGs) may be indicated for
patients with heart disease or other risk factors for dysrhythmias. The anticonvulsant gabapentin has been used with
moderate success and avoids the concern with side effects of
TCAs, such as dysrhythmias. Both the TCAs and anticonvulsants require a period of at least 3 to 5 days to achieve
analgesic effects. Each is to be given an adequate period of
time at full dosage before adding the next because additional
drugs produce additional side effects. It is important that the
dose ordered is given each day, usually at night to avoid
daytime drowsiness, so that a steady state is achieved.

Local Analgesics
Injections, chest tube insertions, bone marrow aspirates,
lumbar punctures, and insertion of peripheral intravenous
needles (PIVs) are major sources of discomfort and distress
to children in the PICU. Children develop conditioned
anxiety responses to painful procedures and associated
objects. In addition, most children do not adapt to the
discomfort of repeated procedures over time but instead
experience greater levels of anxiety with repeated painful
procedures. Anesthetics delivered preemptively are given to
block the generation and propagation of the pain impulses
by peripheral nerves, yet children fear the pain associated
with subcutaneous drug delivery by needles. Increasing
interest in administering local anesthetics by other methods
has led clinicians to the use needleless approaches to
providing local anesthesia.
A combination of Iidocaine-prilocaine (EMLA) was the
first available and effective percutaneously applied anesthetic cream for use on intact skin, and it has been used to
provide local anesthesia for venipuncture and minor superficial procedures, with effective analgesia to a depth of
5 mm. However, effective analgesia requires this cream be
left in place for 60 to 90 minutes,58 precluding its use for
emergency procedures. Systemic absorption of EMLA is
extremely low, resulting in a wide margin of safety.
However, caution must be exercised when using this cream

on diseased skin and in young infants because of the
possibility of methemoglobinemia included by the metabolites of prilocaine. Amethocaine gel (Ametop), composed of
4% tetracaine, is a new topical anesthetic that requires a
shorter application time (30 to 45 minutes) for skin
anesthesia as a result of its greater lipophilicity than
EMLA. 59.60 Other advantages of Ametop include a lower
risk of methemoglobinemia and a longer duration of action
(4 to 6 hours) compared with EMLA. However, as of 2000,
it is available in the United Kingdom and Canada but not in
the United States.
A novel method for subcutaneous drug delivery of local
anesthetics is called Numby Stuff, which is a batteryoperated unit using iontophoresis as the method for administering ionizable drugs such as lidocaine through the skin
with the electrical current of a small battery. This method
shortens the administration time to 10 to 15 minutes,61 an
advantage in emergency procedures performed in the PICV.
However, the invasive procedure must be done immediately
after using Numby Stuff because the lidocaine rapidly
dissipates from the prepared site. Found to provide local
analgesia to a depth of 8 mm, it is useful in patients who
have chronic painful procedures, such as dialysis needle
insertion in pediatric patients. 61 Adverse side effects associated with the iontophoresis of lidocaine appear to be
limited to transient blanching and erythema at the site of the
drug delivery and dispersal electrodes. Some children do not
tolerate iontophoresis secondary to the electrical sensation
(tingling) associated with its use 61 PICU clinicians often
have to administer lidocaine to deeper tissues, which are not
penetrable by the creams or Numby Stuff. Because the pH
of lidocaine is acidic, especially if epinephrine is added to
prolong the analgesia by vasoconstriction, mixing the
lidocaine with sodium bicarbonate in a 10: 1 ratio, respectively, will hasten the effect and minimize the burning
sensation associated with nonbuffered solutions. 62

Epidural Analgesia
Delivery of drugs by the epidural route is accomplished by
threading a catheter through a needle into the epidural space
(Fig. 17-5). Diffusion of morphine or fentanyl through the
dura into the cerebral spinal fluid (CSF) and then into the
spinal cord directly to the analgesic action site (receptors in
the dorsal horn of the spinal cord) leads to direct analgesia,
eliminating many of the systemic side effects of opioids
without having any effect on motor or sympathetic function.
Potential side effects of the epidural opioid infusions include
the previously discussed effects associated with opioid administration. The risk of respiratory depression after intraspinal opioids occurs with concomitant therapy of intravenous opioids as well; therefore using both routes must be
done with caution, most often provided by having the anesthesiology service write orders for pain and sedation. It is
critical to monitor the patient's sedation level and respiratory status and to decrease the epidural opioid dose if excessive sedation is detected. Because infants under 6 months of
age are the highest risk for clinically significant, opioidinduced respiratory depression, many clinicians recom-
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Fig. 17-5 Epidural space depicted with surrounding anatomy. (Modified from Sinatra R: Spinal opioid
analgesia: an overview. In Sinatra RS, Hard AH, Ginsberg B, Preble LM, eds: Acute pain: mechanisms and
management, St Louis, 1992, Mosby, P 107.)

