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Abstract

BACKGROUND—Emergence from general anesthesia is sometimes associated with emergence 

agitation (EA). Several putative risk factors for EA have been described. Sleep disordered 

breathing (SDB) is highly prevalent in children and because it is typically associated with 

abnormal sleep morphology (snoring, vocalization and thrashing around), SDB may be a critical 

risk factor for EA. To our knowledge, this has not been studied in the pediatric perioperative 

setting. We hypothesized that there are differences based on SDB diagnosis in the frequency of EA 

in children following general anesthesia for ambulatory surgery.

METHODS—A prospective, observational, cohort study of 1076 children aged 4–17 years who 

underwent elective outpatient surgery was conducted. Differences in probability of EA were 

assessed by comparing baseline clinical and perioperative parameters using bi-variable and 

multivariable logistic regression analyses.

RESULTS—Of the 1076 children, 66 (6.1%) had EA. Compared with those without EA, children 

with EA were younger (p<0.001), more likely to have received midazolam premedication 

(p=0.048) and more likely to have had mask induction (p<0.001). They were also more likely to 

have a preoperative diagnosis of baseline SDB (p=0.008). On multivariable analysis, SDB, severe 

obesity, decreasing age in years, increasing first arousal pain score and intraoperative use of 

sevoflurane were independently predictive of EA (p<0.05 for all variables). SDB did not appear to 

moderate the effect of severe obesity on the probability of EA (p=0.124).

CONCLUSIONS—In addition to other known risk factors, SDB and severe obesity may be 

critical independent predictors of EA in children. Mechanisms underlying these observations 

deserve further elucidation.
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Introduction

Emergence from general anesthesia (GA) is a passive process characterized by gradual 

return of consciousness following discontinuation of anesthetic drugs at the end of surgery. 

In the vast majority of children, this is a variable, largely uneventful process whereby 

patients return to “street readiness” and are discharged from the post-anesthesia care unit 

(PACU). However, for some children, emergence from GA is complicated by emergence 

agitation (EA) which covers a broad spectrum of behavioral disturbances including 

agitation, restlessness, crying, moaning and non-purposeful movements (1,2). Other 

terminologies used to describe these physical manifestations include emergence delirium 

(ED) and post-anesthesia excitement (3).

EA in the ambulatory setting can be quite distressing and may blemish the entire 

perioperative experience. Furthermore, dealing with children manifesting features of EA in 

the PACU places enormous burden on the PACU nurses, is time consuming and often delays 

the time parents are reunited with their children after surgery and it may substantially 

prolong PACU stay (3–5). EA could also lead to disruption of surgical wounds, loss of 

intravenous line and may predispose PACU nurses to physical injuries especially if they are 

trying to restrain a combative overweight or obese child (6,7).

Despite its profound and alarming nature, the etiology of pediatric EA remain largely 

speculative. Several putative risk factors for EA have been described (1–3, 7–9). Many of 

these have focused on anesthetic agents, especially volatile anesthetic agents like 

Sevoflurane (7,8). Very few studies have specifically explored patient-level factors as 

potential predictors of EA (6,9). For example, EA is reported to be more common in boys 

and in younger children (9). One increasingly prevalent patient-specific factor whose 

association with EA has hitherto been unexplored is sleep disordered breathing (SDB).

SDB is increasingly prevalent in the general and the pediatric surgical population (10). SDB 

refers to a spectrum of airway and systemic disorders including habitual snoring, obstructive 

hypoventilation (OH), and obstructive sleep apnea (OSA) (11,12). Given that abnormal sleep 

behavior (snoring, vocalization and thrashing around) (12) are features of sleep disordered 

breathing (SDB), and the increasing prevalence of SDB among the pediatric surgical 

population, the present report describes the incidence of EA in patients undergoing elective 

ambulatory surgery and specifically explored the relationship between SDB and EA using 

data from an on-going prospective observational study. The hypothesis tested was that the 

proportion of children manifesting features of PACU EA will be higher among those with 

SDB compared with their peers without SDB.
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Methods

Study Design

This report is an excerpt of a larger on-going prospective, cross-sectional study to determine 

the incidence and risk factors for postoperative pain requiring treatment in the PACU among 

children aged 4–17 years undergoing elective, ambulatory surgical procedures at the Mott 

Children’s Hospital (Ann Arbor, MI). The Institutional Review Board of the University of 

Michigan approved the study. Present analyses included patients recruited from January 24, 

2015 to April 04, 2016.

