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2. OVERVIEW 
 

The use of sedatives and anesthetics in pediatric critical care settings and 

operating rooms is inevitable. (1) Sedation is required in critically ill pediatric patients to 

aid ventilation and decrease anxiety and pain. (2) Sedative and anesthetics, high alert 

medications, are always associated with several adverse events that vary in incidence 

and severity. (3-5)  We aimed to study two common adverse drug events (ADE). 

About 60 – 80 % of bronchiolitis presentation is attributed to Respiratory 

Syncytial Virus (RSV) (6), with an observed increasing trend of intensive care unit 

admission during the last decade. (7) Dexmedetomidine (DMED) is a widely used 

sedative in pediatric critical care settings. (8-10) Bradycardia is a prevalent DMED ADE 

(>10%). (11, 12) Asystole was observed with DMED in some children diagnosed with 

RSV bronchiolitis which is associated with bradycardia. (13) The clinical course of 

bradycardia upon using DMED to sedate RSV bronchiolitis children is questionable. 

Therefore, we conducted a retrospective cohort study to investigate if RSV bronchiolitis 

during DMED administration is associated with clinically significant bradycardia.  

Among anesthetics, isoflurane and sevoflurane are commonly used inhalation 

anesthetics. (14) Although emergence agitation (EA) is a probable ADE with both (15, 

16), there is conflicting data regarding this association. (17-19) Understanding this 

association using up to date evidence can guide development of preemptive strategies 

to decrease EA burden. To accomplish this, we conducted a systematic review and 

meta-analysis comparing isoflurane versus sevoflurane for their association with EA.                                       

In summary, both studies are essential for pediatric clinicians to guide sedative 

medications use and mitigate these adverse events. 
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KEY POINTS 
 

Question:  In children under two years old diagnosed with bronchiolitis and sedated 

with dexmedetomidine, is Respiratory Syncytial Virus (RSV) bronchiolitis associated 

with a higher risk of clinically significant bradycardia compared to non-RSV 

bronchiolitis?  

Findings:  In this retrospective cohort study of 273 children with severe bronchiolitis 

and sedated with dexmedetomidine, there was no statistically significant association 

between RSV and the incidence of clinically significant bradycardia. However, there was 

a statistically significant decrease in the minimum identified heart rate by eight bpm on 

average in those with RSV bronchiolitis.  

Meaning:  Close heart rate monitoring is warranted while using dexmedetomidine to 

sedate children with RSV bronchiolitis.  
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ABSTRACT 
 
 
Importance:  There is limited evidence regarding the association between Respiratory 

Syncytial Virus (RSV) bronchiolitis and clinically significant bradycardia during 

dexmedetomidine (DMED) administration in children of two years of age and younger.  

Objectives:  The primary objective was to determine whether children under two years 

old diagnosed with RSV bronchiolitis are more likely to experience clinically significant 

bradycardia upon sedation with DMED than those with non-RSV bronchiolitis. The 

secondary objective was to evaluate the change in the heart rate after DMED 

administration.  

Design: This retrospective cohort study reviewed the medical records of children under 

two years old admitted with severe bronchiolitis to Boston Children’s Hospital and 

sedated with DMED from January 2009 to December 2022. 

Setting: Neonatal, Medical-Surgical, and Medical Intensive Care Units at Boston 

Children's Hospital. 

Participants: 273 children under two years, diagnosed with severe bronchiolitis, and 

sedated with DMED.  

Exposure:  Laboratory confirmed RSV bronchiolitis compared to non-RSV bronchiolitis. 

Main Outcomes and Measures: The primary outcome was a composite outcome of 

clinically significant bradycardia, defined as a minimum heart rate of less than 60 bpm, 

or need for intervention, including administration of epinephrine or atropine, or requiring 
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cardiopulmonary resuscitation. The secondary outcome was the lowest heart rate after 

DMED administration. Children were followed up from the time of DMED administration 

until 48 hours after its discontinuation. 

Results:  A total of 273 children met our inclusion criteria with a median (Q1, Q3) age of 

8.0 (4.0, 13.7) months, comprising 157 (57.5%) male and 170 (62.3%) children on 

invasive mechanical ventilation at DMED administration. Of this population, 71 (26.0%) 

experienced clinically significant bradycardia. Multivariable logistic regression showed 

no statistically significant association between RSV bronchiolitis and clinically significant 

bradycardia during DMED administration (Odds Ratio (OR): 1.80; 95% CI: 0.95, 

3.39; P = 0.07). Exploratory analyses of clinically relevant subgroups revealed effect 

modification by ventilation mode. A significantly elevated likelihood of clinically 

significant bradycardia was observed among children undergoing invasive mechanical 

ventilation (IMV) at time of DMED initiation (n=170, 62.3%) compared those not 

undergoing IMV (OR: 2.99 vs 0.45; Χ21=3.6, P=0.04). Multivariable linear regression 

showed a statistically significant decline in the minimum post-DMED heart rate by 8 

beats per minute in those with RSV bronchiolitis (difference in the lowest heart rate: - 

8.07; 95% CI: -13.71, -2.43; P = 0.005).  

Conclusions and Relevance:  Despite the non-statistically significant higher likelihood 

of bradycardia in children diagnosed with RSV bronchiolitis and sedated with DMED, 

there was a significant decline in the heart rate. Close heart rate monitoring is warranted 

while sedating RSV bronchiolitis children with DMED. 
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INTRODUCTION 

Acute bronchiolitis, caused by a viral infection, is the leading cause of 

hospitalization in children under two years of age. (1, 2) The most common etiologic 

agent is Respiratory Syncytial Virus (RSV), although many other viruses have been 

implicated. (3) Bronchiolitis is usually a self-limited condition, but more severe cases 

can be complicated by respiratory distress, respiratory failure, secondary bacterial 

infections, apnea, and bradycardia. Around 2-3% of patients may require hospitalization 

(4), of whom approximately 19% require admission to the intensive care unit (ICU) for 

non-invasive ventilation (NIV) or invasive mechanical ventilation (IMV) (5-7). 

Dexmedetomidine (DMED; a central α-2 adrenergic agonist) (8) is frequently used for 

sedation to facilitate NIV or IMV in those admitted to the ICU, either as a single agent 

(9) or in combination with other sedatives. (10)  

Bradycardia is one of the most common side effects of DMED and is estimated to 

occur in up to 42% of patients, depending on the dose. (11) Bradycardia is also 

observed in as many as 21% of children hospitalized with RSV bronchiolitis. (12, 13) A 

few case reports described bradycardia, sinus pause, and asystole with DMED use in 

patients with RSV bronchiolitis with doses up to 1.2 mcg/kg/h. (14-16) However, no 

studies have been done to determine if the combination of acute RSV bronchiolitis and 

DMED use poses an additional risk for bradycardia.  

Hence, the objective of this study is to evaluate whether RSV bronchiolitis is 

associated with a higher risk of clinically significant bradycardia compared to non-RSV 

bronchiolitis in children who have been administered DMED for sedation.  
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METHODS 
 

Study design and database 

We conducted a retrospective cohort study using electronic medical records 

(PowerChart) from Boston Children’s Hospital (BCH) over 14 years, from 2009 to 2022. 

The study was conducted in compliance with the standards of Good Clinical Practice 

guidelines and the Declaration of Helsinki. Ethical approval, a granted exemption, was 

obtained from BCH Institutional Review Board. The study followed the Strengthening 

the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. (17) 

Study population  

We included children, two years of age or younger, admitted to the Neonatal 

Intensive Care Unit, Medical-Surgical ICU, and Medical ICU of Boston Children’s 

Hospital from January 2009 to December 2022, with a diagnosis of bronchiolitis to 

whom DMED was administered. Bronchiolitis was identified from the list of admission 

diagnoses using International Classification of Disease (ICD) diagnosis codes (ICD-9 

codes (18) -  466.11 (RSV-bronchiolitis); 466.19 (non-RSV bronchiolitis) ; ICD-10 codes 

(19) - J21.0 (acute bronchiolitis due to RSV); J21.8 (acute bronchiolitis due to other 

specified organisms); and J21.9 (acute bronchiolitis, unspecified)).  We did not include 

children older than 730 days as they typically do not develop bronchiolitis, although they 

are commonly infected with RSV. (20) Children for whom a laboratory confirmation test 

for RSV status (positive or negative) was absent were excluded from the study to avoid 

misclassification bias. Additionally, those who received intranasal DMED, intravenous 

(IV) DMED for procedural sedation, or only a loading dose of IV DMED without 

maintenance infusion were excluded. 
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Exposure and outcomes  

We categorized children as diagnosed with RSV bronchiolitis versus non-RSV 

bronchiolitis, as confirmed either before BCH admission or on admission by real-time 

polymerase chain reaction (RT-PCR), viral direct fluorescence assay (DFA Respiratory), 

or RSV Point-of-care tests (POCT).  

The primary outcome was the incidence of clinically significant bradycardia. This 

was defined as a composite variable of the presence of any one of the following: heart 

rate < 60bpm (manifesting mainly as sinus bradycardia, junctional bradycardia, 

atrioventricular block or asystole), required administration of epinephrine (racemic 

epinephrine, continuous infusion, or for anaphylaxis were not counted) or atropine, or 

performing Cardiac Pulmonary Resuscitation (CPR) during DMED administration or 

within 48 hours of stopping it. The 60 bpm cut-off choice is supported by the pediatric 

bradycardia with a pulse 2020 update. It stated that after identifying bradycardia, the 

first intervention to take place after maintaining a patent airway and breathing 

assistance is when the heart rate is less than 60 bpm despite oxygenation and 

ventilation. (21, 22) The secondary outcome was the lowest heart rate after DMED 

administration. 

Children were followed up from the time of DMED administration until 48 hours 

after its discontinuation. The outcomes were counted in the analysis if they occurred 

after 5 minutes of starting DMED until 48 hours after discontinuation. This time window 

was chosen based on the onset of action of IV DMED (5 to 10 minutes), the half-life 

elimination in neonates (1 to 9.4 hours), and in infants and children under 2 years of age 
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(1.5 to 3.3 hours), (11) and the fact that 94 to 97% of a drug will be eliminated and its 

plasma concentrations will be below a clinically relevant concentration after 4-5 half-

lives of the drug.(23)  

Covariates and potential confounders 

A causal directed acyclic graph was designed to identify potential confounders 

for evaluating the association between RSV bronchiolitis and clinically significant 

bradycardia in children receiving DMED (eFigure 1). (24) We extracted information on 

covariates, including the demographics (age, weight, sex, and race), comorbidities 

(prematurity, major congenital anomalies, congenital cardiac diseases, chronic 

respiratory diseases, or immunodeficiency or malignancy), history of bradycardia, 

concomitantly administered medications that may cause bradycardia, ventilation mode, 

baseline heart rate on admission and DMED administration, the lowest heart rate before 

DMED administration, and the starting and maximum dose of DMED. 

 

Race and ethnicity were collapsed and stratified into four categories: White, 

Black or African American, others, and unknown/declined to answer. Comorbidities 

were assessed based on ICD-9, ICD-10, and Systematized Nomenclature of Medicine - 

Clinical Terms (SNOMED CT) codes. Prematurity was defined as babies born alive 

before 37 completed weeks of pregnancy. (25) Major congenital anomalies were 

defined as major anomalies other than cardiac and respiratory, based on the Birth 

Defects Surveillance Toolkit of Centers for Disease Control and Prevention (CDC). (26) 

The history of bradycardia was assessed as bradycardia at the same hospitalization 

encounter before DMED administration as a composite variable like the primary 
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composite outcome definition. Concomitant medications are sedatives that can cause 

bradycardia through a direct effect on the sinus or atrioventricular node, an indirect 

effect through the nervous system, or both effects. (22, 27)  We identified the most 

common sedative drugs that can be used in ICU settings together with DMED as 

fentanyl, ketamine, lorazepam, midazolam, and morphine. Ventilation modes were 

stratified into two categories either non-intubated (nasal cannula, high flow nasal 

cannula, air mask, handbag mask, continuous positive airway pressure (CPAP), and 

bilevel positive airway pressure (BIPAP)), or intubated (IMV). 

 

Statistical analysis 

Descriptive statistics were performed to compare the baseline demographics and 

clinical characteristics of children with RSV versus non-RSV bronchiolitis. Categorical 

variables were reported as frequency (percent) and were compared using the Pearson's 

chi-squared (X2) test. Continuous variables were presented as mean (standard 

deviation; SD) if normally distributed and were compared using Student's t-test, or 

median (first and third quartiles; (Q1, Q3)) if non-normally distributed using Wilcoxon 

rank-sum test. Two-sided p value < 0.05 were considered statistically significant. 

Statistical models were built based on including the potential confounders for the 

association between severe RSV bronchiolitis and bradycardia. We identified both 

patient and drug-related risk factors through literature and clinical experience. The 

patient-related risk factors were age of less than 6 months and comorbidities (a history 

of prematurity, underlying cardiopulmonary disease, congenital anomalies, and 

immunodeficiency). (28-32) We also included the lowest heart rate and history of 
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bradycardia before DMED administration in our models to account for the bradycardia 

induced by RSV more accurately. There is limited evidence about the influence of 

weight (33, 34), male sex (35, 36), and race (37, 38) on this association. Drug related 

risk factors were DMED dose and concomitant medications that cause bradycardia. 

DMED maximum dose was included in our analysis due to the greater risk of 

bradycardia with higher doses. (8) Furtherly, we performed bivariable logistic regression 

to identify the potential risk factors among the study population.  