mend that these patients be monitored by pulse oximetry or
cardiac/apnea monitors during administration.
Infusions of dilute concentrations of local anesthetics are
administered epidurally to provide synergistic effects with
the opioids, resulting in better analgesia and fewer side
effects at lower doses than would be possible if opioids were
administered alone. Evidence shows that a combination of
opioids and local anesthetics is more effective than using
either agent alone. 6 Children are subject to the adverse
effects of local anesthetics (sensory and motor deficits,
hypotension, and neurotoxicity, such as seizures). The
occasional occurrence of minor temporary numbness of
lower extremities usually is resolved easily by decreasing
the dose or removing the local anesthetic from the epidural
analgesia solution. To reduce adverse effects, doses are
carefully titrated to a maximum dose to avoid these
complications. The rate of a bupivacaine infusion is to be
maintained less than 0.4 to 0.5 mg/kg/hr. Lower doses in
infants younger than 6 months may be necessary because of
lower clearance rates in this age group.
Only preservative-free solutions that have been approved
for intraspinal use are to be used to prevent local damage to
the spinal cord. Catheters and IV tubing (without rubber
injection ports) that is distinctive for epidural infusions,
such as being color coded and boldly labeled, are recommended to prevent accidental introduction of unintended
medications into the epidural space. Infection of the epidural
space is a very rare (less than 0.0015%) but a serious
complication,54 especially if it leads to formation of an
epidural abscess resulting in spinal cord compression and, in
extreme cases, paralysis. This complication is thought to
be more common when epidural catheters are left in place
for a prolonged time, such as to treat chronic pain,54 and
are more often associated with poor aseptic technique or

migration of localized skin infection at the epidural catheter
entry site. Early signs and symptoms of an epidural infection
can be difficult to detect because skin site infection and
fever may not be present.
Puncture of epidural blood vessels during the placement
of the epidural catheterization leading to the formation of an
epidural hematoma that results in paraplegia is a potential
risk, although rare. This complication is best prevented by
careful screening of candidates for epidural catheter use,
such as establishing a minimal platelet count of 70,OOO/mm 3
and ensuring that coagulation test results are in the normal
range before placement.
Clinical signs of an abscess or hematoma of the epidural
space are similar: increasing diffuse back pain or tenderness,
pain or paresthesia on epidural injection, and bowel or
bladder dysfunction. As an epidural abscess or hematoma
grows within the epidural space, sensory and motor deficits
increase. Patient recovery without neurologic injury depends, in large part, on early recognition, followed by
confirmation of the compression by computed tomography
(CT) or magnetic resonance imaging (MRI). Treatment
ranges from antibiotics to surgical removal of the abscess or
hematoma.
Children can ambulate and perform all of the routine
recovery activities expected of them to the extent of their
medical or surgical condition. Research suggests that
epidural anesthesia in the postoperative setting may facilitate earlier recovery and improved outcome by reducing the
incidence of thromboembolisms and pulmonary and gastrointestinal complications after major surgery.63
Most state boards of nursing in the United States have
approved the administration of epidural boluses by nurses
who possess the necessary knowledge and skills and where
institutional policy and procedure support this function. 54
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Vascular uptake or injection of the local anesthetic directly
into the systemic circulation can result in adverse reactions
related to high blood levels of local anesthetic. Before
injecting a bolus, the nurse is to gently aspirate the catheter.
If other than a scant (less than I ml) of clear liquid is
aspirated, the nurse must collaborate with the anesthesia
staff before administering the bolus or continuing the
infusion. Free-flowing clear fluid (CSF) return indicates that
the catheter may be in the subarachnoid space. Free-flowing
blood aspirate return indicates that the catheter may be in a
blood vessel.

