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Abstract
Emergence delirium (ED) is a post-surgical phenomenon associated with an increase in morbidity, mortality
and resource utilization. A systematic review of all current treatment modalities for this condition is
imperative given its prevalence during postoperative recovery. This review scrutinizes a number of studies
in order to better characterize ED, with particular focus paid to the condition’s etiology, associated risk
factors, prevention and management. Extensive studies have been conducted on the pediatric population
with little attention directed towards the adult and geriatric age groups. Despite this, evidence-based
protocols for the management of this condition are still lacking for all age groups. In order to ensure cost
effective management and improved safety outcomes for ED, future research should establish and further
improve upon screening protocols to identify at risk patients, in addition to formulating a standardized
treatment regimen for perioperative patients at risk.
Keywords: Emergence delirium, anesthesia recovery period, anesthetic issues and peri-operative care,
perioperative complications, preoperative evaluation and anesthesia risk, complications in the post
anesthesia care unit

Introduction

Emergence delirium (ED) is a post-surgical phenomenon first
identified in the 1960’s when Eckenhoff et al., studied over 14,000
patients who experienced unusual post-operative behavioral
disturbances which they termed “excitement”. This occurred in
5.3% of the sample patients [1]. These symptoms were found
to be associated with an increase in morbidity, mortality and
resource utilization [2-5]. Since this landmark study, research on
this condition has focused largely on the etiology, risk factors
and management. Despite these efforts, consensus regarding
an evidence-based treatment protocol has yet to be established.
This review will analyze current literature, as well as highlight
areas for further research, with the intention of providing insight
as to how ED management protocols can be standardized. The
high prevalence, substantial financial burden, and significant
dangers imposed on both the patients and the health care providers underscore the importance for a systematic review of ED.

Review

Presentation

ED has been described as a mental disturbance during the
recovery from general anesthesia into the post anesthesia

recovery unit. It may consist of hallucinations, delusions, and
confusion that manifests as restlessness, moaning, involuntary
physical activity, and thrashing [6]. This condition has been
shown to occur in 5% to 10% of general surgery patients of all
ages. Incidence of ED increases significantly for those undergoing hip surgery, having been reported to occur in 16% to
62% of patients [7]. Additionally, a higher rate of delirium has
been seen in patients over age 80 who suffer from functional
impairment to their activities of daily living, with underlying
medical comorbidities, and patients medicated preoperatively
with benzodiazepines, beta blockers, or opiods [8-10]. Moreover, ED primarily occurs within the first 30 minutes of recovery
time and typically resolves within an hour of onset compared
to postoperative delirium (POD) which can last for days. This
self-limiting condition should be differentiated from postoperative cognitive dysfunction (POCD), a prolonged postoperative
state of altered mentation and cognitive deterioration with an
increased risk of morbidity [11].

