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Introduction

On a daily basis, infants and children in the 
Pediatric Intensive Care Unit (PICU) require 
sedation and analgesia during painful and inva-
sive procedures. Regardless of the patient’s age, 
underlying medical condition or comorbidities, 
admission to and subsequent care in the PICU 
can be a frightening and painful experience. As 
in other locations, procedures may be brief (burn 
dressing changes, placement of central venous or 
arterial cannulae), and require only a short period 
of analgesia, anxiolysis, or immobility. However, 
the PICU is often different from other locations, 
as the need for procedural sedation may last days 
or even weeks as children may require prolonged 
sedation to overcome the pain and anxiety asso-
ciated with the presence of an endotracheal tube 
(ETT) and the requirement for ongoing mechan-
ical ventilation. The pain and anxiety may be 
further magnified by various psychological fac-
tors including periodic separation from parents, 
disruption of the day–night cycle, unfamiliar 
people, the noise of imposing machines and 
monitoring devices, fear of death, and loss of 

self-control can lead to emotional distress, anxiety, 
and sleeplessness. In a recent prospective cohort 
study of adult patients, Mendelsohn et al. reported 
that 26.3% of their cohort remembered mechani-
cal ventilation and approximately 25% would 
have chosen not to receive mechanical ventila-
tion had it been any more painful [1].

Pediatric ICU Sedation

Preprocedure Preparation and Patient 
Evaluation

Before the administration of pharmacologic agents 
for the control of procedure-related pain and anxi-
ety, there should be an evaluation of the patient and 
preparation of the environment (Table 13.1). The 
Pediatric ICU patient is somewhat different in that 
treatable and potentially life-threatening causes of 
agitation such as hypoxemia, hypercarbia, cerebral 
hypoperfusion, necrotic bowel, or a compartment 
syndrome must be excluded before instituting seda-
tion or escalating doses. The injudicious use of 
sedative/analgesic agents without ongoing patient 
examination and monitoring may be deleterious. 
Alternatively, such concerns are less of an issue for 
a patient who is undergoing a brief invasive or 
 noninvasive procedure.

The basic components of the presedation 
assessment are outlined in Table 13.2. This 
assessment includes the performance of a focused 
history and physical examination. The history 
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should focus on the child’s current state of health 
as it relates to the reason for the procedure, the 
past medical history to identify significant comor-
bidities, as well as acute events which led to the 
PICU admission. Since the primary risks associ-
ated with sedation include adverse respiratory 
events (apnea, hypoxemia, hypercarbia, and upper 
airway obstruction) or cardiovascular events 
(hypotension, bradycardia, arrhythmias), the 
focus of the presedation evaluation and physical 
examination is placed on these systems or areas. 
Although many patients may already have an ETT 
in place, the assessment of the upper airway 
should still be performed in the event that the ETT 
become dislodged at some time such as during 
positioning for the procedure or patient transport.  
Upon completion of the history and physical 
examination, an ASA (American Association of 
Anesthesiologist) classification may be assigned  
and the various options for sedation regimens 
considered (Table 13.3) [2].

A final component of the presedation assess-
ment is the establishment of when the child last had 
any oral intake (nil per os or NPO status).  Recently, 
the need to adhere to strict NPO guidelines for 

procedural sedation has been challenged, particu-
larly by those working in acute-care environments 
such as emergency rooms where procedures 
may need to be performed more urgently [3–6]. 
In specific cases in the Pediatric ICU patient, such 
as patients who have recently eaten, those with 
comorbid conditions which affect gastric empty-
ing, those with altered mental status or impaired 
airway protective reflexes, and those with preex-
isting problems with respiratory or cardiovascular 
function, the safest way to proceed may include a 
rapid sequence induction and endotracheal intu-
bation to provide airway protection during the 
procedure.

Given that any of the agents used for proce-
dural sedation and analgesia can have deleterious 
effects on physiologic functions, patients should 
be monitored in accordance with guidelines set 
forth by the American Academy of Pediatrics 
(AAP) and/or the ASA during and following the 
use of these agents [3, 7, 8]. Although the PICU 
provides the optimal environment for the moni-
toring of a patient’s physiologic functions, this 
monitoring should be continued when patients 
are transported out of the PICU [3, 7]. 

Table 13.1 Preparation for procedural sedation in the 
pediatric ICU

Rule out treatable causes of agitation
Hypoxia and hypercarbia
Cerebral hypoperfusion

Bladder distention

Surgical lesion – necrotic bowel or compartment 
syndrome

Perform a presedation evaluation of the patient. This 
evaluation is similar to that performed prior to any 
surgical procedure performed in the operating room
Identify the etiology of the pain or agitation to guide the 
appropriate selection of the agent or agents as well as the 
need to provide sedation/anxiolysis/amnesia, analgesia or 
both
Monitor patient according to the standards outlined by 
the American Academy of Pediatrics for procedural 
sedation and analgesia [2]
Titrate the initial bolus dose of the medication and 
subsequent infusion rates based on the patient’s clinical 
response with the use of formalized sedation/pain scales
Observe for adverse physiologic effects including the 
development of physical tolerance which necessitates 
increasing the dose of the agent used or switching to 
another agent that acts through a different receptor system

Table 13.2 The preprocedure or presedation assessment

Patient’s name, age weight, and gender
Past medical history

Acute medical or surgical problems

Comorbid medical conditions

Previous sedation or anesthetic history including problems
Allergies
Current medications
Family history of anesthetic complications
Dietary history (nil per os status)
Pregnancy history
Physical examination

Baseline vital signs including room air oxygen 
saturation if feasible

Airway examination with Mallampati grading system

Focused cardiac and respiratory examination

Current vascular access and infusion (to select site  
for medication administration)

Laboratory evaluation as appropriate
Summary

American Society of Anesthesiologists status (ASA I–V)

Sedation and recovery plan

Risks discussed and informed consent obtained from 
patients
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Assessing the Depth of Sedation

During the use of sedative and analgesic agents, 
the repeated evaluation of the depth of sedation 
should be incorporated into the PICU routine with 
an increase or decrease in the doses used based 

on the patient’s response. Clinical practice has 
included the move from the use of subjective mea-
sures and assessments made by healthcare provid-
ers to the use of formal pain and sedation scoring 
systems, which are monitored at regular intervals 
with the recording of physiologic vital signs. 

Table 13.3 Suggested guidelines for dosing of sedative and analgesic agents a

Agent Dose Comments

Fentanyl 2–3 g/kg/h Modulates the postsurgical and sympathetic stress response thereby blunting 
increases in pulmonary vascular resistance (PVR). May have utility in neonates 
and infants at risk for pulmonary hypertension following surgery for congenital 
heart disease. Has limited effects on cardiac output and mean arterial pressure. 
May result in mild to moderate negative chronotropic effects

Morphine 10–30 g/kg/h Cost-effective agent for sedation. Hemodynamic effects are generally related to 
vasodilation of capacitance vessels and a decrease in preload. These effects are 
exaggerated in the setting of hypovolemia. Delayed development of tolerance 
and less withdrawal issues when compared to fentanyl

Remifentanil 0.1–0.3 g/kg/
min

Short (4–8 min) and consistent half-life across all age groups including neonates 
and infants due to esterase metabolism. Use for prolonged (more than 24 h) 
sedation limited by the rapid development of tolerance and cost

Midazolam 0.05–0.15 g/
kg/h

Abundant clinical experience as an agent for PICU sedation. Metabolism by the 
P

450
 may result in prolonged half-life in patients with hepatic dysfunction. 

Presence of an active metabolite may result in prolonged sedation with long-term 
administration. Generic form limits cost when compared with other agents

Lorazepam 0.025–0.05 g/
kg/h

Limited clinical experience as an agent for sedation in the PICU population. 
Generic preparations limit cost. A major consideration is the accumulation of its 
diluent, propylene glycol. Metabolism by glucuronyl transferase limits changes 
in pharmacokinetics even with hepatic dysfunction

Ketamine 1–2 g/kg/h Endogenous catecholamine release results in bronchodilation and cardiovascular 
stability. However, may cause cardiovascular collapse in patients whose 
endogenous catecholamines are depleted as its primary direct effects are a 
decrease in myocardial function. Controversial effects on intracranial pressure 
(IP) and PVR although the recent literature demonstrates no deleterious effects

Pentobarbital 1–2 g/kg/h Second line agent after benzodiazepines and opioids. Alkaline pH leads to 
compatibility issues with other medications and may result in tissue irritation or 
sloughing of skin with extravasation. Hypotension may occur from vasodilata-
tion and negative inotropic effects

Propofol 1–3 g/kg/h Rapid awakening upon discontinuation of the infusion. Solution has a high lipid 
content. Prolonged use ( 12 h) for sedation contraindicated in the PICU population 
due to risk of propofol infusion syndrome. Increasing data suggests that this may 
also occur in the adult population. May still be used in rare circumstances as a 
therapeutic agent for the treatment of increased ICP or status epilepticus; however, 
intermittent monitoring of acid–base status is suggested to monitor for toxicity

Haloperidol 0.06–0.45 g/ 
kg/day

Limited clinical experience in the pediatric population. Anecdotal data in the 
adult population suggest benefits of a decreased incidence of withdrawal and 
delirium with its use. May have a role for the treatment of agitation and delirium 
in the PICU population. Hypotension may result from -adrenergic blockade. 
Additional adverse effects include lowering of the seizure threshold and the 
potential for cardiac arrhythmias due to prolongation of the QT interval

Dexmedetomidine 0.25–1 g/kg/h FDA approved for short-term (24 h) sedation in adults. Increasing experience in 
the pediatric population. Mechanism of action may limit delirium in the adult 
ICU setting. Adverse effects on hemodynamic function include bradycardia and 
hypotension

aThe listed infusion rates are suggestions for starting doses. The actual infusion rate should be titrated up or down based 
on the patient’s actual requirements and the response to the agent
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These scoring systems include both those used 
during prolonged sedation during mechanical 
ventilation as well as those used for brief periods 
of time during procedural sedation.

The currently used PICU sedation scores eval-
uate either physiologic variables, an objective 
assessment of the patient’s depth of sedation, or a 
combination of the two. One commonly used 
scale, the COMFORT score, combines the scor-
ing of a patient’s response or movement in addi-
tion to various physiologic parameters [11]. It 
relies on the measurement of alertness, respira-
tion, blood pressure, muscle tone, agitation, 
movement, heart rate, and facial tension. This 
scoring system has been validated in the pediat-
ric-aged patient and may have utility in the 
assessment of sedation during mechanical venti-
lation [11, 12]. However, scales that use physio-
logic parameters can be misleading in an ICU 
setting where alterations in vital signs can occur 
unrelated to the level of sedation. Furthermore, 
patients with cardiovascular dysfunction requir-
ing vasoactive medications may not manifest 
increases in heart rate and blood pressure even in 
the presence of severe agitation or pain. 

Ista et al. have recently proposed a modifica-
tion of the original COMFORT score known as 
the COMFORT-B score which eliminates the use 
of physiologic variables and provides new cutoff 
points for the diagnosis of oversedation or under-
sedation [13]. Other scoring systems such as the 
Sedation-Agitation Scale (SAS) also eliminate 
the use of physiologic parameters. The SAS visu-
ally assesses the level of the patient’s comfort and 
grades it from 1 (unarousable) to 7 (dangerous 
agitation such as pulling at the ETT) [14]. The 
Ramsay Scale, a sedation scale used commonly 
in the adult ICU population, also assigns a value 
based on the observation of the patient, but also 
uses a tactile stimulus (a glabellar tap) to distin-
guish between the deeper levels of sedation [15]. 
Scoring for the Ramsay Scale varies from 1 
(awake, anxious, and agitated) to 6 (no response 
to a glabellar tap). The Hartwig score similarly 
uses a visual assessment of the patient, but as 
with the Ramsay Scale includes a response to a 
noxious stimulus, in this case, tracheal suctioning 
thereby eliminating its use in nonintubated 

patients [16]. Scales such as the Ramsay and the 
Hartwig that assess the response to a tactile 
stimulus require disturbing the patient to differ-
entiate between the deeper levels of sedation. 
Additionally, scales that evaluate a patient’s 
response to a stimulus or observe their behavior 
are not valid during the administration of neu-
romuscular blocking agents which prevent 
movement.

Various other scales have also been developed 
for assessing the patient during procedural seda-
tion. The Observers Assessment of Alertness/
Sedation (OAAS) scale has been validated in 
children, but has been shown to have a limited 
ability to differentiate between the deeper levels 
of sedation [17]. The Vancouver Sedative 
Recovery Scale appears to be better able to dif-
ferentiate deeper levels of sedation, although it is 
likely too cumbersome to be easily utilized dur-
ing short procedures [18]. More recently, Malviya 
et al. developed and validated the University of 
Michigan Sedation Scale (UMSS) [19]. This 
scale was developed to be a simple and efficient 
tool to assess depth of sedation over the entire 
sedation continuum and one that could easily be 
applied by various healthcare providers. It uti-
lizes a simple scale ranging from 0 (awake and 
alert) to 4 (unresponsive).

However, none of these sedation scales meet 
all of the needs of the PICU provider. As such, 
there remains an interest in the use of monitoring 
technology to assess the depth of sedation through 
the  analysis of the electroencephalogram (EEG). 
The bispectral index (BIS monitor) (Aspect 
Medical, Newton, MA) uses a programmed algo-
rithm to evaluate the processed EEG pattern and 
provide a numeric value ranging from 0 (isoelec-
tric) to 100 (awake with eyes open). Its predomi-
nant clinical use has been to monitor the effects 
of general anesthesia.

Although still somewhat controversial, it has 
been suggested that maintenance of a BIS value 
less than 60–70 correlates with a low probability 
of intraoperative awareness [20, 21]. The BIS 
monitor has been used in settings outside of the 
operating room for assessment during procedural 
sedation or mechanical ventilation [22–30]. Gill 
et al. compared BIS values with Ramsay sedation 
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scores in 37 adults who received procedural seda-
tion in the emergency room setting [22]. There 
was a wide variability in BIS values at similar 
sedation scores. The BIS was most effective at 
differentiating moderate-to-deep sedation from 
general anesthesia.

Brown McDermott et al. compared BIS values 
with UMSS scores during procedural sedation 
administration in 86 children less than 12 years 
of age [23]. Although there was a good correla-
tion between the BIS value and the sedation 
score, a wide variability in the range of BIS 
values for each level of sedation was again noted. 
The BIS monitor was ineffective at determining 
the depth of sedation with ketamine or a combi-
nation of oral chloral hydrate, hydroxyzine and 
meperidine.

Despite these shortcomings, the BIS monitor 
may be able to effectively  identify patients who 
are becoming too deeply sedated and may there-
fore be at risk for adverse respiratory events. 
Motas et al. demonstrated that the depth of seda-
tion as judged by the BIS  monitor was predictive 
of adverse airway events  during the administra-
tion of procedural sedation (either propofol, 
midazolam or pentobarbital) by nonanesthesiolo-
gists [24].

BIS monitoring has also been evaluated as a 
means of evaluating the depth of sedation during 
prolonged mechanical ventilation. Although the 
results have been somewhat mixed, the majority 
of reports have demonstrated a clinically accept-
able correlation between the BIS monitor and 
commonly used ICU sedation scores including 
the Ramsay or the COMFORT score [25–31].

The more recent versions of the BIS probe 
incorporate a sensor to reduce electromyographic 
(EMG) interference. The BIS algorithm was 
developed for use with propofol or the potent 
inhalational anesthetic agents which work 
through the -amino butyric acid (GABA) sys-
tem. Therefore, the BIS monitor is not accurate 
with the administration of etomidate or agents 
which act through the N-methyl-d-aspartate 
(NMDA) system including xenon or nitrous oxide 
[32–34]

Despite these issues, our clinical experience 
suggests that some form of depth of sedation 
monitoring may be particularly efficacious in situ-
ations that preclude the use of conventional ICU 
scoring systems (patients receiving neuromuscu-
lar blocking agents and/or medications that may 
alter heart rate and blood pressure responses) 
[35–38]. The BIS monitor provides a continuous 
numeric readout using a simple 0–100 scale that 
is immediately available at the bedside as opposed 
to sedation scoring systems that provide only an 
intermittent assessment and require time to assess 
and tabulate the various parameters

Basic Principles

Several variables should be considered when 
providing therapeutic sedation and analgesia for 
the PICU patient. Unfortunately, there is limited 
evidence-based medicine from which to develop 
guidelines for the use of sedative and analgesic 
agents in the PICU setting (Table 13.3). There 
are still limited studies which evaluate the phar-
macokinetics and pharmacodynamic properties 
of analgesic and sedative drugs in critically ill 
infants and children [39–41]. Pharmacokinetic 
studies are generally performed in healthy adult 
volunteers with the extrapolation of these results 
to infants and  children. The comorbidities pres-
ent in the PICU may affect several variables 
including volume of distribution and elimina-
tion half-life thereby further altering the phar-
macokinetics or these agents. Additional 
variabilities in the PICU setting are likely to 
result from drug–drug interactions, end-organ 
(hepatic, renal) failure or dysfunction, malnutri-
tion, low plasma proteins with altered drug bind-
ing, alterations in uptake of the medication if 
nonintravenous routes are used, and alterations 
in drug distribution. Pharmacogenetic factors 
may also affect responses to medications as we 
are beginning to learn that there are genetic dif-
ferences that affect the way we respond to acute 
illness and the way we metabolize various medi-
cations [42, 43].
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An example of such variability in the PICU 
population is demonstrated by an evaluation of 
fentanyl infusion requirements during mechani-
cal ventilation in neonates and infants [44]. The 
fentanyl infusion requirements varied from 0.47 
up to 10.3 g/kg/h to achieve a similar effect. 
Therefore, it is not feasible to approach the provi-
sion of sedation and analgesia in the PICU patient 
using a “cookbook.” The dosing recommenda-
tions provided in this chapter for the specific 
medications discussed are meant only as guide-
lines for starting doses which may be titrated to 
effect [45].

