®

Check for
updates

Chapter 1
Introduction to Sedation and Analgesia

Mary Sandquist and John W. Berkenbosch

Brief History of Pediatric Sedation and Analgesia

The first use of operative anesthetic in a pediatric patient occurred in 1842 when Dr.
Crawford Long administered sulphuric ether via inhalation to a child for removal of
one of two fingers; the author noted that “he suffered from one operation and was
insensible during the other” [1]. In 1857, Dr. John Snow reported that the effect of
inhaled chloroform occurred “more quickly” in pediatric patients when compared
with adults, the first testimonial of a difference between pediatric and adult anes-
thetic absorption and metabolism. Between the 1800s and the pre—World War II era,
minimal distinctions were made between pediatric and adult patients in the field of
anesthesia despite the successful anesthesia of countless children. However, in the
1940s—1950s, the expansion of the pediatric surgery field mandated further explora-
tion and refinement of pediatric anesthesia techniques.

Concurrent with advances in anesthesia post—World War II, the advent of the
intensive care unit (ICU) corresponded significantly with the development and dis-
semination of positive-pressure mechanical ventilation capabilities [2]. The first
ICU was created in Denmark in 1953 and brought anesthesiology out of the operat-
ing room to care for patients requiring longer-term mechanical ventilation during
the polio epidemic in the early 1950s [3]. Over the next decade, ICUs became com-
mon in larger hospitals in developed countries [4], as did specialized neonatal and
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pediatric ICUs [5], which provided the first long-term positive-pressure ventilation
to children suffering from diseases such as tetanus. This was typically achieved via
tracheostomy, neuromuscular relaxation with curare or mephenesin, and occasion-
ally sedation, typically phenobarbitone [6].

The introduction of anesthesia and analgesia to children outside of the operating
room and the development of technologically sophisticated support have led to an
evolution in the way pediatric ICU practitioners view pain, discomfort, and the
needs surrounding their management. Importantly, this evolution has been charac-
terized by an increasing recognition of the prevalence and sources of pain, discom-
fort, and anxiety in critically ill children, as well as the adverse consequences of
untreated or inadequately treated pain.

Goal of Sedation and Analgesia in the Critically Ill Child

At first glance, the goals of sedation and analgesia provision to the critically ill
child appear simple and almost solely altruistic, specifically to ease pain and anxi-
ety at a time the child is highly likely to be experiencing one or both of these
stressors. However, additional benefits also exist which may, in the long run, be
more significant. Multiple adverse effects of inadequately treated pain have been
reported, including increased myocardial oxygen consumption [7, 8], ineffective
cough with associated altered pulmonary secretion clearance leading to atelectasis
and/or infection [8, 9], immunosuppression [10], delayed wound healing [11],
impaired sleep [12, 13], and development of hyperalgesia [14]. From a sedation
perspective, adequate sedation is required in many critically ill children to prevent
inadvertent removal of life-sustaining devices; facilitate cooperation with thera-
pies, such as mechanical ventilation [15-17]; decrease anxiety; and, in many
cases, confer a degree of amnesia. Importantly, sedation must be seen as a balance
since inadequate sedation may also be associated with excessive anxiety, post-
traumatic stress development post-hospitalization, and aversion to future medical
interventions and care [15, 18]. Conversely, oversedation may contribute to
increased risks of extubation failure [19, 20], increased duration of pediatric ICU
stay [15], development of iatrogenic tolerance and withdrawal syndromes [21, 22],
and delirium [23-25].

Despite these recognitions, the literature continues to report that inadequate
management of both pain [26, 27] and sedation [28, 29] are common. It is likely
that an underappreciation of the adverse effects listed above are partially respon-
sible, but it is also likely that myths regarding the ability of children to sense and
process pain continue to exist across all disciplines of healthcare providers. A
list of some of these myths and the evidence disputing them can be found in
Table 1.1.
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Table 1.1 Myths about pain in children [30]

Myth

Evidence disputing

Infants cannot feel pain
due to nervous system
immaturity

Pain receptors develop from 7 to 20 weeks gestation [31], and pain
conduction pathways are present at 13 weeks gestation with full
myelination by 30 weeks [32]. Cortical interconnections responsible
for pain perception are present by 24 weeks gestation [33].