Mechanism
Neurophysiology

ED was initially categorized as a pseudopsychological disorder.
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The onset of ED can be provoked by stress, a characteristic
shared by many psychiatric conditions, most notably posttraumatic stress disorder (PTSD). Similarities between ED and
PTSD are further evidenced by examining the pathophysiology
of both PTSD and hearing recovery during the post-anesthesia
period. Interestingly, the first sense to return during emergence
from anesthesia is hearing, a sense that is made possible by
the synapse between the acoustic thalamus and the lateral
nucleus of the amygdala (LA) [12]. During post-anesthesia
recovery, this connection is also responsible for auditory fear
conditioning by exaggerating an inappropriate response to
auditory stimuli [13]. Given the similarities between ED and
PTSD, insight into the mechanism of inappropriately enhanced
response to auditory stimuli during the postoperative period
may be explained by examining studies that have outlined
the pathophysiology behind PTSD. Specifically, studies have
shown that a heightened response in PTSD patients subsequently causes a down regulation of large-conductance Ca2+
activated potassium channels (BKCa) in the LA [14,15]. The
decrease in BKCa channels is associated with an increase in
excitatory activity evoked by NMDA postsynaptic potentials at
the thalamo-LA synapse, therefore enhancing stress induced
behavior [16]. Under normal function, activation of BKCa channels is responsible for decreasing stress-induced behavior.
An uncomplicated postoperative emergence mimics Guedel
Stage II (excitement stage) of anesthesia. Moreover, studies
have shown a pronounced slowing pattern on the electroencephalogram in patients that are experiencing delirium
[17]. This finding may be attributable to the interference of
neurotransmitter metabolism and function within the central
nervous system. An example of this phenomenon has been
documented in cases of substance induced hyper and hypostimulation of gamma aminobutyric acid (GABA) receptors [18].
Additional studies have also implicated disturbances to central
cholinergic pathways as a cause of delirium. Acetylcholine
(ACh), which regulates awareness and arousal, is found in
lower concentrations in geriatric patients. The diminished
quantities of ACh heighten sensitivity and predispose the
older population, especially those medicated with anticholinergic agents, to delirium. Disturbance of other important
neurotransmitters that regulate sleep and arousal, specifically
serotonin and noradrenaline, have also been associated with
delirium [18]. Many studies have attributed the disruption of
circadian rhythm as a cause of delirium in the operative setting
[19-21]. In general, the distinction of whether ED results from
substance induced delirium, PTSD, or other neurological factors
has not yet been understood and requires further investigation.
To date, there have been a limited amount of studies investigating the neurophysiology basis behind ED. A study by Yasui
et al., investigated that inhalation anesthetics have been
known to exert transient paradoxical “excitatory” effects in the
animals and human patients, more predominantly in children
[22]. This excitation is of serious clinical concern, particularly
when occurring during the emergence of inhalation anesthesia.
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The study recorded the membrane current and potential
of the locus coeruleus (LC) neurons in brainstem slices and
analyzed the effects of inhalation and nonvolatile anesthetics
thereon, targeting the LC in the pons. The results of their
study found that there was in fact a specific excitation of the
LC neurons by inhalation anesthetics, especially sevoflurane,
which ultimately plays an important role in this paradoxical
excitation [22].
Another study, by Lim at al., attempted to explain the neurophysiology behind hyperexcitatory behaviors occurring after
sevoflurane anesthesia [23]. They postulated that the excitation may result from the potentiation by sevoflurane of
GABAergic depolarization/excitation in neocortical neurons,
cells implicated in the genesis of arousal and consciousness.
Their study sought to provide evidence for this hypothesis
with rats, the neocortical neurons of which are known to
respond to GABA (γ-aminobutyric acid) with depolarization/
excitation at early stages of development. Their study employed behavioral tests and electrophysiological recordings
in neocortical slice preparations, the results of which found
that sevoflurane produced post-anesthetic hyperexcitatory
behaviors (PAHBs) in postnatal day 1-15 rats. On the basis of
their results, they concluded that sevoflurane may produce
PAHBs by potentiating GABAergic depolarization/excitation
in neocortical neurons [23].

Organic causes

While significant evidence supports disruption to the central
nervous system as having a prominent role in the development
of ED, other studies suggest that ED may have an endocrine
etiology. Studies have identified cases of elevated serum
cortisol levels postoperatively. This cortisol surge has been
correlated with an increased incidence of post-operative
confusion [24,25].
ED may be attributed to pathological processes affecting
the cardiopulmonary system. Intraoperative reduction in
carbon dioxide (CO2) levels can decrease cerebral blood flow
via vasoconstriction. Extended periods of hypocapnia causes
damage to the caudoputamen and may be responsible for
some of the characteristic symptoms of postoperative delirium
[26]. Another metabolic derangement that may contribute
to ED is hypercarbia. Perioperative hypoventilation results in
elevated CO2 levels, promoting an acidotic state that alters
consciousness. Importantly, altered blood O2 levels may also
contribute to the symptoms associated with ED. Predisposition to delirium is seen in hypoxemic states evidenced by
myocardial ischemia, cerebral ischemia, and altered drug
therapy sensitivities.