Sedatives
For both infants and children, adequate pain control may
preclude the need for other sedatives. However, if agitation
persists, agents such as benzodiazepines and barbiturates are
commonly used as first-line sedative agents. Proper selection and administration of drugs require knowledge of their
comparative effects, characteristics, and limitations. The
goal is to have the child be free from pain and anxiety,
able to tolerate medical procedures such as suctioning, but
able to be aroused easily from light sleep, enabling
effective neurologic assessment. For some patients, reaching the desired clinical outcome may require larger-thanrecommended drug doses. Dose response varies greatly not
only among patients but also over time within an individual
patient because of tolerance over time to the beneficial
effects leading to receptor down-regulation and competitive
drug interactions, as well as changes in pH, serum albumin,
autonomic activity, or renal and liver function. When a continuous infusion rate proves to be subtherapeutic, increasing
the rate alone is not effective. An additional small dose must
also be given, or it will take 4 to 5 half-lives to reach a new
steady state.
Benzodiazepines most commonly used in the PICU
include midazolam (Versed) and lorazepam (Ativan).
These agents possess sedati ve, anxiolytic, hypnotic, muscle relaxant, and anticonvulsant effects but no analgesic effects. Although they have minimal negative cardiovascular effects, dose-related effects include respiratory
depression, most commonly related to patient-specific
factors, such as age; concurrent disease; and drug cotherapy. The presence of active metabolites with all of
them except lorazepam complicates their use during
periods of prolonged use. Combinations of benzodiazepines
and opioids are synergistic in producing sedation. Tolerance
to the sedating effects has been reported in pediatric
patients. 49
Diazepam (Valium) has become less popular with the
arrival of newer, more water-soluble, less irritating, and
shorter-acting benzodiazepines. However, it is the least
expensive. When used over several days, diazepam is
stored in body fat, and active metabolites can accumulate,
leading to long half-lives (greater than 100 hours),
especially in those patients with renal failure. 64 Lorazepam
(Ativan) does not accumulate in lipid stores. Well absorbed
from oral and parenteral sites, it undergoes primarily
hepatic glucuronidation, a process relatively resistant to