Children do not feel
pain as acutely as
adults

While behaviors to pain differ between children and adults, there is no
evidence that pain in children is less severe than in adults [34]. As the
neuroinhibitory pathways of pain develop later than propogatory
mechanisms, it is conceivable that neonates may have an increased
sensitivity to pain than adults [33, 35].

Children who are active
are not experiencing
pain

Children may remain active while in pain to (1) decrease the likelihood
that they will be taken to be further examined and managed [36] or (2)
use movement and activity as a distraction and/or coping mechanism
for dealing with pain [30].

Children who are
sleeping must not be
experiencing pain

Compared with healthy controls, children with various sources of pain
have disordered sleep [37]. However, children with both acute and
chronic pain demonstrate sleep architecture by polysomnogram,
suggesting that sleep occurs during the presence of pain [38, 39].

Children will always
truthfully report their
pain presence and
severity

While self-report has become the gold standard for pain assessment in
children aged 6 years or higher [40, 41], children may also deny pain
for fear of reprisals, including parental/caregiver disapproval, cultural
norms or attitudes regarding pain, and fear of needing an injection for
pain management [42, 43].

Children are not
capable of describing
and/or localizing their
pain

The validity of self-report scales for assessing pain suggests that
children are capable of expressing their pain [40, 41]. While children
cannot describe the characteristics of their pain in manners as
sophisticated as adults, by using body outlines and pointing strategies,
children can effectively localize pain sites [36, 44].

When children cry, it is
usually due to reasons
other than pain (i.e.,
restraint, anxiety,
parental absence, etc.)

While children may cry for reasons other than pain (hunger, anxiety,
being restrained, etc.), crying is a frequent behavior associated with
pain as well. For this reason, crying is a common component of several
validated pain scales, especially those used in younger children/infants
or those with developmental delays in whom self-report is not feasible
[45, 46].

Parents know all the
answers about
children’s pain

Parents are generally thought to be the most reliable interpreters of
their child’s behavior. However, in the setting of acute pain, regardless
of the cause, the reliability of parental report may be reduced due to
their own stress [47]. Especially in children unable to self-report pain,
parental report has been shown to vary from bedside caregivers,
making true assessment difficult [48].

Opioids are unsafe for
treating children’s pain

Despite some age-related differences in both pharmacokinetic and
pharmacodynamic responses to opioids in children compared with
adults [49], an increasing body of evidence suggests that opioids can
be safely used in all ages of children [50-52], including the premature
neonate [53]. Opioids remain the most commonly used analgesic in
critically ill children [20, 54] and should be considered part of the
standard of care for managing moderate and severe pain [40, 55].
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Physiology of Pain

Pain is defined as “an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage” by the
International Association for the Study of Pain. Nociception, on the other hand, is
the unconscious activity induced by a harmful stimulus applied to sense receptors
[56]. Therefore, pain should be interpreted as the emotional response to a nocicep-
tive stimulus with the acknowledgement that the same stimulus may produce vari-
able pain perception in different individuals.

During critical illness, children are exposed to numerous potential sources of pain.
These can be broadly divided into four categories, including (a) postsurgical pain, (b)
disease-related pain, (c) device-related pain, and (d) treatment-related pain. The first
two sources are intuitive and should be readily apparent to caregivers, although con-
sideration of pain related to medical disease appears to be underappreciated com-
pared with surgical pain [57]. Due to developmental capacities and diminished patient
awareness while critically ill, it may also be difficult for bedside providers to identify
the presence of pain and/or understand its source which may compound inadequate
treatment. While data are limited, numerous device and/or treatment sources of pain
have been identified in critically ill children. Similar to data in adults [58], endotra-
cheal tube suctioning has been found to be a significant source of procedural pain
during critical illness [59, 60]. Other sources of invasive pain not routinely pretreated
included venipuncture and/or capillary blood sampling [61]. Care-related sources of
pain include dressing changes, skin care, and mobilization [61, 62].