Data Source and Subject Profiles

We enrolled patients on randomly selected weekdays during the preoperative interview. All 

patients scheduled for outpatient surgery on selected days were approached for possible 

enrollment. Perioperative caregivers (anesthesiologists and nurses) did not know subject 

recruitment days in advance nor were they aware of the study’s hypotheses. In keeping with 

routine clinical care, all perioperative interventions were at the discretion of the anesthesia 

care givers. Trained research assistants (RAs) collected baseline clinical and anthropometric 

data on study enrollees. Patients with cardiac disease, severe respiratory disorders, or those 

with severe neuro-cognitive impairment were excluded from the study.

Outcome measures

Our primary outcome measure was the occurrence of PACU emergence agitation, defined as 

presence of non-purposeful movements, restlessness, or thrashing; incoherence; 

inconsolability; and unresponsiveness (2,4). EA was recorded as a categorical (yes/no) 

variable by experienced PACU nurses. Our secondary objective was the association of EA 

with PACU length of stay, defined as the time in minutes from PACU admission to PACU 

discharge.

Covariates

Primary exposure variable was SDB defined as the presence of one or more of the following: 

history of OSA diagnosis, habitual snoring or witnessed cessation of breathing during sleep. 

OSA diagnosis was sought by the specific question, “has your child ever been diagnosed 

with OSA?” Habitual snoring was defined as parental or care giver report of loud snoring in 

the child for at least 3 or more nights per week (11).

Anesthetics and perioperative medications (including preoperative midazolam), mode of 

induction of general anesthesia (mask vs. intravenous), and intraoperative airway device 

used (face mask, laryngeal mask airway or endotracheal tube), were documented for all 

patients. Other recorded variables include, age (yr.), sex, surgical specialty, height (cm), 

weight (Kg), body mass index (BMI), as well as duration of surgery and anesthesia. Body 

Mass Index (BMI) was calculated as weight in kilograms divided by the square of the height 

in meters (BMI = kg/m2). BMI was then transformed into a categorical variable for the 

grouping of children into high and normal BMI classes. Weight status among children and 

adolescents aged 2 to 19 years is most frequently defined based on BMI percentiles (13). 

Here, normal BMI indicates sex-specific BMI between the 5th-84th percentile, while high 
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BMI (overweight and obese) denotes sex-specific BMI ≥ 85th percentile according to 

reference growth charts from the National Center for Health Statistics (NCHS)/Centers for 

Disease Control and Prevention (CDC) (14). Using BMI percentile identifies children with 

excess adiposity with acceptable accuracy particularly the upper end of the sex-specific BMI 

distribution (15). Additionally, the 85th percentile for BMI is a reasonable cutoff because 

previous studies have established that it provided a sensitivity of 67% in males and 75% in 

females for total body fat screening (14). Relatedly, we also defined severe obesity 

according to the recommendations of the American Heart Association as age and sex-

specific BMI percentile greater than 120% of the 95th percentile or a BMI greater than 

35kg/m2 whichever is lower (16).

Intraoperative analgesia use was recorded as a categorical (yes/no) variable as well as by 

type (opioid or non-opioid). Perioperative management including choice and timing of 

analgesic as well as the type volatile anesthetic was at the discretion of the anesthesia care 

giver. Study subjects were observed throughout their PACU stay by experienced PACU 

nurses and trained RAs. Pain was scored by each patient’s bedside nurse on arousal or 

within 15minutes of PACU admission and at scheduled intervals throughout the PACU stay 

in accordance with routine clinical practice using the Faces Legs Activity Cry Consolability 

(FLACC) behavioral observation instrument (17) or the 0–10 Numerical Rating Scale (NRS) 

which are widely utilized valid and reliable scales for the age range included in our study 

(18).

Statistical Analysis

Data analyses were carried out using PASW Statistics v.22.0 program for Windows (SPSS 

Inc. Chicago, IL). The primary hypothesis tested was that the rates of PACU EA would 

differ based on preoperative SDB category. Basic descriptive statistics, including means, 

standard deviations and percentages were calculated for demographic and clinical data. 

Crude incidence of SDB, EA, BMI categories were described as simple proportions. 

Univariate factors associated with PACU EA were assessed with Pearson’s Chi-squared or t-

test as necessary. Numeric PACU pain scores (0–10 scale) were transformed thus: <3 = mild 

pain, ≥4 = moderately severe pain and ≥7 = severe pain).