hepatic dysfunction. In contrast to other injectable benzodiazepines, the pharmacokinetics of lorazepam do not
change significantly with critical illness. 53 Because of the
slower onset of action, alterations in continuous infusion
rates are to be preceded by a small bolus dose to avoid
excessi ve dose administration and oversedation. Many recommend it as the agent of choice for long-term sedation
in the ICU because of its lower cost and favorable
properties. 53
Midazolam (Versed) produces effective sedation, antegrade amnesia, and anxiolysis, with relatively few adverse
effects. The major risk is hypoventilation and subsequent
hypoxemia. Onset of action is very short (less than
3 minutes). A low-dose infusion of midazolam provides
smooth sedation without the peaks and troughs seen with
intermittent doses. In addition to an infusion, "rescue
doses" or intermittent doses ordered for break-through
agitation provide appropriate titration in response to a
patient's changing needs for sedation. Although promoted as
a sedative with a short duration, many studies challenge this
assertion, especially in the critically ill. 53 It has an active
metabolite that can accumulate over days of use and extend
the half-life to 12 to 20 hours in many patients,64 especially
in patients with renal failure. However, in ICU patients
without significant end-organ disease, clearance does not
appear to be decreased. The clearance may be reduced by
concurrent use of calcium-channel blocking agents, erythromycin, and triazole antifungal agents 53
For further details on these agents, see Table 17-6. Administration of high doses of benzodiazepines increases the
risk of developing moderate to severe withdrawal reactions.
All benzodiazepines appear to have an equal likelihood
of producing such physical dependence. Benzodiazepineinduced sedative and respiratory effects can be reversed
with incremental doses of flumazenil (Romazicon) 0.01
mg/kg every I to 2 minutes until a total dose of I mg is
given. 65 However, it is not effective in reversing barbiturates. Clinicians are warned to use this agent with caution
because administration may precipitate seizures, particularly in children taking benzodiazepines for seizure control,
as well as an increase in intracranial pressure from the
spontaneous awakening in a distressed state. Therefore
flumazenil is rarely used in the ICU.
Barbiturates are used in the ICU primarily for anesthetic
induction, cerebral protection, and treatment of seizures.
These agents possess long half-lives and are not as well
suited for routine sedation of critically ill patients because
they are difficult to titrate to achieve a desired sedative
effect without significant general depression of the central
nervous system, resulting in respiratory depression and
hypotension. However, they are useful for sedating patients
with acute head injury because they decrease cerebral
metabolic oxygen consumption by as much as 50%.
Barbiturates may actually increase a patient's sensitivity to
pain and are never substituted for analgesics. 53 Pentobarbital is the most commonly used barbiturate in the ICU to
induce barbiturate coma for improving control of increased
ICP for patients with severe head injury. Because it does not
have any active metabolites, its pharmacokinetics are not
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altered in renal failure. Hyperdynamic states, such as sepsis,
have correlated with increased barbiturate clearance.
To promote sleep and control agitation, choral hydrate
and haloperidol (Haldol) are recommended in specific
situations (see Table 17-6 for details regarding dosing).
Although choral hydrate is available for only oral or rectal
routes, it is rapidly absorbed and has the advantage of only
limited effects on cardiopulmonary function. However,
clinicians must be aware that it has no analgesic properties,
and excitement and delirium may result if given to patients
in pain 47 Because of the accumulation of active metabolites, its use is not recommended for infants younger than
3 months of age or patients with liver dysfunction. 66
Haloperidol has been found useful when less potent
sedatives are ineffective and has been found especially
beneficial for the treatment of delirium in critically ill
patients. 4 •66 This sedative-hypnotic has a rapid onset of
action, leading to minimal respiratory depression, and has
no active metabolites. However, adverse effects include
hypotension, dystonia, and extrapyramidal effects. Haloperidol may cause QT prolongation on the ECG, leading to
torsade de pointes (a specific form of ventricular tachycardia), and should be used with caution in conjunction with
other drugs that may also lead to this abnormality.
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discontinue those agents and begin a propofol infusion. This
will allow minute-to-minute balancing between oversedation and respiratory depression on one hand, yet prevent
anxiety related to the ventilatory weaning process on the
other. Propofol may also be an appropriate choice in ICU
patients with neurologic problems because it decreases
cerebral metabolic rate and intracranial pressure while
maintaining cerebral perfusion pressure. Propofol has no
analgesic effects; other analgesics must be added for
ongoing or procedurally related pain. One unusual effect is
discoloration of the urine to a green tint. Infusions for
critically ill adults have been found to be satisfactory and
safe. The cardiovascular and respiratory effects of propofol
are similar to those of barbiturates. Decreases in blood
pressure and heart rate are common after treatment with
propofol is started. Data on its use in children are limited,
and adverse events in this population have been reported,
centering on unexplained metabolic acidosis and hyperkalemia leading to cardiac arrest in pediatric patients who were
receiving an infusion of propofol. 69 .7o Why propofol might
produce metabolic acidosis is unknown. Some advocate its
use with caution in pediatric patients. 69 It is administered in
a lipid solution, which increases cost and can increase the
risk of infection. Transient elevation of triglycerides has
been reported.

Deep Sedation
Other agents may be used to offer a deeper level of sedation
associated with painful procedures or to increase tolerance
to the stresses of having mechanical ventilation. Ketamine is
a nonbarbiturate derivative of phencyclidine (PCP) that
produces "dissociative anesthesia," a cataleptic state in
which the eyes remain open with a slow nystagmic gaze.
Commonly classified as an anesthetic, when administered in
lower doses, it produces intense analgesia and amnesia67
(see Table 17-6 for specific dosages). Although the child
appears to be awake, he or she is not able to feel pain or
communicate. For those children with a risk of hypotension
from other sedatives, ketamine actually leads to the reverse,
an elevation in blood pressure. Clinicians should be aware
that it is a potent cerebral vasodilator, thus to be avoided in
children who are at risk for increased intracranial pressure.
A set of symptoms reported by older patients as visual,
auditory, proprioceptive, and strange illusions, called the
emergence phenomena, can occur when the drug is discontinued, especially in patients older than 16 years.
Propofol is an ultrashort-acting sedative-hypnotic agent
useful as a bolus for deep sedation for a stressful procedure
in nonintubated patients, as well as a bolus followed by a
continuous infusion for patients requiring mechaniCal ventilatory support in the ICU. Its advantages are its rapid onset
of action and rapid dissipation of effects 68 The patient's
level of sedation can be regulated by titrating the propofol,
much like blood pressure regulation by a dopamine infusion.
Although the half-life is I to 3 days, the sedative effects
typically dissipate within 5 to 10 minutes after the infusion
is discontinued, which makes it so useful. If the time to
extubate a patient is approaching and the patient has been
receiving other sedative agents, it may be appropriate to