Etiological risk factors

Several theories have discussed the etiological factors associated
with ED. These risk factors can be subdivided into preoperative
factors and postoperative risk factors. It is important to note
that overlap commonly exists between categories.
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Preoperative risk factors
Genetics

1,868 patients that showed premedication with benzodiazepines and higher postoperative pain scores as significant
Agnoletti et al., hypothesized that certain genetic polymor- risk factors for ED [31]. It is important to note that while preophisms (regions of the IL-1, IL-6, IL-10, TNF-alpha genes) play perative administration with benzodiazepines has been
an important role in the immune response and inflammatory correlated with a significant risk for ED, there are numerous
pathways that may in fact predispose a patient to POD [27]. A studies that have purported dramatically lower incidences of
case control study by Yani consisting of 351 patients aged 65 ED with perioperative benzodiazepine administration [38,39].
years and over found IL-6 concentration to be higher in POD
patients [28]. Yani concluded that elevated premorbid IL-6 Perioperative risk factors
levels could be predictive for the development of delirium. Inhalation anesthetics
Similar results were shown by Liu et al., who discovered higher The recent surge in ED cases [40] is a reflection of the gaining
serum IL-6 levels postoperatively were associated with a sig- popularity of sevoflurane and desflurane. Specifically, there
nificantly increased risk of developing delirium in patients 60 are a significant number of studies linking these anesthetics
to a higher incidence of ED [41-45]. It is believed that the
years and older (hazard ratio 1.514) [29].
Along with inflammatory markers, Apolipoprotein E e4 has low blood solubility characteristic of these newer inhaled
also been looked at as a risk factor for POD. In 2007, Leung et al., anesthetics promote a rapid awakening that concurrently
determined that patients with one copy of the e4 allele were increases susceptibility to ED [42].
more likely to have an increased risk of early POD (odds ratio,
Presently, there is strong evidence supporting the variable
3.64; 95% confidence interval, 1.51-8.77) compared with those extent to which different inhalation anesthetics affect ED inciwithout the e4 allele. Their findings support the theory that dences. Early literature found desflurane to have an increased
early POD is predicated, in large part, on the interaction be- risk for ED relative to both sevoflurane and halothane [42].
tween genes and factors imposed by surgery and anesthesia. Variable predisposition to ED between the different inhalation
Conversely, apolipoprotein e4 carrier status was not associated anesthetics was also supported by Aono et al., who found that
with an increased risk of early POD [30]. At present, there are ED appeared more often with sevoflurane than with halothane
insufficient studies tothoroughly explain the basis behind in preschool boys aged 3-5 years (40% vs. 10%). Interestingly,
genetic predisposition to ED.
the difference was not observed in the school-aged population. The authors of that study speculate that stress related
Age
to rapid awakening in an unfamiliar environment, combined
Age plays a considerable role in the etiology of ED. Patients with psychological immaturity, are the principal etiological
under the age of 40 and also over the age of 64 have a higher factors that precipitate ED in the pre-school age group [46].
incidence of ED [31]. Several authors have demonstrated
The causative relationship between inhalation anesthetics
that pediatric patients that are under the age of 5 years are and ED is affected by the concurrent use of other medications.
vulnerable to altered behavior upon recovery from anesthesia Supporting the findings by Aono et al., a study by Kuratini and
[32-35]. Numerous studies have examined the role of brain Oi, examining 4 randomized controlled trials (n=1,252 sevoflumaturation on delirium, with some relating ED susceptibility rane and n=1,111 halothane) found that children anesthetized
in children to the development of the hippocampus and cho- with sevoflurane exhibited a greater incidence of ED than
linergic function [35,36]. Further, a study by Martini showed those anesthetized with halothane [47]. However, Murray et
that neurotransmitter levels in pediatric brains were analogous al., found that premedication with oxycodone increased the
to levels in brains that had undergone normal age-related incidence of ED in pediatric patients who were anesthetized
changes. Diminished levels of ACh, dopamine, norepineph- with halothane compared tosevoflurane [43].
rine and aminobutyric acid were neurophysiological findings
characteristic of both the geriatric and pediatric populations Surgery
[35]. Disturbance to these neurotransmitters have been im- Considerable evidence exists demonstrating that the frequency
plicated as precipitating factors for delirium in a significant of ED is dependent on the type of surgical procedure. Using
number of studies (refer to section 3.1.1 Neurophysiology). multivariate analysis by backward binary stepwise logistic
regression, Lepousé et al., studied 1359 adults patients and
Benzodiazepines
determined breast surgery (OR=5.190) and abdominal surStudies have shown a strong correlation between preoperative gery (OR=3.206) were the surgeries with the highest risk of
administration of benzodiazepines and increased risk of ED. developing ED. Surgical procedures that involve the tonsils,
Doyle in 1994 published the first case of ED associated with thyroid, middle ear, and eye have also been reported to have
midazolam use [37]. This was confirmed in Lepouse’s study higher incidences of postoperative agitation and restlessness
of 1359 patients in which it was determined that the use of [33,41,48,49].
benzodiazepines before surgery nearly doubled the risk of
In addition to the type of surgical procedure, a number
ED(OR=1.838) [5]. Additionally, Radtke produced a study of of surgical complications have also been implicated as pre-
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cipitating causes of ED. Specifically, evidence indicates that
prolonged length of surgery, hemorrhagic events, postoperative complications necessitating blood transfusions, and
postoperative hematocrit <30% have all been attributed to
higher instances of delirium [5,11]. Currently, there is insufficient evidence supporting the precise mechanism through
which different surgeries and surgical complications affect
ED variability.