Despite the potential difficulties and risks of 
sedation and analgesia in the PICU patient, there 
may be significant benefits. Aside from humani-
tarian concerns, clinical trials have reported 
decreases in morbidity and mortality based on 
the analgesic regimen following cardiovascular 
surgery for congenital heart disease in neonates 
and infants [46, 47]. These effects are postulated 
to be the result of blunting of the endogenous 
physiologic stress response thereby decreasing 
release of endogenous catecholamines and adre-
nal cortical hormones. This physiologic stress 
response, when excessive, may have deleterious 
end-organ effects. Analgesia and sedation may 
facilitate cardiac and respiratory support such as 
permissive hypercapnia, reverse I:E ratio ventila-
tion, high-frequency ventilation, and extracor-
poreal support. It may also provide therapeutic 
benefits in the treatment of intracranial hyperten-
sion or to modulate pulmonary vascular resis-
tance (PVR) in patients at risk for pulmonary 
hypertension and limit the need for neuromuscu-
lar blocking agents and their associated adverse 
effects [48].

Choice of Agent and Route of Delivery

The three primary decision points for sedation 
and analgesia in the PICU include the agent, its 
route of administration, and its mode of adminis-
tration. As no agent will be effective in every 
patient or scenario, basic knowledge regarding 
the various agents allows the healthcare provider 
to switch from one agent to another when the first 

line drug is either ineffective or associated with 
adverse effects. In the remainder of this chapter, 
a brief discussion of each agent is provided and 
its use in the PICU setting discussed.

Although the intravenous route is chosen in 
most clinical scenarios, alternative routes may be 
required in specific clinical scenarios or patient 
populations. Furthermore, there is expanding 
knowledge and interest regarding the use of alter-
native routes especially inhalational anesthesia or 
subcutaneous administration in the PICU setting. 
This chapter will review the clinical experience 
and the pertinent literature associated with the 
common sedatives and analgesics in the PICU.

Inhalational anesthetic agents

The potent inhalational anesthetic agents are used 
on a daily basis during the perioperative period to 
provide amnesia and analgesia during major sur-
gical procedures. Based on their chemical struc-
ture, these agents can be divided into alkanes such 
as halothane or substituted ethers. The substituted 
ethers include either methyl, ethyl ethers such as 
isoflurane, desflurane, and enflurane or methyl, 
isopropyl ethers such as sevoflurane. The charac-
teristics of these agents which may make them 
useful agents for ICU sedation include a rapid 
onset, rapid awakening upon discontinuation, and 
the ability to rapidly control the depth of sedation. 
The potent inhalational anesthetic agents also 
provide specific therapeutic end-organ effects 
including bronchodilatation, myocardial precon-
ditioning, and cerebral protection. Although expe-
rience with use of the potent inhalational anesthetic 
agents for ICU sedation in the United States is 
limited, certain centers in Europe and the United 
Kingdom have reported favorable experiences 
with these agents in adult ICU patients [49–52]. 
Despite the fact that these agents are all consid-
ered in the category of the potent inhalational 
anesthetic agents, their physiologic effects are 
distinctly different.

Various adverse physiologic effects have been 
reported with halothane including a negative ino-
tropic and chronotropic effect on myocardial 
function, the potential for a proarrhythmogenic 
effect especially in the setting of increased cate-
cholamines or when used in conjunction with 
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other medications (e.g., aminophylline), and the 
potential for the development of hepatitis related 
to an immunologic reaction directed against the 
oxidative metabolite, trifluoroacetic acid [53, 54]. 
Although hepatitis may occur with the other 
inhalational anesthetic agents including isoflu-
rane, its incidence is less with isoflurane due to 
its limited metabolism of 0.2% compared with 
that of halothane (15–20%).

Given the potential for adverse effects on 
myocardial function and its association with 
perioperative cardiac arrests in infants and chil-
dren, halothane is no longer in use in the United 
States. Likewise, given its adverse effect profile 
and the introduction of newer agents, enflurane 
is disappearing from anesthetic practice through-
out the world. Adverse effects with the prolonged 
administration of enflurane include negative 
inotropism and the release of fluoride during 
metabolism. Plasma fluoride concentrations in 
excess of 50 mol/L can have deleterious effects 
on renal function with a decreased glomerular 
filtration rate and renal tubular resistance to 
vasopressin with nephrogenic diabetes insipidus. 
Three to five percent of sevoflurane also under-
goes metabolism and like enflurane, sevoflurane 
is highly substituted with fluoride. Therefore, its 
prolonged administration can also result in ele-
vated serum fluoride concentrations.

Desflurane is the newest of the inhalational 
anesthetic agents. Its beneficial properties include 
low blood:gas and blood:fat solubility coeffi-
cients thereby resulting in a rapid onset and rapid 
awakening upon its discontinuation. When com-
pared with propofol for postoperative sedation of 
adults requiring mechanical ventilation, there 
was a shorter and more predictable emergence 
time and a faster return of mental recovery with 
desflurane compared to propofol with no differ-
ence in the incidence of adverse effects [51]. 
Drug costs were lower with desflurane than with 
propofol (95€ for desflurane vs. 171€ for propo-
fol per 24 h) with additional costs of soda lime 
(5€) being comparable to the costs of infusion 
tubing for propofol (2.5€). Adverse effects with 
desflurane include hypotension primarily from 
peripheral vasodilatation, rebound tachycardia 
from stimulation of the sympathetic nervous system 

which occurs primarily with rapid increases in 
the inhaled concentration or the use of inspired 
concentrations in excess of 6% (a concentration 
not likely to be required in the ICU setting), direct 
irritant effects on the airway thereby making it 
less than optimal in patients with airway hyper-
reactivity, and rare reports of carbon monoxide 
formation due to desflurane’s interaction with 
dessicated soda lime.

Additional concerns with all of the inhala-
tional anesthetic agents include their potential 
as a trigger agent for malignant hyperthermia, 
cost issues, effects on intracranial pressure 
(ICP), and alterations of the metabolism of 
other medications. As nonspecific vasodilators, 
all of the inhalational anesthetic agents cause 
cerebral vasodilatation resulting in an increase 
in ICP in patients with compromised intracra-
nial compliance. Cerebral vasodilatation can be 
partially blunted by hyperventilation to a PaCO

2
 

of 25–30 mmHg [55, 56]. The inhalational 
anesthetic agents alter the metabolism of sev-
eral mediations which may be used in the PICU 
setting including lidocaine and other local anes-
thetic agents, -adrenergic antagonists, and 
benzodiazepines [57].

To date, there is a limited experience with the 
use of the potent inhalational anesthetic agents for 
sedation in the PICU setting. Arnold et al. reported 
their experience with isoflurane for sedation in ten 
pediatric patients (3 weeks to 19 years), who 
required endotracheal intubation and mechanical 
ventilation [58]. The duration of isoflurane admin-
istration ranged from 29 to 769 h (245 ± 225 h). 
Sedation was initiated with isoflurane at an 
inspired concentration of 0.5% and adjusted in 
0.2% increments as needed. There was adequate 
sedation 75% of the time, excessive sedation 4% 
of the time, and inadequate sedation 21% of the 
time. In the five patients who received isoflurane 
for at least 96 MAC (minimum alveolar 
concentration)-hours, there were no differences in 
blood urea nitrogen, serum creatinine, osmolality, 
bilirubin, and alanine aminotransferase between 
time 0 and 96 h. The duration of isoflurane admin-
istration correlated directly with the plasma fluo-
ride concentration. Five of the patients, who had 
received greater than 70 MAC-hours, manifested 
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signs and symptoms suggestive of withdrawal 
including agitation and nonpurposeful movements 
when the isoflurane was discontinued.

Despite the potential advantages of using the 
potent inhalational anesthetic agents for sedation 
in the ICU setting, logistic problems regarding 
delivery of these agents may limit applicability in 
the ICU setting [50].

Given the problems with the devices and tech-
niques currently available for the delivery of the 
potent inhalational anesthetic agents in the ICU 
setting, novel means of delivering these agents 
are needed. The Anesthetic Conserving Device 
or “AnaConDa®” (ACD, Hudson RCI, Upllands 
Väsby, Sweden) is a modified heat-moisture 
exchanger which may allow a simplified means 
of administering the inhalational anesthetic 
agents in the ICU setting. The device is placed 
between the Y-piece of the ventilator circuit and 
the ETT. There is also a port at the end of the 
device just proximal to its attachment to the ETT 
which allows gas sampling and monitoring of the 
agent concentration. The desired inspired con-
centration is titrated by adjusting the infusion 
rate on the syringe pump based on the manufac-
turer’s recommendations. Exhaled isoflurane is 
adsorbed to the lipophilic carbon particle filter in 
the device and redelivered to the patient thereby 
limiting environmental pollution.

Sackey et al. evaluated the ACD in the ICU 
setting in 40 adult patients requiring sedation for 
more than 12 h [59]. The patients were random-
ized to sedation with isoflurane administered 
with the ACD or a continuous infusion of mida-
zolam. The inspired isoflurane concentration was 
started at 0.5% (infusion rate on the syringe pump 
of 1–3.5 mL/h according to the manufacturer’s 
recommendations) while midazolam was infused 
at 0.02–0.05 mg/kg/h. The infusion rates were 
adjusted as needed and opioids administered for 
analgesia. The percentage of time within the 
desired level of sedation was similar between the 
two groups (54% with isoflurane and 59% with 
midazolam) with no difference in opioid require-
ments or the need for bolus doses of sedative 
agents. The time to extubation (10 ± 5 vs. 
252 ± 271 min) and the time to follow verbal 
commands (10 ± 8 vs. 110 ± 132 min) were shorter 

with isoflurane than with midazolam. Anecdotal 
experience with the device has also been reported 
in three pediatric patients who required sedation 
during mechanical ventilation or in the treatment 
of status epilepticus [60]. 

Benzodiazepines

The benzodiazepines remain the most commonly 
used agent for sedation during mechanical venti-
lation in the PICU patient. These agents produce 
amnesia, anxiolysis, and sedation through their 
effects on the inhibitory neurotransmitter, GABA. 
Benzodiazepines bind to the -subunit of the 
GABA receptor thereby facilitating binding of the 
GABA molecule to the -subunit. This interac-
tion increases chloride conduction across the neu-
ronal membrane resulting in hyperpolarization. 
Benzodiazepines in common clinical use in the 
United States for sedation in the PICU include 
midazolam and lorazepam. Diazepam was for-
merly a commonly used agent for sedation in both 
pediatric and adult ICUs. Its high lipid solubility 
results in a rapid onset of action; however, its low 
water solubility requires administration in a 
 solution of propylene glycol which can cause pain 
and thrombophlebitis when administered through 
a peripheral vein. Diazepam is also available in a 
lipid formulation which has been shown to allevi-
ate the discomfort associated with the intravenous 
administration of the propylene glycol preparation 
[61, 62]. Diazepam has fallen out of favor as an 
agent for sedation in the PICU setting because of 
its prolonged duration of action as well as its 
metabolism to active compounds with elimination 
half-lives that far exceed the parent compound. 
With repeated administration, the metabolites can 
accumulate and result in prolonged sedation and 
delayed awakening once the drug is discontinued.

Midazolam is an imidazobenzodiazepine with 
a rapid onset of action and a short elimination 
half-life [63]. Clinical experience and years of its 
use have demonstrated the efficacy of continuous 
midazolam infusions for sedation in the PICU 
patient in doses ranging from 0.05 to 0.2 mg/kg/h 
[64–66]. Its availability in generic form makes it 
a cost-effective form of sedation.

Rosen and Rosen retrospectively reviewed 
their experience with midazolam infusions for 
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sedation during mechanical ventilation in 55 
pediatric patients [66]. Midazolam dosing was 
initiated with a bolus dose of 0.25 mg/kg followed 
by a continuous infusion of 0.4–4 g/kg/min 
(0.02–0.2 mg/kg/h). Midazolam was effective in 
all patients without significant hemodynamic 
effects. The authors noted that midazolam became 
ineffective in one patient following the institution 
of ECMO and related this to midazolam binding 
to the surface of the membrane oxygenator. 
Similar efficacy has been reported by other inves-
tigators [67].

Although intravenous administration is gen-
erally the route chosen in the PICU patient, 
midazolam remains unique among many of the 
other agents used for sedation in the ICU setting 
in that alternative, nonintravenous routes of 
delivery have been used clinically including oral, 
rectal, transmucosal (nasal, rectal, sublingual), 
and subcutaneous administration [68–72]. With 
all of these nonintravenous routes except for sub-
cutaneous administration, increased doses are 
required due to decreased bioavailability. 

In many centers in the United States, oral 
midazolam is currently the preferred agent for 
premedication in the operating room. Doses for 
oral administration have ranged from 0.25 up to 
0.7 mg/kg. The primary disadvantage of oral 
administration is that the IV preparation (5 mg/
mL) is generally used which contains the preser-
vative, benzyl alcohol, thereby giving the drug a 
very bitter taste.

A commercially available preparation of 
midazolam in a cherry-flavored solution for oral 
administration is available (Versed syrup, Roche 
Laboratories Inc, Nutley, NJ). Because of the 
control of pH during the manufacturing process, 
clinical data suggest that effective sedation can 
be achieved with doses as low as 0.25 mg/kg 
compared to the 0.5–1.0 mg/kg doses reported 
when using the IV preparation diluted in other 
solutions for oral administration [73]. Additional 
nonparenteral administration routes include 
intranasal and sublingual administration. The 
dose (0.2–0.4 mg/kg) is lower and the onset more 
rapid when compared to the oral route as midazo-
lam is rapidly absorbed across both mucosal sur-
faces with sedation occurring in as little as 

5–10 min. With intranasal administration, the 
preservative, benzyl alcohol, may burn the nasal 
mucosa. This is avoided with sublingual admin-
istration, but issues of taste and patient coopera-
tion may limit the usefulness of this route.

Midazolam is metabolized by isoforms of 
the hepatic P

450
3A enzyme system to the major 

hydroxylated metabolite, 1-OH midazolam. 1-OH 
midazolam is approximately equipotent with the 
parent compound. It undergoes further hepatic 
metabolism via the glucuronyl transferase system 
to 1-OH midazolam-glucuronide, a water soluble 
metabolite, which is renally excreted. In the 
presence of renal insufficiency, 1-OH midazolam-
glucuronide accumulates thereby potentiating 
the effects of midazolam [74]. Several factors 
including age and underlying illness may also 
alter midazolam pharmacokinetics. With metabo-
lism dependent on the hepatic P

450
 system, clear-

ance changes from infancy to adult age and with 
alterations in hepatic function [75, 76]. Additional 
changes may occur related to critical illness. In a 
cohort of 21 PICU patients, midazolam clear-
ance was significantly longer (5.5 ± 3.5 h) than 
that reported in healthy age-matched children 
(1.2 ± 0.3 h) [77, 78].

Lorazepam is a water soluble benzodiazepine 
that is metabolized by glucuronyl transferase. 
Its metabolites are pharmacologically inactive. 
Medications known to alter the P

450
 system 

(anticonvulsants, rifampin, cimetidine) do not 
alter lorazepam’s pharmacokinetics. In advanced 
liver disease, phase II reactions (glucuronyl 
transferase) are better preserved than phase I 
reactions (P

450
 system) so that the pharmacoki-

netics of lorazepam remains unchanged. The 
Society of Critical Care Medicine guidelines 
for sedation of adult patients in the ICU setting 
has recommended lorazepam as the preferred 
sedative [79].

In comparison to midazolam, there are fewer 
reports regarding the use of lorazepam for seda-
tion in both the pediatric and the adult ICU pop-
ulation [80, 81]. When comparing lorazepam 
with midazolam in adult ICU patients, the mean 
infusion rates to achieve adequate sedation were 
0.06 mg/kg/h for lorazepam and 0.15 mg/kg/h 
for midazolam [80]. There were fewer infusion 
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rate adjustments per day with lorazepam than 
with midazolam (1.9 for lorazepam vs. 3.6 for 
midazolam). The mean time to return to base-
line mental status was shorter with lorazepam 
(261 min with lorazepam vs. 1,815 min with 
midazolam).

Lugo et al. suggested the use of enteral loraze-
pam to decrease intravenous midazolam dosing 
requirements and drug costs during mechanical 
ventilation in a cohort of 30 infants and children 
[82]. Midazolam was used for sedation until the 
requirements were stable for 24 h. Enteral loraze-
pam was dosed at 1/6th of the total daily intrave-
nous midazolam dose. There was a significant 
reduction in midazolam requirements on day 1 
and by day 3, the midazolam infusion was discon-
tinued in 24 of 30 patients. Enteral lorazepam has 
also been successfully used for the treatment or 
prevention of withdrawal following the prolonged 
administration of intravenous benzodiazepines 
for sedation during mechan ical ventilation in the 
PICU population [83].

Each milliliter of the intravenous lorazepam 
solution (2 mg lorazepam per mL of solution) 
contains 0.8 mL or 800 mg of propylene glycol. 
With prolonged or high-dose intravenous admin-
istration, issues may arise related to the diluent 
used in the intravenous formulations, propylene 
glycol [84–86]. Signs and symptoms of propyl-
ene glycol toxicity include metabolic acidosis, 
renal failure/insufficiency, mental status changes, 
hemolysis, and an elevated osmolar gap. Propylene 
glycol is metabolized in the liver to lactic acid 
and pyruvic acid, which, in part, accounts for the 
lactic acidosis. Propylene glycol is also excreted 
unchanged in the urine making toxicity more 
likely in patients with renal insufficiency. 
Attention to the propylene glycol infusion rate 
and periodic calculation of the osmolar gap (mea-
sured minus calculated serum osmolarity) may 
be indicated during high dose or prolonged lora-
zepam infusions. An increasing osmolar gap has 
been shown to be predictive of increasing serum 
propylene glycol levels [86]. As neonates and 
preterm infants are unable to handle propylene 
glycol related to hepatic and renal immaturity, 
continuous infusions of lorazepam are not rec-
ommended in this population.

