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IMPORTANCE It is not clear whether adherence to preprocedural fasting guidelines prevent
pulmonary aspiration and associated adverse outcomes during emergency department (ED)
sedation of children.

OBJECTIVE To examine the association between preprocedural fasting duration and the
incidence of sedation-related adverse outcomes in a large sample of children.

DESIGN, SETTING, AND PARTICIPANTS We conducted a planned secondary analysis of a
multicenter prospective cohort study of children aged 0 to 18 years who received procedural
sedation for a painful procedure in 6 Canadian pediatric EDs from July 2010 to February 2015.
The primary risk factor was preprocedural fasting duration. Secondary risk factors were age,
sex, American Society of Anesthesiologists classification, preprocedural and sedation
medications, and procedure type.

MAIN OUTCOMES AND MEASURES Four outcomes were examined: (1) pulmonary aspiration,
(2) the occurrence of any adverse event, (3) serious adverse events, and (4) vomiting.

RESULTS A total of 6183 children with a median age of 8.0 years (interquartile range, 4.0-12.0
years), of whom 6166 (99.7%) had healthy or mild systemic disease (American Society of
Anesthesiologists levels I or II), were included in the analysis. Of these, 2974 (48.1%) and 310
(5.0%) children did not meet American Society of Anesthesiologists fasting guidelines for
solids and liquids, respectively. There were no cases of pulmonary aspiration. There were 717
adverse events (11.6%; 95% CI, 10.8%-12.4%), of which 68 (1.1%; 95% CI, 0.9%-1.3%) were
serious adverse events and 315 (5.1%; 95% CI, 4.6%-5.7%) were vomiting. The odds ratio
(OR) of occurrence of any adverse event, serious adverse events, and vomiting did not
change significantly with each additional hour of fasting duration for both solids (any adverse
event: OR, 1.00; 95% CI, 0.98 to 1.02; serious adverse events, OR, 1.01; 95% CI, 0.95-1.07;
vomiting: OR, 1.00; 95% CI, 0.97-1.03) and liquids (any adverse event: OR, 1.00; 95% CI,
0.98-1.02; serious adverse events: 1.01, 95% CI, 0.95-1.07; vomiting: OR, 1.00; 95% CI,
0.96-1.03).

CONCLUSIONS AND RELEVANCE In this study, there was no association between fasting
duration and any type of adverse event. These findings do not support delaying sedation to
meet established fasting guidelines.
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A pproximately 1 of every 100 children who visit an emer-
gency department (ED) for care receives sedation for
common medical procedures, such as fracture reduc-

tion and complex laceration repair.1 Conservatively, this trans-
lates to 25 000 ED sedations in Canada, 60 000 in the United
Kingdom, and 250 000 in the United States each year.2-4 Al-
though procedural sedation is regarded as safe, approxi-
mately 1% of children experience a serious adverse event.1 Ar-
guably the most feared, potentially life-threatening adverse
event is pulmonary aspiration, which is defined as the inha-
lation of oropharyngeal or gastric contents into the larynx and
lower respiratory tract.5,6

With the goal of reducing the occurrence of pulmonary as-
piration in sedated patients, preprocedural fasting guidelines
were developed using consensus opinion by organizations such
as the American Society of Anesthesiologists (ASA) and Ameri-
can Academy of Pediatrics.7-9 These guidelines specify a mini-
mum fasting period of 2 hours for clear liquids, 4 hours for
breast milk, 6 hours for infant formula and light meals, and
8 hours for solids containing meat or fatty foods.7

However, some clinical experts contend that preproce-
dural fasting guidelines, which were originally intended for pa-
tients undergoing elective procedures, are not directly appli-
cable to ED procedural sedation, because the risk of clinically
important pulmonary aspiration is thought to be signifi-
cantly less as a result of differences in baseline patient risk, se-
dation medications used, and procedures performed in this
setting.10-13 Consistent with this view, several relatively small,
single-center cohort studies of children undergoing proce-
dural sedation have not shown an association between fast-
ing duration and adverse events such as oxygen desatura-
tion, vomiting, and apnea.13-16 Furthermore, prolonged fasting
has been associated with less-favorable outcomes in some pa-
tients, and it consumes finite human and physical ED re-
sources during periods of extended waiting.10,17,18 As a result,
adherence to preprocedural fasting guidelines is highly vari-
able in emergency medicine.14,16,19

Given these limitations, the American Academy of Pedi-
atrics has concluded that the true association of preproce-
dural fasting duration with serious adverse events such as pul-
monary aspiration remains unknown for children undergoing
sedation for emergency procedures, and they advocate fur-
ther research “in many thousands of patients”20(pe6) to better
define relationships, be they any adverse event, fasting inter-
vals, and sedation complications. To address this gap, we per-
formed a planned secondary analysis of what we believe is the
largest, prospective cohort study of children to date who have
received emergency procedural sedation.1 Our broad objec-
tive was to examine any association between the incidence of
sedation-related adverse outcomes and preprocedural fast-
ing duration.

Methods
We performed an a priori planned secondary analysis of a mul-
ticenter prospective cohort study conducted in 6 Canadian pe-
diatric EDs from July 10, 2010, to February 28, 2015.1 All sites

are members of Pediatric Emergency Research Canada, a na-
tional collaborative research network. Study methods have
been previously described in detail.21

The study received approval from the research ethics board
at each participating institution (the IWK Health Centre in Hali-
fax; Montreal Children’s Hospital in Montreal; Children’s Hos-
pital of Eastern Ontario in Ottawa; The Hospital for Sick Chil-
dren in Toronto; Stollery Children’s Hospital in Edmonton; and
Alberta Children’s Hospital in Calgary). Informed verbal or writ-
ten consent, according to site-specific ethics regulations, was
obtained from parents or guardians, and assent was obtained
from children 7 years and older.