Pain

The patient’s level of pain is also a contributing factor in the
risk for ED. Concurrent to the level of pain perceived by the
patient is the type of surgery as well as the surgical site, both
of which will be contributing variables to elevated levels of
postoperative pain, thus subsequently increasing the risk of ED.

Diagnosis

The DSM V criteria for diagnosing ED are not well described.
Several assessment tools have been established to guide
diagnosis, among which includes the Sedation-Agitation
Scale (SAS). Described by Riker et al., this diagnostic tool
quantifies patient behavior on a 7 point numerical scale from
unarousable to dangerous agitation [50]. Another commonly
used diagnostic tool is The Richmond Agitation Sedation
Scale (RASS). This screening protocol, which has been found
to have high reliability and validity in both medical and
surgical patients while correlating highly with the SAS [3,51],
categorizes patients from unarousable (score of -5) to combative (score of +4).
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after myringotomy when patients were anesthetized with
either halothane or sevoflurane [42]. Contradictory findings
were observed in a more recent study by Kim et al., in pediatric
patients that received sevoflurane. Specifically, 85 pediatric
patients aged 3 to 7 years who received 1 mg/kg of ketorolac
were found to have no significant reduction in the incidence
and severity of ED.
While the efficacy of NSAIDS in the treatment and prevention of ED remains uncertain, an overwhelming majority of
literature suggests opioids are highly effective in treating and
preventing the condition. Dong et al., found that intraoperative remifentanil decreased the incidence of ED in children
undergoing adenotonsillectomy [60]. Fentanyl, given either
IV 2.5 μg/kg or intranasally 2 μg/kg during moderately painful
surgery, has also been shown to decrease emergence agitation
in children [61-64]. Bong et al., confirmed the preventative
effects of fentanyl and further identified a lack of fentanyl as
an independent risk factor for ED [34].