Multivariable Regression Analysis—To fit a multivariable logistic regression model, 

we estimated the Pr(Y=1|X), where Y is the binary dependent variable (PACU EA yes/no) 

and X is the vector of the covariates. The probability of PACU EA was thus modeled with 

age, gender, SDB history, use of midazolam premedication, mask induction, intra-operative 

opioid use and first recorded PACU pain score included as predictors. Given the known 

relationship between SDB and severe obesity () and in order to determine whether this 

relationship moderated the occurrence of EA, we included the interaction between SDB and 

severe obesity as covariates in the logistic regression model. The results from the logistic 

regression analyses are presented as adjusted odds ratios (ORs) with 95% confidence 

intervals (CI). Goodness of fit of the logistic regression models was assessed using the 

Hosmer-Lemeshow test (19). Furthermore, the model’s prediction strength was assessed 

using Receiver operating characteristic (ROC) analyses and area under the curve (AUC). All 
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reported P values were two-sided and a P value of <0.05 was considered to be statistically 

significant.

Results

Of the 1076 children, more than half (55.8 %) were boys. The mean age of the subjects was 

9.64±4.04 years and about one third (31.6%) had a preoperative history consistent with 

SDB. EA was documented in 66 (6.1%) patients. The characteristics of the 1076 study 

participants are summarized in Table 1. A wide variety of surgical procedures were 

performed (otolaryngological, orthopedic, ophthalmologic, urologic, general surgical, dental 

and plastic surgery). Expectedly, patients with EA were significantly younger than the 

control group (Table 1). Other demographic and clinical factors with statistically significant 

association with EA include history of severe obesity, preoperative premedication with 

midazolam, mask induction, and use of inhalational anesthetic agents. On the other hand, IV 

induction (p=0.01) and intraoperative administration of Propofol (p=0.001) were associated 

with decreased rates of EA (Table 1).

Overall, children with SDB had significantly higher unadjusted odds of EA compared with 

children without SDB (8.5% vs. 4.5%; OR = 1.98, 95%CI = 1.18–3.33; p=0.008). Similarly, 

children with severe obesity demonstrated significantly higher rates of EA compared to their 

peers in lower BMI category (14.8% vs. 5.0%; OR = 3.29, 95%CI = 1.67–6.46; p<0.001). 

On average, children with EA were assigned significantly higher first arousal pain score in 

the presence (p<0.001) or absence (p<0.001) of preoperative SDB diagnosis (Fig. 1). PACU 

IV opioid administration was significantly associated with EA with or without documented 

pain. Among patients with documented mild pain (pain score <3) more patients with EA 

received IV opioid compared to those without EA (42.4% vs. 23.3%; p=0.012). A similar 

pattern was observed among those with pain score >3 (55.2% vs. 33.4%; p=0.019).

Multivariate logistic regression indicated that the factors detailed in Table 2 were 

independently associated with the occurrence of EA. Model diagnostic parameters are 

included in the table. The ROC curve analysis of this model showed good predictive ability - 

AUC of 0.82; 95% CI = 0.76–0.87; p=0.001 (Fig. 2). Clinically severe obesity was 

associated with the highest odds of EA. Specifically, when controlling for the other 

covariates in the model, severe obesity was associated with three-fold higher odds of EA 

(OR = 3.38; 95% confidence interval = 1.60 – 7.15, p < 0.001). Furthermore, preoperative 

SDB diagnosis was associated with a 16% increased odds of EA. Interestingly, the 

interaction term for severe obesity and SD was not statistically significant (OR = 1.19; 95% 

confidence interval = 0.64 – 1.39, p = 0.124). As shown in Table 2, the predicted probability 

of EA was associated with increasing first arousal pain score. Specifically, every unit 

increase in first arousal pain score was associated with a 26% higher odds of EA. Other 

factors significantly associated with EA in the adjusted model are displayed in Table 2. Of 

interest, midazolam premedication and ASA status were not significant predictors of EA in 

our regression model.
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Discussion

The findings of the current study provide new insight into the factors associated with 

pediatric EA. The central question we asked was whether baseline SDB diagnosis was 

associated with increased incidence of EA. Using a prospective, observational cross-

sectional study design, we studied children and adolescents who underwent elective 

ambulatory operations, and found an incidence of EA consistent with published data (1–3). 

We report, for the first time in a large sample of ambulatory pediatric surgical cohort, that 

baseline SDB was associated with a higher probability of EA. We further found that 

clinically severe obesity was a strong independent predictor of PACU EA. Importantly, SDB 

did not appear to moderate the effect of severe obesity on EA in our study cohort. 

Additionally, our results also confirmed a number of patient level and anesthetic factors 

previously shown to be predictors of pediatric EA (1–7).