In a cohort of 11 PICU patients, who received 
lorazepam infusions ranging from 0.1 to 0.33 mg/
kg/h for 3–14 days, the propylene glycol concen-
tration increased from 86 ± 93 g/mL at baseline 
to 763 ± 660 g/mL at the completion of the infu-
sion [87]. The plasma propylene glycol concen-
tration correlated with the cumulative dose of 
lorazepam. No end-organ effects, related to the 
increased propylene glycol concentrations such 
as acidosis or hyperosmolarity, were noted in 
these patients. The authors recommended periodic 
monitoring for lactic acidosis and hyperosmo-
larity during prolonged lorazepam infusions

Etomidate

Etomidate (Amidate, Abbott Pharma ceuticals) is 
an intravenous anesthetic agent, introduced into 
clinical practice in 1972. Its  primary effects of 
sedation and amnesia are  mediated through the 
GABA inhibitory neurotransmitter system. 
Unlike other sedative and hypnotic agents, only 
the R(+) enantiomer has clinical effects. 
Following intravenous administration, loss of 
consciousness is rapid (15–20 s) and as with 
propofol and the barbiturates, its duration of 
action following a single bolus dose is related to 
redistribution rather than metabolism and clear-
ance. Etomidate undergoes hepatic metabolism 
with an elimination half-life that varies from 2.9 
to 5.3 h [88]. Beneficial CNS effects include a 
decrease of the cerebral metabolic rate for oxy-
gen (CMRO

2
), cerebral blood flow (CBF), and 

ICP. Cerebral perfusion pressure (CPP)  is main-
tained because of minimal effects on myocardial 
function. In an animal model comparing the 
hemodynamic effects of an induction dose of eto-
midate (0.3 mg/kg) with propofol (2.5 mg/kg), no 
hemodynamic changes were noted with etomi-
date while propofol decreased systolic blood 
pressure by 19.9%, diastolic blood pressure by 
25.3%, cardiac output by 17.3%, and systemic 
vascular resistance by 11.6% [89].

Contrary to a relatively large clinical experi-
ence in the adult population, there are limited 
data regarding the use of etomidate in pediatric-
aged patients [90–93]. Despite the relatively lim-
ited clinical data regarding this agent, recent 
reviews continue to suggest its use as a single 
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bolus dose for critically ill pediatric patients 
requiring endotracheal intubation [94].

Like the barbiturates and propofol, etomidate 
results in a dose-dependent depressant effect on 
respiratory function and can result in apnea 
depending on the dose used, concomitant use of 
other medications, and the patient’s underlying 
status. Lehman and Mainka evaluated the effects 
on CO

2
 responsiveness of alfentanil (15 g/kg) 

after premedication with etomidate (10 mg), 
diazepam (5 mg), or droperidol (5 mg) in adult 
volunteers [95]. All patients demonstrated a shift 
of the CO

2
 response curve to the right without a 

change in the slope. These effects dissipated in 
60 min. No difference was noted between etomi-
date and the other two premedications. Although 
both methohexital (1.5 mg/kg) and etomidate 
(0.3 mg/kg) decrease the slope of the CO

2
 

response curve, the effect has been shown to be 
more pronounced with methohexital [96]. Despite 
this relative sparing of respiratory function, an 
increased incidence of apnea has been reported 
following etomidate in patients pretreated with 
either opioids of benzodiazepines [97, 98].

Etomidate’s place as an agent for procedural 
sedation results from its negligible effects on 
myocardial function, even in patients with sig-
nificant alterations in myocardial function. It has 
beneficial effects on the CNS which include a 
reduction of the CMRO

2
 leading to cerebral vaso-

constriction, decreased CBF, and decreased ICP. 
Renou et al. noted a 34% decrease in CBF fol-
lowing the administration of etomidate in healthy 
adults [99]. As a result of the decreased CMRO

2
 

and CBF, etomidate decreases ICP while main-
taining mean arterial pressure thereby increasing 
cerebral perfusion pressure [100]. Despite its 
ability to lower CBF and ICP, induction or seda-
tive doses of etomidate can produce increased 
EEG activity and epileptic-like EEG potentials in 
patients with underlying seizure disorders 
[100–103].

Myoclonic movements are a frequently 
observed effect following the rapid intravenous 
administration of etomidate [104]. Although 
these movements may simulate tonic-clonic sei-
zure activity, no epileptiform discharges are 
noted. It has been suggested that the myoclonic 

movements are of spinal origin resulting from 
disinhibition of inhibitory neuronal pathways. 
Pretreatment with fentanyl, benzodiazepines, or a 
small dose of etomidate has been shown to be 
effective in decreasing the incidence of myoclo-
nus. A trial of etomidate for sedation during com-
puterized tomography was discontinued due to 
an unacceptably high incidence of involuntary 
motor movements preventing completion of the 
scan [105]

The most significant concern with etomidate 
and the factor that limits its long-term adminis-
tration in the ICU setting is its effects on the 
endogenous production of corticosteroids. This 
effect was identified when an increased risk of 
mortality was noted in adult ICU patients who 
were sedated with a continuous infusion of etomi-
date [106]. Etomidate inhibits the enzyme, 11-  
hydroxylase, which is necessary for the produc-
tion of cortisol, aldosterone, and corticosterone. 
To date, significant controversy surrounds the 
clinical significance of the adrenal suppression 
following a single induction dose of etomidate, 
with some authors calling for the abandonment or 
at least a reevaluation of the use of etomidate 
[107–109]. The duration of the adrenal suppres-
sion produced by a single induction dose of eto-
midate has varied from study to study.

Duthie et al. demonstrated a decrease in plasma 
cortisol levels 1 h following an induction dose of 
etomidate; however, at 24 h no difference was 
noted between those patients receiving etomidate 
and those receiving other induction agents [110]. 
Other authors have suggested a more prolonged 
suppression of adrenocortical function. Donmez 
et al. evaluated the effects of etomidate on plasma 
cortisol levels in children following cardiotho-
racic surgery [111]. The patients were random-
ized to anesthetic induction with either ketamine 
(1 mg/kg) or etomidate (0.3 mg/kg). Plasma corti-
sol levels were significantly lower during cardio-
pulmonary bypass, at the end of the operation, 
and at 24 h in the group that received etomidate 
vs. ketamine. Absalom et al. reported a similar 
effect with ongoing suppression of adrenal func-
tion at 24 h in a cohort of critically ill adult patients 
[112]. In a cohort of 40 critically ill adult patients, 
the incidence of adrenal insufficiency following a 
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single dose of etomidate was 80% at 12 h, 9% at 
48 h, and 7% at 72 h [113]. Despite these findings, 
no difference in outcome was reported following 
etomidate administration in a cohort of 159 adult 
patients with septic shock [114].

Perhaps the most compelling data against the 
use of etomidate, at least in patients with possible 
sepsis, comes from the CORTICUS trial [115]. 
Post hoc analysis revealed that patients who had 
received etomidate had a significantly higher mor-
tality rate. Additionally, this increased risk of 
mortality was not prevented by the administration 
of corticosteroids. These data suggest that etomi-
date should be avoided in patients with sepsis or 
septic shock.

In addition to its effects on adrenal function, 
reports regarding continuous etomidate infusions 
with increased mortality suggested an associa-
tion with infectious complications. Neutrophils 
 incubated in vitro with etomidate demonstrate 
depressed chemiluminescence, an index of oxy-
gen-free radical generation, suggesting that eto-
midate may interfere with white blood cell 
bactericidal activity [116].

Additional reported adverse effects with eto-
midate, related to the drug itself or the diluent, 
include anaphylactoid reactions, pain on injec-
tion, and an increased incidence of nausea and 
vomiting [117]. Issues related to the carrier vehi-
cle (propylene glycol) include pain on injection, 
thrombophlebitis, and propylene glycol toxicity 
[118]. The incidence of pain on injection has 
been reported to be as high as 50%. 

A newer formulation, which contains etomi-
date dissolved in a fat emulsion of medium and 
long-chair triglycerides, may limit the occurrence 
of injection pain and thrombophlebitis [119]. As 
with lorazepam, issues may arise with repeated 
dosing or continuous infusions of etomidate 
because of the diluent, propylene glycol (please 
note that given concerns regarding adrenal sup-
pression, long-term etomidate infusions are no 
longer used in the ICU setting) [120–122].

Despite these issues, given its beneficial effects 
on CNS dynamics and myocardial function, eto-
midate has yet to be abandoned in critically ill 
patients and may still play a role as an effective 
agent to provide sedation and amnesia during 

endotracheal intubation [123]. Its lack of cardio-
vascular effects makes it particularly valuable in 
patients who may not tolerate a decrease in sys-
temic vascular resistance or myocardial contrac-
tility. Given its effects on cerebral dynamics, it 
also should be considered for patients with 
increased ICP with or without associated myocar-
dial dysfunction. Although of limited utility for 
the provision of procedural-sedation outside of 
endotracheal intubation, as with several other sed-
ative/analgesic agents, nonintravenous routes of 
delivery including oral, buccal and rectal adminis-
tration have been investigated [124–126].

Ketamine
Ketamine was introduced into clinical practice 
during the 1960s [127]. Ketamine’s sedative, 
analgesic, and amnestic properties are mediated 
through agonism of opioid receptors and antago-
nism of NMDA receptors. A unique attribute of 
ketamine, which separates it from the majority of 
other agents discussed in this chapter, is the pro-
vision of both amnesia and analgesia. Ketamine 
contains a chiral carbon in its structure and the 
preparation currently used most commonly in 
clinical practice is a racemic mixture of the two 
optical isomers [S(+) and R(−)].

In the United Kingdom and Europe, the 
enantiomer, S(+) ketamine, is available with the 
suggestion from preliminary clinic trails that it 
may provide effective analgesia and sedation 
while limiting adverse effects including emer-
gence phenomena (see below). Metabolism of ket-
amine occurs primarily by hepatic N-methylation 
to norketamine, which retains approximately one 
third of the analgesic and sedative properties of 
the parent compound. Given its dependence on 
hepatic metabolism, doses should be adjusted in 
patients with hepatic dysfunction. Dose adjust-
ments may also be required in patients with renal 
dysfunction since norketamine is dependent on 
renal elimination.

Beneficial properties of ketamine include 
preservation of cardiovascular function, limited 
effects on respiratory mechanics, and mainte-
nance of central control of respiration. These 
properties make it an effective and popular agent 
in the arena of procedural sedation during pain-
ful, invasive procedures in the spontaneously 
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breathing patient [10]. Incremental doses 
(0.5–1 mg/kg) can be administered every 1–2 min 
and titrated to achieve the desired level of seda-
tion and analgesia while generally maintaining 
spontaneous ventilation.

Given its effects at the opioid and NMDA recep-
tors, there is growing interest in the use of ketamine 
for the management of acute pain. When coadmin-
istered in low doses during morphine analgesia, 
ketamine has been shown to reduce postoperative 
opioid consumption and lower opioid-related 
adverse effects following major surgical proce-
dures in the adult population [128–131]. As NMDA 
receptor stimulation may be one factor resulting in 
the development of tolerance to opioid-induced 
sedation and analgesia, there is interest in the 
potential benefits of using a low-dose ketamine 
infusion to delay tolerance during prolonged ICU 
infusions of morphine and other opioids.

Ketamine’s popularity in the arena of proce-
dural-sedation, especially painful invasive proce-
dures, relates to its beneficial effects on cardiac 
and respiratory function. Ketamine generally 
increases heart rate and blood pressure as well as 
provides bronchodilatation due to the release of 
endogenous catecholamines [132]. Although the 
indirect sympathomimetic effects from endoge-
nous catecholamine release generally overshadow 
ketamine’s direct negative inotropic properties, 
cardiovascular collapse may occur in patients with 
diminished myocardial contractility [133, 134].

An issue of potential concern and ongoing 
controversy regarding ketamine is its effects on 
pulmonary vascular resistance (PVR) [135–138]. 
Williams et al. evaluated the effects of ketamine 
on PVR during sevoflurane anesthesia (0.5 MAC) 
and spontaneous ventilation in 15 infants and 
children with pulmonary hypertension (mean PA 
pressure 25 mmHg, baseline PVR index of 11.3 
Woods units) [139]. There were no significant 
changes in mean systemic arterial pressure, sys-
temic vascular resistance index, mean pulmonary 
artery pressure, PVR index, cardiac index, and 
PaCO

2
. The safety of ketamine in patients with 

congenital heart disease is further evidenced by 
experience with its use during spontaneous venti-
lation for sedation during cardiac catheterization 
[140, 141]. 

Ketamine has also been shown to have limited 
effects on several respiratory parameters includ-
ing functional residual capacity, minute ventila-
tion, and tidal volume [142, 143]. The release of 
endogenous catecholamines generally results in 
improved pulmonary compliance, decreased 
resistance, and prevention of bronchospasm 
[144, 145]. Although generally effective in allow-
ing maintenance of protective airway reflexes and 
spontaneous ventilation, like any sedative/anal-
gesic/general anesthetic agent, ketamine can 
result in loss of protective airway reflexes, gastric 
aspiration, and apnea [146–148].

An additional area of controversy surround-
ing ketamine is its effect on ICP. These effects 
may be indirect, secondary to changes in PaCO

2
, 

or the result of a direct effect on the cerebral 
vasculature [149–152]. More recent data from 
both animal and human studies have shown no 
change or even a decrease in ICP following ket-
amine [153, 154].

Ketamine in doses of 1.5, 3, or 5 mg/kg 
decreased ICP when administered to adult head 
trauma patients who were sedated with propofol 
and mechanically ventilated to maintain a PaCO

2
 of 

35–38 mmHg [155]. The ICP decreased by 2 ± 0.5, 
4 ± 1, and 5 ± 2 mmHg with doses of 1.5, 3, and 
5 mg/kg respectively. There was no change in CPP. 
Similar results were reported by others [156, 157].

An additional potentially beneficial effect of 
ketamine in patients with CNS trauma is an 
alteration of transmembrane calcium and mag-
nesium currents through its effects on the 
NMDA receptor [158].

Another somewhat controversial issue related 
to the CNS effects of ketamine is its use in 
patients with an underlying seizure disorder. EEG 
recordings in children and laboratory animals 
during ketamine administration demonstrate 
increased frequency and amplitude with occa-
sional paroxysmal seizure activity [159, 160]. 
However, no clinical evidence of seizure activity 
has been reported with ketamine administration. 
Studies in laboratory animals have demonstrated 
the anticonvulsant effects of ketamine and there 
is at least one clinical report as well as animal 
data describing its use for the treatment of refrac-
tory status epilepticus [161–163].
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With everyday clinical use, the adverse effect 
of ketamine that tends to attract the most attention 
is its potential to cause emergence phenomena or 
hallucinations. The ketamine solution that is in 
common clinical use is a racemic mixture of the 
two optically active enantiomers. The single 
enantiomer form, S(+) ketamine, has been 
released outside of the United States for clinical 
use [164–167]. The initial clinical trials have 
demonstrated that S(+) ketamine is twice as potent 
as the racemic formulation and offers the clinical 
advantages of fewer psychomimetic effects, less 
salivation, and a shorter recovery time [167].

To date, there are only anecdotal reports 
involving small case series regarding the use of a 
ketamine infusion for sedation of the PICU patient 
during mechanical ventilation [168–170]. The 
largest series included ten patients, ranging in age 
from 1 week to 30 months. A ketamine infusion, 
1 mg/kg/h in five patients and 2 mg/kg/h in the 
other five patients, was used to provide sedation 
and analgesia following cardiac surgery in ten 
pediatric patients [169]. Supplemental doses of 
midazolam were administered as needed. The 
two groups had similar and acceptable levels of 
sedation. No adverse effects were noted.

Although it may never become a first-line 
agent for sedation in the PICU patient during 
mechanical ventilation, ketamine may be useful 
in patients who develop adverse cardiovascular 
effects with opioids or benzodiazepines, for the 
provision of sedation with the preservation of 
spontaneous ventilation when using noninvasive 
ventilation techniques, in patients with status 
asthmaticus in whom the release of endogenous 
catecholamines following ketamine administra-
tion may provide some therapeutic impact, in 
low doses by continuous infusion to delay or 
prevent the development of tolerance to opioids 
related to its effects at the NMDA receptor, and 
during the performance of brief, painful invasive 
procedures in the spontaneously breathing 
patient [166, 171, 172].

Propofol

Propofol is an alkyl phenol compound (2,6-diiso-
propylphenol) with general anesthetic properties. 
Although its chemical structure is distinct from 

that of other intravenous anesthetic, its mecha-
nism of action is similar as it acts through the 
GABA system [173]. Propofol facilitates the 
binding of GABA to membrane-bound recep-
tors thereby increasing chloride conductance. 
Although propofol was initially introduced into 
anesthesia practice for the induction and mainte-
nance of anesthesia, its rapid onset and recovery 
times led to its eventual use for sedation in the 
ICU setting [174, 175]. When compared with 
midazolam for sedation in adult patients, propo-
fol has been shown to provide shorter recovery 
times, improved titration efficiency, reduced 
posthypnotic obtundation, and faster weaning 
from mechanical ventilation [176].

Like the barbiturates and etomidate, propofol 
decreases CMRO

2
 leading to reflex cerebral 

 vasoconstriction and lowering of ICP [177].
Several animal studies have confirmed the 

potential beneficial effects of propofol on cere-
bral dynamics. In an animal model of cytotoxic 
and vasogenic cerebral edema, propofol lowered 
ICP and  maintained CPP in vasogenic cerebral 
edema, but had no effect in cytotoxic cerebral 
edema [178]. Watts et al. compared the effects of 
propofol and hyperventilation on ICP and soma-
tosensory evoked potentials (SEPs) in an animal 
model of intracranial hypertension [179]. The 
ICP decrease and the SEP increase were greater 
with propofol than with hyperventilation.

Despite these animal data, there are conflict-
ing results in regard to the effects of propofol on 
ICP from studies in humans. Although ICP is 
decreased in the majority of the studies, propo-
fol’s lowering of MAP may result in a decrease of 
the CPP [180]. Similar results have been reported 
in adults with traumatic brain injury or during 
cerebral aneurysm surgery [181–183].