For our primary outcome, univariable logistic regression was used to estimate 

the crude odds ratio (OR) for the association between RSV bronchiolitis and our primary 

outcome with 95% confidence intervals (95%CI). Multivariable logistic regression was 

used to adjust for demographic and clinical characteristics. Due to the small sample size 

and number of patients who developed the outcome, we had to include only 7 variables 

in the main model based the 1 in 10 rule for logistic regression (do not use more than 1 

predictor variable for every 10 cases in the dataset) to obtain unbiased estimates. (39) 

Four this purpose, the models’ building proceeded in four steps to adjust for potential 

confounders and evaluate the robustness of the primary results.  Model 1 adjusted for 

age, comorbidities, history of bradycardia at the same hospitalization encounter before 

DMED administration, concomitant medications that may cause bradycardia, the lowest 

heart rate before DMED administration, and DMED maximum dose. Model 2 adjusted 

for age, weight, sex, race, comorbidities, and DMED maximum dose. In models1 and 2: 

comorbidities and concomitant medications were included as a composite variable. 

Model 3 combined all variables of models 1 and 2. Model 4 included variables of model 

3 and further adjusted for DMED starting dose, DMED duration, and the five individual 
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comorbidities. We assessed multicollinearity using variance inflation factor (VIF) 

threshold of scores over 10. (40)  Through these models, we investigated the effect of 

the included covariates as potential risk factors for bradycardia in this population and 

evaluated the robustness of our results. Our primary presented model was model 1, as 

it included the major confounders for the association that have been described 

previously  and was a parsimonious model with reduced risk of instability. We tested the 

association between RSV bronchiolitis and the individual variables of the composite 

outcome. 

For the secondary outcome, we used uni- and multivariable linear regression to 

examine the differences in the lowest heart rate following DMED administration between 

patients with RSV and non-RSV bronchiolitis. Our adjusted linear regression model 

included the covariates of model 1. We tested the assumptions of linear regression. (41)  

Several exploratory prespecified subgroup analyses for the primary outcome 

were performed based on a clinical rationale to evaluate potential effect modification by 

(1) age (younger versus older than 6 months), (2) DMED starting dose using 0.3 

mcg/kg/h cutoff, (3) DMED maximum infusion dose using 1 mcg/kg/h cutoff, (4) 

ventilation mode at DMED administration (intubated versus non-intubated), and (5) 

periods before and after COVID-19 due to differences in RSV epidemiology before and 

after the COVID-19 pandemic. (42-44)  We tested the interaction between our exposure 

(RSV bronchiolitis) and subgroup variables one at a time, through model 1, using the  

X2 test to examine the potential effect modification for the association between RSV 

bronchiolitis and clinically significant bradycardia. (45, 46) 
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Sensitivity analyses for our primary outcome were conducted to evaluate the 

robustness of our findings. This was performed using model 1 by (1) redefining the 

bradycardia as a heart rate lower than 100 bpm as a different threshold of bradycardia, 

not requiring an intervention (22), and (2) narrowing the selection criteria to exclude 

patients who had a history of bradycardia, a maximum dose of DMED greater than 2 

mcg/kg/h, and the outcome occurred after 28 days of DMED administration for 

accounting to the synergistic combination of RSV and DMED. (13, 47- 49) Additionally, 

we used modified Poisson regression with robust error variance, if log binomial 

regression did not converge, to calculate the risk ratio for the clinically significant 

bradycardia.  

Finally, we compared the demographics and baseline characteristics of children 

who were included in the analysis versus who were excluded due to the absence of 

confirmatory laboratory test of their RSV status to explore the differences between 

them. 

All analyses were performed using Stata, version 17.0 (StataCorp LLC) (50), 

while graphical representation was done by R, version 4.1.3 (R Foundation for 

Statistical Computing) (51) with the devtools and bigsnpr packages. 

 
RESULTS 

 
We identified 391 patients under two years old admitted to the BCH NICU, 

MSICU, or MICU between January 1, 2009, and December 5, 2022, with a diagnosis of 

bronchiolitis for whom DMED was administered. Of these, 118 were excluded and our 

final analytic sample included 273 children with known RSV status (positive or negative) 
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based on a laboratory test. We had complete information on covariates without any 

missing data. No patients were lost to follow up by the end of follow up period (Figure 

1).  

In this cohort, the median (Q1, Q3) age was 8.0 (4.0, 13.7) months and the mean 

(SD) weight was 7.8 (2.6) kilograms. Eighty-five patients (31.1%) had RSV bronchiolitis. 

Children with RSV bronchiolitis were younger, had fewer comorbid diseases, and 

started DMED with a lower dose than those diagnosed with non-RSV bronchiolitis. The 

median (Q1, Q3) time to initiate DMED after ICU admission was 0.6 (0.1, 2.9) days, with 

a median starting dose of 0.5 (0.2, 0.5) mcg/kg/h. Detailed demographics and clinical 

characteristics were presented in Table 1. 

Among the study population (i.e., all children under 2 years old admitted to an 

ICU with acute bronchiolitis and sedated with DMED), 71 (26.0%) experienced clinically 

significant bradycardia. The proportions of children experiencing clinically significant 

bradycardia between the RSV and non-RSV cohorts were 25 (29.4%) vs. 46 (24.5%); 

Χ21=3.6, respectively. We then compared how DMED was used (starting dose, 

maximum dose, duration of use, and the time until the outcome, clinically significant 

bradycardia, occurred) in RSV and non-RSV bronchiolitis cohorts to determine if 

differences in dosing strategy existed. The RSV bronchiolitis cohort had lower starting 

and maximum doses of DMED than the non-RSV bronchiolitis cohort (eTable 1).  

The bivariable logistic regression showed that medications, DMED maximum 

dose, and DMED duration were risk factors for clinically significant bradycardia (eTable 

2). 
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For our primary composite outcome, both unadjusted (OR: 1.29; 95% CI: 0.73, 

2.28; P = 0.39) and adjusted logistic regression (OR: 1.80; 95% CI: 0.95, 3.39; P = 0.07) 

showed no statistically significant association between RSV bronchiolitis and clinically 

significant bradycardia during DMED administration. The results of multivariable logistic 

regression were consistent between our primary model (model 1) and the other 

adjusted models (Figure 2). In the four models, the maximum DMED infusion rate was 

a risk factor associated with developing clinically significant bradycardia, while age, 

comorbidities, and concomitant drugs were not (eTable 2). The crude analysis of the 

individual variables of the composite definition of clinically significant bradycardia 

showed consistent results with that of the composite outcome (eTable 3). We were not 

able to run the adjusted analysis on these individual variables due to the small number 

of those who required intervention (administration of atropine or epinephrine or requiring 

CPR). 

For our secondary outcome, the unadjusted linear regression showed no 

significant difference in the lowest heart rate during DMED administration between RSV 

and non-RSV bronchiolitis cohorts (difference in the lowest heart rate: -4.86 beats per 

minute; 95% CI: -10.67, 0.95; P = 0.10). However, after adjusting for covariates (model 

1), we observed that the lowest heart rate during DMED administration among those 

with RSV bronchiolitis was significantly lower than those with non-RSV bronchiolitis by 

an average of 8 beats per minute (95% CI: -13.71, -2.43; P = 0.005). Age, baseline 

heart rate, and the maximum DMED infusion rate were significantly associated with a 

reduction in heart rate in RSV compared to non-RSV bronchiolitis (Figure 3). 
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Exploratory subgroup analyses showed that the association between RSV 

bronchiolitis and bradycardia during DMED administration was not modified by age. We 

identified significantly higher odds of bradycardia in children with RSV compared to non-

RSV bronchiolitis when the starting dose of DMED was greater than 0.3 mcg/kg/h or 

when the maximum infusion dose was greater than 1 mcg/kg/h. Effect modification by 

ventilation mode at the time of DMED initiation was observed; those with RSV 

bronchiolitis showed 200 % higher odds of clinically significant bradycardia (OR: 2.99; 

95% CI: 1.35, 6.61; P = 0.007). We also detected effect modification by the COVID-19 

pandemic period, where there was a significant association between RSV and 

bradycardia before COVID- 19 pandemic (OR: 2.94; 95% CI: 1.34, 6.48; P = 0.007) 

(Figure 4). The age characteristics of the subgroups of ventilation mode and Covid-19 

pandemic were described in eTable 4. They showed that children with RSV were 

younger than non-RSV bronchiolitis in intubated and after the pandemic subgroups. 

Sensitivity analyses using a more sensitive cutoff to identify bradycardia less 

than100 bpm and applying additional exclusion of patients with certain clinical 

characteristics demonstrated consistent results with our primary analysis (Figure 4). 

The risk ratio, using modified Poisson regression, was 1.42; 95% CI: 0.97, 2.06; 

P = 0.07. This result was not different than that obtained from logistic regression. 

By comparing children who were excluded from the analysis due to the absence 

of a laboratory confirmation test for their RSV status to those who were included, we 

concluded that they were comparable except in terms of major congenital anomalies 

and heart rate at ICU admission. They had fewer congenital anomalies and lower heart 

rate at ICU admission. 
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DISCUSSION 
 

In this retrospective cohort study, we analyzed the clinical courses of 273 

patients under 2 years of age diagnosed with bronchiolitis and sedated with DMED in 

the ICU settings with the aim of determining if patients with RSV and non-RSV 

bronchiolitis had differing burdens of clinically significant bradycardia during DMED 

administration. RSV was not significantly associated with the occurrence of clinically 

significant bradycardia (defined as HR < 60 bpm or need for atropine or epinephrine, or 

CPR) during treatment with DMED. However, the lowest HR following DMED 

administration demonstrated that patients with RSV had a significantly lower minimum 

HR by 8 bpm. The odds of clinically significant bradycardia among those with RSV 

compared to those with non-RSV bronchiolitis were significantly greater in the subgroup 

who were intubated or received DMED starting dose > 0.3 mcg/kg/h, or a maximum 

dose >1.0 mcg/kg/h. To our knowledge, this is the first study to evaluate the additive 

association of RSV bronchiolitis and DMED with the incidence of bradycardia. 

RSV bronchiolitis patients were younger and had fewer comorbid conditions, 

especially major congenital and cardiac anomalies. However, age and comorbidities 

were not risk factors for developing clinically significant bradycardia in the study 

population. Fewer comorbid conditions in the RSV cohort may account for why they 

required fewer interventions for bradycardia (atropine, epinephrine, or CPR). Our results 

were consistent with those from a meta-analysis of the incidence of bradycardia in 

children receiving dexmedetomidine during anesthesia that showed a non-significant 

association between age and bradycardia. (30) The use of DMED has previously been 

associated with bradycardia in postoperative congenital heart disease patients. (52) The 
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non-significant association of comorbidities in our study is unclear and future studies are 

needed to explore the association.  

Regarding drug-related factors (DMED dose and concomitant medications), 

DMED dose influenced the association between RSV and bradycardia; this was also 

seen in subgroup analysis for DMED starting doses >0.3 mcg/kg/hour and peak DMED 

doses >1 mcg/kg/hour. The lower DMED dosing strategy in the RSV cohort may have 

been a mitigating factor for clinically significant bradycardia. These results are 

consistent with prior studies that showed a high-dose DMED strategy was associated 

with a significantly lower heart rate and a higher incidence of bradycardia in pediatric 

patients. (53) Further research is needed to characterize the influence of DMED dosing 

strategies on bradycardia in patients with RSV bronchiolitis. We adjusted for the effect 

of concomitant sedative medications that may cause bradycardia in our models. We 

found that those medications did not influence the association between RSV 

bronchiolitis and bradycardia, although the model did not account for the individual or 

different combinations of these sedative drugs. Further larger studies are required to 

evaluate the simultaneous or sequential use of these medications with DMED in 

children with RSV bronchiolitis. 

Many patients were initially managed with NIV and DMED sedation, but then 

required intubation and IMV. Patients for whom DMED was initiated during NIV showed 

no clinically significant bradycardia, even after progressing to IMV. However, the odds 

of clinically significant bradycardia were 200 % greater in patients for whom DMED was 

initiated after intubation and IMV. DMED has been shown to be safe for patients being 

managed with CPAP or BIPAP. (9) The need for IMV suggests a more severe disease. 
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Moreover, endotracheal intubation can provoke a vagal response that causes  

bradycardia. (54) There is no reason per se why a vagal response to the presence of an 

endotracheal tube would occur more frequently in RSV, but it is plausible that the 

impact of vagal stimulation is greater in RSV patients who are already more prone to 

bradycardia. Moreover, it is likely that the combination of RSV infection, DMED 

administration, and IMV contribute in an additive fashion to the risk of bradycardia. 

Data from prior to the WHO-defined start of the COVID pandemic demonstrated 

a significant association between RSV and clinical bradycardia in DMED-treated 

patients; this is not observed in patients admitted after the onset of the COVID 

pandemic. Subgroup analysis showed a younger median age of children with RSV 

bronchiolitis after the pandemic onset. COVID-19 mitigation measures suppressed RSV 

circulation in 2020 – 2021. (55, 56)  A subsequent off-season resurgence followed with 

different epidemiological characteristics.  This finding is important for several reasons. 

First, the fact that we did not detect statistically significant differences in clinically 

significant bradycardia amongst the overall population may have been confounded by 

the inclusion of RSV patients admitted after the COVID-19 pandemic. Second, post-

pandemic epidemiology has been attributed to an immunologic debt in the community 

resulting from mitigation measures. (44) It is unknown if the epidemiology of RSV will 

return to what it was before the pandemic as the immunologic debt is recovered, which 

has implications for the conclusions of our findings.  