The physiology and neurobiology of the pain response system is complex but can
be viewed as having two basic components: the neural pathways and interactions
responsible for transmitting and processing the response to a stimulus and the bio-
chemical mediators responsible for activating and mediating those neural pathways.

Pain arises first and foremost from tissue damage. Depending on the location of the
insult, the stimulus is detected by either cutaneous nociceptors which are free nerve
endings in peripheral tissue or deep-tissue nociceptors (e.g., joints, bones, and viscera).
Whereas cutaneous nociceptors transmit a highly localizable response, the receptive
field of deep tissue receptors is significantly wider, especially for visceral insults, mak-
ing the stimulus more difficult to localize. Following nociceptor stimulation, the signal
is transmitted via a number of potential neurons to the central locations for processing.
Somatic tissue injuries (mechanical and thermal) are transmitted via thinly myelinated
Ao fibers which respond to mechanical and thermal impulses and are considered “fast”
velocity. Visceral tissues do not contain Ad fibers and transmit via C fibers which are
much slower in velocity and produce a duller pain sensation [63].

Whereas A9 fibers utilize glutamate to communicate the immediate localizing
response to pain, C fiber transmissions are mediated via both glutamate and substance
P. Additionally, chemical mediators of the pain response include release of bradyki-
nin and prostaglandins that sensitize or activate nociceptors, which release substance
P and calcitonin gene-related peptide. Substance P causes the degranulation of mast
cells, releasing histamine which further activates the nociceptors, and in combination
with calcitonin gene-related peptide, release further bradykinin [64].
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Complexities of Sedation and Analgesia in the Critically
11l Child

The “critically ill child” can encompass a complex array of heterogeneous condi-
tions involving multiple organ systems, especially in the growing population of
chronic complex systems patients being admitted to pediatric ICUs today. These
acute and chronic conditions may affect the patient’s metabolism and tolerance of
the multitude of agents which might be utilized to achieve these previously estab-
lished goals. While the body of literature is growing, there is inadequate data regard-
ing the pharmacokinetic and pharmacodynamic effects of sedation and analgesic
drugs in the critically ill pediatric population. Drug choice and dosing are further
complicated by the presence of (1) multi-organ injury, specifically hepatic and renal
dysfunction, due to their impacts on drug metabolism and excretion, (2) fluid shifts
due to capillary leak syndrome which may alter a drug’s volume of distribution and
subsequent clearance, and (3) obesity which also significantly impacts drug distri-
bution and clearance. For this population, specifically, the practitioner is encour-
aged to dose drugs based on ideal rather than actual body weight. It should also be
considered that drug accumulation in the adipose tissue can be substantial, espe-
cially during the use of continuous infusions, which markedly prolong elimination
and dissipation of clinical effects. Periodic “holidays” during which infusions are
either stopped or temporarily replaced by alternative agents may be especially
important in the obese population to avoid these undesired effects. All of these fac-
tors, and likely others, challenge the provider to make calculated choices in drug
selection and dosing to both achieve the desired effects for the required duration
while minimizing potential adverse effects.

The subsequent chapters are intended to be a guide to all providers caring for
critically ill children in making informed choices regarding the provision of appro-
priate sedation and analgesia in the pediatric ICU, as well as the procedural sedation
setting. The principles laid out in this introduction will be expanded upon and
encompass choices related to agent choice(s), safety and monitoring, special popu-
lations presenting specific risks, and specific situations commonly encountered in
either the pediatric ICU or procedural sedation environments.
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