EA is a well described psychologic and physical phenomena displayed by some children 

recovering from general anesthesia. EA is often described as both a disorder of receptivity 

(abnormal reception of auditory or visual cues – child is inconsolable even by familiar 

voices or toys) and of perceptivity (heightened perception of stimuli and hyperactive motor 

behavior) (20). Although often short-lived, it may be prolonged and can be quite distressing 

and may blemish the entire perioperative experience (3,4). Managing a child with EA in the 

PACU can be extremely stressful for caregivers as well as other patients and may delay the 

time parents are reunited with their children (4). EA could also lead to disruption of surgical 

wounds, loss of intravenous line and may predispose PACU nurses to physical injuries 

especially if they are trying to restrain a combative overweight or obese child (2,3).

Reported incidence of EA varies widely from 5–50% depending on the definition used, age 

range of study subjects and type of anesthesia and surgical procedures (1). We found an 

incidence of EA of 6.1% in our subjects which could be an indication of our use of a 

categorical definition and on the wide age range of patients in our study cohort.

SDB is an increasingly prevalent condition in children (21) which increases the likelihood 

that children presenting for anesthesia and surgery would either have a formal diagnosis of 

OSA or have many features consistent with SDB, often referred to as clinical or probable 

OSA (22). Previous investigators have shown that children with preoperative SDB diagnosis 

demonstrated postoperative negative behaviors that lasted for several days to weeks (23). 

These reports have focused on negative behaviors occurring after PACU discharge. Our 

results indicate that EA (a form of postoperative negative behavior) occurs more frequently 

in children with SDB and this develops in the PACU. To our knowledge, this is the first time 

this association is being reported.

Mechanisms underlying childhood EA remain largely elusive although several risk factors 

have been described (1–5). The similarities between general anesthesia and natural sleep 

(24) and the sleep fragmentation as well as abnormal sleep behavior (thrashing around, 

vocalization, gross motor movements) described in SDB may help explain some of the 

observed findings in our subjects with this diagnosis.
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Another possibility is the association of hypoxia with SDB. Postoperative respiratory 

complications are more frequent in children with SDB (25) and some of the observed PACU 

restlessness may be indicative of hypoxia in our study subjects. Unfortunately, we did not 

record the PACU oxygen saturation values at the time these patients were classified as 

having EA by their PACU nurses. There is however, no reason for us to believe that hypoxic 

children with SDB are more likely to be given a label of EA compared to their peers without 

SDB.

Postoperative pain is another potential confounder in our subjects. The association between 

EA and PACU pain is well documented (7,26) and separating the two is often very difficult. 

Our study, like those of previous investigators (4, 27) found that children with EA were often 

assigned higher PACU pain scores. We also found that these children were more likely to 

receive IV pain medications in the PACU. This agrees with previous studies which showed 

that PACU nurses will generally treat a child for pain before labelling the child as having EA 

(4). To this end, EA is a diagnosis of exclusion.

Our observation of a strong association between severe obesity and EA is concerning. 

Childhood obesity is increasingly prevalent and despite massive health promotion efforts, it 

remains a major threat to the health of American children (13,14). Current estimates 

indicates that about 2–7% of children are classifiable as clinically severely obese (BMI > 

120% of the 95th age and sex-specific BMI percentile) (16).

In this study, we report for the first time, that severe childhood obesity is associated with a 

three-fold higher odds of EA. This observation is important for several reasons. First, it may 

provide another mechanistic explanation for the pathophysiologic basis of EA. Future 

studies should explore possible role of systemic inflammation in EA in obese children. 

Second, and on a more practical level, the association of severe obesity with EA creates 

unique challenges for PACU nurses. Tying to contain or restrain a restless agitated severely 

obese child could lead to injury to the recovery room staff and/or the patient.

Taken together, the increasing prevalence of severe pediatric obesity coupled with its 

association with EA suggests that this is a group that demands targeted preventive 

management. Such “personalized perioperative care” could include avoidance of anesthetic 

agents known to be strongly associated with EA (5–7) in severely obese children. 

Additionally, prophylactic use of agents that decrease EA such as Dexmedetomidine and 

Propofol (26) may be warranted in severely obese children. Clearly, mechanisms underlying 

the association of severe obesity with EA deserve further elucidation.