If MAP is maintained at baseline with vaso-
active agents, propofol may lower ICP and 
increase CPP. When propofol (2–4 mg/kg/h) was 
used for sedation during mechanical ventilation 
in ten adult patients with traumatic brain injury, 
ICP decreased by a mean of 2.1 mmHg at 2 h 
and the CPP increased by 9.8 mmHg at 24 h 
[184]. Additional  beneficial effects of propofol 
in brain injury include animal data suggesting a 
protective effect of propofol in various types of 
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hypoxic-ischemic injury models as well as the 
preservation of the CBF reactivity to carbon 
dioxide [185–187].

When comparing the effects of propofol 
(2.5 mg/kg), etomidate (0.4 mg/kg), or thiopental 
(5 mg/kg) in 77 adults, respiratory resistance was 
lower after propofol [188]. Pizov et al. random-
ized a cohort of asthmatic and nonasthmatic 
patients to receive thiopental/thiamylal (5 mg/kg), 
methohexital (1.5 mg/kg), or propofol (2.5 mg) 
[189]. Following endotracheal intubation, auscul-
tation was performed. In asthmatic patients, the 
incidence of wheezing was 45% with thiopental/
thiamylal, 26% with methohexital, and 0% with 
propofol. In nonasthmatic patients, the incidence 
of wheezing was 16% with thiopental/thiamylal 
and 3% with propofol. Propofol’s beneficial 
effects on airway reactivity are further supported 
by animal studies [190, 191]. In both an animal 
model and a human study, these beneficial effects 
were present only with the propofol solution that 
has ethylenediaminetetraacetic acid (EDTA) as 
the preservative and not the newer formulation 
containing sodium metabisulfite [192, 193].

Propofol’s cardiovascular effects resemble 
those of the barbiturates with the potential for 
hypotension from peripheral vasodilation and 
negative inotropic properties. These effects are 
dose-dependent and can be accentuated follow-
ing rapid bolus administration and in patients 
with compromised cardiovascular function. The 
adverse hemodynamic profile of propofol admin-
istration can be prevented by the administration 
of calcium chloride [194]. Additional cardiovas-
cular effects may be caused by augmentation of 
central vagal tone leading to bradycardia, con-
duction disturbances, and asystole [195–197]. 
These effects are more likely with the concomi-
tant administration of other medications known 
to alter cardiac chronotropic function including 
fentanyl or succinylcholine.

Various neurological manifestations have been 
reported with the administration of propofol 
including opisthotonic posturing, myoclonic 
movements (especially in children), and move-
ments that may resemble seizure-like activity 
[198–200]. Myoclonus, opisthotonic posturing, 
and other movements with propofol have been 

attributed to propofol’s antagonism at glycine 
receptors in subcortical structures. To date, there 
is no formal evidence linking propofol with sei-
zures [201]. Propofol remains an effective agent 
for the termination of refractory status epilepti-
cus and remains in various published algorithms 
regarding recommendations for its treatment 
[202, 203].

Despite its potential benefits in the ICU set-
ting and its efficacy for providing sedation during 
mechanical ventilation, the routine use of propo-
fol is not recommended and, in fact, is considered 
contraindicated by many authorities because of 
the potential for the development of what has 
been termed the “Propofol Infusion Syndrome.” 
First described in 1992 by Parke et al., the disor-
der includes metabolic acidosis, bradycardia, 
dysrhythmias, rhabdomyolysis, and fatal cardiac 
failure [204–206]. Eighteen children in the ICU 
setting with suspected propofol infusion syn-
drome were reviewed in a report by Bray [207]. 
The risk factors in the cohort for the development 
of the syndrome included propofol administration 
for 48 h or an infusion rate 4 mg/kg/h. However, 
not all patients meeting these risk factor criteria 
developed problems, suggesting that comorbid 
diseases or a genetic predisposition may be 
responsible for the development of the Propofol 
Infusion Syndrome. Additionally, 13 of the 18 
patients were 4 years of age while only one was 

10 years of age. Subsequent to the initial reports 
and the review of Bray et al., the syndrome has 
been reported in older patients including a 
17-year-old adolescent and adults [208–210]. In 
addition to the metabolic acidosis and cardiovas-
cular manifestations, additional clinical findings 
have included lipemic serum, hepatomegaly, 
rhabdomyolysis, and hyperkalemia.

The suggested treatment for Propofol Infusion 
Syndrome includes the immediate discontinuation 
of the propofol combined with symptomatic treat-
ment of cardiovascular dysfunction and acidosis. 
Reports in animals and humans suggest that this 
syndrome is related to a disruption in mitochon-
drial function [211–213]. Anecdotal evidence sug-
gests that hemodialysis may be helpful as a 
therapeutic tool by removing a yet undiagnosed 
metabolite or toxin [212, 213].
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Despite these concerns, it appears that the 
contention that we should abandon the use of 
propofol for sedation during mechanical ventila-
tion in the PICU setting has not been universally 
embraced. Although propofol has been used safely 
and effectively for sedation in small cohorts of 
PICU patients [214–218], the decision to use 
propofol should be considered in context of the 
“Dear Healthcare Provider” letter issued in March 
2001 by AstraZeneca (Wilmington, DE), the man-
ufacturers of Diprivan®, one of the commercially 
available propofol preparations [219]. The letter 
summarizes the results of a prospective clinical 
trial which compared propofol (a 1 or 2% solu-
tion) to other agents used for PICU sedation. 
There were 12 (11%) deaths in the 2% propofol 
group, 9 deaths (8%) in the 1% propofol group, 
and 4 deaths (4%) in the standard sedation 
group. Although subsequent review did not show 
a specific pattern to the deaths, there was enough 
concern that the company issued a letter stating: 
“propofol is currently not approved for sedation in 
PICU patients in the United States and should not 
be used for this purpose.” In many centers, these 
concerns have eliminated the prolonged use of 
propofol for sedation in the PICU.

In specific clinical scenarios, propofol is still 
used as a therapeutic tool in the treatment of 
refractory status epilepticus or increased ICP. In 
such cases, intermittent analysis of acid–base sta-
tus and creatinine phosphokinase is suggested. If 
a base deficit is noted with an increasing serum 
lactate, immediate discontinuation of the propofol 
is recommended. Additionally, the short-term 
administration of propofol (6–12 h) is still used in 
many centers to transition from other agents such 
as fentanyl and midazolam to allow for more rapid 
awakening for tracheal extubation. Short-term 
propofol infusions may also have a role in the 
arena of procedural sedation as a means of provid-
ing sedation during nonpainful invasive proce-
dures such as radiologic imaging. Although rare, 
when such procedures are long, concern has also 
been expressed regarding the potential develop-
ment of the Propofol Infusion Syndrome [220].

Additional concerns with propofol regarding its 
use for procedural sedation in spontaneously ven-
tilating patients include a relatively high incidence 

of respiratory effects including hypoventilation, 
upper airway obstruction and progression to gen-
eral anesthesia and apnea, many of which required 
bag-mask ventilation or repositioning of the air-
way [221, 222].

As propofol is delivered in a lipid emulsion, 
there may be allergic reactions, pain on injection, 
and elevated triglyceride levels or hypercapnia 
with prolonged infusions [223–225]. Cross-
reactivity may occur in patients with allergies to 
egg, egg products, soy beans, or soy products. A 
propofol infusion of 2 mg/kg/h provides approxi-
mately 0.5 g/kg/day of fat. To limit the impact of 
the lipid component, a 2% solution of propofol 
(twice the amount of propofol with the same 
amount of lipid per mL as the 1% solution) has 
undergone clinical evaluations [226–229]. Given 
the concerns regarding the lipid component, its 
fat content should be considered into daily caloric 
requirements if prolonged infusions are used.

Pain with the injection of propofol remains a 
significant complaint especially when small veins 
on the dorsum of the hands or feet are used. 
Variable success in decreasing the incidence of 
pain has been reported with various maneuvers 
including the preadministration of lidocaine, 
mixing the lidocaine and propofol in a single solu-
tion, mixing the propofol with thiopental, diluting 
the concentration of the propofol, cooling it prior 
to bolus administration, or the administration of a 
small dose of ketamine (0.5 mg/kg) prior to the 
administration of propofol [230–234].

One final issue with the lipid component of 
propofol is its potential to serve as a viable growth 
media for bacteria with reports of bacteremia 
and postoperative wound infections linked to 
extrinsically contaminated propofol [235, 236]. 
Various preservatives are used in the currently 
available propofol solutions including disodium 
EDTA or sodium metabisulfite. In clinical prac-
tice, there may be subtle yet clinically significant 
differences in these preparations, including dif-
ferential effects on airway reactivity which have 
already been discussed in this chapter [192, 193]. 
Trissel et al. have provided preliminary informa-
tion that the compatibility of various medications 
is different with the two propofol preparations 
[237]. This is an important issue for pediatric 
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patients in whom intravenous access may be 
limited. The literature contains contrasting infor-
mation regarding the anesthetic potency of the 
two preparations [238–239].  A theoretical disad-
vantage of disodium EDTA is the chelation and 
depletion from the body of essential trace miner-
als such as zinc. Although there are no formal 
studies to demonstrate that this is a problem, 
concerns related to this issue are outlined in the 
manufacturer’s package insert.

Barbiturates

The barbiturates were first synthesized in 1864 
by von Baeyer. Thiopental, a short-acting barbi-
turate was first administered for clinical use in 
1934. This class of anesthetic agent can be classi-
fied according to their chemical structure or their 
duration of activity. Short-acting agents such as 
methohexital, thiopental, and thiamylal have a 
clinical duration of action of 5–10 min and are 
used most commonly as a single bolus dose for 
the induction of anesthesia. When a more 
 prolonged effect is needed, a continuous infusion 
may be used to maintain constant plasma levels. 
Long-acting agents with half-lives of 6–12 h 
include pentobarbital and phenobarbital. The 
clinical effects of the short-acting agents dissi-
pate rapidly related to their redistribution, 
although their hepatic metabolism may take 
hours. However, when this is done, the offset 
time will also be markedly prolonged and depen-
dent on the duration of the infusion.

In the PICU setting, the barbiturates are occa-
sionally used by continuous infusion for sedation 
during mechanical ventilation (see below) 
although their more common use is based on their 
beneficial physiologic and therapeutic effects as 
anticonvulsants or to decrease ICP in patients 
with traumatic brain injury [240–245].

The ultra-short-acting barbiturates (thiopental 
and thiamylal) are used clinically in a 2.5% 
 solution with a pH 10.5. The high pH results in a 
bacteriostatic solution limiting concerns of bac-
terial contamination as well as limiting the pain 
that may occur with intravenous injection. 
However, the pH of 10.5 leads to incompati-
bilities with other medications and parenteral 
alimentation solutions, thereby necessitating a 

separate infusion site if a continuous infusion is 
used. Of particular note is the potential for the 
barbiturates to form precipitates when adminis-
tered with drugs such as rocuronium, mandating 
flushing the line during the rapid administration 
of medications during maneuvers such as rapid 
sequence intubation (to avoid loss of intravenous 
access during critical moments). Local erythema, 
thrombophlebitis, or skin sloughing may occur 
with subcutaneous infiltration. The barbiturates 
possess no analgesic properties and therefore 
should be used with an opioid in situations requir-
ing analgesia.

The barbiturates’ place in ICU sedation 
appears to be an alternative or second-line agent 
when primary agents, either alone or in combina-
tion, fail to provide adequate sedation or result in 
untoward side effects [246]. There are a limited 
number of reports regarding the use of pentobar-
bital infusions for sedation in the PICU setting. A 
retrospective report described the use of pento-
barbital for sedation during mechanical ventila-
tion of 50 infants and children, ranging in age 
from 1 month to 14 years [247]. Pentobarbital 
was administered for a median duration of 4 days 
(range 2–37 days) at a median dose of 2 mg/kg/h 
(range 1–6 mg/kg/h). The cohort included seven 
non-neonatal ECMO patients in whom pentobar-
bital provided effective sedation. Tolerance was 
noted with the administration of pentobarbital. In 
the 14 patients who received pentobarbital for 5 
days, the dose requirements increased from 
1.2 mg/kg/h on day #1 to 3.4 mg/kg/h on day #5. 
No significant adverse effects related to pento-
barbital were noted. Six of the 36 patients who 
had received pentobarbital for more than 4 days 
manifested signs and symptoms of withdrawal. 

Yanay et al. reported their retrospective expe-
rience with pentobarbital sedation for eight PICU 
patients [248]. Although pentobarbital provided 
effective sedation and allowed the discontinua-
tion of neuromuscular blocking agents, they 
noted a relatively high incidence of adverse 
effects including blood pressure instability (25%), 
oversedation (12.5%), and neurologic sequelae 
(12.5%) including withdrawal phenomena. These 
adverse effects led to discontinuation of the drug 
in 25% of their patients.
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In addition to their role for therapeutic agents 
or perhaps for the provision of sedation during 
mechanical ventilation, there are several reports 
outlining the use of various barbiturates for 
procedural sedation. As they have no intrinsic 
analgesic properties, the barbiturates are used 
most commonly for sedation during nonpainful 
procedures.

The short-acting oxybarbiturate, methohexi-
tal, has been used extensively via both oral and 
PR route as a sedative for CT or MR imaging 
with success rates of up to 80–85% [249]. The 
standard dose per rectum is 20–30 mg/kg, which 
produces a rapid onset of sleep (6–10 min) with 
recovery to baseline status within 1.5–2 h. 
Adverse effects are uncommon with mild respira-
tory depression responsive to repositioning or the 
administration of supplemental oxygen occurring 
in up to 4% of patients. The duration of action 
with intravenous use (0.75–1.0 mg/kg) is approx-
imately 10 min, making the drug attractive for 
short procedures such as CT imaging. However, 
the incidence of respiratory depression is greater 
with the intravenous route of administration, 
which may limit its usefulness. Unlike the other 
barbiturates, methohexital may activate the EEG 
and has been reported to precipitate seizures in 
patients with underlying seizure disorders.

Although used most commonly by the intra-
venous route for the induction of anesthesia, 
thiopental has also been used as a rectal agent for 
sedation for radiologic procedures in doses of 
25–50 mg/kg [250, 251]. When compared with 
methohexital, the depth of sedation achieved and 
reported success rates were somewhat higher 
(>90%). The onset of action is slightly longer 
(15–30 min) with a similar duration of action 
(60–90 min) compared to methohexital.

Pentobarbital has an intermediate duration of 
action and remains a popular choice for intrave-
nous sedation during radiologic procedures such 
as MR imaging where sedation times may 
approach 60–90 min. Multiple delivery options 
are available including the IV, IM, and enteral 
routes, although IV administration remains the 
most commonly used route. Pentobarbital is 
administered in increments of 1–2 mg/kg every 
3–5 min until sleep is induced (average total 

dose 4–5 mg/kg) [252, 253]. The average dura-
tion of sleep after a single intravenous dose is 
60–90 min, which is adequate to perform most 
routine MRI evaluations. Respiratory depression 
and hypotension may occur, especially with 
rapid intravenous administration. Disadvantages 
with pentobarbital include prolonged recovery 
times (2–4 h) and emergence issues including 
agitation.

Opioids

Although generally used for analgesia, opioids 
also possess sedative properties; especially those 
with agonistic effects at the  opioid receptor 
[254]. Therefore, these agents may be effective for 
providing sedation during mechanical ventilation 
and remain second to the benzodiazepines as the 
most commonly used agents in the PICU setting. 
Although the opioids provide analgesia, amnesia 
is not ensured. Therefore, additional agents are 
required in situations which demand amnesia such 
as the patient who is receiving a neuromuscular 
blocking agent. In patients with altered myocar-
dial function or at risk for pulmonary hyperten-
sion (such as an infant with a large preoperative 
left-to-right shunt), the synthetic opioids have 
been shown to provide cardiovascular stability, 
beneficial effects on pulmonary vascular resis-
tance, and blunting of sympathetic stress response. 
Due to their prompt redistribution and resultant 
short plasma half-lives following bolus adminis-
tration, the synthetic opioids are generally admin-
istered by a continuous infusion to maintain 
plasma concentrations adequate to provide seda-
tion and analgesia.

The synthetic opioids that are currently in 
common clinical use include fentanyl, sufenta-
nil, alfentanil, and remifentanil. Fentanyl is the 
least expensive of the synthetic opioids and the 
one with which there is the most clinical expe-
rience in the PICU setting. Fentanyl, sufentanil, 
and alfentanil are dependent on hepatic metab-
olism. Although these agents are short acting 
when administered as a single bolus dose, they 
also have a context-sensitive half-life, so that 
the duration of their effect is prolonged when 
they are administered over an extended period 
of time. 
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Unlike the other opioids which undergo 
hepatic metabolism, remifentanil is metabolized 
by nonspecific esterases in the plasma. It has a 
clinical half-life of 5–10 min and a brief duration 
of effect even following 12–24 h of continuous 
infusion [255]. These pharmacokinetic parame-
ters hold true even in the neonatal population, 
making remifentanil the only opioid whose phar-
macokinetics is not altered by gestational or 
chronologic age [256]. Given these properties, it 
is a potentially useful agent for providing a deep 
level of sedation and yet allowing for rapid 
awakening with discontinuation of the infusion 
even in the neonatal population. To date, there 
remains limited experience with its use in the 
ICU population.

Cavaliere et al. evaluated the efficacy of a 
remifentanil infusion in doses starting at 0.02 g/
kg/min and increasing up to 0.25 g/kg/min, in 
providing sedation during mechanical ventilation 
in a cohort of ten adult ICU patients [257]. 
Although sedation, assessed by clinical sedation 
scales, was adequate in the ten patients, the maxi-
mum infusion rate was achieved in only 4 of the 10 
patients due to the occurrence of adverse effects 
including hypotension and bradycardia at infusion 
rates 0.15 g/kg/min. Hypoventilation was noted 
at infusion rates as low as 0.1 g/kg/min. 