The results of Poisson and logistic regression were consistent despite having a 

prevalent outcome (26 % developed clinically significant bradycardia). It is possible that 

this may be due to insufficient power. The small sample size may account for the wide 
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confidence interval and very close to null lower limit of it. Further larger studies are 

needed to address this issue. 

Strengths and Limitations 

Overall, this study provided insight into both DMED dosing strategies and patient 

risk factors that are associated with clinically significant bradycardia. Different models 

and sensitivity analyses evaluated the robustness of our results. There are several 

implications of our findings. First, pediatric ICU clinicians should anticipate the risk of 

clinically significant bradycardia while caring for patients with RSV bronchiolitis and be 

prepared to intervene promptly if necessary. Second, DMED dosing guidelines may 

account for the increased likelihood of bradycardia in patients with RSV bronchiolitis. 

Results of subgroup analyses provide insights for hypotheses generation that may 

guide the clinical use of DMED in bronchiolitis. Effect modification by ventilation mode 

highlights the need for timely and effective respiratory support. Additionally, effect 

modification by COVID-19 pandemic incorporated the change of RSV epidemiology 

after the pandemic, an area of active and ongoing studies.  

However, our study had some limitations. First, the retrospective cohort study 

design is descriptive and inherently has the potential for residual and unmeasured 

confounding. Second, the effect of RSV was compared against a lumped pool of non-

RSV viruses, which does not differentiate heterogeneity in other respiratory viruses. 

Third, we were not able to assess the severity of RSV based on quantitative viral load 

as a determinant of RSV symptoms and severity. Fourth, we were unable to account for 

the cumulative dose of DMED. Fifth, our sample size did not enable the effects of 

different concomitant sedative drug combinations or dosing strategies to be evaluated. 
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However, sedative drug combinations and dosing strategies (including DMED) were 

guided by a sedation algorithm that would have minimized differences between groups. 

Therefore, any differences in clinically significant bradycardia were attributed to RSV 

status. Finally, the generalizability and application of the results of this single center 

study are limited. Further studies are needed to address these limitations. 

 
CONCLUSIONS 

 
In conclusion, in this retrospective cohort study involving a population of ICU 

patients with acute bronchiolitis who were undergoing sedation with DMED, we found 

that there was a high likelihood of clinically significant bradycardia among children with 

RSV bronchiolitis despite not meeting the arbitrary cutoff for statistical significance 

(0.05). Moreover, RSV during DMED administration was significantly associated with a 

lower heart rate. 

Subgroup analyses showed that for those who were intubated and for those who 

received higher DMED starting and maximum doses, RSV infection was associated with 

a greater likelihood of clinically significant bradycardia. 

Caution and close heart rate monitoring are warranted during DMED use for 

sedating children with RSV bronchiolitis.  

 Future multi-center randomized controlled trials may be helpful in guiding DMED 

dosing strategies, initiation and up-titration, and concomitant sedative medications use 

in children with RSV bronchiolitis who are at high risk of clinically significant 

bradycardia. 
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Table 2.  Baseline demographics and clinical characteristics of children 

diagnosed with severe bronchiolitis and sedated with dexmedetomidine 

 
Characteristics  RSV  

(N = 85) 
Non - RSV 
(N = 188) 

 
P 
value† 

Age (months), median (Q1, Q3) 5.7 (2.9, 12.4) 9.0 (5.1, 14.0) 0.009 
Age categories, n (%)   0.01 
   Neonates 2 (2.4) 8 (4.3)  
   1 - 3 months 20 (23.5) 21 (11.2)  
   3 - 6 months 21 (24.7) 29 (15.4)  
   6 months - 1 year 19 (22.4) 59 (31.4)  
   1 - 2 years 23 (27.1) 71 (37.8)  
Weight (kg), mean (SD) 7.2 (2.5) 8.0 (2.6) 0.01 
Sex (Male), n (%) 52 (61.2) 105 (55.9) 0.41 
Race, n (%)     0.90 
   White 36 (42.4) 74 (39.4)  
   Black or African American 8 (9.4) 18 (9.6)  
   Others a 19 (22.4) 39 (20.7)  
   Unknown/declined to answer 22 (25.9)  57 (30.3)   
Comorbidities, n (%) b 72 (84.7) 179 (95.2) 0.003 
   Prematurity 19 (22.4) 33 (17.6) 0.35 
   Major congenital anomalies 13 (15.3) 60 (31.9) 0.004 
   Cardiac anomalies 40 (47.1) 120 (63.8) 0.009 
   Respiratory diseases 68 (80.0) 166 (88.3) 0.07 
   Malignancy or immunodeficiency 4 (4.7) 19 (10.1) 0.14 
History of bradycardia, n (%) c 19 (22.4) 35 (18.6) 0.47 
   Heart rate < 60 bpm 2 (2.4) 12 (6.4) 0.16 
   Had atropine 15 (17.6) 15 (8.0) 0.02 
   Had epinephrine 2 (2.4) 11 (5.9) 0.21 
   Had CPR 0 (0.0) 1 (0.5) 0.50 
Concomitant medications, n (%) d 71 (83.5) 164 (87.2) 0.41 
Ventilation mode, n (%)      0.43 
   Non-intubated 35 (41.2) 68 (36.2)  
   Intubated 50 (58.8) 120 (63.8)   
Heart rate at ICU admission (bpm), mean (SD) 159.3 (24.6) 156.1 (25.0) 0.32 
The lowest heart rate before DMED (bpm), mean (SD) 109.9 (33.6) 110.9 (35.0) 0.83 
Heart rate at DMED administration (bpm), mean (SD) 151.1 (25.1) 145.7 (27.8) 0.12 
DMED starting dose (mcg/kg/h), median (Q1, Q3) 0.3 (0.2, 0.5) 0.5 (0.2, 0.5) 0.03 

 
Abbreviations: bpm, beats per minute; CPR, Cardiac Pulmonary Resuscitation; 
DMED, dexmedetomidine; ICU, Intensive Care Unit; Kg, kilograms; mcg/kg/h, 
microgram/kilogram/hour; n (%), data presented as frequency and percentage; N, total 
number; Q1, Q3, the first and third quartiles; RSV, Respiratory Syncytial Virus; 
SD, standard deviation. 
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† Statistical differences between RSV and non-RSV groups were tested using the 
Pearson's chi-squared test for categorical variables, Student's t-test for continuous 
variables presented as mean (SD), and Wilcoxon rank-sum test for those presented as 
median (Q1, Q3). Bold denotes two-sided statistical significance. 

a American Indian, Alaska Native, Asian, Native Hawaiian, or Other Pacific Islander. 

b Comorbidities were assessed based on International Classification of Disease, ICD-9 
and ICD- 10 codes, and Systematized Nomenclature of Medicine - Clinical Terms 
(SNOMED CT) codes. They were presented as a composite binary variable of the listed 
individual comorbidities. Prematurity was defined as babies born alive before 37 
completed weeks of pregnancy. Major congenital anomalies were defined as major 
anomalies other than cardiac and respiratory based on Birth Defects Surveillance 
Toolkit of Centers for Disease Control and Prevention. 

c Clinically significant bradycardia at the same hospitalization encounter before DMED 
administration, presented as a composite variable of heart rate < 60bpm or the need for 
intervention including administration of atropine or epinephrine, or CPR. 

d Concomitant sedatives that can cause bradycardia and were administered before or 
with DMED, presented as a composite variable of having Fentanyl, Ketamine, 
Lorazepam, Midazolam, or Morphine.  
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Figure 1: Flow diagram of the selection process of included records 

Abbreviations: CRIT, Clinical Research Information Technology; DMED, 
dexmedetomidine; IV, intravenous; ICD, International Classification of Disease; MICU, 
Medical Intensive Care Unit, MSICU, Medical-Surgical Intensive Care Unit; NICU, 
Neonatal Intensive Care Unit; RSV, Respiratory Syncytial Virus.  
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Figure 2. Forest plot of multivariable logistic regression analyses of the 

association between RSV bronchiolitis and clinically significant bradycardia 

among children sedated with DMED ¶  

¶ RSV bronchiolitis was compared to non-RSV bronchiolitis (Reference: 1); Clinically 
significant bradycardia was defined as a composite outcome of heart rate < 60bpm or 
the child required intervention including administration of atropine or epinephrine, or 
Cardiac Pulmonary Resuscitation.  
Model 1 adjusted for age, comorbidities, history of bradycardia at the same 
hospitalization encounter before DMED administration, concomitant medications that 
can cause bradycardia, the lowest heart rate before DMED administration, and DMED 
maximum dose; Model 2 adjusted for age, weight, sex, race, comorbidities, and DMED 
maximum dose. In both models: both comorbidities and concomitant medications were 
included as a composite variable (Yes/No); Model 3 combined all variables of models 1 
and 2; Model 4 was like Model 3 but included DMED starting dose, DMED duration, and 
comorbidities as five individual variables (prematurity, major congenital anomalies, 
congenital cardiac diseases, chronic respiratory diseases, or immunodeficiency or 
malignancy).  
Notes:  Variance inflation factor (VIF) of RSV across the four adjusted models was 
1.49, 1.39, 1.46, and 1.5, respectively. 
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Figure 3. Multivariable linear regression analysis of the association between RSV 

bronchiolitis and heart rate among children sedated with DMED ¶ 

Abbreviations: bpm, beats per minute; CI, confidence interval; DMED, 
dexmedetomidine; mcg/kg/h, microgram/kilogram/hour; RSV, Respiratory Syncytial 
Virus. 

¶ RSV bronchiolitis was compared to non-RSV bronchiolitis (Reference: 0); Heart rate is 
the lowest identified heart rate after DMED administration. 

a Comorbidities were assessed based ICD-9 and ICD- 10 codes, and SNOMED CT 
codes. They were presented as a composite variable of prematurity, major congenital 
anomalies, congenital cardiac diseases, chronic respiratory diseases, or 
immunodeficiency or malignancy. 

b Clinically significant bradycardia at the same hospitalization encounter before DMED 
administration, presented as a composite variable of heart rate < 60bpm or the need for 
intervention including administration of atropine or epinephrine, or CPR. 

c Concomitant sedatives that can cause bradycardia and were administered before or 
with DMED, presented as a composite variable of having Fentanyl, Ketamine, 
Lorazepam, Midazolam, or Morphine.  

*  Reference (No) value is 1. 

Notes:  Variance inflation factor (VIF) of RSV across the model was 1.56. 
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Figure 4. Exploratory Subgroups and sensitivity analyses of the association 

between RSV bronchiolitis and clinically significant bradycardia among children 

sedated with DMED using model 1 ¶  

Abbreviations: bpm, beats per minute; CI, confidence interval; DF, degree of freedom; 
DMED, dexmedetomidine; mcg/kg/h, microgram/kg/hour; No., number of patients; X2, 
the Pearson's chi-squared test. 

¶ RSV bronchiolitis was compared to non-RSV bronchiolitis (Reference: 1); Clinically 
significant bradycardia is defined as a composite outcome of heart rate < 60bpm or the 
child required intervention including administration of atropine or epinephrine, or 
Cardiac Pulmonary Resuscitation; Model 1 adjusted for age, comorbidities, history of 
bradycardia at the same hospitalization encounter before DMED administration, 
medications that may cause bradycardia, the lowest heart rate before DMED 
administration, and DMED maximum dose.  

† Bold denotes two-sided statistical significance. 
a Medications were omitted from the model because of collinearity and 4 observations 
were dropped. 
b Comorbidities and medications were omitted from the model because of collinearity 
and 8 observations were dropped. 
c Comorbidities and medications were omitted from the model because of collinearity 
and 6 observations were dropped. 
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d Comorbidities were omitted from the model because of collinearity and 11 
observations were dropped. 
e Excluding patients who had history of bradycardia, a maximum dose of DMED than 2 
mcg/kg/hour, and the outcome occurred after 28 days of DMED.  

* This is the ventilation mode at the time of starting DMED administration (Many patients 
who were non-intubated required intubation during DMED administration). 
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eTable 1. DMED usage strategy during ICU stay 
 

DMED RSV  Non-RSV  P value † 

Starting dose (mcg/kg/h) 0.3 (0.2, 0.5) 0.5 (0.2, 0.5) 0.03 

Maximum dose (mcg/kg/h)  
1.0 (0.6, 1.8)  

1.3 (0.8, 2.0) 0.01 

Duration (days)   3.1 (1.4, 10.3)  
2.4 (0.9, 12.1)  

0.72 

Time from administration untill 
the incidence of clinically 

asignificant bradycardia (days)  
2.4 (0.6, 5.0)  

    2.0 (0.7, 14.3)  
0.55 

 

All values are expressed as median (Q1, Q3). 

Abbreviations: DMED, dexmedetomidine; mcg/kg/h, microgram/kilogram/hour; Q1, 
Q3, the first and third quartiles; RSV, Respiratory Syncytial Virus. 