Inhalational Agents
The use of inhalational anesthetic agents such as isofturane (Forane) is another alternative useful in providing
comfort to complex patients who are unresponsive to
maximal conventional therapy71 Advocates for their use
convey their benefits: rapid onset, rapid awakening on
discontinuation, and ease of control of the depth of
sedation. Additional benefit from its effect of bronchodilation makes it an attractive agent for patients who have
severe reactive airway diseases. However, several logistical
problems may limit their usefulness outside of the operating
room. Rules and regulations regarding who should regulate
the inspired concentration of the agent is complex and may
be not sanctioned to be done by nursing staff. Effective
scavenging devices are necessary to prevent environmental
pollution.

Discontinuation of Analgesics and Sedatives
Strategies to appropriately discontinue opioids and benzodiazepines in infants and children recovering from critical
illness are one of the most challenging aspects of critical
care nursing. Comprehensive management is based on
accurate and repetitive clinical assessment and a compassionate interplay of pharmacologic and nonpharmacologic
measures used in a complementary manner. The nurse
should assure the child and family that this does not mean
the child is addicted to the medicines. It means the child is
temporarily physically dependent on them in the same
fashion as steroids.
The ICU nurse must monitor for subtle clues indicative
of withdrawal while continuing to serve as an advocate for
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patient comfort. Early recognition and management of
withdrawal symptoms are imperative. Many of the signs and
symptoms associated with withdrawal are similar to those
associated with pain or the agitation itself. Use of an
objective assessment tool such as the Neonatal Abstinence
Scoring Tool (NAST) may assist the caregiver in identifying
the presence of withdrawal symptoms because it is easy to
overlook these individual symptoms or attribute them to
other causes when scoring. 72 As shown in Table 17-7, the
NAST was developed to assess and mange the opioidaddicted newborn; it identifies behaviors consistent with
withdrawal and assigns a score to each behavior. A score of
8 or greater indicates neonatal abstinence syndrome. Although the tool has not been validated for use in older
children, it may provide an objective means of assessment
for caregivers in the PICU setting. 49
Clinical features of opioid withdrawal include gastrointestinal dysfunction (poor feeding, uncoordinated sucking, vomiting, diarrhea), autonomic signs (dilated pupils,

TABLE
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piloerection, increased sweating, nasal congestion, fever,
mottling), neurologic excitability (high-pitched crying, insomnia, hallucinations, increased motor tone, tremors,
seizures)3! Signs of withdrawal are more severe in older
children than in younger children and infants. Clinical
features of benzodiazepine withdrawal differ marginally
from those of opioid withdrawal. In addition to those
found in opioid withdrawal, severe anxiety, confusion,
perceptual disorders, depression, facial grimacing, choreoathetoid movements, dyskinetic movements of the mouth,
myoclonus, ataxia, poor visual tacking, and opisthotonos
have also been reported following abrupt discontinuance
of benzodiazepines. 73 Experts have found that some signs
of withdrawal (movement disorders) persist for up to
6 to 8 weeks after the discontinuation of midazolam
and are only partially responsive to treatment with other
benzodiazepines. 31
Symptoms are not only extremely uncomfortable for the
patient and anxiety provoking for the family, it may further

Neonatal Abstinence Score Sh~et
Signs and Symptoms

Excessive high-pitched (or other) cry
Continuous high-pitched (or other) cry
Sleeps < I hour after feeding
Sleeps <2 hours after feeding
Sleeps <3 hours after feeding
Hyperactive Moro renex
Markedly hyperactive Moro renex
Mild tremors when disturbed
Moderate to severe tremors when disturbed
Mild tremors when undisturbed
Moderate to severe tremors when undisturbed
Increased muscle tone
Excoriation
Myoclonic jerks
Generalized convulsions
Sweating
Fever of 37.2° C to 38.2° C (99° F to 100.8° F)
Fever >38.4° C (tolO F)
Frequent yawning (more than 3 to 4 times/interval)
Mottling
Nasal stuffiness
Sneezing (more than 3 to 4 times/interval)
Nasal flaring
Respiratory rate >60/min
Respiratory rate >50/min with retractions
Excessi ve sucking
Poor feeding
Regurgitation
Projectile vomiting
Loose stools
Watery stools