In a prospective, randomized trial, adults 
requiring mechanical ventilation received either 
a morphine infusion at 0.75 g/kg/min or a 
remifentanil infusion at 0.15 g/kg/min [258]. 
The percentage of optimal sedation hours was 
significantly greater with remifentanil. There was 
no difference in the incidence of adverse effects.

To date, there are only anecdotal reports 
regarding the use of remifentanil for sedation 
during mechanical ventilation in the PICU popu-
lation [259]. 

An issue that needs further investigation prior 
to its widespread application in the ICU setting is 
the rapid development of tolerance. In adult volun-
teers, tolerance to remifentanil may develop after 
only 60–90 min [260]. This has translated into the 
need to escalate doses rapidly when remifentanil is 
used for ICU sedation [259–261]. Although toler-
ance may limit prolonged remifentanil infusions, 
there remains interest in the use of remifentanil in 

the arena of procedural sedation given that its 
effects dissipate rapidly when the infusion is dis-
continued [262–264]. Remifentanil has been com-
bined with midazolam or propofol for painful, 
invasive procedures such as bronchoscopy or for 
fiberoptic intubation of the trachea [263].

Two additional issues relevant to the synthetic 
opioids are potential effects on ICP and the risks 
of chest wall rigidity. Anecdotal reports sug-
gested the potential for the synthetic opioids to 
increase ICP and decrease CPP in adults with 
altered intracranial compliance [265]. Rather 
than a direct effect, the mechanism responsible 
for the ICP increase has been shown to be a reflex 
cerebral vasodilation in response to the decrease 
in mean arterial pressure or CPP [266].

A second adverse effect specific to the syn-
thetic opioids is chest wall and laryngeal rigidity 
[267, 268]. These effects are related to the dose 
and the rate of administration. They are centrally 
mediated responses which can interfere with 
respiratory function. The incidence can be 
decreased by premedication with the 

2
-adrener-

gic agonists, reversed with naloxone, and inter-
rupted with neuromuscular blocking agents. 
Although rare, its occurrence should be consid-
ered if respiratory dysfunction is noted following 
the use of synthetic opioids.

Given issues with the rapid development of 
tolerance following the use of the synthetic opi-
oids, morphine has regained popularity for seda-
tion and analgesia during mechanical ventilation 
in the PICU setting. Given that morphine has 
agonistic effects at both the mu and the kappa 
opioid receptor, it provides not only analgesia via 
the mu receptor but also sedation via the kappa 
receptor. Cardiovascular effects include dilation 
of the venous capacitance system with a decrease 
in preload which may result in a modest decrease 
in blood pressure, especially in patients with 
decreased intravascular volume or comorbid 
 cardiac diseases.

When used by continuous  infusion for seda-
tion during mechanical ventilation in neonates, 
morphine has been shown to have no effect on 
intelligence, motor function, or behavior [269]. 
In infants, morphine infusions of 10–30 g/kg/h 
provided effective analgesia and sedation during 
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mechanical ventilation after surgery for congen-
ital heart disease without impairing the ability 
to wean mechanical ventilatory support [270]. 
Morphine infusions blunt the sympathetic 
response and reduce epinephrine levels in neo-
nates requiring endotracheal intubation and 
mechanical ventilation for hyaline membrane 
disease [271].

In a cohort of infants requiring sedation and 
analgesia during ECMO (mean duration of 
ECMO 4–5 days), morphine and fentanyl pro-
vided equivalent levels of sedation while decreas-
ing the need for supplemental bolus doses of 
opioid [272]. Infants receiving morphine had a 
lower incidence of withdrawal (13 of 27 with 
fentanyl vs. 1 of 11 with morphine, p < 0.01) and 
were hospitalized for fewer days after ECMO 
(31.1 ± 14 vs. 21.5 ± 7.0 days, p = 0.01).

Although administered most commonly via 
the intravenous route, rare circumstances such as 
limited intravenous access or drug incompatibili-
ties may occur which preclude intravenous 
administration in the PICU setting. In such situa-
tions, the subcutaneous administration of opioids 
is feasible [72, 273–276].

As with all of the previously described agents, 
opioids may have adverse effects on respiratory 
function with the potential for hypoventilation or 
apnea. However, an effect which appears to be 
relatively specific to the opioids is their potential 
impact on immune function [277–279]. Opioid 
receptors have been found on immune cells 
which participate in the inflammatory response 
and various host defenses [278, 279]. Although 
there are no studies directly linking these effects 
to adverse clinical outcomes, additional studies 
are needed to define these effects, their mecha-
nisms, and most importantly their impact on the 
PICU patient.

Phenothiazines and butyrophenones

The phenothiazines and butyrophenones are clas-
sified as the “major tranquilizers.” The majority 
of their clinical use is in the treatment of psychi-
atric disturbances or as antiemetics in various 
clinical scenarios. Of the several agents available, 
haloperidol is the agent that has been used most 
frequently for the sedation of adults in the ICU 

setting. Haloperidol acts through central dop-
amine receptors. With intravenous administration, 
its onset of action is within 10–20 min with a 
duration of action of 12–24 h given its long elimi-
nation half-life of 18–26 h [280]. Although not 
formally approved by the FDA for intravenous 
administration, there is an abundance of clinical 
experience with its use by this route [281].

Riker et al. reported their experience with the 
continuous infusion of haloperidol in doses rang-
ing from 3 to 25 mg/h for sedation in eight adult 
ICU patients [282]. They proposed various ben-
efits of haloperidol including a rapid onset, mini-
mal respiratory depression, and lack of active 
metabolites.

A retrospective report regarding haloperidol 
use in a cohort of 989 adult patients, who required 
mechanical ventilation for more than 48 h, reported 
not only efficacy in controlling agitation and delir-
ium but also a lower overall in-hospital mortality 
in patients who received haloperidol [283].

Experience with haloperidol in the PICU pop-
ulation remains anecdotal. Harrison et al. reported 
their experience with haloperidol, administered 
by intermittent bolus dosing to five critically ill 
children (9 months to 16 years) who had become 
difficult to sedate despite escalating doses of ben-
zodiazepines and opioids [284]. Haloperidol’s 
efficacy was demonstrated by a reduction of opi-
oid and benzodiazepine requirements, decreased 
need for supplemental doses of sedative agents, 
decreased use of neuromuscular blocking agents, 
and improved clinical sedation. One patient devel-
oped a dystonic reaction which resolved in 36 h 
without therapy as the haloperidol had already 
been discontinued.

Potential adverse effects associated with the 
butyrophenones and phenothiazines include 
hypotension related to peripheral -adrenergic 
blockade, dystonic and extrapyramidal effects, 
lowering of the seizure threshold, the neuroleptic 
malignant syndrome, and cardiac arrhythmias 
including torsades de pointes due to effects on 
cardiac repolarization [282]. The potential for 
cardiac dysrhythmias due to alterations in repo-
larization may be exacerbated in critically ill 
patients with altered sympathetic function related 
to fever, pain, or the stresses of an acute illness. 
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Similar issues may occur with other drugs of this 
class including droperidol [285].

Through a black box warning issued by the 
United States Food and Drug Administration, 
concern has been expressed regarding the poten-
tial association of droperidol and postoperative 
cardiac events including torsades de pointes in 
adult patients [286]. Prolonged postoperative 
ECG monitoring is suggested in patients treated 
with droperidol during the perioperative period.

Alpha2-adrenergic agonists

Although used initially for clinical effects such as 
the control of blood pressure, the 

2
-adrenergic 

agonists including clonidine and dexmedetomi-
dine may also have a role in the PICU patient for 
the provision of sedation during mechanical 
ventilation, reduction of opioid requirements, the 
control of pain of various etiologies, and provi-
sion of sedation during noninvasive procedures. 
The physiologic effects of these agents are medi-
ated via stimulation of postsynaptic 

2
-adrenergic 

receptors [287 –290]. Activation of receptors in the 
medullary vasomotor center reduces norepineph-
rine turnover and decreases central sympathetic 
outflow resulting in alterations in sympathetic 
function with decreased heart rate and blood 
pressure.

Additional effects result from the central stim-
ulation of parasympathetic outflow and inhibition 
of sympathetic outflow from the locus cereleus in 
the brainstem. The latter effect plays a prominent 
role in the sedation and anxiolysis produced by 
these agents as decreased noradrenergic output 
from the locus cereleus allows for increased firing 
of inhibitory neurons including the GABA  system, 
resulting in sedation and anxiolysis [291]. This 
effect has been shown to be similar to that which 
occurs during non-REM sleep [292, 293]. The 
lack of non-REM sleep with the use of other seda-
tive agents including propofol, benzodiazepines, 
and barbiturates is one of the factors that may 
result in delirium in adult ICU patients. The 

2
-

adrenergic agonists also potentiate the analgesic 
effects of opioids by regulating substance P 
release within the central nervous system.

Clonidine has been used as a premedicant in the 
operating room, for caudal and epidural analgesia, 

as an adjunct to opioid-induced analgesia during 
the postoperative period, and even for ICU seda-
tion [294–298]. Although initially available only 
as a tablet, clonidine is now available as a trans-
dermal patch and as a preparation for neuraxial 
administration. The latter has been administered 
intravenously in various clinical scenarios. 

In an open label evaluation in children in the 
PICU setting, a continuous clonidine infusion 
starting at 1 g/kg/min was added to a continuous 
midazolam infusion of 1 g/kg/min [298]. No 
significant changes in heart rate, blood pressure, 
or cardiac index were noted. In 2 of the 20 
patients, the clonidine infusion was increased to 
2 g/kg/h. The clonidine infusion provided ade-
quate sedation for 602 of the 672 study hours 
with no sedation failures. 

Arenas-Lopez et al. reported their experience 
with the addition of enteral clonidine (3–5 g/kg 
every 8 h) as an adjunct to intermittent doses of 
morphine and lorazepam for sedation during 
mechanical ventilation in 14 children [299]. 
Adequate sedation was achieved during 82% of 
the study period with an overall decrease in the 
requirements for both lorazepam and morphine. 
No adverse effects were noted.

More recently, dexmedetomidine has been 
released for clinical use and sedation [300–302]. 
Like clonidine, it is a centrally acting, 

2
-adrener-

gic agonist and  exhibits the same physiologic 
effects. However, it possesses an affinity 8 times 
that of clonidine for the 

2
-adrenergic receptor, a 

differential 
1
 to 

2
 agonism of 1:1,600, and a 

half-life of 2–3 h thereby allowing its titration by 
intravenous administration.

In healthy adult volunteers, the pharmacoki-
netic profile of dexmedetomidine includes a rapid 
distribution phase with a distribution half-life 
of approximately 6 min, an elimination half-life of 
2 h. Dexmedetomidine exhibits linear kinetics, is 
94% protein bound, and undergoes hepatic metab-
olism with minimal unchanged drug excreted in 
the urine and feces. Given its dependence on 
hepatic metabolism, dose adjustments are neces-
sary in patients with altered hepatic function.

To date, there is only one prospective trial 
evaluating dexmedetomidine for sedation during 
mechanical ventilation in pediatric-aged patients 
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[303]. Efficacy was evaluated using the Ramsay 
Scale and by comparing the requirements for sup-
plemental morphine. Dexmedetomidine at 0.25 g/
kg/h provided sedation that was equivalent to 
midazolam at 0.22 mg/kg/h. Dexmedetomidine at 
0.5 g/kg/h was more effective than midazolam as 
demonstrated by a decreased need for supplemen-
tal morphine and a decrease in the number of 
Ramsay scores of 1 exhibited by the patients. 
Dexmedetomidine was somewhat less effective in 
patients 12 months of age as 5 of the 6 patients 
who exhibited a Ramsay score of 1 during dexme-
detomidine were less than 12 months of age. The 
only adverse effect was bradycardia in one patient 
receiving dexmedetomidine who was also receiv-
ing digoxin [304].

In addition to its use for sedation during 
mechanical ventilation, other applications of dex-
medetomidine have included procedural sedation, 
prevention of shivering, and treatment of iatro-
genic opioid and benzodiazepine withdrawal fol-
lowing prolonged use in the ICU setting [300].

Koroglu et al. randomized 80 children (1–7 
years of age) to dexmedetomidine or midazolam 
during MR imaging [305]. Dexmedetomidine 
was administered as a loading dose of 1 g/kg 
over 10 min followed by an infusion of 0.5 g/
kg/h while midazolam was administered as a 
loading dose of 0.2 mg/kg followed by an infu-
sion of 6 g/kg/h. The quality of sedation was 
better and the need for rescue sedation was less 
(8 of 40 vs. 32 of 40) with dexmedetomidine 
compared to midazolam. Similar efficacy was 
reported in an open label trial of dexmedetomi-
dine for sedation during MR imaging in 48 pedi-
atric patients ranging in age from 5 months to 16 
years [306]. Fifteen patients had failed chloral 
hydrate and/or midazolam and 33 patients 
received dexmedetomidine as the primary agent. 
The mean loading dose of dexmedetomidine to 
initiate sedation was 0.92 ± 0.36 g/kg. This was 
followed by an infusion of 0.69 ± 0.32 g/kg/h. 
Effective sedation was achieved in all patients 
and the scan was completed without other agents. 
Recovery time was longer in patients who had 
received other agents prior to dexmedetomidine 
than in those who received dexmedetomidine as a 
primary agent (117 ± 41 vs. 69 ± 34 min). 

A second study by Koroglu et al. randomized 
60 children to dexmedetomidine or propofol dur-
ing MR imaging [307]. Although both of the 
agents were equally effective in providing seda-
tion, propofol provided shorter induction times, 
recovery times, and discharge times. However, 
adverse effects including hypotension and oxy-
gen desaturation were more common with propo-
fol. Oxygen desaturation requiring intervention 
including a chin lift, discontinuation of the infu-
sion, or supplemental oxygen occurred in 4 of 30 
children receiving propofol vs. 0 of 30 receiving 
dexmedetomidine. 

In a retrospective review of their Quality 
Assurance database, Mason et al. used escalat-
ing doses of dexmedetomidine for sedation in 62 
children during radiological imaging [308]. 
Dexmedetomidine was administered as a loading 
dose of 2 g/kg over 10 min and repeated to 
achieve effective sedation after which an infusion 
was started at 1 g/kg/h. The mean loading dose 
was 2.2 g/kg with 52 patients requiring only the 
initial dose of 2 g/kg. The time to achieve seda-
tion ranged from 6 to 20 min. Sinus arrhythmias 
were noted in ten patients (16%). Heart rate and 
blood pressure decreased in all patients; however, 
no treatment was necessary and no hemodynamic 
value was less than the fifth percentile for age. 
No changes were observed in the ETCO

2
 and no 

patient developed oxygen desaturation while 
breathing room air.

Given its limited analgesic effects, dexme-
detomidine may not be the ideal agent when used 
alone for painful procedures. However, anecdotal 
experience suggests that a combination of dex-
medetomidine with ketamine may be effective in 
such scenarios [309–312].

With the prolonged administration of any agent 
for sedation or analgesia, tolerance occurs and 
withdrawal may be seen if the medication is 
abruptly discontinued. Regardless of the agent or 
agents responsible, the potential role of dexme-
detomidine in treating such problems is supported 
by animal studies [313–316], case reports in adults 
and children [317–321], and one retrospective 
case series in infants [322]. The latter study was a 
retrospective review of seven infants (3 to 24 
months). Sedation had been provided during 
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mechanical ventilation with a continuous infusion 
of fentanyl supplemented with intermittent doses 
of midazolam. With discontinuation of the fen-
tanyl and midazolam, withdrawal occurred.  
Dexmedetomidine was administered as a load-
ing dose of 0.5 g/kg/h followed by an infusion 
of 0.5 g/kg/h. The loading dose was repeated 
and the infusion increased to 0.7 g/kg/h in the 
two patients who had received the highest doses 
of fentanyl (8.5 ± 0.7 vs. 4.6 ± 0.5 g/kg/h, 
p < 0.0005). Withdrawal was successfully 
controlled.

As with all of the medications discussed in 
this chapter, dexmedetomidine has been reported 
to effect cardiovascular function [302, 323–327]. 
Adverse hemodynamic effects include hypoten-
sion (mean arterial pressure 60 mmHg or a 
greater than 30% decrease from baseline) or bra-
dycardia (heart rate 50 beats/min) [302]. Talke 
et al. evaluated the efficacy of dexmedetomidine 
infusion in a cohort of 41 adults during vascular 
surgery [324]. There was a lower heart rate, less 
tachycardia, and decreased norepinephrine levels 
during emergence from anesthesia in patients 
receiving dexmedetomidine. 

Electrophysiologic effects were also 
reported in an intraoperative study by Peden 
et al. [325]. Two patients who received dexme-
detomidine experienced brief episodes of sinus 
arrest following laryngoscopy and propofol 
administration. These findings suggest that 
specific procedures (laryngoscopy), techniques 
(hypothermia to control ICP or for neuropro-
tection), and medications (propofol, fentanyl, 
digoxin) may potentiate the vagotonic effects 
of dexmedetomidine. 

Given these effects on cardiac conduction, it 
has been suggested that dexmedetomidine may 
not be a desirable agent for sedation in the car-
diac  catheterization suite when electrophysio-
logic studies are planned [326]. However, other 
authors have demonstrated that these negative 
chronotropic properties may be used as a ther-
apeutic tool in infants and children who develop 
tachyarrhythmias following surgery for con-
genital heart disease [327].

Data in animal and human studies demonstrate 
beneficial effects on cerebral dynamics including 

a decrease in CBF and ICP [328, 329]. However, 
given the potential effects on mean arterial 
 pressure, decreases in CPP may occur [330]. As 
with, the barbiturates, propofol and the inhala-
tional anesthetic agents, animal data suggest that 
 dexmedetomidine may provide some degree of 
cerebral protection during periods of global or 
regional cerebral ischemia [331–333]. The data 
in animal studies regarding its effects on the 
 seizure threshold are mixed depending on the 
provocative agent and the type of animal studied, 
with two studies suggesting a lowering of the 
 seizure threshold and two suggesting an anticon-
vulsant effect [334–337].