† Statistical differences between RSV and non-RSV groups were tested using Wilcoxon 
rank-sum test. Bold denotes two-sided statistical significance. 

a Clinically significant bradycardia is a composite outcome of heart rate < 60bpm or the 
need for intervention including administration of atropine or epinephrine, or Cardiac 
Pulmonary Resuscitation. 
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eTable 2. Bivariable and Multivariable logistic regression analysis of the association between RSV bronchiolitis and clinically 

 significant bradycardia among children sedated with DMED ¶ 

 
 
 

Variables 
  

  
Adjusted analyses  

Bivariable analysis Model 1 Model 2 Model 3 Model 4 

OR 
 (95% CI) 

P 
†value  

OR  
(95% CI) 

P 
†value 

OR 
 (95% CI) 

P 
†value 

OR 
 (95% CI) 

P 
†value 

OR 
 (95% CI) 

P 
†value 

RSV   1.80 
(0.95 - 3.39) 0.07 1.72 

 (0.91 - 3.25)   0.09 1.76 
 (0.93 - 3.36) 0.09 1.77 

 (0.91 - 3.49) 0.10 

Age (months) 1.02 
 (0.98 - 1.06) 0.36 1.02 

(0.97 - 1.07) 0.46 1.01  
(0.94 - 1.09) 0.72 1.01 

 (0.94 - 1.08) 0.79 1.06 
 (0.97 - 1.15) 0.20 

Weight (Kg) 1.04  
(0.94 - 1.15) 0.45   0.98 

 (0.82 - 1.17) 0.85 1.03 
 (0.86 - 1.23) 0.78 0.90 

 (0.72 - 1.12) 0.36 

Male 1.28 
 (0.74 - 2.33) 0.38   1.34 

 (0.73 - 2.43) 0.34 1.35 
 (0.76 - 2.56) 0.33 1.50 

 (0.80 - 2.81) 0.21 

Race **           

   Black or African American  0.97 
 (0.35 - 2.67) 0.95   1.02 

 (0.34 - 3.03) 0.97 0.99 
 (0.33 - 3.00) 0.99 0.94 

 (0.29 - 3.03) 0.92 

 aOther races     1.03 
 (0.49 - 2.17) 0.94   1.18 

 (0.54 - 2.61) 0.68 1.08 
 (0.71 - 2.46) 0.85 1.00 

 (0.43 - 2.32) 0.99 

   Unknown/ Declined to answer 1.50 
 (0.78 - 2.86) 0.22   1.53 

 (0.76 - 3.07) 0.23 1.51 
 (0.75 - 3.06) 0.25 1.57 

 (0.76 - 3.25) 0.23 

* bComorbidities    3.79 
 (0.86 - 16.65) 0.07 1.32 

(0.26 - 6.57) 0.74 2.00 
 (0.42 - 9.63) 0.39 1.27 

 (0.27 - 6.79) 0.77   

   Prematurity * 0.72 
 (0.35 - 1.49) 0.38       0.71 

 (0.31 - 1.65) 0.43 

   Major congenital anomalies * 1.74 
 (0.97 - 3.13) 0.06       1.42 

 (0.69 - 2.90) 0.34 

   Cardiac anomalies * 1.42 
 (0.81 - 2.49) 0.22       0.64 

 (0.31 - 1.35) 0.24 
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Variables 
  

  
Adjusted analyses  

Bivariable analysis Model 1 Model 2 Model 3 Model 4 

OR 
 (95% CI) 

P 
†value  

OR  
(95% CI) 

P 
†value 

OR 
 (95% CI) 

P 
†value 

OR 
 (95% CI) 

P 
†value 

OR 
 (95% CI) 

P 
†value 

   Respiratory diseases * 2.12 
 (0.85 - 5.29) 0.11       1.11 

 (0.40 - 3.04) 0.84 

   Malignancy or immunodeficiency * 1.95 
 (0.80 - 4.72) 0.14       1.10 

 (0.39 - 3.13) 0.86 

c *History of bradycardia  0.99 
 (0.50 - 1.96) 0.99 0.78 

(0.35 - 1.72) 0.54   0.81 
 (0.36 - 1.81) 0.60 0.88 

 (0.38 - 2.04) 0.77 

*d edications Concomitant m   7.48 
 (1.75 - 31.94)   0.007 4.59 

(0.99 - 21.32) 0.05     4.52  
(0.96 - 21.29) 0.06 

  4.38 
 (0.92 - 
20.83) 

0.06 

The lowest HR before DMED (bpm) 0.99 
 (0.99 - 1.00) 0.15 1.00 

(0.99 - 1.00) 0.32   0.99 
 (0.98 - 1.00) 0.23 0.99 

 (0.99- 1.00) 0.43 

DMED starting infusion rate 
(mcg/kg/h) 

1.32 
 (0.48 - 3.65) 0.59       0.66 

 (0.19 - 2.24) 0.50 

Maximum DMED infusion rate 
(mcg/kg/h) 

3.26 
 (1.98 - 5.37) <0.001 2.83 

(1.65 - 4.86) < 0.001 3.29 
 (1.92 - 5.62) < 0.001 2.86 

 (1.65 - 4.96)  < 0.001 2.50 
 (1.36 - 4.63)   0.003 

DMED duration (days) 1.02 
 (1.01 - 1.03)   0.001             1.01  

(1.00 - 1.02) 0.07 

 
 
Abbreviations: bpm, beats per minute; CI, confidence interval; DMED, dexmedetomidine; HR, heart rate; Kg, kilograms; mcg/kg/h, 
microgram/kilogram/hour; OR, Odds Ratio; RSV, Respiratory Syncytial Virus . 
 
¶Clinically significant bradycardia is defined as a composite outcome of heart rate < 60bpm or the child required intervention including   
 administration of atropine or epinephrine, or Cardiac Pulmonary Resuscitation . 
 
*Reference (No) value is 1, ** Reference (White race) value is 1. † Bold denotes two-sided statistical significance . 
 
a American Indian, Alaska Native, Asian, Native Hawaiian, or Other Pacific Islander . 
b Comorbidities were assessed based on ICD-9 and ICD- 10 codes, and SNOMED CT codes. They were presented as a composite 
variable of the listed individual comorbidities. Prematurity was defined as babies born alive before 37 completed weeks of pregnancy. 
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Major congenital anomalies were defined as major anomalies other than cardiac and respiratory based on Birth Defects Surveillance 
Toolkit of Centers for Disease Control and Prevention . 
c Clinically significant bradycardia at the same hospitalization encounter before DMED administration, presented as a composite variable 
of heart rate < 60bpm or the need for intervention including administration of atropine or epinephrine, or CPR . 
d Concomitant sedatives that can cause bradycardia and were administered before or with DMED, presented as a composite variable of 
having Fentanyl, Ketamine, Lorazepam, Midazolam, or Morphine  . 
Notes:  Variance inflation factor (VIF) of RSV across the four adjusted models was 1.49, 1.39, 1.46, and 1.5, respectively . 
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eTable 3. Univariable logistic regression analysis of the association between RSV 

bronchiolitis and individual outcomes of clinically significant bradycardia among 

¶children sedated with DMED  

 

Outcome *     RSV n (%) Non-RSV n (%) OR (95% CI) P value † 

HR < 60 bpm     20 (23.5%)    36 (19.2%) 1.30 (0.70 - 2.41) 0.41 

Need for atropine     5 (5.9%)     15 (8.0%)  0.72 (0.25 - 2.05) 0.54 

Need for epinephrine     1 (1.2%)     8 (4.3%)  0.27 (0.03 - 2.18) 0.22 

Need for CPR     1 (1.2%)     8 (4.3%)    0.27 (0.03 - 2.18) 0.22 
 
Abbreviations: bpm, beats per minute; CI, confidence interval; CPR, Cardiac 
Pulmonary Resuscitation; DMED, dexmedetomidine; HR, heart rate; n (%), data 
presented as frequency and percentage; OR, Odds Ratio; RSV, Respiratory Syncytial 
Virus. 

 
¶ Clinically significant bradycardia is a composite outcome of heart rate < 60bpm or the 
need for intervention including administration of atropine or epinephrine, or CPR. 

 
* Reference for each outcome (No) value is 1. 
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19 -ventilation mode and CovidAge characteristics of the subgroups of eTable 4. 

pandemic 

Age (months), median (Q1, Q3) RSV Non-RSV  
P Value † 

Intubated 4.9 (1.9, 11.5) 7.6 (3.8, 13.3) 0.05 

Non-intubated 8.6 (3.8, 13.8) 11.1 (7.3, 16.4) 0.03 

Before COVID-19 7.6 (3.5, 13.7) 9.4 (5.7, 14.4) 0.08 

After COVID-19 4.6 (2.2, 10.9) 7.8 (3.7, 13.7) 0.06 

Before COVID-19 and intubated 6.5 (2.5, 12.9) 8.5 (5.2, 13.6) 0.18 

Before COVID-19 and non-intubated 8.7 (4.3, 15.3) 10.5 (6.4, 16.7) 0.16 

After COVID-19 and intubated 3.9 (1.7, 6.9) 5.6 (2.7, 11.8) 0.25 

After COVID-19 and non-intubated 6.9 (2.5, 12.4) 11.4 (7.8, 15.0) 0.07 
 
Abbreviations: RSV, Respiratory Syncytial Virus 

 
† Statistical differences between RSV and non-RSV groups were tested using Wilcoxon 
rank-sum test. Bold denotes two-sided statistical significance. 
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eTable 5. Baseline demographics and clinical characteristics of the excluded 

versus the included children ¶ 

Characteristics Included  
(N = 273) 

Excluded 
(N = 53) 

P value† 

Age (months), median (Q1, Q3) 8.0 (4.0, 13.7) 8.8 (4.0, 14.7) 0.81 
Age categories, n (%)   0.28 
   Neonates 10 (3.7%) 4 (7.5%)  
   1 - 3 months 41 (15.0%) 3 (5.7%)  
   3 - 6 months 50 (18.3%) 13 (24.5%)  
   6 months - 1 year 78 (28.6%) 16 (30.2%)  
   1 - 2 years 94 (34.4%) 17 (32.1%)  
Weight (kg), mean (SD) 7.8 (2.6) 8.1 (2.6) 0.49 
Sex (Male), n (%) 157 (57.5%) 33 (62.3%) 0.52 
Race, n (%) 

  
0.12 

   White 110 (40.3%) 15 (28.3%)  
   Black or African American 26 (9.5%) 9 (17.0%)  
   Others a 58 (21.2%) 16 (30.2%)  
   Unknown/declined to answer 79 (28.9%) 13 (24.5%)   
Comorbidities, n (%) b 251 (91.9%) 45 (84.9%) 0.10 
   Prematurity 52 (19.0%) 6 (11.3%) 0.18 
   Major congenital anomalies 73 (26.7%) 6 (11.3%) 0.017 
   Cardiac anomalies 160 (58.6%) 33 (62.3%) 0.62 
   Respiratory diseases 234 (85.7%) 43 (81.1%) 0.39 
   Malignancy or immunodeficiency 23 (8.4%) 4 (7.5%) 0.83 
History of bradycardia, n (%) c 54 (19.8%) 8 (15.1%) 0.43 
   Heart rate < 60 bpm 14 (5.1%) 4 (7.5%) 0.48 
   Had atropine 30 (11.0%) 4 (7.5%) 0.45 
   Had epinephrine 13 (4.8%) 3 (5.7%) 0.78 
   Had CPR 1 (0.4%) 0 (0.0%) 0.66 
Concomitant medications, n (%) d 235 (86.1%) 48 (90.6%) 0.38 
Ventilation mode, n (%)  

  
0.67 

   Non-intubated 103 (37.7%) 19 (35.8%) 
 

   Intubated 170 (62.3%) 34 (64.2%) 
 

Heart rate at ICU admission (bpm), mean (SD) 157.1 (24.9) 147.6 (22.7) 0.01 
The lowest heart rate before DMED (bpm), mean (SD) 147.4 (27.0) 140.8 (27.4) 0.11 
Heart rate at DMED administration (bpm), mean (SD) 110.6 (34.5) 109.9 (34.1) 0.90 
DMED starting dose (mcg/kg/h), median (Q1, Q3) 0.5 (0.2, 0.5) 0.5 (0.2, 0.5) 0.94 

 

Abbreviations: bpm, beats per minute; CPR, Cardiac Pulmonary Resuscitation; 
DMED, dexmedetomidine; ICU, Intensive Care Unit; Kg, kilograms; mcg/kg/h, 
microgram/kilogram/hour; n (%), data presented as frequency and percentage; N, total 
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number; Q1, Q3, the first and third quartiles; RSV, Respiratory Syncytial Virus; 
SD, standard deviation. 

¶ The included children had a laboratory confirmation test for their RSV status (positive 
vs. negative) while those who were excluded had not. 

† Statistical differences between RSV and non-RSV groups were tested using the 
Pearson's chi-squared test for categorical variables, Student's t-test for continuous 
variables presented as mean (SD), and Wilcoxon rank-sum test for those presented as 
median (Q1, Q3). Bold denotes two-sided statistical significance. 

a American Indian, Alaska Native, Asian, Native Hawaiian, or Other Pacific Islander. 

b Comorbidities were assessed based on International Classification of Disease, ICD-9 
and ICD- 10 codes, and Systematized Nomenclature of Medicine - Clinical Terms 
(SNOMED CT) codes. They were presented as a composite binary variable of the listed 
individual comorbidities. Prematurity was defined as babies born alive before 37 
completed weeks of pregnancy. Major congenital anomalies were defined as major 
anomalies other than cardiac and respiratory based on Birth Defects Surveillance 
Toolkit of Centers for Disease Control and Prevention. 

c Clinically significant bradycardia at the same hospitalization encounter before DMED 
administration, presented as a composite variable of heart rate < 60bpm or the need for 
intervention including administration of atropine or epinephrine, or CPR. 

d Concomitant sedatives that can cause bradycardia and were administered before or 
with DMED, presented as a composite variable of having Fentanyl, Ketamine, 
Lorazepam, Midazolam, or Morphine.  
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eFigure 1. The Directed Acyclic Graph of the association between RSV 

bronchiolitis and clinically significant bradycardia among children sedated with 

¶DMED  

Abbreviations: DMED, dexmedetomidine; RSV, Respiratory Syncytial Virus. 
¶ Clinically significant bradycardia is a composite outcome of heart rate < 60bpm or the 
need for intervention including administration of atropine or epinephrine, or CPR. 
* Severe bronchiolitis required intensive care unit admission. Our zero time at which all 
eligibility criteria were met is the time of DMED administration. Severity changes over 
time (for simplicity: we did not present the time-varying exposure or time-varying 
confounders. It is supposed to have an arrow from U to each L).   
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4. MANUSCRIPT 2: 

 

 

 

 

 

 

The Incidence of Pediatric Emergence Agitation and Emergence Times 

Associated with the Use of Isoflurane versus Sevoflurane: 
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ABSTRACT 
 
 

Background: Emergence agitation (EA) is a complex syndrome of altered 

consciousness after emergence from anesthesia. It can result in injury to patients and 

staff and is associated with postoperative complications. Risk factors have been 

identified, but the underlying mechanism is not known. EA is reported in pediatric 

patients after both isoflurane and sevoflurane maintenance anesthesia. However, the 

reported incidence varies between studies.  