Score
2
3

3
2

1
2
3
I
2

3
4
2
I
3

5
I
I

2
I
I
I
I

2
I

2
I

2
2
3

2
3

I~dapled from Finnigan LP. KrOll RE, Cannaughton JF et al: A scoring system for evaluation and treatment of neonatal abstinence syndrome: a new clinical

![iiild research tool. In Morselli PL, Garattini S, Sereni F, eds: Basic and Iherapeulic uspeclS of perinatal pharmacology, New York, 1975. Raven Press;
~ii:prinled from the J Perillat Neonatal Nllrs July 1990. P 70.
.
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complicate a patient's PICU course. The agitation accompanying withdrawal triggers the release of endogenous
catecholamines and other stress hormones such as glucagon
and corticosteroids that can lead to cardiovascular compromise. Attempts to wean from ventilatory support may be
disrupted by increasing oxygen consumption and carbon
dioxide production. Withdrawal symptoms expend energy
and calories needed for healing and may at times mimic the
onset of sepsis.
Previous use of other agents to control withdrawal, such
as phenobarbital, has been done to minimize withdrawal
symptoms. However, these have side effects of their
own. Therefore experts recommend the slow weaning
of their respective doses and converting to other agents,
such as methadone and clonidine, as useful in preventing withdrawal symptoms. Because of methadone's prolonged half-life, plasma levels of the drug will decline
slowly, allowing gradual weaning.'1 Some use methadone
in the weaning process at doses of 0.1 mg/kg given
enterally every 12 hours while gradually decreasing
and eventually discontinuing infusions of fentanyl and
morphine. 49
It is now known that u 2 -aderenergic receptors and
IJ.-opioid receptors activate the same potassium channel,
albeit via different proteins. Therefore administration of
c1onidine, an ~-aderenergic receptor agonist, is another
method of preventing opioid withdrawal symptoms; it may
"mimic" opioids at the subreceptor level, thus allowing
a decrease in the opioid dose without the occurrence of
signs or symptoms of withdrawal using oral doses of 3
to 5 IJ.g/kg every 4 to 8 hours? 1.49 In addition, clonidine's
central nervous system effects produce mild sedation and
a sense of well-being and calmness that also help
ameliorate the symptoms of withdrawal. Patients can be
weaned off the drug in I to 2 weeks as it is reduced by
0.1 to 0.2 mg each day.
Patients can benefit from institutions developing standardized approaches for such discontinuance of opioids and
benzodiazepines (Fig. 17-6). The general recommendation
is to avoid simultaneous decrease in both drugs at the same
time at intervals providing time for reassessment of the child
and attainment of a new steady state before the next
decrease in dose. Patients who have been treated with
continuous infusions of high doses of opioids require up to
2 to 3 weeks to be weaned. 31

NURSING'S ROLE IN PAIN MANAGEMENT
Nurses have primary responsibility for assessing children's
distress and coordinating pharmacologic, environmental.
and social interventions to optimize comfort. Their role in
providing patients and families with factual information
about pain and analgesics is an extremely important nursing
intervention directed toward breaking down the many
barriers to its effective management. Nurses need to
make pain management a priority, starting with establishing the standard in PICU that pain assessment be
done with the same frequency and attention as measure-
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ment of vital signs and checking the crash cart. Nurses
are in a crucial position to advocate for their patients with
the fundamental obligation to manage pain and relieve
patient suffering as a crucial element of their professional
commitment to patient care. These are not merely lofty
ideals; effective pain and anxiety management produces
myriad patient benefits, including reduced morbidity and
mortality. I I
Nurses' participation is necessary in developing and
establishing the institutional systems that promote quality
care in the area of pain management. Research has shown
that clinical protocols can be implemented by critical care
nurses to guide sedation strategies in such a way that the
duration of mechanical ventilation can be reduced at the
same time comfort can be provided 74 Nurses should
actively decide which pain assessment tools will be used
and ensure that they are readily available for staff and
patients to use. For example. a selection of pain assessment
tools may be compiled on a single sheet of paper, copied,
and placed on every bedside clipboard. Nurses can also
influence patient documentation systems to include a
specific section for pain assessments. Pain flow sheets 22
have demonstrated that patients who are assessed more
frequently experience less pain and receive more opioid
analgesics. Overall. there is still a lack of accountability
of healthcare systems, specifically critical care units, to
make pain as a recognized priority. Many experts advocate
that the first step is establishing a trigger point in the pain
intensity assessment scale, such as that pain needs to be
less than 50% of the total scale (i.e., less than 3 on a 0to 5-point scale), or a trigger point requiring an intervention
aimed at providing pain relief54
In recent years, extensive work in pain management
guideline development has been done. with accompanying
recommendations for quality improvement monitoring.
Nurses may be actively involved with the implementation of
well-recognized guidelines such as that of the Agency for
Health Care Policy and Research (AHCPR). II Increasing
efforts have been made by the Joint Commission on
Accreditation of Health Care Organizations to hold healthcare professionals responsible for assessing and relieving pain.7.75