Chloral hydrate

Chloral hydrate, first synthesized in 1832, remains 
a commonly used agent for procedural sedation 
[338]. Its popularity results from several factors 
including its ease of administration by either oral 
or rectal route, healthcare providers’ familiarity 
with it, and misconceptions regarding its margin 
of safety. Following oral or rectal administration, 
chloral hydrate is rapidly absorbed. It undergoes 
hepatic metabolism to its active metabolite, 
trichloroethanol (TCE). Although generally 
effective as a one-time agent for nonpainful 
radiologic procedures, repeated dosing in the 
PICU setting leads to excessive and prolonged 
CNS depression due to a variable half-life rang-
ing from 9 to 40 h as well as the accumulation of 
active metabolites [339]. These issues have 
resulted in recommendations against such prac-
tices from the AAP [340].

Chloral hydrate is relatively contraindicated in 
neonates given its competition with bilirubin for 
protein binding sites. Additionally, the active 
metabolite, TCE, is related to the halogenated 
hydrocarbons and may cause ventricular arrhyth-
mias especially in patients at risk for such prob-
lems (tricyclic antidepressant ingestions or 
underlying arrhythmia) [341, 342]. Given these 
issues, chloral hydrate has a limited role in seda-
tion in the PICU setting; however, it may still 
have a place for sedation during nonpainful radio-
logic imaging [343]. Used for this purpose, doses 
of 75–100 mg/kg (maximum 2 g) can be admin-
istered by mouth or per rectum.
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Tolerance, Physical Dependency, and 
Withdrawal

Over the past several years, data demonstrating 
the potential deleterious physiologic effects of 
untreated pain combined with ongoing humani-
tarian concerns have led to the increased use of 
sedative and analgesic agents. These initiatives 
have led to new consequences including physical 
dependency, tolerance, and withdrawal that 
require definition and effective treatment strate-
gies. An appropriate place to begin the develop-
ment of an effective approach to the patient with 
tolerance and physical dependency is a consensus 
on definitions of these terms [343]. Tolerance is a 
decrease in a drug’s effect over time or the need to 
increase the dose to achieve the same effect. 
Tolerance is related to changes at or distal to the 
receptor, generally at the cellular level. Some 
authorities have divided tolerance into various 
subcategories including innate tolerance referring 
to a genetically predetermined lack of sensitivity 
to a drug, pharmacokinetic or dispositional toler-
ance referring to changes in a drug’s effect because 
of alterations in distribution or metabolism, 
learned tolerance or a reduction in a drug’s effect 
as a result of learned or compensatory mecha-
nisms (learning to walk a straight line while 
 intoxicated by repeated practice at the task), and 
pharmacodynamic tolerance [343]. With pharma-
codynamic tolerance, although the plasma con-
centration of the drug remains constant, there is a 
decreased effect. For the purpose of this discus-
sion, the latter phenomenon will be referred to as 
tolerance as the other issues are not as relevant 
when considering the PICU patient. 

Withdrawal includes the physical signs and 
symptoms that manifest when the administration 
of a sedative or analgesic agent is abruptly discon-
tinued in a patient who is physically tolerant. The 
symptomatology of withdrawal varies from patient 
to patient and may be affected by several factors 
including the agent involved, the patient’s age, 
cognitive state, and associated medical conditions. 

Physiologic (physical) dependence is the need 
to continue a sedative or analgesic agent to pre-
vent withdrawal. Psychological dependence is 
the need for a substance because of its euphoric 

effects. Addiction is a complex pattern of behav-
iors characterized by the repetitive, compulsive 
use of a substance, antisocial or criminal behavior 
to obtain the drug, and a high incidence of relapse 
after treatment. Psychological dependency and 
addiction are extremely rare after the appropriate 
use of sedative or analgesic agents to treat pain or 
to relieve anxiety in the PICU setting.

The problems of opioid dependency and with-
drawal in neonates and infants were first encoun-
tered in the 1970s and 1980s in infants of 
drug-addicted mothers [344–346]. Despite the 
difference in the origin of the problem, these 
studies provided valuable information for dealing 
with today’s PICU population. The studies from 
the 1970s and 1980s have provided various phar-
macologic treatment regimens as well as scoring 
systems that may be used to grade the severity of 
withdrawal and to evaluate the efficacy of the 
treatment regimens. Arnold et al. were among the 
first to recognize the problems of dependency 
and withdrawal after prolonged opioid adminis-
tration in the PICU population [347]. 

In a retrospective review of 37 neonates who 
required extracorporeal membrane oxygenation 
(ECMO) for respiratory failure and who had 
received intravenous fentanyl for sedation, they 
sought to identify the signs and symptoms of the 
neonatal abstinence syndrome (NAS) and risk fac-
tors for its occurrence. Fentanyl infusion require-
ments to achieve the desired level of sedation 
increased from 11.6 ± 6.9 g/kg/h on day 1 to 
52.5 ± 19.4 g/kg/h on day 8. By measuring plasma 
fentanyl levels, they were able to demonstrate that 
the tolerance was pharmacodynamic and not phar-
macokinetic (related to increased metabolism of 
the opioid). NAS was related to the total fentanyl 
dose and the duration of the infusion. A cumula-
tive fentanyl dose 1.6 mg/kg and an ECMO dura-
tion 5 days were risk factors for the development 
of NAS (odds ratio of 7 and 13.9, respectively). 

In a cohort of eight infants placed on ECMO, 
fentanyl infusion requirements increased from 
9.2 ± 1.9 g/kg/h on day 1 to 21.9 ± 4.5 g/kg/h 
on day 6 [348]. As in their previous study, they 
noted an increase in the plasma fentanyl con-
centration from 3.1 ± 1.1 ng/mL on day 1 to 
13.9 ± 3.2 ng/mL on day 6. 
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Subsequent reports demonstrated withdrawal 
from other agents used for prolonged sedation 
in the PICU patient including benzodiazepines, 
 barbiturates, propofol, and even the inhalational 
anesthetic agents. Sury et al. described benzodi-
azepine withdrawal in three children, who were 
4, 11, and 12 years of age, after prolonged seda-
tion with a continuous infusion of midazolam 
[350]. The patients had received midazolam for 
7, 14, and 17 days at mean infusion rates of 
0.17, 0.22, and 0.56 mg/kg/h. The midazolam 
infusions were stopped without tapering the 
infusion rate and within 24 h, withdrawal symp-
toms were noted includ ing visual hallucina-
tions, combative behavior, and seizures. The 
problems resolved once a benzodiazepine was 
administered. 

Van Engelen et al. reported similar problems 
after the prolonged administration of midazo-
lam to two pediatric patients [351]. The mida-
zolam infusion rates reached maximum values 
of 0.14 and 0.57 mg/kg/h with durations of infu-
sion of 12 and 29 days. After discontinuation of 
the midazolam infusion, both patients mani-
fested withdrawal symptoms that included agi-
tation, tachycardia, hyperpyrexia, and vomiting. 
Symptoms disappeared with reinstitution of the 
midazolam  infusion. 

Fonsmark et al. evaluated 40 children who 
received sedation during mechanical ventila-
tion. Sedation was provided by midazolam, 
pentobarbital, or a combination of the two [352]. 
Withdrawal symptoms occurred in 14 of 40 
patients (35%). A cumulative  midazolam dose 

60 mg/kg or a cumulative  pentobarbital dose 
25 mg/kg was associated with withdrawal, 

irrespective of the duration of infusion.
Other anecdotal reports have noted withdrawal 

following the use of pentobarbital for sedation in 
the PICU population [353]. The potential for the 
development of tolerance to barbiturates is fur-
ther supported by animal studies demonstrating 
the rapid development of tolerance after repeated 
administration and an increased susceptibility to 
pentylenetetrazol-induced seizures as a manifes-
tation of barbiturate withdrawal [354, 355].

Despite the concerns outlined above regarding 
propofol, it is still used for sedation during 

mechanical ventilation. In a retrospective review 
of acute withdrawal after prolonged sedation with 
propofol in the adult ICU patient, there was a cor-
relation of the incidence of withdrawal behavior 
in patients with both the use of propofol as part of 
the sedation regimen and the dose administered 
[356]. Anecdotal evidence supports the occur-
rence of propofol withdrawal in a 10-month-old 
girl who required mechanical ventilatory support 
for 2 weeks after an inhalation smoke injury 
[357]. Propofol was administered for 2 weeks 
during mechanical ventilation. When the drug 
was discontinued, the patient exhibited “general-
ized twitching and jitteriness.” No treatment was 
administered, and the symptoms subsided over a 
3-day period.

One of the more novel approaches for seda-
tion during mechanical ventilation is the admin-
istration of inhalational anesthetic agents, such 
as isoflurane. Arnold et al. reported their experi-
ence with the use of isoflurane to ten pediatric 
patients for sedation during mechanical ventila-
tion (see above) [58]. During the administration 
of isoflurane, the opioid and benzodiazepine 
infusions were gradually tapered and discontin-
ued. Although the inhalational agent proved 
effective in providing sedation, agitation and 
nonpurposeful movements occurred in 5 of the 
10 patients within 2 h of discontinuation of iso-
flurane. These five patients had received more 
than 70 MAC-hours of isoflurane. 

Arnold et al. subsequently reported tolerance 
and withdrawal phenomena after the prolonged 
administration of isoflurane to a 4-year-old boy 
for sedation during mechanical ventilation [358]. 
After 19 days of administration, with an end-
tidal isoflurane concentration of 0.8–1.2%, the 
patient was awake and able to follow commands. 
After 32 days of administration, mechanical ven-
tilation and the isoflurane were discontinued. 
Shortly after discontinuing the isoflurane, the 
patient developed agitation, diaphoresis, tachy-
cardia, hypertension, and profuse diarrhea. The 
symptoms were eventually controlled with pen-
tobarbital and midazolam infusions. Hughes 
et al. reported hallucinations and seizures after 
the prolonged administration of isoflurane for 
sedation to a 7-year-old boy [359].
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Clinical signs and symptoms  
of withdrawal

The development of strategies to provide effec-
tive treatment of physical dependency and related 
problems requires the accurate identification and 
recognition of withdrawal symptoms. Ongoing or 
associated conditions that can manifest similar 
clinical signs and symptoms as withdrawal must 
be investigated and ruled out before concluding 
that the patient’s symptoms are the result of with-
drawal. In the PICU patient, these associated 
conditions may include central nervous system 
insults or infections, ICU psychosis, delirium, 
metabolic abnormalities, hypoxia, hypercarbia, 
and cerebral hypoperfusion from alterations in 
cardiac output or cerebral vascular disease. 

Although many of the signs and symptoms of 
withdrawal are the same regardless of the agent, 
there may be subtle differences depending on the 
specific agent. The time to the onset of with-
drawal symptoms varies depending on the half-
life of the agent and the half-life of active 
metabolites, which may be several times longer 
than the parent compound. In general, the signs 
and symptoms of withdrawal from sedative and 
analgesic agents include signs and symptoms 
related to the CNS, the gastrointestinal tract, and 
the sympathetic nervous system. CNS manifesta-
tions are generally those of increased irritability 
including decreased sleep, tremulousness, hyper-
active deep tendon reflexes, clonus, inability to 
concentrate, frequent yawning, sneezing, delir-
ium, and hypertonicity. In neonates and infants, 
additional signs of central nervous system stimu-
lation include a high-pitched cry and an exagger-
ated Moro reflex. 

Seizures have been reported with withdrawal 
from opioids, benzodiazepines, barbiturates, 
propofol, and inhalational anesthetic agents while 
visual and auditory hallucinations have been 
described with opioid, benzodiazepine, barbitu-
rate, and inhalational anesthetic withdrawal. GI 
manifestations including emesis, diarrhea, and 
feeding intolerance may be especially prominent 
in neonates and infants. When such problems 
occur in the absence of other signs and symptoms 
of withdrawal, they may be attributed to other 

problems and not withdrawal. Activation of the 
sympathetic nervous system with tachycardia, 
hypertension, dilated pupils, and tachypnea is a 
prominent finding with  withdrawal from any of 
the above-mentioned sedative/analgesic agents. 
Additional signs and symptoms of sympathetic 
hyperactivity include nasal stuffiness, sweating, 
and fever.

Treatment of withdrawal and clinical 
scoring systems

As with most problems that arise in clinical med-
icine, effective treatment starts with prevention. 
Given that the incidence of withdrawal is related 
to the total amount of medication administered, 
careful titration of the sedative or analgesic agents 
using clinical sedation scales is optimal. There 
are currently no data to support or refute the effi-
cacy of so-called drug holidays during the use of 
sedative and analgesic agents in the PICU setting. 
This practice involves turning off sedative and 
analgesic agents until the patient responds and 
then restarting the infusions at half of the previ-
ously used infusion rate. This practice effectively 
provides the same rationale as using clinical 
sedation scores in that excessive infusion rates 
are avoided. However, many physicians and cer-
tainly bedside nurses are hesitant to discontinue 
effective sedation and analgesia at times when 
painful processes may be present in the critically 
ill patient. Additionally, concerns have been 
raised that this practice may result in periods of 
excessive agitation in critically ill patients. Before 
such practices are universally embraced, prospec-
tive trials in the pediatric population are needed 
to demonstrate not only their efficacy but also 
their safety. 

Prospective studies are needed to better address 
the efficacy of rotating sedation regimens, inter-
mittent vs. continuous infusions of sedative/anal-
gesic agents, and the role of other pharmacologic 
agents such as NMDA receptor antagonists and 
magnesium in preventing tolerance and depen-
dency. Until further investigations provide addi-
tional insight into the factors controlling opioid 
dependency and ways of preventing or delaying 
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it, PICU physicians will be faced with a group of 
patients who require specific actions to prevent 
the development of withdrawal symptoms. 
Treatment strategies and protocols are necessary 
so that the problems associated with tolerance, 
physical dependency, and withdrawal do not limit 
the administration of these agents in the PICU 
population.

In order to provide effective therapy for 
patients with withdrawal, it may be helpful to 
identify those patients who are most likely to 
manifest symptoms of withdrawal and also to have 
scoring systems to identify and quantitate the 
signs and symptoms of withdrawal. As noted pre-
viously in this chapter, risk factors that have been 
identified include not only the total dose of the 
sedative or analgesic agent that has been adminis-
tered but also the duration of the infusion. 

In a prospective trial of 23 infants and children 
who had received fentanyl infusions for sedation 
during mechanical ventilation, Katz et al. deter-
mined the factors that could be used to identify 
the group who was at risk of withdrawal [360]:  
The total fentanyl dose and the duration of the 
infusion correlated with the risk of withdrawal, 
whereas the maximum fentanyl infusion rate did 
not. A total fentanyl dose 1.5 mg/kg or an 
 infusion duration 5 days was associated with a 
50% incidence of withdrawal, whereas a total 
fentanyl dose 2.5 mg/kg or an infusion duration 

9 days was associated with a 100% incidence of 
withdrawal. Fonsmark et al. reported an increased 
probability of withdrawal in patients who received 
a total dose of midazolam 60 mg/kg or a total 
dose of pentobarbital 25 mg/kg [352].

Scoring systems may be helpful in the man-
agement of patients presenting with signs and 
symptoms of withdrawal, not only in identifying 
the behaviors or withdrawal but also in grading 
its severity and judging the response to therapy. 
Unfortunately, the majority of scoring systems 
were developed to deal with neonates born to 
drug-addicted mothers and therefore may not be 
applicable to the PICU population [361]. 

To address such issues, Ista et al. reviewed the 
literature regarding withdrawal scoring systems 
and found that of the six available in the litera-
ture, only two were directed toward the PICU 

population [362]. The first of these included the 
Sedation Withdrawal Score (SWS), which assigns 
points (0–2) to 12 withdrawal behaviors, thereby 
providing a maximum score of 24. The signs and 
symptoms are grouped to the CNS (tremor, irrita-
bility, hypertonicity, high pitched cry, convul-
sions, and hyperactivity), the GI system (vomiting 
and diarrhea), and the autonomic nervous system 
(fever, sweating, sneezing, and respiratory rate) 
[363]. The decision regarding weaning of the 
current sedative and analgesic regimen is based 
on the score (0–6 wean, 6–12 no change, 12–18 
revert to previous regimen, more than 18 reevalu-
ate plan). Ista et al. expressed concerns that this 
scale has not been validated in children and that 
in particular, there are no data regarding its sensi-
tivity, specificity, validity, and reliability. 

The other scale is the Opioid and 
Benzodiazepine Withdrawal Scale (OBWS) 
[364]. The OBWS is a 21-item checklist that 
evaluates 16 specific withdrawal behaviors. 
Franck et al. evaluated their scale by performing 
693 assessments in 15 children who varied in age 
from 6 weeks to 28 months. Using 8 as a cut-off 
score for the presence of withdrawal, the sensitiv-
ity of the OBWS was only 50% with a specificity 
of 87%. The predictive value in terms of positive 
and negative ratios was 4.0 and 0.57 (considered 
moderate for a diagnostic tool) while the inter-
rater reliability was acceptable at 0.8.

Because of these issues, Ista et al. concluded 
that a more appropriate scale was necessary in 
the PICU population and went on to use the data 
from their review to develop their own with-
drawal scale [365]. Their withdrawal scale 
included all of the behaviors that had been 
reported in the literature as manifestations of 
withdrawal in the pediatric-aged patient. From 
this, they developed the Sophia Benzodiazepine 
and Opioid Withdrawal Checklist (SBOWC), 
which included 24 withdrawal symptoms. Over a 
6-month period, they collected 2,188 observa-
tions in 79 children within 24 h of tapering off 
and discontinuing sedative and/or analgesic med-
ication. They noted that specific symptoms 
including agitation, anxiety, muscle tension, 
sleeping for less than 1 h, diarrhea, fever, sweat-
ing, and tachypnea were observed most frequently 
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and that longer duration of opioid or benzodiaz-
epine use and high doses were risk factors for 
withdrawal. Twenty-three observations were 
scored simultaneously and resulted in an inter-
observer correlation coefficient of 0.85 with a 
range of 0.59–1.0 for the individual items.