Clonidine

Two commonly used α2-adrenergic agonists, specifically clonidine and dexmedetomidine, are gaining popularity within
operating rooms as effective management options for ED. A
recent meta-analysis involving 669 patients analyzed the efficacy of α2-adrenergic agonists in the management of ED. The
results of that study indicated significantly reduced cases of
ED in patients treated with intravenous α2-adrenergic agonists
(odds ratio 0.28) [65]. In 2010, Dahmani et al., constructed a
meta-analysis of ten studies which compared premedication
of clonidine with benzodiazepines in children aged 1-12. CloPrevention and treatment
nidine, in comparison with midazolam, exhibited a superior
effect on sedation at induction, decreased the incidence of
Pharmacological management
emergence agitation, and produced a more effective early
Benzodiazepines
Despite the increased risk of ED in preoperative administra- post-operative analgesia [66]. Interestingly, a separate study
tion of benzodiazepines, several studies have demonstrated involving 767 children found a synergistic effect, demonlower incidences of ED when benzodiazepines are adminis- strating a significant reduction in the incidence of ED when
tered in the perioperative stage [38,39]. In 2013, Zhang et administering clonidine in combination with midazolam [38].
al., performed a meta-analysis on a total 447 children which
saw prophylactic administration of midazolam significantly Dexmedetomidine
decrease the incidence of ED in pediatric patients. These The relatively benign safety profile and improved efficacy
findings corroborated with a later study by Cho et al., which relative to other medications has made dexmedetomidine
examined the association of perioperative intravenous mida- a preferred agent of choice. In 2008, Enlow and Ardizzone
zolam administration and ED incidence in pediatric patients published a review of four randomized controlled trials and
undergoing surgery for strabismus. The study determined that found that perioperative administration of dexmedetomidine
0.03 mg/kg of midazolam administered just prior to the end of significantly reduced the incidence of ED in children without
surgery reduced ED without delaying the emergence time [39]. increasing the risk of side effects [57,58,67-69]. Similar results
were seen in a more recent study which found dosages of dexNSAIDS and opioids
medetomidine between 1.0 and 1.43 µg/kg safely attenuating
Pain has been well investigated as a risk factor for ED, mainly ED in 25 pediatric patients after sevoflurane anesthesia [70].
in the pediatric population [42,52-59]. The majority of research
Aside from the acceptable safety margin and improved
shows that adequate pain management decreases the inci- efficacy in managing ED, preference for dexmedetomidine
dence of ED. The efficacy of ketorolac in preventing ED was can be explained by its secondary benefits of improved sympdemonstrated in a study by Davis et al., In that study, ketorolac tomatic coverage. For instance, in 2013, Ali and Abdellatif
administration decreased the incidence of ED three to fourfold found that perioperative treatment with 0.3 ug/kg dexmedeto-
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midine was more effective than 1 mg/kg propofol in decreasing the incidence and severity of ED in children undergoing
adenotonsillectomy. That same study also found that dexmedetomidine significantly reduced the incidence of postoperative nausea, vomiting, chills, and restlessness with decreased
postoperative pain, extubation time and emergence time
compared to propofol, without affecting the length of stay
in the post anesthesia care unit (PACU) [71]. Moreover, the
additional advantages of dexmedetomidine over midazolam
were seen in a double-blinded randomized controlled trial
conducted by Yuen et al., The study found that intranasal
dexmedetomidine for premedication produced more sedation than oral midazolam with comparable side effects [72].