Limitations

The strengths of this study include the prospective, consecutive subject enrollment as well as 

the standardized method of data collection by trained RAs. Despite these, some limitations 

should be acknowledged. This was a secondary analysis of prospectively collected data 

hence detailed characterization of phenotype specific for EA were unavailable. Also, EA 

was recorded as a categorical variable so it was impossible to compare grades or severity of 

EA. Additionally, diagnosis of SDB was entirely clinical (no polysomnography data) and 
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because symptoms were combined, possibility of misclassification bias exists. However, cost 

implications of polysomnography makes it impractical to insist that children undergo this 

test preoperatively. To this end, our data actually mirrors “real-life” clinical practice as most 

institutions do not insist on preoperative polysomnography in children. Finally, the 

observational nature of the present study introduces heterogeneity into the data, which 

increases the possibility of unmeasured covariates that may be influential to the primary 

outcome variable.

Conclusions

Among a large cohort of children undergoing elective outpatient operations we identified 

two new risk factors for EA: SDB and clinically severe obesity. Prospective identification of 

children or specific surgical procedures associated with PACU EA should enable adequate 

planning and management of these patients in an outpatient setting. Unraveling the separate 

or joint mechanistic roles of SDB and severe childhood obesity in the context of PACU EA 

are key next steps in our understanding of postoperative negative behaviors in children.
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Fig. 1. 
Boxplot showing the distribution of first arousal pain scores across EA and SDB groups. 

Children in the EA group had significantly higher first arousal pain scores regardless of SDB 

grouping.

Abbreviations: EA = Emergence Agitation; SDB = Sleep Disordered Breathing;
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Fig. 2. 
Receiver operator characteristic (ROC) curve evaluating the sensitivity and specificity of the 

model predicting EA using a panel of clinical and demographic variables. Area under the 

curve (AUC) for the predictors was 0.82; 95% CI = 0.76–0.87; p <0.001. AUC for the ROC 

indicates the usefulness of a test (our model) in predicting a binomial outcome (EA yes/no). 

A value of 0.82 indicates ‘good’ model predictive ability

Abbreviations: EA = Emergence Agitation; CI =confidence interval.
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Table 1

Patient perioperative characteristics according to EA categories

Variables EA (Cases)
(N=66)

No EA (Controls)
(N=1010) p-value

Continuous variables (Mean ±SD)

Age (years) 7.09±3.35 9.81±4.03 <0.001

Weight (kg) 30.28±19.65 39.14±21.28 0.002

BMI (kg/m2) 18.11±5.95 19.02±5.14 0.367

Surgery duration 36.88±29.65 38.72±40.53 0.743

PACU time (min) 120.74±50.05 103.11±53.06 0.017

OR MS equivalents/kg 0.09±0.06 0.08±0.07 0.460

PACU MS equivalents/kg 0.03±0.03 0.01±0.02 <0.001

Categorical variables (%)

Sex (male) 62.9 55.3 0.244

Past surgical history 58.1 66.0 0.203

SDB history 46.8 30.7 0.008

Mask induction 91.9 66.7 <0.001

Midazolam premedication 46.8 34.4 0.048

Tylenol premedication 45.2 31.7 0.011

Overweight/Obese 35.5 28.8 0.261

OR opioid 93.5 85.8 0.085

OR Non-opioid 66.1 54.0 0.063

OR Dexamethasone 82.3 66.8 0.011

OR Sevoflurane 91.9 78.8 0.012

OR Isoflurane 79.0 66.8 0.045

OR Nitrous Oxide 93.5 76.0 0.001

OR Propofol 37.1 67.2 <0.001

Abbreviations: EA = Emergence Agitation; BMI = body mass index; OR = Operating room; PACU = post-anesthesia care unit; MS =morphine 
sulfate; SDB = Sleep Disordered Breathing;
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Table 2

Result of binary logistic regression model to estimate the adjusted odds ratio for the factors associated with 

emergence agitation.

Variables Odds ratios 95% CI p value

First Arousal pain score 1.26 1.17 – 1.36 <0.001

Severe Obesity 3.38 1.60– 7.15 0.001

OR Dexmedetomidine 0.19 0.07 – 0.54 0.002

Sex (Male) 1.32 1.05 – 2.30 0.036

Age (per year) 0.89 0.81– 0.98 0.029

OR Propofol 0.51 0.26 – 0.97 0.039

SDB history 1.16 1.05 – 2.04 0.040

OR Sevoflurane 1.19 1.02 – 3.45 0.037

ASA 1&2 vs. 3 0.59 0.17 – 2.05 0.412

Midazolam premedication 1.43 0.79 – 2.57 0.233

SDB*Severe Obesity 1.19 0.64 – 1.39 0.124

Pseudo R2= 0.22

Hosmer-Lemeshow test = Chi sq = 3.05, df=8; p=0.115

N = 1076

Abbreviations: SDB = Sleep Disordered Breathing; OR = Operating room; ASA = American Society of Anesthesiologists; CI = confidence 
interval
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