Methods: We conducted a systematic review and meta-analysis of clinical trials 

comparing isoflurane to sevoflurane in children less than 18 years of age, reporting EA 

as an outcome, and published before November 2022. Our primary outcome was the 

incidence/ risk of EA after isoflurane or sevoflurane. Secondary outcomes were time to 

extubation, awakening time, and duration in the post-anesthetic care unit (PACU). 

Results: Eight randomized controlled trials (523 ASA I and II children) were included in 

the final analysis. The incidence of EA after isoflurane was significantly lower compared 

to sevoflurane (risk ratio: 0.62 (95% CI: [0.46 - 0.83]; I2 = 40.01%, P< 0.001). Time to 

extubation, awakening times, and PACU duration were not significantly different. 

Subgroups who received premedications or intra-operative systemic analgesics 

demonstrated a lower risk of EA after isoflurane (risk ratios: (0.48 [0.28 - 0.82]; I2= 

60.78%, P= 0.01), (0.52 [0.37 - 0.75]; I2= 0.00%, P <0.001), respectively). 

Conclusion: The risk of EA in children after maintenance anesthesia with sevoflurane 

is significantly greater than with isoflurane. Prophylactic measures against EA should be 
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considered and the potential need for additional nursing care in the PACU should be 

anticipated.  

 

Keywords: emergence agitation, pediatric, inhalation ether anesthetic, isoflurane, 

sevoflurane. 
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INTRODUCTION 
 

Isoflurane and sevoflurane are widely used ether inhalation anesthetics (1) for 

maintenance anesthesia and are associated with emergence delirium (ED). (2, 3) ED 

was first described in 1994 (4), and is often used interchangeably with the broader term 

emergence agitation (EA). (5, 6) EA is characterized by altered consciousness, 

disturbance of awareness, disorientation, hypersensitivity, psychomotor agitation, and 

hypoactive or hyperactive behavior after emergence from anesthesia that continues 

during the early recovery period. (7, 8) EA usually develops within 15 - 45 minutes after 

discontinuing the anesthetic agent. (9) It is generally self-limited, but it has been 

reported to persist for as long as 2 days. (10) EA occurs in 10 to 80 percent of patients; 

differences in incidence may be due to different assessment scales and subjective 

evaluation. (11) Numerous risk factors for EA have been identified including, age, 

personality, pre-operative anxiety, pain, type of surgery, and anesthetic strategy. The 

exact mechanism behind EA and the efficacy of using medications either pre- or 

intraoperatively to alleviate it are not yet fully understood. (12) 

EA is stressful to the child, parents, and healthcare team. It can result in the 

removal of intravenous (IV) catheters, drains, and dressings, posing a risk to patients 

and  resulting in parental and staff dissatisfaction. (13) It is also associated with 

postoperative nausea and vomiting, respiratory complications, and impaired functional 

recovery.(14) 

Sevoflurane is a popular general anesthetic agent for children due to its many 

favorable properties, including less cardiodepressive effect and less hepatic and renal 

toxicity. (15) However, sevoflurane is associated with a higher incidence of EA 
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compared to other agents. (16) Nonetheless, comparison to isoflurane has yielded 

conflicting results. (17, 18) Network meta-analyses that involved comparing sevoflurane 

to isoflurane suggested a trend toward less EA from isoflurane, but the differences were 

not significant. (19, 20) Of note, one of the meta-analyses, Guo J, et al., 2017,  (20)  did 

not include an eligible clinical trial. (21)  

Here we performed an updated, systematic review and meta-analysis of pediatric 

clinical trials that compared isoflurane and sevoflurane. We incorporated trials that were 

not included in prior meta-analyses. Our primary aim was to compare the incidence of 

EA. The secondary aims were to compare emergence times and PACU duration. We 

tested the hypothesis that isoflurane compared to sevoflurane would yield a lower 

incidence of EA.  

 
 

METHODS 
 
 

We conducted a systematic review and meta-analysis of randomized and quasi-

experimental trials to compare the incidence of EA of isoflurane versus sevoflurane 

within 60 minutes in PACU in children less than 18 years old. This report was created 

according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA 2020) checklist. (22) PROSPERO protocol registry ID is CRD42022328569. 

A- Search strategy: 

We identified studies comparing the effects of isoflurane and sevoflurane in 

children up to 18 years of age and younger by searching the electronic databases 

PubMed (NCBI), Embase (Elsevier), the Cochrane Central Register of Controlled Trials 
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(Wiley), and the Web of Science Core Collection (Clarivate). The searches, which 

included appropriate controlled vocabulary terms when available, were carried out on 

May 6, 2022, and updated on November 30, 2022. No language or date restrictions 

were applied.  

Records were collected and deduplicated in EndNote X9 (Clarivate) (23) and 

screened in Covidence (Veritas Health Innovation). (24) Additionally, we retrieved trial 

registry records for ongoing and completed trials from ClinicalTrials.gov (NCBI). 

Complete searches are available in the supplementary material. 

B- Studies eligibility criteria: 

Two independent investigators (RF, and BM) performed the title and 

abstract screening through Covidence using predefined inclusion criteria to 

identify potentially eligible studies. A third investigator (JS) resolved any conflicts.  

RF and BM screened the full text after requesting the unavailable full text 

papers from Harvard library, google translating the non-English ones (Two 

Japanese (25, 26), One Mexican (27), one Russian (28), one Turkish (29)), and 

contacting the principal investigator of two registry records on the International 

Clinical Trials Registry Platform. (30, 31) Discrepancies between the two 

reviewers were resolved by discussion . 

We included all randomized or non‐randomized controlled clinical trials that 

compared isoflurane and sevoflurane in children less than 18 years and reported, our 

primary outcome, the incidence of emergence agitation as defined and measured by the 

authors. The study was excluded if it didn’t have clear outcomes for age category less 
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than 18 years, combined anesthetics upon which we couldn't isolate the effect of 

isoflurane and sevoflurane, post-hoc analysis of already included RCT, registries with 

no published results, abstracts, or if the full text was unavailable. 

We performed a further manual search and snowballing of eligible studies using 

PubMed and Embase. 

C- Data extraction: 

Two reviewers (RF, and BM) independently extracted the relevant data using a 

standardized strategy. Extracted data included study ID by the name of the first author/ 

publication year, country in which the study was conducted, inclusion criteria (The 

American Society of Anesthesiologists physical status classification system (ASA), 

participants’ age, procedure/ surgery type), exclusion criteria, induction and 

maintenance anesthesia, number of participants in each arm, and outcomes including 

how EA was defined, and assessment scale used to quantify it. Reviewers also 

extracted the journal, baseline characteristics, premedications, premedications, 

intraoperative systemic analgesics, and duration of surgery and anesthesia. 

Disagreements were resolved by consensus.  

D- Quality assessment: 

Two investigators (RF, and GI) independently assessed the risk of bias using the 

Cochrane Risk of Bias tool version 2. (32) This tool has five domains: randomization 

process (selection bias due to sequence generation, allocation concealment, and 

difference in baseline characters between the intervention and control groups), 

deviation from the intended interventions (performance bias due to blinding of 
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participants, study personnel), missing outcome data (attrition bias), measurement of 

the outcome (detection bias due to outcome assessors), and selection of the reported 

result (reporting bias due to non-adherence to prespecified analysis plan before 

outcome measurement). For each domain questions, the answer is either "Yes" (Y), 

"Probably yes" (PY), "Probably No" (PN), "No" (N), or "No information" (NI). 

The final assessment results were either high, or low risk of bias, or some 

concerns. Conflicts were resolved through notes and discussion of the supporting text. 

We used robvis tool to visualize the risk of bias. (33) 

E- Statistical analysis plan: 

Our primary outcome was the EA incidence, which for each study, was defined 

and measured by the authors. Secondary outcomes were emergence times, extubation 

and awakening times, and duration of stay in the PACU. Extubation time/ time to 

extubation was defined as time, in minutes, from anesthesia discontinuation to tracheal 

extubation (34), while awakening time was time, in minutes, from anesthetics 

discontinuation to spontaneous eye opening or response to verbal stimuli. (35) 

We analyzed the incidence of EA, dichotomous variables, as risk ratio (RR) with 

95% confidence interval (CI) while emergence times and PACU duration, continuous 

variables, by weighted mean difference (WMD) and 95% CI. By default, meta esize 

adds a constant value of 0.5 to each cell of a study that had a zero cell. We modified 

this adjustment by specifying a different constant factor (0.1). We pooled the effect size 

for the outcomes using the a fixed effects model if we had low heterogeneity, otherwise; 

we used a random‐effects model. (36) We assessed heterogeneity  by using the I2 
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statistic where heterogeneity was to be absent (I2:0–25%), low (25.1–50%), moderate 

(50.1–75%), or high (75.1–100%). (37) 

Publication bias, which occurs when studies that fail to show significant 

differences are not published, was evaluated by constructing a funnel plot and 

assessing it for asymmetry (an asymmetric funnel plot suggests the presence of 

publication bias). If the plot is symmetric, then the regression line passes through the 

origin; the slope of the regression indicates the size and direction of the pooled effect. 

Egger’s linear regression test for funnel plot asymmetry was conducted to assess 

potential publication bias. (38) A two-sided P value less than 0.05 was regarded as 

statistically significant. 

We performed sub-group analyses to account for clinical and methodological 

differences between studies that could confound meta-analysis results. Such 

differences included the agitation scale used to assess EA, premedication 

administration and intraoperative analgesic use, and differences in clinical practice 

between different geographic locations.  Therefore, sub-group analyses were performed 

based on EA scale that was used by comparing Pediatric Anesthesia Emergence 

Delirium (PAED) vs. non-PAED scale. Several studies were published before the now 

widely used PAED scale was developed by Sikich et al. in 2004. (39, 40) Other 

subgroup analyses included premedication use (yes/no), intraoperative analgesics 

(yes/no), and study country.  

To monitor the trends in effect-size estimates with respect to increasing total 

sample size, we performed cumulative meta-analysis by adding studies one at a time 

through sequence meta-analyses.  



64 
 

To ensure the robustness of our results, we conducted several sensitivity 

analyses. First: we pooled the results based on the risk of bias categories (High versus 

Low versus some concerns). Second: we performed leave one out meta-analysis by 

discarding individual studies sequentially to assess the influence of a single study on 

the overall effect size. 

We used  Stata 17 (StataCorp LLC: Houston, TX)  for our statistical analysis. (41) 

 
 

RESULTS 
 

A- Studies identification: 

The electronic database search yielded 1151 unique records to be screened for 

inclusion in our meta-analysis. From those, we identified 70 reports to be assessed for 

eligibility according to our inclusion and exclusion criteria. We were unable to obtain the 

results of two registered clinical trials at the International Clinical Trials Registry 

Platform  (30, 31) as well as the full text of one Turkish article (42). Of the 70 reports, 

we identified eight randomized controlled trials (RCTs) (17, 18, 21, 43-47), representing 

523 patients, for inclusion in the meta-analysis (Figure 1). 

B- Studies characteristics: 

Studies were identified by the name of the first author and publication year. They 

included randomized controlled clinical trials compared Isoflurane and sevoflurane 

maintenance anesthesia for surgical procedures in children. Two hundred and sixty-two 

children received isoflurane, and 261 received sevoflurane. Sevoflurane was used for 

induction anesthesia in all but two trials, which used either propofol (43) or thiopental 
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and alfentanil (17) in some participants. Baseline characteristics of each study were 

comparable in terms of demographics, duration of surgery and anesthesia. 

The details of selected trials are summarized in Table1 and Supplemental 

Table 1. 

C- Risk of bias assessment: 

We used the Cochrane Risk of Bias Tool version 2 to assess each study for the 

risk of bias (Figure 2). Two studies were deemed to be at high risk of bias, mainly in the 

outcome measurement domain due to absence of outcome assessment scale. (43, 44) 

Three studies had some concern for bias arising from the randomization process; 

information about random sequence generation and allocation concealment were not 

provided. (17, 18, 47) Three studies were of low risk of bias. (21, 45, 46) Children in all 

studies were blinded to the assignment group, while anesthesiologists were not. The 

outcome assessors were blinded in all but one study. That study made no mention of 

outcome assessor blinding but did state that the trial was double-blinded. (47) All 

studies reported our primary outcome (EA). Not all of our secondary outcomes were 

reported in every study; 2 did not report extubation time (43, 45), 3 did not report 

awakening time (17, 21, 46), and 2 did not report PACU duration. (21, 45) We contacted 

the authors to get information about our secondary outcomes but did not receive replies. 