SUMMARY
Caregivers must believe in the authenticity of a child's pain
and that the benefits of adequate analgesia far outweigh the
potential side effects. Adequate and early pharmacologic
interventions for pain relief minimize patient suffering,
maintain normal homeostasis, and improve a patient's
tolerance of ICU therapies and nursing interventions. The
appropriate selection and method of delivery of the pharmacologic strategy is determined by the intensity of the pain
experienced, the expected treatment goals, and the chi Id's
overall condition. Even for the sickest child, adequate
analgesia can be provided using the interventions, both
pharmacologic and nonpharmacologic, as outlined in this
chapter.

574

Part III

Phenomena of Concern

Benzodiazepine Administration
Opioid administration

<5 days

I

•• D/C as tolerated
.. -

t.

Length of
therapy

.,,5 days

Intermillent

Method of
administration

•• Decrease rate of
infusion by 20% per i
day x 3 days

Continuous

,
Calculate hourly equivalent for lorazepam

Yes

Calculate hourly equivalent for morphine/methadone

If

Convert
to intermittent
dosing? .

".w_'.

No

,
•• Reduce total daily dose by 20-25%
:
with interval unchanged until reach
lorazapam equivalent of 0.1 mglkg/dose

•• Begin lorazepam at equivalent
dose q4h; IV or enteral

•• Reduce total daily dose by 20-25%
with interval unchanged until reach
morphine equivalent of 0.1 mg/kg/dose
,.,.
" ".,,-,.-- -'-'0 ....""'.J'-',
:-=""-'

•• Begin morphine IV at equivalent
dose q2h OR methadone at '/2
morphine equivalent dose q6h
.. ._- _.-.
,•..:;c._;:_ .._,
- "_.--.-_..

r;.-r

--~-.

•• Extend interval once/day
(q4h-q6h-q8h-q12h-q24h-D/C)
leaving mg/kg/dose the same
•• Extend interval once/day
(q4h-q6h-q8h-q12h-q24h-D/C)
leaVing mglkg/dose the same
OR for clinically stable patients
consider oral methadone dosing
(bid dosing of methadone may
be sufficient)
~

•..

~~. M"~_'

"; .•

",,.~.,_

..

,-.,,'-<;l'

_

"

i
-

.,

\

•• Decrease rate of infusion over 4-5 days
until mldazolam equivalent of 0.02 mglkg/hr
is reached; then D/C
•• Decrease rate of infusion over 4-5 days
until morphine equivalent of 0.02 mg/kg/hr
is reached; then D/C

...~

«'.'

";::"--. .,

..

-, ....

;----

-

..

,

".'-,.,-_.

",."

.

•• Assess patient for signs of
withdrawal or overdose.
If either situation present, reassess
dosing and interval.
If symptoms of withdrawal are present,
consider pm dosing of lorazepam
until symptoms are minimized.
If overmedication present, consider
reducing dose and interval.

•• Assess patient for signs of withdrawal
or overdose.
If either situation present, reassess
dosing and interval.
If symptoms of withdrawal are present,
consider pm dosing of opioid until
symptoms are minimized.
If overmedication present, consider
reducing dose and interval.

For weaning purposes, assume 1 mg
of lorazapam is equivalent to 1 mg of
midazolam.

Morphine is 50-100 times less potent
than fentanyl.
I1g of morphine = I1g of fentanyl x 50
divide by 1000 to obtain mg dose
For purposes of weaning, assume 1 mg
of morphine is equivalent to 0.5 mg of
methadone.

.

Fig.17-6

Algorithm for weaning benzodiazepines and opioids. (Data from Cincinnati Children's Hospital
Medical Center: Therapeutic concepts: narcotic/benzodiazepine withdrawal, 1996, pp 1-4.)
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