Ketamine

Ketamine has been one of the more extensively studied pharmacological agents in the management of ED. Debate about
the efficacy of ketamine in the management of ED is largely
driven by earlier studies that linked ketamine to an increased
risk of ED [1,73-75]. However, more recent studies have contradicted these findings [76-79]. In a study where 80 pediatric
patients were given oral ketamine 6 mg/kg, 18% developed
ED, much lower than the 56% reported in the placebo group
[76]. These results coincided with a randomized clinical trial
by Eghbal et al., which determined low dose ketamine during
induction of anesthesia improved both emergence agitation and postoperative pain following adenotonsillectomy
in children [79]. Similarly, Abu-Shahwan and Chowdary’s
randomized double blind study of 85 children aged 4-7 years
demonstrated that treatment with ketamine 0.25 mg/kg
decreased the incidence of emergence agitation [77].
A prospective data collection by Treston et al., which analyzed 745 patient records, suggested that ketamine can result in
a pleasant emergence phenomenon that is neither distressing
on awakening nor associated with long term sequelae. These
altered pleasant perceptions were seen in 39% of patients. The
same study also noted rare self-limiting cases of anxiety and
distress on awakening from ketamine sedation experienced
by 2.1% of patients. The authors argue that the benefits of
ketamine significantly outweigh the risks and subsequently
conclude that physicians should not be deterred from using
ketamine as a form of procedure sedation [78].
Presently, emerging studies strongly favor treatment with
ketamine, particularly in combination with dexmedetomidine.
Jia et al., investigated ketamine and dexmedetomidine together in 160 children aged between 2 and 6 years. The study
concluded that the administration of 2 μg/kg intranasal dexmedetomidine and 3 mg/kg oral ketamine had the highest
efficacy while avoiding excessive side-effects or postoperative
complications [80].
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agement guidelines to ED will not only decrease morbidity
and mortality, but will also relieve the economic burden associated with treating this frequently encountered problem.
Unfavorable outcomes, including physical harm to the patient
and to those involved directly in their care have been well
documented [2-5].
According to Lepouse et al., patients with delirium in the
PACU setting were at an increased risk for injury, pain, hemorrhage, self-removal of catheters, and self-extubation, among
other serious comorbid events [5]. Self-extubation and catheter
removal can predispose patients to further adverse events
including aspiration pneumonia or subsequent surgery for reexploration of surgical sites. Health care providers themselves
risk injury during efforts to restrain and protect an agitated
patient from harming themselves. In addition to the potential
harm to patients and their care givers, ED has been shown
to substantially increase resource utilization [5]. Agitated
patients often face a more complicated and prolonged stay
in the PACU, consisting of extensive medical regimens and
additional ancillary staff [2-5]. While there is insufficient data
quantifying the exact cost of ED management, the potential
economic repercussions should not go ignored. At present,
the need for improved ED screening and management protocols should be reiterated given the significant health and
economic implications.
Two important factors that have contributed to the morbidity and mortality of ED include the ineffective screening and
subsequent identification of at risk patients, as well as the
lack of uniformity in diagnostic protocol. The studies which
demonstrated variability of ED frequency with different surgical proceduresunderline the importance of preoperative
screening and identifying patients at increased risk for ED
[5,33,41,48,49]. Particularly, heightened surveillance in patients
undergoing high risk operations, such as breast, abdominal,
or facial surgery, will allow for appropriate prophylactic measurements and subsequently improve morbidity and mortality
in ED cases of surgical etiology. Moreover, an overwhelming
number of diagnostic tools are currently available, each of
which are not without limitations. The advent of additional
diagnostic conventions will only further complicate the ability
to properly diagnose. The lack of consensus in establishing
a standard diagnostic guideline will see a perpetuation of
significant, yet preventable, adverse outcomes in the pediatric,
adult, and geriatric populations.

Limitations

In 1961, Eckenhoff et al., first described what is now known
as ED and called for a “suggested regimen of therapy”. However, to date, management of ED remains purely anecdotal,
relying entirely on clinical experience and judgement unique
to each physician. The inability to establish a standard treatConclusion
ment regimen is likely due, in large part, to the complexity of
Implications
the pharmacological agents currently available. For instance,
ED is a preventable and treatable condition. Refining man- there are a number of studies that exhibited an increased
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incidence of ED when treated with sevoflurane compared
to halothane [46,47]. However, other studies have revealed
that concomitant administration of oxycodone has led to
halothane having a higher associated incidence of ED relative
to sevoflurane [43]. The results of these studies have significant
clinical ramifications as they suggest that medical management of ED is not as simple as choosing the anesthetic which
prior studies have shown to be the safest. Rather, appropriate
management of ED must take into consideration potential
drug interactions that influence overall safety and efficacy.
Regardless, establishing a standard therapy regimen will be
vital in mitigating the morbidity and mortality of ED. As this
literature review suggests, there has indeed been significant
advances in understanding the etiology, risk factors, and
medical management of this condition. With this being said,
though, a standardized guideline or protocol for the prevention and managementof ED has not been created.
Lastly, prospective research efforts should focus on the
generalizability of results between different age groups. Of
particular importance is to ascertain whether results from
pediatric studies are applicable to the adult and geriatric
populations. The significance of this information becomes
more pronounced when considering that the vast majority
of ED research has been centered on the pediatric population.
Given the multifaceted nature of ED, therapeutic inconsistencies across, and even within the different age groups, are
expected. However, expanding the current understanding of
treatment options across all ages will be vital to formulating a
standard treatment protocol that will inevitably reduce morbidity, mortality, and resource utilization associated with ED.
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