Missed secondary outcomes within these studies were not considered to be reporting 

bias. There were no published protocols for the included trials.  
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D- Primary and secondary outcomes: 

Our primary outcome was EA, which was measured using the fixed effects 

Mantel-Haenszel model due to low heterogeneity (I2 = 40.01%). The incidence of EA 

among children who received isoflurane maintenance anesthesia was significantly lower 

than for those who received sevoflurane. The pooled risk ratio (RR) was 0.62 (95% CI: 

[0.46 - 0.83]; I2 = 40.01%, P< 0.001) (Figure 3). 

Our secondary outcomes were time to extubation, awakening time, and length of 

time spent in the PACU; the former 2 were assessed with the random effects restricted 

maximum–likelihood model due to high heterogeneity (lowest I2 – 80.26) and the latter 

with the fixed effects inverse-variance model due to low heterogeneity (I2 = 0.00%). 

Extubation, awakening times, and PACU duration, in minutes, were not significantly 

different between the isoflurane and sevoflurane groups; the weighted mean differences 

(WMD) were: (1.72 [-0.87 – 4.32]; I2 = 93.66%, P= 0.19), (1.12 [-1.21 – 3.45]; I2 = 

80.26%, P= 0.35), and (-2.01 [-6.21 – 2.19]; I2 = 0.00%, P= 0.61), respectively (Figure 

3).   

E- Publication bias: 

We assessed the publication bias by visual inspection of the funnel plot 

asymmetry and Egger’s test. The plot was symmetric, indicating that there were no 

systematic differences between studies included in the meta-analysis, or publication 

bias (Figure 4). The regression-based Egger test showed no small-study effects (P 

value = 0.21). 
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F- Subgroup analyses: 

We performed 4 sub-group analyses in order to detect potentially confounding 

methodological differences between studies, including (1) EA assessment scale (PAED 

vs. others), (2) premedication administration, (3) intraoperative analgesic administration, 

and (4) the country in which the study was conducted. Subgroup analysis showed a 

significantly lower risk of EA after isoflurane compared to sevoflurane when studies 

were categorized based on whether the PAED scale was used (RR: 0.36 [ 0.18- 0.75]; 

I2= 0.00%, P= 0.01). Similar differences were also observed when studies were 

categorized by premedications use (RR: 0.48 [0.28 - 0.82]; I2= 60.78%, P= 0.01) and 

intraoperative systemic analgesics use (RR: 0.52 [0.37 - 0.75]; I2= 0.00%, P <0.001). 

Regarding the country in which the trial was done, we found that four studies were done 

in India and showed a significant decrease in the incidence of EA after isoflurane than 

sevoflurane (RR: 0.44 [0.25 - 0.77]; I2= 0.00%, P <0.001). The two studies that were 

done in the United States showed no significant difference in the incidence of EA (RR: 

1.31 [0.74 - 2.34]; I2= 0.00%, P= 0.36) (Figure 5). 

G- Cumulative meta-analysis: 

We performed multiple meta-analyses by accumulating studies one at a time 

after being ordered with respect to the total sample size (smallest to largest). This 

enabled us to identify trends in effect-size estimates relative to the sample size. We 

observed that once the sample size became sufficiently large, results of the primary 

outcome became statistically significant (Supplemental Figure 1).  
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H- Sensitivity analyses: 

Studies results were pooled according to the risk of bias. Low risk of bias studies 

showed significantly less risk of EA after isoflurane than sevoflurane (RR:0.61 [ 0.40 – 

0.92]; I2 = 0.00%, P= 0.02). Studies with some concerns for risk of bias also showed a 

significantly lower incidence of EA in the isoflurane group, with moderate heterogeneity 

(RR:0.59 [ 0.36 – 0.97]; I2 = 59.10%, P= 0.04). The high risk of bias studies had high 

heterogeneity and failed to detect any significant differences (RR: 0.73 [ 0.33 – 1.63]; 

I2 = 76.02%, P = 0.44) (Supplemental Figure 2). 

We performed leave one out meta-analysis by discarding individual studies 

sequentially from the overall meta-analysis. For each study, the displayed effect size 

corresponds to an overall effect size computed from a meta-analysis excluding that 

study. No study, when excluded, changed the findings of the meta-analysis 

(Supplemental Figure 3). 

 

DISCUSSION 
 

Our meta-analysis revealed that isoflurane anesthesia was associated with a 

statistically significant lower incidence of EA with no differences in emergence times 

and PACU duration when compared to sevoflurane in children undergoing general 

anesthesia. These results are consistent with the general consensus among pediatric 

anesthesiologists that sevoflurane increases the risk of EA compared to isoflurane. That 

said, although some prior clinical trials reported increased EA from sevoflurane 

compared to isoflurane, statistical significance was not always demonstrated (17, 18, 
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21, 46, 47), perhaps due to insufficient power to detect differences. In addition, two prior 

network meta-analyses also failed to show statistically significant differences. (19, 20) 

Our updated systematic review enabled the inclusion of 523 children from 8 eligible 

studies. This larger sample size made it possible for us to detect the statistically 

significant differences of EA incidence between sevoflurane and isoflurane that was not 

previously possible.  

Subgroup analyses corroborated our observation that the incidence of EA was 

higher after sevoflurane than isoflurane. We identified several potential factors that 

could confound our results, including the agitation scale used to assess EA, 

premedication administration, and intraoperative analgesic use (the latter two have 

been shown to mitigate EA). Assessing EA in pediatric patients can be challenging 

given that many are unable to verbalize their feelings. Historically, a number of scales 

have been developed for the diagnosis of EA. (48) All these scales depend on 

subjective evaluation, which may account for the wide range of EA incidence that was 

observed. The Pediatric Anesthesia Emergence Delirium (PAED) scale is now the 

standard for diagnosing EA and assessing its severity in children and adolescents (39, 

40). Even when controlling for those potential confounders, we continued to observe a 

significantly higher risk of EA after sevoflurane. We also examined studies separately 

based on the country in which they were performed. Interestingly, those conducted in 

the United States showed a non-significant increase in the incidence of EA with 

isoflurane. Our findings could not elucidate why that may be, but it is possible that there 

may be regional differences in practice. We were unable to build up a decision about 

the effect in France and Italy as only one study was performed in each country. 
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Sensitivity analyses further supported the robustness of our conclusions. The 

three studies with a low risk of bias showed consistent results with our main findings. 

Reassuringly, the 2 studies we identified with a high risk of bias did not show significant 

differences between sevoflurane and isoflurane. Therefore, if anything, the role of bias 

potentially reduced the magnitude of the differences we identified. Moreover, the leave 

one out meta-analysis supported these findings, where no study distorted the overall 

results.     

The reasons why EA occurs more frequently after sevoflurane compared to 

isoflurane remain unknown. But several mechanisms have been suggested. First, rapid 

awakening from the inhalational anesthetic, although a statistically significant difference 

with isoflurane was not identified by our results, has been proposed as a risk factor. (12) 

Sevoflurane has a lower blood-gas partition coefficient (0.74 ± 0.06 (mean ± SD) 

compared to isoflurane (1.45 ± 0.12) that accounts for faster emergence which may 

induce more agitation. (49) However, rapid awakening per se may not be a causative 

factor for EA based on the observation that rapid awakening from propofol does not 

cause EA. (50) Second, CNS irritation from sevoflurane has also been proposed as 

another possible mechanism. This is based on the observation of epileptogenic 

changes on electroencephalography (EEG) during sevoflurane use. (51-53) None of the 

clinical trials included in this meta-analysis reported EEG findings and so we did not 

explore the role of CNS irritation. However, it should be noted that isoflurane has anti-

epileptic properties (as opposed to epileptogenic in the case of sevoflurane) and is even 

used in the treatment of super-refractory status epilepticus. (54) Therefore, it is 
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plausible that differences in how sevoflurane and isoflurane impact the CNS could 

account for differences in the incidence of EA.  

Our findings suggest that sevoflurane is associated with a greater risk of EA in 

children compared to isoflurane. This has important implications that merit 

consideration. Patients experiencing EA are at risk for removing surgical dressings, 

indwelling catheters or devices, and may cause self-injury. EA is also distressing to staff 

and parents. In addition, patients with EA often require additional medications, which 

can delay recovery and prolong the time in the PACU. For these reasons, pediatric 

anesthesiologists should anticipate an increased risk of EA when administering 

sevoflurane to children so that preventative strategies can be considered. Finally, our 

findings are also relevant for post-operative patients admitted to the pediatric intensive 

care unit (ICU). Such patients often have indwelling devices such as surgical drains, 

urinary catheters, or chest tubes, and their removal could be associated with increased 

morbidity. Therefore, pediatric intensivists should be made aware if sevoflurane was 

used to develop mitigation strategies in the ICU.      

Limitations: Despite the strengths of this meta-analysis by using a 

comprehensive search strategy without years or language restriction and performing 

several subgroup and sensitivity analyses to check the robustness of our conclusion, it 

is important to note several limitations. First, heterogeneity in EA assessment by using 

different scales and subjectivity within the scale. Second, the use of analgesics or 

sedatives either pre or intraoperative is a potential confounder that affects the incidence 

of EA. Subgroup analysis based on the used scale and medication use might minimize 
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this heterogeneity of EA assessment scales and confounding. Third, only three studies 

had a low risk of bias. However, sensitivity analysis comparing these risk of bias 

categories and leave one out meta-analysis better assessed our results. Fourth, we 

were unable to assess the EA severity and duration through this data or study known 

risk factors of EA, like age, sex, and anesthesia and surgery duration, through meta-

regression due to the relatively small number of studies. Finally, as some studies were 

included in prior meta-analyses, we might have a slightly different assessment of the 

risk of bias. This was due to using the last version of the Cochrane risk of bias tool in 

our meta-analysis. 

 
 

CONCLUSIONS 
 
 

In summary, our systematic review and meta-analysis of available clinical trials 

that compared the incidence of EA in children after sevoflurane and isoflurane 

maintenance anesthesia demonstrates that sevoflurane poses a higher risk of EA. 

Implication for practice: 

Despite knowing the higher risk of EA with sevoflurane, the anesthetic agent 

selection depends on several factors as the surgery type and the duration of anesthesia 

regardless of the risk of EA. Understanding the anesthetic drug association with the EA 

risk can guide developing a preemptive strategy to decrease child, parental, and 

healthcare burden. Pediatric clinicians who provide peri-operative care, including 

anesthesiologists, PACU, and ICU staff should be aware of the higher risk of EA so that 

measures can be taken to mitigate the risk.  
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Implication for research: 

Although our findings strongly suggest an increased risk of EA after sevoflurane, 

it did not explore potential risk factors or mechanisms. Larger clinical trials may be 

needed to further elucidate those matters. Moreover, future studies should make use of 

a validated non-subjective scale to quantify the severity and duration of EA.  
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Table 1: Summary characteristics of included randomized controlled trials  
 

 
 
Study ID 

 
 
Location 

Inclusion criteria  
 
Exclusion 
criteria 

Maintenance anesthetics  
 
 
Outcomes  

 
 
 
EA 
definition 

 
 
 
EA scale 

 
ASA 
physical 
status 

 
Age 

 
Procedure/ 
surgery type/ 

 
Isoflurane 

 
N 

 
Sevoflurane 

 
N 

Valley 
RD, 1999 
(43) 

USA I and II 4 m-
14 y 

Elective sub-
umbilical surgery 
(Unpremedicated 
children) 

- History of 
airway disease 

1.5 MAC 
and N2O in 
O2 

20 Same as 
isoflurane 

20 EA risk 

Awakening time 

PACU duration 

Disoriented 
behavior 
characterized 
by 
inconsolable 
agitation, like 
Davis et al. 
definition (4) 

NA 

Le Berre 
PY, 2001 
(44) 

France I and II 2 m- 
6 y 

Non-ambulatory 
elective sub-
umbilical surgery 
(completion time 
of at least 90 
min) 

NA 1.2 MAC in 
a mixture 
of 60% 
N2O & 40% 
O2 

20 Same as 
isoflurane 

20 EA risk 

Extubation time 

Awakening time 

PACU duration 

Disoriented 
behavior 
characterized 
by 
inconsolable 
agitation, like 
Davis et al. 
definition (4) 

NA 

Bortone 
L, 2006 
(45) 

Italy I and II 1-6 y Elective sub-
umbilical surgery 
(Unpremedicated 
children) and 
parents’ 
collaboration on 
positioning a 
facemask 
during induction 

- History of 
chronic illness or 
developmental 
delay 
- Received 
sedatives, 
analgesia, or 
anesthesia as 
premedications 
- No parents’ 
collaboration 
during induction, 
or child agitation 
- Ineffective 
regional 
analgesia before 
randomization 

1–1.5 MAC 56 Same as 
isoflurane 

54 EA risk 

Awakening time 

PACU duration 

Screaming 
and crying 
child and/or a 
child that 
required 
physical 
restraint 
during 
emergence to 
avoid harm 
(agitated or 
aggressive = 
agitation 
scale 3 or 4 
points)   

Four 
point 
scale 
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Study ID 

 
 
Location 

Inclusion criteria  
 
Exclusion 
criteria 

Maintenance anesthetics  
 
 
Outcomes  

 
 
 
EA 
definition 

 
 
 
EA scale 

 
ASA 
physical 
status 

 
Age 

 
Procedure/ 
surgery type/ 

 
Isoflurane 

 
N 

 
Sevoflurane 

 
N 

Meyer R, 
2007 (17) 

USA I and II 1-6 y Sub-umbilical 
surgery (inguinal 
hernia repair, 
circumcision) 

- Neurological, 
psychiatric 
diseases 
- Attention deficit 
disorder 

An age-
adjusted 
MAC in a 
range of 
0.7–1.3 in 
40% O2 
and 60% 
air 

29 Same as 
isoflurane 

30 EA risk 

Extubation time 

PACU duration 

At least one 
event during 
the 
observation 
period (60 
min) where: 
EA: TPS > 5 
& ED: TPS > 
7 

Ten 
point  
scale 

Singh D, 
2009 (46) 

India I and II 1-12 y First time Spinal 
surgery (At 
the lumbar and 
sacral level) 

- Cardiac, 
respiratory, 
renal, hepatic 
disease 
- Hydrocephalus 
- Chiari 
malformation 
- History of 
seizures 

Isoflurane 
in O2 and 
N2O (1:2). 
BIS guided:  
40 to 75 

40 Same as 
isoflurane 

40 EA risk 

Extubation time 

PACU duration 

Crying, 
inconsolable, 
thrashing, 
and 
hysterical 
(agitated = 3 
points of the 
Objective 
Pain Scale & 
treated with 
IV fentanyl (l 
to 2 mg/kg)) 

Objective 
Pain 
Scale 

Singh R, 
2012 (47) 

India I and II 4 m- 
7 y 

Elective sub-
umbilical surgery 

- History of 
active airway 
disease, sleep 
apnea  
- Developmental 
delay 
- Psychological, 
neurological 
disorder 
- Cardiovascular 
abnormality 
- Requirement of 
postoperative 
ventilation 

1–1.2 MAC 
in O2 and 
N2O. 