By maintaining a high index of suspicion and 
the use of withdrawal scores developed for the 
PICU patient, it seems that we are closer to our 
goal of identifying patients who are manifesting 
withdrawal symptoms. As mentioned previously, 
the mainstay of preventing withdrawal must be 
the identification of high-risk patients and the 
slow weaning of sedative and analgesic agents. 
Withdrawal scales should still be applied to these 
patients in the event that withdrawal occurs 
despite our attempts to prevent it. Based on lim-
ited evidence-based medicine, it has been sug-
gested that, in patients who have received sedative 
and analgesic infusions for more than 5–7 days, 
weaning can be accomplished at a rate of 10–20% 
per day [366, 367]. However, these studies have 
reported a significant incidence of withdrawal 
using these protocols thereby suggesting that a 
more reasonable approach may be a 5–10% 
decrease per day as has been suggested for adult 
patients and supported by some in the PICU pop-
ulation [368, 369].

When prolonged administration of opioids or 
other sedative agents will be necessary, switching 
to the oral administration of long-acting agents 
such as methadone may allow for earlier hospital 
discharge. This is especially true in patients 
who have received weeks of therapy and are on 
large doses of opioids and/or benzodiazepines. 
Advantages of methadone include its longer 
 half-life allowing for dosing 2–3 times per day, 
an oral bioavailability of 75–90%, and availabil-
ity as a liquid. Although the first report regarding 
the use of methadone suggested a starting dose of 
0.1 mg/kg every 12 h, the three patients in the 
series were receiving relatively low opioid doses 
and, therefore, higher doses of methadone were 
not needed [349]. Clinical experience of this 
author has indicated that higher doses of metha-
done may be needed, depending on the dose of 
fentanyl. When considering the appropriate dose 
transition from intravenous fentanyl to oral 

methadone, consideration should be given to the 
differences in the potency and half-life of the two 
medications as well as cross-over tolerance [370]. 
Similar considerations are necessary when 
switching from intravenous midazolam to oral 
lorazepam. 

Lugo et al. in a study evaluating enteral lora-
zepam to decrease midazolam requirements dur-
ing mechanical ventilation suggested starting at a 
lorazepam dose that was 1/6th that of the total 
daily dose of intravenous midazolam [82]. Once 
the appropriate enteral/oral dose is determined 
and started, the intravenous administration is 
tapered off quickly.

After the initial reports regarding the use of 
methadone, other authors have suggested varia-
tions in conversion ratios from fentanyl to meth-
adone as well as dosing intervals and most 
importantly weaning schedules [366, 367, 371–
373]. Some have used intravenous methadone 
prior to oral methadone during the initial con-
version process. Regardless of the protocol used, 
close observation during the conversion period 
is necessary to avoid adverse effects from over-
sedation or to recognize the early symptoms of 
withdrawal.

There remain some stigmata concerning the 
use of methadone. Therefore, a thorough discus-
sion with the parents is necessary to discuss why 
methadone is being used and to outline the differ-
ences between addiction and physical depen-
dency. Because of these issues as well as 
familiarity with long-acting morphine prepara-
tions, which are used in the treatment of children 
with chronic cancer-related pain, some physi-
cians prefer to use the latter agent. However, 
these agents are available only in tablets that 
 cannot be crushed so that administration and 
 subsequent weaning protocols may be more dif-
ficult in younger patients. Methadone on the other 
hand is available in a liquid formulation. More 
recently, concern has been expressed for the adult 
who is on maintenance methadone for drug addic-
tion regarding the potential for death, the poten-
tial for QT prolongation and arrhythmias [374]. 
To date, there are no such reports from the pediat-
ric population; however, these concerns have led 
to the consideration of obtaining periodic ECG’s 
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prior to and after instituting therapy with 
methadone. 

A final issue with methadone is its metabolism 
by the P

450
 isoenzyme system of the liver making 

alterations in metabolism possible based on 
genetic factors and the coadministration of other 
medications. These factors should be considered 
when methadone is started or other medications 
are added to the patient’s regimen.

In addition to opioids, nonopioid agents have 
been used to treat opioid withdrawal. In the 
author’s opinion, this is less than optimal because 
it seems to make physiologic sense when dealing 
with the problems of tolerance and dependence 
to replace the missing agent rather than to treat 
the resulting symptoms. The benzodiazepine, 
diazepam, has been used to treat opioid with-
drawal in neonates and infants [375]. 

When benzodiazepines are used to treat opioid-
withdrawal in neonates born to drug-addicted 
mothers, clinical studies have demonstrated adverse 
effects on behavior including increased sedation 
and poor sucking as well as poor control of the 
autonomic hyperactivity that occurs with opioid 
withdrawal [376]. Similar results have been dem-
onstrated with the use of phenobarbital [377, 378]. 

Phenothiazines (chlorpromazine) have also 
been used in the treatment of infants of drug-
addicted mothers [379]. Despite relative success 
with an efficacy equivalent to that of phenobarbi-
tal, adverse effects including -adrenergic block-
ade with hypotension and a lowering of the 
seizure threshold have limited their widespread 
application [380].

The centrally acting, 
2
-adrenergic agonist, 

clonidine, has been used to treat and prevent 
opioid withdrawal in both neonates and adults 
[381–383]. Alpha

2
-adrenergic receptors mediate 

part of their pharmacologic actions through the 
activation of the same potassium channel as opi-
oid receptors. Because of its prolonged duration 
of action (12–18 h), once or twice a day dosing 
is possible. Starting doses range from 3 to 5 g/
kg/day. 

Adverse effects from clonidine include seda-
tion, bradycardia, and hypotension. Although 
the use of clonidine is becoming more wide-
spread in pediatric anesthesia as a premedicant 

in the operating room as well as for caudal/epi-
dural anesthesia; to date, there is limited clinical 
experience with its use in the treatment of opioid 
withdrawal.

Dexmedetomidine (Precedex®, Hospira 
Worldwide Inc, Lake Forest, IL) is the pharmaco-
logically active dextro-isomer of medetomidine. 
Like clonidine, it exerts its physiological effects 
via 

2
-adrenergic receptors. Regardless of the 

agent or agents responsible for withdrawal, the 
role of dexmedetomidine in treating such prob-
lems is supported by animal studies [313–316], 
case reports in adults and children [317–321], and 
one retrospective case series in infants [322]. 

The largest series reported in either the adult or 
pediatric population regarding the use of dexme-
detomidine to control withdrawal is a retrospec-
tive review of seven infants ranging in age from 3 
to 24 months [322]. The patients had received a 
continuous fentanyl infusion supplemented with 
intermittent doses of midazolam during mechani-
cal ventilation. Withdrawal was documented and 
successfully treated with a bolus and subsequent 
infusion of dexmedetomidine. More recently, the 
feasibility of subcutaneous administration to treat 
or prevent withdrawal in infant and children has 
been demonstrated [384].

Delirium

In addition to the myriad of issues surrounding 
the provision or sedation and analgesia to criti-
cally ill patients, recent attention in clinical prac-
tice and in the literature, especially in the adult 
ICU population, has been focused on the issue of 
delirium following critical illnesses. In the ICU 
setting, delirium has been described as an acute 
and fluctuating disturbance of consciousness and 
cognition. In more general terms, the American 
Psychiatric Association’s (APA) Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV) 
has defined delirium as a disturbance of con-
sciousness and cognition that develops over a 
short period of time and fluctuates over time. 

Over the years, several different terms and 
labels have been used to describe this syndrome 
in the ICU setting including ICU psychosis, ICU 



228 J.D. Tobias

syndrome, acute confusional state, encephalop-
athy, and acute brain failure. However, with a 
greater appreciation of the importance of this 
syndrome on the outcomes of critically ill patients 
and the need to appropriately identify it, the criti-
cal care community has recently conformed to 
the recommendations of the APA that the term 
“delirium” be used uniformly to describe this 
syndrome of brain dysfunction. 

Delirium may occur in up to 80% of critically 
ill adults. Its short and long-term consequences 
include prolonged hospitalization as well as other 
morbidities. It may also be either a marker for or 
a direct cause of both short-term and long-term 
mortality risk of ICU patients [385, 386].

In a prospective evaluation meant to determine 
the immediate and long-term consequences of 
delirium in a cohort of 224 adult ICU patients, 
183 (81.7%) developed delirium at some point 
during their ICU stay [387]. Demographics 
including age, comorbidity scores, dementia 
scores, activity of daily living scores, severity of 
illness, and admitting diagnosis were similar 
between those patients who developed delirium 
and those who did not. Patients who developed 
delirium had a higher 6-month mortality rate (34 
vs. 15%, p = 0.03) and spent 10 days longer in the 
hospital than those patients who did not develop 
delirium (p < 0.001). Additional morbidities 
related to delirium included prolonged ICU stay, 
prolonged duration of requirements for mechani-
cal ventilation, and increased costs of care fol-
lowing hospital discharge [385–388].

Classification of delirium

Given difficulties with identification, even in the 
adult population, delirium may often go unrecog-
nized or attributed to other diseases processes or 
comorbid conditions such as dementia and 
depression or considered a natural, acceptable 
complication of a critical illness. Delirium can 
generally be divided into hypoactive and hyper-
active subtypes, which outside of the ICU popu-
lation have been shown to have some prognostic 
values. Hypoactive delirium, which tends to 
account for the majority of cases in the ICU setting, 

is characterized by decreased responsiveness, 
withdrawal behaviors, apathy, and depression. 
Hyperactive delirium, as the name implies, is 
characterized by agitation, restlessness, and emo-
tional lability [389]. 

In a prospective evaluation of delirium in a 
cohort of adult medical ICU patients, Peterson 
et al. reported that purely hyperactive delirium 
was uncommon, occurring in 1.6% of the patients, 
hypoactive delirium occurred in 43.5% of the 
patients while 54.1% had mixed delirium [390]. 
Ouimet et al. proposed an alternative scheme for 
the categorization of delirium in the ICU setting, 
which is based on the number of symptoms of 
delirium that are present [391]. Six hundred ICU 
patients were observed for symptoms of delirium 
and then categorized according to the number of 
symptoms present. No delirium was present if 
there were no symptoms, patients with four or 
more symptoms were classified as having “clini-
cal delirium” while an intermediate state which 
the authors termed “subsyndromal delirium” was 
thought to be present in patients who manifested 
1–3 symptoms.

Diagnosis of delirium

Given its impact on short and long-term out-
come in the ICU patient, the accurate diagnosis 
of delirium is mandatory to identify its occur-
rence following critical illness and to facilitate 
trials to determine ways to limit its occurrence. 
As noted previously, the underdiagnosis and 
recognition of delirium remain a significant 
problem [392]. Such issues have led to the sug-
gestion by the Society for Critical Care Medicine 
that some type of delirium screening tool should 
be used in all critically ill patients. As with 
depth of sedation and withdrawal, there are 
instruments which have been validated for the 
assessment of delirium in ICU patients. To date, 
these instruments have only been studied in the 
adult population. Two such tools are (1) the 
Intensive Care Delirium Screening Checklist 
(ICDSC) and the (2) Confusion Assessment 
Method for the ICU (CAM-ICU) [393, 394] 
(Table 13.4). The scoring systems allow the 
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assessment and diagnosis of delirium in ICU 
patients by nonpsychiatric-trained physicians 
and healthcare workers in the ICU. These  
tools can be used even in patients who are 
unable to speak because of the presence of  
an ETT. 

Both scoring tools begin with an assess ment 
of the patient’s responsiveness and no further 
evaluation is undertaken if the patient is obtunded 
or deeply sedated. The ICDSC rates the level of 
consciousness from A to E, with A denoting no 
response and E denoting exaggerated response to 
normal stimulation. If an A (no response) or B 
(response to intense or repeated stimulation) is 
obtained, no further assessment is undertaken. 
For patients who manifest a C, D, or E level, a 
further evaluation for the presence of delirium is 
undertaken. This includes assessing inattentive-
ness, disorientation, hallucination-delusional-
psychosis, psychomotor agitation or retardation, 
inappropriate speech or mood, sleep–wake cycle 
disturbances, and symptom fluctuation. These 
seven checklist items are added to altered level 
of consciousness to give eight possible items 
which are scored as present or absent to give a 
total delirium score of 0–8 with four or more 
considered diagnostic of delirium.

Risk factors for the development  
of delirium

As with many outcomes in the ICU, the risk fac-
tors for the development of delirium include fac-
tors that may be present prior to the onset of the 
acute illness and those that relate directly to the 
acute illness or medications administered during 
it. Patient comorbidities that may increase the 
likelihood of delirium include advanced age, 
hypertension, the severity of illness, history of 
tobacco use, and baseline cognitive impairment. 
Other potential risk factors include metabolic 
disturbances (plasma levels of sodium, calcium, 
and blood urea nitrogen), acute infection, respira-
tory disease, acidosis, anemia, and hypotension. 
Additionally, there may be some genetic predis-
position to the development of delirium. 

Ely et al. evaluated the possible association of 
the apolipoprotein E genotype and delirium 
among 53 mechanically ventilated medical ICU 
patients [395]. Patients with the apolipoprotein-4 
polymorphism (a risk factor for Alzheimer’s dis-
ease) manifested delirium twice as long as those 
without this polymorphism. The duration of 
delirium (median and interquartile range) was 4 
days (3–4.5 days) vs. 2 days (1–4 days, p = 0.05).

Table 13.4  The intensive care delirium screening checklist

Patient evaluation Day 1 Day 2 Day 3 Day 4 Day 5

Altered level of consciousness* (A–E)      
If A or B do not complete patient evaluation for the period

Inattention      
Disorientation
Hallucination—delusion—psychosis
Psychomotor agitation or retardation
Inappropriate speech or mood
Sleep/wake cycle disturbance
Symptom fluctuation
Total score (0–8)

* Level of consciousness:
A: No response, score: None
B: Response to intense and repeated stimulation (loud voice and pain), score: None
C: Response to mild or moderate stimulation, score: 1
D: Normal wakefulness, score: 0
E: Exaggerated response to normal stimulation, score: 1
(reproduced from Bergeron et al. [393], with permission from Springer)
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Also of significant concern in the ICU patient 
is the potential association between delirium and 
medications used for sedation or analgesia. To 
date, the most  compelling evidence suggests that 
medications which act through the GABA system 
increase the likelihood of delirium. Most notable 
of the GABA-agonists in the role of delirium are 
the benzodiazepines including both midazolam 
and lorazepam [396]. 

There are little or no data to demonstrate any 
relationship between the use of opioids such as 
morphine or fentanyl and the risk of developing 
delirium. Rather, the appropriate use of opioids 
for analgesia may decrease its incidence: Ouimet 
et al. reported that the mean daily dose of opioid 
dose was higher among patients without delirium 
than among those with delirium [397]. Similarly, 
in a cohort of 541 adult patients who were hospi-
talized for a hip fracture, those who received more 
than 10 mg/day of parenteral morphine or mor-
phine-equivalents were less likely to develop 
delirium than patients who received less analge-
sia [398]. Treatment with meperidine was an 
exception as meperidine has been shown to 
increase the risk of delirium when compared with 
other opioids.

Pathophysiology of delirium

The exact cellular or physiologic mechanisms of 
delirium remain poorly defined. Additionally, it 
is likely that it may result from a multifactorial 
process, resulting from a combination of underly-
ing patient factors, the critical illness, and medi-
cations used in the ICU setting. One theory that 
has been supported by clinical research is that 
delirium results from a neurotransmitter imbal-
ance. Derangements of several different central 
neurotransmitters have been theorized to result in 
delirium, although the greatest focus has been on 
alterations in the central concentrations of dop-
amine and acetylcholine [399, 400]. Specifically, 
an excess of dopamine or relative deficiencies in 
acetylcholine may result in delirium. Other 
potential central neurotransmitters which may 
play a role in the pathogenesis of delirium include 
GABA, serotonin, endorphins, and glutamate 

[401, 402]. Other evidence has pointed toward 
inflammation as a potential etiologic factor in the 
development of delirium. Animal studies have 
demonstrated that an inflammatory cascade may 
result in alterations in the blood–brain barrier, 
changes in vascular permeability within the CNS, 
and EEG changes consistent with those seen in 
ICU patients who develop delirium [403]. The 
end result of this inflammatory process may pro-
voke delirium through alterations in CBF, by 
interfering with normal neurotransmitter func-
tion, or altering neurotransmitter concentrations 
within the CNS.

Prevention and treatment of delirium

Given the prevalence and adverse effects of delir-
ium in the ICU setting, appropriate interventions 
include not only treatment once delirium has 
occurred but also potentially strategies to limit its 
incidence. Although performed in a non-ICU 
population, Inouye et al. nonrandomly assigned 
852 hospitalized elderly patients to usual care or 
management with a multiple component strategy 
aimed at decreasing the incidence of delirium 
[404]. The interventions included repeated reori-
entation of the patient, the provision of cogni-
tively stimulating activities, a nonpharmacologic 
protocol to improve sleep, ambulation and mobi-
lization activities, range of motion exercises, 
timely removal of catheters and physical 
restraints, and improvement in sensory input 
through the use of eyeglasses, magnifying lenses, 
and hearing aids. These interventions signifi-
cantly reduced the incidence of delirium (15.0% 
in the standard care group vs. 9.9% in the inter-
vention group). Given the outcome of this and 
other similar trials, such protocols have been rec-
ommended for use in the ICU. It must also be 
recognized that the use of sedative medications 
increases the incidence of delirium and efforts 
should be made to minimize dosages [405].