25 Same as 
isoflurane 

25 EA risk 

Extubation time 

Awakening time 

PACU duration 
 

Dissociated 
state of 
consciousnes
s in which the 
child is 
inconsolable, 
irritable, 
uncooperativ
e, typically 
thrashing, 
crying, 
moaning, or 
incoherence 

PAED 
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Study ID 

 
 
Location 

Inclusion criteria  
 
Exclusion 
criteria 

Maintenance anesthetics  
 
 
Outcomes  

 
 
 
EA 
definition 

 
 
 
EA scale 

 
ASA 
physical 
status 

 
Age 

 
Procedure/ 
surgery type/ 

 
Isoflurane 

 
N 

 
Sevoflurane 

 
N 

Jindal P, 
2012 (21) 

India I 2-24 
m 

Cleft lip surgery - The need for 
postoperative 
ventilation 
- Respiratory, 
cardiovascular, 
or neurological 
abnormalities 
- Any other 
congenital 
abnormality 

1–1.5 MAC 
& 66% N2O 
in O2 

42 Same as 
isoflurane 

42 EA risk 

Extubation time 
 

A condition of 
uncontrollabl
e anxiety and 
agitation. 
  

Four 
point 
scale 

Pradeep 
T, 2017 
(18) 

India I and II 2-6 y Sub-umbilical 
surgery 

- History of 
active airway 
disease, sleep 
apnea 
- Febrile 
convulsions 
- Developmental 
delay 
- Psychological/ 
neurological 
disorder 
- Cardiovascular 
abnormality 

1–1.2 MAC 
in O2 and 
N2O. 

30 Same as 
isoflurane 

30 EA risk 

Extubation time 

Awakening time 

PACU duration 

A state of 
postoperative 
confusion, 
and 
disorientation 
associated 
with 
restlessness, 
involuntary 
movements,  
inconsolabilit
y.  

PAED 

 

Abbreviations: ASA, The American Society of Anesthesiologists physical status classification system; BIS, Bispectral Index; EA: emergence 
agitation; ED, emergence delirium; IV, Intravenous; m, month; MAC, Minimum alveolar concentration; N2O, Nitrous oxide; NA: not applicable; 
O2, Oxygen; PACU, Post anesthetic Care Unit; PAED scale, Pediatric Anesthesia Emergence Delirium Scale; USA, United States of America; 
y, year.  
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Figure 1: PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) flow diagram of identification and selection of eligible studies 

 

Records identified from 
databases and registers              
(n =1605): 
PubMed (n = 350) 
Embase (n= 895) 
The Cochrane Library (n= 201) 
Web of Science (n= 152) 
ClinicalTrials.gov (n= 7) 

Records screened: 
(n= 1151) 

Records removed due to duplication 
(n= 454): 
Automatically removed (n=447) 
Manually removed (n=7) 

 

Records excluded for irrelevance 
during title and abstract screening: 
(n= 1081) 
  

Reports assessed for eligibility: 
(n =70) 

Reports excluded (n= 62): 
Terminated trials (n=2) 
Registry records with no results (n= 2) 
Abstract (n=2) 
Full text unavailable (n=1)  
Duplicate (n=2) 
Other study design (n=4) 
Adult population (n=12) 
Different comparators (n=7) 
Different outcomes (n=30) 

 

Studies included in review and 
analysis (n = 8):                             
(Number of patients = 523) 
Reports of included studies 
(n=8) 

 

Identification of studies via databases and registers 
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Figure 2: Risk of bias summary plot using the Cochrane Risk of Bias Tool 

version 2 
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Figure 3: The Forest plot of the primary and secondary outcomes after Isoflurane versus Sevoflurane maintenance 

anesthesia in pediatrics ¶ 

Abbreviations: CI, Confidence interval; EA, Emergence agitation; N, Number; PACU, Post Anesthetic Care Unit; REML, Restricted 
Maximum Likelihood; SD, Standard deviation; WMD, Weighted Mean Difference. 

 
¶ The primary outcome is the incidence of EA, and secondary outcomes are time to extubation, awakening time, and PACU 
duration. 
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Figure 4: Funnel plot of emergence agitation incidence after isoflurane versus 

sevoflurane maintenance anesthesia in pediatrics 

Abbreviations: CI, Confidence interval; RR, Risk ratio. 
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 Figure 5: Subgroup analyses of emergence agitation incidence after isoflurane versus sevoflurane maintenance 

anesthesia in pediatrics ¶ 

Abbreviations: CI, Confidence interval; EA, Emergence agitation. 

¶ Four subgroup analyses based on EA scale, premedication use, intraoperative systemic analgesics use, and study location. 
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Search strategy 
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Supplemental Figure 2: Sensitivity analysis of emergence agitation incidence  
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Search strategy 

(Done on May 6, 2022 and updated on November 30, 2022) 

PubMed                                350  

Embase               895 

Cochrane              201  

Web of Science          152  

Registers                             7 

Total              1605 

After removing duplicates 1144 

 

PubMed (NCBI) 350 Records 

("Isoflurane"[Mesh] OR isofluran*[tiab] OR forane[tiab] OR forene[tiab] OR 

forthane[tiab])   

AND 

 ("Sevoflurane"[Mesh] OR sevofluran*[tiab] OR petrem[tiab] OR sevoflo[tiab] OR 

sevofluran[tiab] OR sevofrane[tiab] OR sevorane[tiab] OR sevotec[tiab] OR 

ultane[tiab]) 

AND 

("Child"[Mesh] OR "Adolescent"[Mesh] OR "Infant"[Mesh] OR "Pediatrics"[Mesh] OR 

child*[tiab] OR toddler*[tiab] OR infant*[tiab] OR neonate*[tiab] OR newborn*[tiab] 

OR adolescen*[tiab] OR preteen*[tiab] OR teen*[tiab] OR pubescent*[tiab] OR 

prepubescent*[tiab] OR youth*[tiab] OR juvenile*[tiab] OR young person*[tiab] OR 

young people*[tiab] OR young patient*[tiab] OR younger patient*[tiab] OR 

pediatric*[tiab] OR paediatric*[tiab]) 
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Embase (Elsevier) 895 Records 

1 . 'isoflurane'/exp OR (isofluran* OR aerane OR aerrane OR forane OR forene 

OR forthane OR isoflurano OR isorane OR sofloran):ab,kw,ti 

2 . 'sevoflurane'/exp OR (sevofluran* OR petrem OR sevocalm OR sevoflo OR 

sevofluran OR sevofrane OR sevohale OR sevorane OR sevotec OR ultane):ab,kw,ti 

3 . 'child'/exp OR 'adolescent'/de OR 'juvenile'/de OR 'pediatrics'/exp OR (child* 

OR toddler* OR infant* OR neonate* OR newborn* OR adolescen* OR preteen* OR 

teen* OR pubescent* OR prepubescent* OR youth* OR juvenile* OR pediatric* OR 

paediatric*):ab,kw,ti OR ((young OR younger) NEXT/1 (person* OR people OR 

patient*)):ab,kw,ti 

4 . #1 AND #2 AND #3 

 

Cochrane Central Register of Controlled Trials (Wiley) 201 Records 

(isofluran* OR aerane OR aerrane OR forane OR forene OR forthane OR isoflurano 

OR isorane OR sofloran) 

AND 

(sevofluran* OR petrem OR sevocalm OR sevoflo OR sevofluran OR sevofrane OR 

sevohale OR sevorane OR sevotec OR ultane) 

AND 

(child* OR toddler* OR infant* OR neonate* OR newborn* OR adolescen* OR 

preteen* OR teen* OR pubescent* OR prepubescent* OR youth* OR juvenile* OR 

pediatric* OR paediatric* OR ((young OR younger) NEAR/1 (person* OR people OR 

patient*)))) 

 

Web of Science Core Collection (Clarivate) 152 Records 
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1 . TI=(isofluran* OR aerane OR aerrane OR forane OR forene OR forthane OR 

isoflurano OR isorane OR sofloran) OR AB=(isofluran* OR aerane OR aerrane OR 

forane OR forene OR forthane OR isoflurano OR isorane OR sofloran) OR 

AK=(isofluran* OR aerane OR aerrane OR forane OR forene OR forthane OR 

isoflurano OR isorane OR sofloran) 

2 . TI=(sevofluran* OR petrem OR sevocalm OR sevoflo OR sevofluran OR 

sevofrane OR sevohale OR sevorane OR sevotec OR ultane) OR AB=(sevofluran* 

OR petrem OR sevocalm OR sevoflo OR sevofluran OR sevofrane OR sevohale OR 

sevorane OR sevotec OR ultane) OR AK=(sevofluran* OR petrem OR sevocalm OR 

sevoflo OR sevofluran OR sevofrane OR sevohale OR sevorane OR sevotec OR 

ultane) 

3 . TI=(child* OR toddler* OR infant* OR neonate* OR newborn* OR adolescen* 

OR preteen* OR teen* OR pubescent* OR prepubescent* OR youth* OR juvenile* 

OR pediatric* OR paediatric* OR ((young OR younger) NEAR/1 (person* OR people 

OR patient*))) OR AB=(child* OR toddler* OR infant* OR neonate* OR newborn* OR 

adolescen* OR preteen* OR teen* OR pubescent* OR prepubescent* OR youth* OR 

juvenile* OR pediatric* OR paediatric* OR ((young OR younger) NEAR/1 (person* 

OR people OR patient*))) OR AK=(child* OR toddler* OR infant* OR neonate* OR 

newborn* OR adolescen* OR preteen* OR teen* OR pubescent* OR prepubescent* 

OR youth* OR juvenile* OR pediatric* OR paediatric* OR ((young OR younger) 

NEAR/1 (person* OR people OR patient*))) 

4 . #1 AND #2 AND #3 

 

Clinical trials.gov. 7 trial registries. 
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Supplemental table 1: Detailed studies characteristics 

Study 
ID Journal 

Comparable 
baseline 
characteristics 

Other 
comparable 
aspects 

 
Premedication 

Induction 
of 
anesthesia 

Anesthesia 
depth  

Intraoperative 
systemic 
analgesia 

Surgery 
 duration * ¶ 

Anesthesia 
 duration ** ¶ 

I S I S 

Valley 
RD, 
1999 
(43) 

ANESTHESIA 
& 
 ANALGESIA/ 
International 
Anesthesia 
Research 
Society 

1- Age 
2- Sex 
3- Weight 
4-Type of 
surgery 

1- Duration of 
anesthesia 
2- Propofol 
use for 
induction  
3- Regional 
technique 

No Sevoflurane 
or  
 Propofol  

Deep  No NA NA 179 
(103) 

180 
(81) 

Le 
Berre 
PY, 
2001 
(44) 

Pediatric 
 Anesthesia 

1- Age 
2- Sex 
3- Weight   

1- Duration of 
anesthesia  
2- Duration of 
surgery 
3- Intra- and 
postoperative 
hemodynamic 
patterns  

 Rectal 
midazolam 
(0.2 mg/kg), 
 1 h before 
surgery 

Sevoflurane,  
O2, N2O  

Unclear No 104 
(44) 

97 
 (32) 

139 
(49) 

132 
(38) 

Bortone 
L, 2006 
(45) 

Pediatric 
 Anesthesia 

1- Age 
2- Sex   

1- Induction 
time 
2- Surgery 
time and type  
3- Awakening 
time 

No  Sevoflurane 
(O2–air 
mixture) 

Unclear Rectal  
paracetamol 
 (20 mg/kg) 

26 
 (14) 

27 
 (17) 

NA NA 
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Study 
ID Journal 

Comparable 
baseline 
characteristics 

Other 
comparable 
aspects 

 
Premedication 

Induction 
of 
anesthesia 

Anesthesia 
depth  

Intraoperative 
systemic 
analgesia 

Surgery 
 duration * ¶ 

Anesthesia 
 duration ** ¶ 

I S I S 

Meyer 
R, 
2007 
(17) 

Pediatric 
 Anesthesia 

1- Age 
2- Sex 
3- Weight 
4- Height   

1- Duration of  
anesthesia 
 2- Duration 
of surgery 
 3- Time to 
extubation 
 4- PACU 
duration 

Oral 
midazolam 
(0.4 mg/kg)1), 
30 min before 
transfer to the 
operating room  

 IV 
thiopental 
(8–12 
mg/kg) &    
alfentanil 
(10–20 
mcg/kg) 
 or 
Sevoflurane 
( whenever 
IV access 
could not be 
established 
within two 
attempts)  

Unclear No 48  
(20) 

43  
(23) 

97 
 (24) 

95 
 (22) 

Singh 
D, 
2009 
(46) 

Neurosurgical 
Anesthesiology 

1- Age 
2- Sex 
3- Weight   
4- HR and MBP 

1- Duration of 
anesthesia 
2- Duration of 
surgery 
3- Blood loss 
 4- Total 
fentanyl 
consumption 

No Sevoflurane 
8%, 60% 
N2O in O2 

Unclear Fentanyl 
 (1 mg/kg)  

150.4 
(51.6) 

147 
(40.9) 

181.63 
(53.7) 

181.8 
(44.1) 

Singh 
R, 
2012 
(47) 

Indian Journal 
 Anaesthia 

1- Age 
2- Sex 
3- Weight 
4-Physical 
status. 

1- Duration of 
surgery  
2- Duration of 
anesthesia 
3- PACU 
duration 

No  Sevoflurane  
8 % in 
100 %O2. 

Unclear  Fentanyl 
(2 mg/kg)  

73.88 
(47.42) 

67.12 
(29.22) 

88.04 
(51.04) 

80.08 
(34.4) 
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Study 
ID Journal 

Comparable 
baseline 
characteristics 

Other 
comparable 
aspects 

 
Premedication 

Induction 
of 
anesthesia 

Anesthesia 
depth  

Intraoperative 
systemic 
analgesia 

Surgery 
 duration * ¶ 

Anesthesia 
 duration ** ¶ 

I S I S 

Jindal 
P, 
2012 
(21) 

Middle East  
journal of 
anesthesiology 

1- Age 
2- Sex 
3- Weight   

1- Duration of 
study agent  
2- Operative 
time 

Oral 
promethazine 
0.5 mg/kg at 
night and 6 am 
in the morning 
on the day of 
surgery 

 Sevoflurane 
(50% O2, 
50% N2O) 

Standard  Fentanyl 
(2 mcg/kg) 

39.52 
(14.13) 

36.91 
(9.75) 

49.71 
(14.13) 

44.35 
(11.12) 

Pradeep 
T, 2017 
(18) 

Southern 
African  
Journal of 
Anesthesia 
and Analgesia 

1- Age 
2- Sex 
3- Weight 
4-Physical 
status. 

1- Duration of 
surgery  
2- Duration of 
anesthesia 
3- Time to 
extubation 
4- Time to 
meet 
discharge 
criteria 
5- PACU 
duration  

Oral 
Trichlophos  
(100 mg/kg), 
1 hour before 
surgery 
(Drugs which 
are potentially 
known to inhibit 
EA such as 
midazolam 
were avoided) 

Sevoflurane 
8% in O2, 
N2O  

Unclear  Fentanyl  
(2 mcg/kg) & 
paracetamol 
suppository in 
appropriate 
doses was 
administered 
before the 
surgical 
incision 

72.5 
(44.42) 

85.6 
(51.4) 

96.57 
(48.84) 

108.23 
(55.07) 

Abbreviations: EA: Emergence agitation; I, isoflurane; IV, Intra venous; MBP, Mean Blood Pressure; N2O, Nitrous oxide; NA: not applicable; O2, 
Oxygen; PACU, Post anesthetic Care Unit; S, sevoflurane.  

* Duration of surgery is time from skin incision to skin closure, **Duration of anesthesia is time from induction to time zero, ¶ Duration in minutes 
(expressed as mean (standard deviation)). 
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Supplemental Figure 1: Cumulative meta-analysis of emergence agitation 

incidence after Isoflurane versus Sevoflurane maintenance anesthesia in 

pediatrics 

Abbreviations: EA, Emergence agitation; N, total sample size of the study. 
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Supplemental Figure 2: Sensitivity analysis of emergence agitation incidence 

after Isoflurane versus Sevoflurane maintenance anesthesia in pediatrics 

based on the risk of bias 

Abbreviations: CI, Confidence interval; EA, Emergence agitation. 
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Supplemental Figure 3: Leave one out meta-analysis of emergence agitation 

incidence after Isoflurane versus Sevoflurane maintenance anesthesia in 

pediatrics 

Abbreviations: CI, Confidence interval; EA, Emergence agitation. 
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5. SUMMARY OF CONCLUSIONS 
  

We focused on understanding more about common adverse events associated 

with two widely used sedatives/ anesthetics in pediatrics. First, investigating if 

Respiratory Syncytial Virus bronchiolitis is associated with a higher risk of additive 

clinically significant bradycardia in children under two years old sedated with 

dexmedetomidine compared to those with non-RSV bronchiolitis. Second, identifying 

which anesthetic agent is associated with a higher risk of emergence agitation, 

isoflurane or sevoflurane. 

In our first project: although both RSV and dexmedetomidine are associated with 

bradycardia, our results suggested that RSV bronchiolitis was not associated with 

additive clinically significant bradycardia during DMED administration in children of two 

years of age or younger. However, there was a significant decrease in the heart rate by 

an average 8 bpm in those with RSV bronchiolitis. We also explored effect modification 

by ventilation mode. These results contribute to the body of literature on this area by 

providing evidence that may guide clinicians’ decision for sedating children with RSV 

bronchiolitis in pediatric intensive care units. Close heart rate monitoring and clinical 

caution may be warranted, especially in specific groups, including the mechanically 

ventilated or those requiring high starting doses of DMED greater than 0.3 mcg/kg/h, or 

high peak doses greater than 1 mcg/kg/h.  

In the second project: our systematic review and meta-analysis evaluated the of 

isoflurane and sevoflurane and their association with emergence agitation incidence 

adverse event using the available evidence more comprehensively. Our results 
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concluded that the incidence of emergence agitation among children who received 

sevoflurane was significantly higher than among isoflurane. Furthermore, we assessed 

the differences in emergence agitation incidence by using different scales, and studied 

the effect of the use of premedications, and intraoperative analgesics. There was a 

significant decrease in the risk of EA in the isoflurane group than sevoflurane group 

upon assessing EA with the PAED scale, using premeditations and intraoperative 

systemic analgesics. The need for extra nursing care and medications in post operative 

care and intensive care units to children who received sevoflurane should be 

anticipated.  

Overall, our findings highlighted the importance of studying the probable adverse 

events that impact clinical practice and may be life-threatening. Consequences should 

be anticipated upon using these drugs, and preemptive strategies of close monitoring 

should be established.  
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6. DISCUSSION AND PERSPECTIVES 
 

The results of both projects pay attention to the anticipation of the adverse 

events of sedatives/anesthetics and the need for strategies to mitigate this risk.  

Regarding the use of DMED during RSV bronchiolitis: to our knowledge, our 

retrospective study is the first to test their combined association with bradycardia. It 

may guide optimizing the care of RSV bronchiolitis children in critical care settings. It 

also suggests special considerations in intubated children (20) and in those who 

required higher doses of the drug. (21) Performing several sensitivity analyses ensured 

the robustness of our results. However, the generalizability of single center experience 

based on retrospective cohort study may be limited. Further studies are needed to guide 

RSV bronchiolitis children sedation with DMED in patients with more severe condition, 

and who require high doses or combination of sedatives.  

In terms of meta-analysis, although EA is self-limited, it is associated with 

increasing postoperative complications. (16) Based on our up to date findings, extra 

nursing care and the need for medications in PACU and ICU should be anticipated with 

sevoflurane. Our relatively larger number of studies, compared to previous meta-

analyses (17, 18), enabled us to detect the significant difference between isoflurane and 

sevoflurane. One of our limitations is the variability in EA assessment scales of included 

studies. This guides future research directions for developing a validated non-subjective 

scale to assess EA severity and duration and studying the risk factors contributing to it.  

In both studies, further RCTs are needed to address these limitations. This is 

essential to formulate protocols for patient’s monitoring after sedatives/ anesthetics 

initiation and during follow up in critical care settings and post anesthetic care units.  



105 
 

7. REFERENCES 
 

.1  Egbuta C, Mason KP. Current State of Analgesia and Sedation in the Pediatric 

Intensive Care Unit. J Clin Med. 2021;10 )9 .(  

.2  Taffarel P, Widmer J, Fiore Á, Rodríguez AP, Meregalli C, Jorro Barón F. Impact 

of the implementation of a sedation and analgesia protocol in a pediatric intensive care 

unit. Arch Argent Pediatr. 2023:e202202806 . 

.3  Bhatt M, Johnson DW, Chan J, Taljaard M, Barrowman N, Farion KJ, et al. Risk 

Factors for Adverse Events in Emergency Department Procedural Sedation for 

Children. JAMA  Pediatr. 2017;171(10):957-64. 

.4  Silva DCB, Araujo OR, Arduini RG, Alonso CFR, Shibata ARO, Troster EJ. 

Adverse drug events in a paediatric intensive care unit: a prospective cohort. BMJ 

Open. 2013;3(2):e001868 . 

.5  Bunchungmongkol N, Somboonviboon W, Suraseranivongse S, Vasinanukorn M, 

Chau-in W, Hintong T. Pediatric anesthesia adverse events: the Thai Anesthesia 

Incidents Study (THAI Study) database of 25,098 cases. J Med Assoc Thai. 

2007;90(10):2072-9 . 

.6  Dalziel SR, Haskell L, O'Brien S, Borland ML, Plint AC, Babl FE, et al. 

Bronchiolitis. Lancet. 2022;400(10349):392-406 . 

.7  Pelletier JH, Au AK, Fuhrman D, Clark RSB, Horvat C. Trends in Bronchiolitis 

ICU Admissions and Ventilation Practices: 2010-2019. Pediatrics. 2021;147  )6.(  

.8  Plambech MZ, Afshari A. Dexmedetomidine in the pediatric population: a review. 

Minerva Anestesiol. 2015;81(3):320-32 . 



106 
 

.9  Mahmoud M, Mason KP. Dexmedetomidine: review, update, and future 

considerations of paediatric perioperative and periprocedural applications and 

limitations .Br J Anaesth. 2015;115(2):171-82 . 

.10  Bach M, Shein SL, Slain KN, Stormorken A. Sedative Use in the Setting of 

Critical Bronchiolitis. Pediatrics. 2021;147(3_MeetingAbstract):450-1 . 

.11  Buck ML. Dexmedetomidine use in pediatric intensive care and procedural 

sedation. J Pediatr Pharmacol Ther. 2010;15(1):17-29 . 

.12  Gong M, Man Y, Fu Q. Incidence of bradycardia in pediatric patients receiving 

dexmedetomidine anesthesia: a meta-analysis. Int J Clin Pharm. 2017;39(1):139-47 . 

.13  Lichtsinn K, Sehgal I, Wilson A. Asystole in 2 Pediatric Patients During 

Dexmedetomidine Infusion. J Pharm Pract. 2021:8971900211027133 . 

.14  Inhalation Anesthetics Market Size and Share Analysis by Drug Type 

(Desflurane, Sevoflurane, Isoflurane), End User (Hospitals, Ambulatory Surgical 

Centers), Application (Induction, Maintenance)– Forecast to 2030. PRESCIENT AND 

STRATEGIC INTELLIGENCE. 2022 . 

.15  Singh R, Kharbanda M, Sood N, Mahajan V, Chatterji C. Comparative evaluation 

of incidence of emergence agitation and post-operative recovery profile in paediatric 

patients after isoflurane, sevoflurane and desflurane anaesthesia. Indian J Anaesth. 

2012;56(2):156-61 . 

.16  Lee SJ, Sung TY. Emergence agitation: current knowledge and unresolved 

questions. Korean J Anesthesiol. 2020;73(6):471-8 5 .  



107 
 

.17  Costi D, Cyna AM, Ahmed S, Stephens K, Strickland P, Ellwood J, et al. Effects 

of sevoflurane versus other general anaesthesia on emergence agitation in children. 

Cochrane Database Syst Rev. 2014(9):Cd007084 . 

.18  Guo J, Jin X, Wang H, Yu J, Zhou X ,Cheng Y, et al. Emergence and Recovery 

Characteristics of Five Common Anesthetics in Pediatric Anesthesia: a Network Meta-

analysis. Mol Neurobiol. 2017;54(6):4353-64 . 

.19  Pradeep T, Manissery JJ, Upadya M. Emergence agitation in paediatric patients 

using sevoflurane and isoflurane anaesthesia: a randomised controlled study. Southern 

African Journal of Anaesthesia and Analgesia. 2017;23(2):32-5 . 

.20  Bahraini A, Banerjee O, Ra J. Bradycardia resulting in cardiac arrest in a critically 

ill patient receiving  dexmedetomidine. Trauma Case Rep. 2021;36:100548 . 

.21  Josephine C, Shariffuddin, II, Chaw SH, Ng KWS, Ng KT. Hemodynamic 

Response of High- and Low-Dose Dexmedetomidine of Pediatric in General 

Anesthesia: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. 

Asian J Anesthesiol. 2021;59(1):7-21 . 

 

 
 
 
 
 
 