Haloperidol has been recommended as the 
drug of choice for the treatment of ICU delirium 
by both the Society of Critical Care Medicine and 
the APA. Classified as a typical antipsychotic, 
haloperidol blocks dopamine

2
 receptors thereby 
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decreasing agitation, hallucinations, and delusions. 
Given the lack of prospective, clinical trials, the 
optimal dose regimen has not been defined. 
Recommendations from the Society of Critical 
Care Medicine for adults include an initial dose 
of 2 mg intravenously, followed by repeated 
doses (doubling the previous dose) every 
15–20 min until the agitation is controlled. Once 
the agitation subsides, scheduled doses (every 
4–6 h) are recommended for 2–3 days followed 
by a tapering of the dose once the problem has 
resolved. In addition to its use as treatment for 
acute delirium, haloperidol has been shown to be 
effective when used as a prophylactic agent to 
prevent delirium in a cohort of elderly patients 
[406]. The atypical antipsychotics (risperidone, 
ziprasidone, quetiapine, and olanzapine) may 
also be helpful in the treatment of delirium, but 
only preliminary data exist supporting their use 
in the ICU [407]. 

Patients treated with haloperidol or other 
antipsychotics should be monitored for adverse 
effects including cardiac arrhythmias due to 
effects on repolarization (these effects are less 
common with the atypical antipsychotic agents), 
hypotension, dystonic reactions, extrapyramidal 
effects, malignant neuroleptic syndrome, and 
lowering of the seizure threshold. Given the 
potential for the development of lethal cardiac 
arrhythmias including torsades de pointes, these 
agents are contraindicated in patients with a pro-
longed QT interval. Anticholinergic effects such 
as dry mouth, constipation, and urinary retention 
may also occur.

Summary

A cookbook approach to sedation and analgesia 
in the PICU is not feasible due to the wide variation 
in patients, ages, comorbid diseases, and clinical 
scenarios faced in this population. As no single 
agent will be effective in all patients and all sce-
narios, healthcare providers must be facile with the 
use of a wide array of sedative and analgesic agents. 
The three primary choices that must be made when 
choosing a sedative/analgesic agent are the agent, 
its route or delivery, and the mode of delivery. 

In most scenarios, sedation during mechanical 
ventilation is initiated with either a benzodiaz-
epine or an opioid. There is an abundance of 
clinical experience with midazolam in the PICU 
population although lorazepam may provide an 
effective alternative with a longer half-life and 
more predictable pharmacokinetics without the 
concern of active metabolites. However, there are 
limited reports regarding its use in the PICU pop-
ulation and there may be concerns regarding 
accumulation of the diluent, propylene glycol. 

Although fentanyl is frequently chosen 
because of its hemodynamic stability and benefi-
cial effects on PVR, morphine is an effective 
alternative with data to suggest that the develop-
ment of tolerance may be slower and that there 
may be fewer issues with withdrawal when com-
pared to fentanyl. Long-term follow-up studies 
have demonstrated no adverse CNS developmen-
tal effects from morphine use in neonates and 
infants. In the critically ill infant at risk for pul-
monary hypertension, the literature continues to 
support the use of the synthetic opioids given 
their ability to modulate PVR and prevent 
 pulmonary hypertensive  crisis. When these agents 
fail or lead to adverse effects, alternatives include 
ketamine, pentobarbital, or dexmedetomidine. 

Ketamine may be useful for the patient with 
hemodynamic instability or with increased airway 
reactivity as a component of their disease process. 
To date, there are limited reports regarding the use 
of pentobarbital in the PICU with recent concerns 
being raised regarding a high incidence of adverse 
effects associated with its use. Propofol has gained 
great favor in the adult population as a means of 
providing deep sedation while allowing for rapid 
awakening. Similar  beneficial properties are 
achieved in the  pediatric-aged patient; however, 
concerns of the propofol infusion syndrome have 
significantly limited its use in the PICU population. 
As the pediatric experience increases, it appears 
that there will be a role for newer agents such as 
dexmedetomidine. The use of dexmedetomidine 
may continue to increase as the incidence of delir-
ium has been shown to be less with its use when 
compared to commonly used benzodiazepines 
[408]. Suggested starting guidelines for sedative 
and analgesic agents are outlined in Table 13.3. 
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Case Studies

The second decision regarding PICU sedation 
includes the mode of administration. Effective 
sedation and analgesia are generally most easily 
achieved with the use a continuous infusion of a 
benzodiazepine or opioid supplemented with as 
needed bolus doses to provide additional analge-
sia or sedation. These bolus doses are given dur-
ing periods of breakthrough agitation or prior to 
noxious stimulation such as tracheal suctioning or 
other nursing interventions. Patients requiring fre-
quent bolus doses should have the baseline infu-
sion rate increased. As the infusion rate is 
increased, the bolus doses should be increased to 
equal the hourly rate. The titration of the infusion 
and use of supplemental bolus doses should be 
adjusted using clinical sedation scales. 

The third decision regarding sedative and anal-
gesic agents is the route of administration. In the 
PICU setting, the intravenous route is used in the 
vast majority of patients. However, specific 
 circumstances may exist which necessitate the use 
of a nonintravenous route. Although medications 
such as midazolam have been administered via 

many nonparenteral routes including oral and 
transmucosal administration, these routes will 
have a limited role in the PICU population 
although they are viable options for procedural 
sedation. The subcutaneous route may be used in 
specific circumstances while future clinical trials 
with inhalational anesthetic agents may provide 
us with more information regarding these agents 
in infants and children.

When sedative and analgesic agents are admin-
istered, adverse effects on physiologic function 
may follow [341]. Monitoring of the patient’s 
physiologic function is mandatory whenever 
these agents are in use. There is also an increased 
understanding and recognition of withdrawal 
syndromes which may occur following the pro-
longed administration of sedative and analgesic 
agents. Strategies are needed to identify those 
patients at risk for withdrawal followed by appro-
priate interventions to prevent or treat it. With 
these caveats in mind, the goal of providing effec-
tive and safe sedation and analgesia for all of our 
patients is within reach.

Case 1

A 10-year-old, 48 kg boy is brought to the 
emergency room following a motor vehicle 
accident. His injuries included a closed head 
injury and a right femur fracture. A computed 
tomography scan is requested to rule out intra-
abdominal injuries. His vital signs are stable 
and his Glasgow Coma Scale is 11. His neck 
is stabilized in a hard cervical collat. He is 
sleepy, but has intermittent periods of combat-
ive behavior. Sedation is requested for the CT 
imaging.

Considerations: This patient’s altered mental 
status and potential for a full-stomach make 
sedation without control of the airway 
potentially problematic in that loss of airway 
reflexes may result in upper airway obstruction, 
the need for bag-valve-mask ventilation with 

the risks of aspiration. Given these concerns, 
the decision is made not to provide with 
sedation, but rather to protect the airway with 
endotracheal intubation and induce general 
anesthesia. Given the potential for associated 
injuries which may result in blood loss and 
decreased intravascular volume, etomidate 
is chosen for the induction of general 
anesthesia.

Drugs: Etomidate (Amidate, Abbott 
Pharmaceuticals) is an intravenous anesthetic 
agent, introduced into clinical practice in 
1972, whose primary effects of sedation and 
amnesia are mediated through the GABA 
inhibitory neurotransmitter system. Following 
intravenous administration, loss of con-
sciousness is rapid (15–20 s) and as with 
propofol and the barbiturates, its duration of 
action following a single bolus dose is related 
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to redistribution rather than metabolism and 
clearance. Beneficial CNS effects include a 
decrease of the CMRO

2
, CBF, and ICP. CPP is 

maintained because of minimal effects on 
myocardial function. Although the bar-
biturates and propofol have similar effects on 
CHS dynamics, the latter agents are likely to 
decrease MAP and thereby decrease CPP. 
Myoclonic movements are also a frequently 
observed effect following the rapid intravenous 
administration of etomidate. Although these 
movements may simulate tonic-clonic seizure 
activity, no epileptiform discharges are noted. 
It has been suggested that the myoclonic 
movements are of spinal origin resulting from 
disinhibition of inhibitory neuronal pathways. 
Pretreatment with fentanyl, benzodiazepines, 
or a small dose of etomidate has been shown 
to be effective in decreasing the incidence of 
myoclonus. The most significant concern with 
etomidate and the factor that limits its long-
term administration in the ICU setting is its 
effects on the endogenous production of 
corticosteroids. This effect was identified 
when an increased risk of mortality was noted 
in adult ICU patients who were sedated with a 
continuous infusion of etomidate. Etomidate 
inhibits the enzyme, 11-b hydroxylase, which 
is necessary for the production of cortisol, 
aldosterone, and corticosterone. To date, 
signi ficant controversy surrounds the clinical 
significance of the adrenal suppression 
following a single induction dose of 
etomidate with some authors calling for the 
abandonment or at least a reevaluation of the 
use of etomidate. The duration of the adrenal 
suppression produced by a single induction 
dose of etomidate has varied from study to 
study, but may exceed 12 h. However, no study 
has demonstrated changes in clinical outcome 
based on the adrenal suppression following a 
single dose of etomidate. Therefore, no 
definite decision can be reached regarding 
whether the use of etomidate should be 
eliminated from clinical practice and even  
in the scenario presented, its use may be 

considered somewhat controversial. Given its 
effects on cerebral dynamics, it also should 
be considered for patients with increased 
ICP with or without associated myocardial 
dysfunction. A rapid sequence intubation is 
performed with manual in-line stabilization 
following the administration of etomidate and 
succinylcholine. This is followed by a propofol 
infusion starting at 25 mg/kg/min and titrated 
up based on the hemodynamic response to 
allow for completion of the CT scan. Following 
this, the patient is admitted to the Pediatric 
ICU and his trachea is extubated once his 
mental status has returned to baseline.

Case 2

A 26-month-old infant is recovering from sur-
gery for congenital heart disease. Following 
the surgical procedure, the infant is sedated 
with a fentanyl infusion with intermittent doses 
of midazolam for 4 days during mechanical 
ventilation. In anticipation of extubation, the 
fentanyl which was infusing at 8 g/kg/min 
and the intermittent doses of midazolam are 
discontinued. Three hours later, the infant is 
tachycardic, hypertensive, has dilated pupils, 
and a temperature of 38.6°C.

Considerations: This infant is likely 
manifesting signs and symptoms of with-
drawal; however, other possibilities must be 
excluded as the diagnosis of withdrawal is a 
diagnosis of exclusion. The work-up would 
include a thorough physical examination and 
perhaps laboratory evaluation including a 
complete blood count and blood gas analysis 
to rule out hypercarbia, hypoxemia, decreased 
cardiac output, and infection. Although this 
patient falls below the 50% incidence of 
withdrawal given that the infusion was 
continued for only 4 days, withdrawal may 
still occur in this patient. Some type of 
withdrawal scale that is specific for the 
Pediatric ICU patient may help to identify  
the severity of the withdrawal as well as the 
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response to therapy. The OBWS is a 21-item 
checklist that evaluates 16 specific withdrawal 
behaviors. The patient scores a 12 indicative 
of withdrawal. Given the brief duration of the 
fentanyl infusion, it is decided that weaning 
may be accomplished relatively rapidly 
without affecting the duration of the PICU 
stay. Therefore, the decision is made to 
reinstitute intravenous therapy.

Drugs: Given that this patient is extubated 
and breathing spontaneously, it is decided to 
use dexmedetomidine which may have less 
effect on ventilatory function than opioids 
or benzodiazepines. Dexmedetomidine is the 
pharmacologically active dextro-isomer of 
medetomidine. Like clonidine, it exerts its 
physiological effects via 2-adrenergic 
receptors. Dexmedetomidine and clonidine 
are members of the imidazole subclass which 
exhibits a high ratio of specificity for the 2 
vs. the 1 receptor. However, while clonidine 
exhibits an 2: 1 specificity ratio of 200:1, 
that of dexmedetomidine is 1,600:1 thereby 
making it a complete agonist at the 2-
adrenergic receptor. Dexmedetomidine has a 
short half-life (2–3 vs. 12–24 h for clonidine) 
and is commercially available for intravenous 
administration. Adverse effects are generally 
limited with dexmedetomidine although 
hemodynamic effects (bradycardia or hypo-
tension) may occasionally be seen. As with 
clonidine, there is increasing experience and 
interest regarding the use of dexmedeto midine 
in the prevention and treatment of withdrawal 
following the pro longed adminis tration of 
opioids and benzo diazepines in the PICU 
setting. Regardless of the agent or agents 
responsible for withdrawal, the role of 
dexmedetomidine in treating such problems 
is supported by animal studies, case reports in 
adults and children, and one retrospective 
case series in infants. A loading dose of 
dexmedetomidine (0.5 g/kg) was 
administered over 10 min followed by an 
infusion of 0.5 g/kg/h. Ongoing OBWS 
values decreased to 1–3 over the ensuring 

3–4 h. The dexmede tomidine was decreased 
in increments of 0.1 g/kg/h with constant 
observation of the OBWS. Alternatively, 
dexmedetomidine can also be administered 
subcutaneously if there is a need to remove 
central lines and eliminate the need for 
vascular access.

Case 3

A 10-month-old infant is admitted to the PICU 
following direct laryngoscopy and airway 
laser in the operating room. Direct laryngos-
copy revealed a subglottic hemangioma which 
was effectively treated with the laser and the 
patient remains intubated with a 4.0 ETT given 
concerns of edema and airway swelling. The 
otolaryngologist requests overnight sedation 
(16–18 h) to ensure that the airway edema has 
resolved and that the trachea can be success-
fully extubated. On arrival in the PICU, the 
infant is initially comfortable with a Ramsay 
sedation score of 4. Sedation is initiated with 
morphine at 30 g/kg/h and midazolam at 
0.5 mg/kg/h. The patient gradually becomes 
more awake and then agitated with Ramsay 
scores of 1. Four bolus doses of midazolam 
(0.1 mg/kg) and two of morphine (0.05 mg/
kg) are given and the morphine infusion is 
increased to 50 and then to 100 g/kg/hr while 
the midazolam infusion is increased to 
0.25 mg/kg/h. Four hours later, the patient’s 
Ramsay scores are 1–2 again.

Considerations: The goals of sedation in 
this patient are to maintain a deep level of 
sedation and then rapid awakening to ensure 
full respiratory function and upper airway 
control prior to endotracheal intubation. In a 
small subset of patients, the usual combination 
of an opioid (morphine or fentanyl) and 
midazolam fails to provide the needed depth 
of sedation. An additional concern with this 
combination is that these agents demonstrated 
a context-sensitive half-life whereby prolonged 
awakening may occur following a brief-
duration infusion of more than 12–24 h.
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Drugs: There are a couple of options for this 
patient including the use of potent inhalational 
anesthetic agents, propofol or remifentanil. To 
date, there remain limited data regarding the 
use of the potent inhalational anesthetic agents 
for sedation in the PICU setting. A benefit of 
these agents is the ability to rapidly control the 
depth of anesthesia as well as rapid awakening 
upon their discontinuation. These agents may 
have some effect on hemodynamic function, 
but are generally well tolerated in patients 
without comorbid cardiac diseases of 
hypovolemia. The major obstacles to the use 
of the inhalational anesthetics in the PICU 
patient are issues with administration, 
monitoring, scavenging, and environmental 
pollution. Although techniques are available 
to allow the administration of these agents 
through ICU ventilators, the added cost and 
logistic issues limit their use. Given the 
problems with the devices and techniques 
currently available for the delivery of the 
potent inhalational anesthetic agents in the 
ICU setting, novel means of delivering these 
agents are needed. The Anesthetic Conserving 
Device or “AnaConDa®” is a modified heat-
moisture exchanger with a deadspace of 
100 mL which may allow a simplified means 
of administering the potent inhalational 
anesthetic agents in the ICU setting. The 
device is placed between the Y-piece of the 
ventilator circuit and the 15 mm adaptor of 
the ETT. There is also a port at the end of the 
device just proximal to its attachment to the 
ETT which allows gas sampling and moni-
toring of the agent concentration. The desired 
inspired concentration is titrated by adjusting 
the infusion rate on the syringe pump based on 
the manufacturer’s recommendations. Exhaled 
isoflurane is adsorbed to the lipophilic carbon 
particle filter in the device and redelivered to 
the patient thereby limiting environmental 
pollution.

Another option would be the short-term 
infusion of propofol. Propofol is an alkyl phe-
nol compound (2,6-diisopropylphenol) with 
general anesthetic properties. Although its 

chemical structure is distinct from that of 
other intravenous anesthetic, its mechanism 
of action is similar as it acts through the 
GABA system [170]. Although propofol was 
initially introduced into anesthesia practice 
for the induction and maintenance of anesthe-
sia, its rapid onset and recovery times led to 
its eventual use for sedation in the ICU set-
ting. When compared with midazolam for 
sedation in adult patients, propofol has been 
shown to provide shorter recovery times, 
improved titration efficiency, reduced post-
hypnotic obtundation, and faster weaning 
from mechanical ventilation with limitation 
of issues surrounding context-sensitive half-
life. Despite its potential benefits in the ICU 
setting and its efficacy for providing sedation 
during mechanical ventilation, the routine use 
of propofol is not recommended and, in fact, 
is considered contraindicated by many author-
ities because of the potential for the develop-
ment of what has been termed the “propofol 
infusion syndrome.” First described in 1992, 
the disorder includes metabolic acidosis, bra-
dycardia, dysrhythmias, rhabdomyolysis, and 
fatal cardiac failure. Given these concerns, 
the manufacturer of propofol has cautioned 
against its use in the PICU patient. In specific 
clinical scenarios, propofol is still used as a 
short term drug (6–12 h) to transition from 
other agents such as fentanyl and midazolam 
to allow for more rapid awakening when we 
are ready for tracheal extubation. In these 
cases, intermittent monitoring of acid–base 
status is suggested with discontinuation of 
the propofol infusion should acidosis 
develop.

The final option is remifentanil. Remifen-
tanil is a synthetic opioid that is metabolized 
by nonspecific esterases in the plasma. It has a 
clinical half-life of 5–10 min and a brief dura-
tion of effect even following 12–24 h of con-
tinuous infusion. These pharmacokinetic 
parameters hold true even in the neonatal 
 population, making remifentanil the only opi-
oid whose pharmacokinetics is not altered by 
gestational or chronologic age. Given these 
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