Study Setting and Population
Children aged 0 to 18 years who were undergoing parenteral
procedural sedation for painful procedures were eligible for en-
rollment in the study. Children were excluded if they re-
ceived a drug purely for anxiolysis or analgesia without the in-
tent of sedation or if there was a language barrier present, as
determined by the health care professional obtaining in-
formed consent. Sedations with missing clinical data about the
timing of last oral intake for solids or liquids were excluded
from this substudy.

Definitions
Standardized definitions from the Quebec Guidelines, a con-
sensus-based document developed by North American ex-
perts in pediatric procedural sedation, were used to deter-
mine time intervals and adverse events.6 Adverse event
definitions require both the specific clinical event to have oc-
curred (eg, oxygen desaturation) and 1 or more appropriate in-
terventions to be performed with the intention of treating or
managing it (eg, airway repositioning, oxygen administration
or increase in oxygen delivery, or positive pressure ventila-
tion). Specific definitions from the Quebec Guidelines for ad-
verse events reported in this study are documented in eTable
1 in the Supplement.

Outcome Measures
Four outcomes were examined for our primary objective:
(1) clinically apparent pulmonary aspiration, (2) the occur-
rence of any adverse event, (3) serious adverse events, and

Key Points
Question Does the duration of preprocedural fasting alter the risk
pulmonary aspiration and associated adverse outcomes in children
undergoing emergency department procedural sedation?

Findings In this study of 6183 healthy patients undergoing
sedation in 1 of 6 geographically separate and nationally
representative Canadian emergency departments, 2974 (48.1%)
did not meet fasting guidelines prior to sedation. Data analysis
failed to identify an association between preprocedural fasting of
any duration and any type of adverse event, and there were no
cases of clinically apparent pulmonary aspiration.

Meaning Delaying sedation to meet established fasting guidelines
appears not to improve sedation outcomes for children in the
emergency department.
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(4) vomiting. Clinically apparent pulmonary aspiration was de-
fined as the suspicion or confirmation of oropharyngeal or gas-
tric contents in the trachea during the sedation or physiologic
recovery phase and the appearance of respiratory signs and
symptoms that were not present before the sedation. Any ad-
verse event, an aggregate measure, was defined as the occur-
rence of any 1 of the 15 adverse events under surveillance in
our study (eTable 1 in the Supplement). Serious adverse events
were defined as the occurrence of apnea, laryngospasm, hy-
potension, bradycardia, complete airway obstruction, clini-
cally apparent pulmonary aspiration, permanent neurologic
injury, or death. Vomiting was defined as the expulsion of gas-
tric contents through the nose or mouth during sedation in-
duction or maintenance or ED recovery. Study outcomes were
chosen to encompass events that are direct precursors to pul-
monary aspiration (vomiting) and those that have a higher
probability of requiring positive pressure ventilation, thus in-
creasing the risk of aspiration (serious adverse events).

Risk Factors
The primary risk factor of interest was fasting duration for
solids and liquids. Fasting duration was analyzed both as a
continuous variable (in number of hours prior to sedation)
and as a dichotomous variable with the cut point deter-
mined by the ASA preprocedural fasting guidelines as 6 or
more hours for solids and 2 hours or more for liquids. Other
risk factors and potential confounders for adverse sedation
outcomes were chosen a priori, based on clinical knowledge
and literature review.6 These included age, sex, sedation
medication, ASA physical status classification,22 use of pre-
procedural opioids (any opioid administered with the intent
of treating pain prior to the administration of the first seda-
tion medication), and procedure type. For the outcome of
vomiting, preprocedural antiemetic administration was also
examined. Risk factors were measured using patient or
parental report, review of the medical record, and physical
examination findings.

Statistical Analysis
Demographic characteristics and risk factors were summa-
rized using descriptive statistics (median and interquartile
range for continuous variables; frequency and percent for cat-
egorical variables) and compared between guideline compli-
ant and noncompliant groups. Differences between groups
were tested for statistical significance using Pearson χ2 or t tests
as appropriate. Observed fasting durations for solids and flu-
ids were described using frequency distributions after catego-
rization at clinically meaningful cut points (2, 4, and 6 hours).
The incidence of sedation-related adverse events was de-
scribed across fasting durations using frequency and percent-
age with 95% CIs adjusted for clustering by site. Variances were
estimated using the Taylor series linearization method. Using
box plots, we compared observed fasting durations for solids
and liquids of patients who experienced any adverse event, a
serious adverse event, or vomiting with patients who did not
experience these outcomes. To examine the statistical asso-
ciation between fasting duration and outcomes, we included
fasting duration as a continuous variable in a multivariable lo-

gistic regression analysis and modeled its association with the
outcomes using restricted cubic splines. To identify the opti-
mal number of knots, we fit separate models with 5 knots
(located at the fifth, 27.5th, 50th, 72.5th, and 95th percen-
tiles), 4 knots (located at the fifth, 35th, 65th, and 95th per-
centiles), or 3 knots (located at the 10th, 50th, and 90th
percentiles). We used visual inspection of the resulting spline
plots for each number of knots, as well as Akaike information
criterion and Wald tests for nonlinearity to determine the func-
tional form of the association that provides the best fit to the
data. To adjust for potential confounders and risk factors, the
identified covariates were included in the models. To reduce
the risk of bias as a result of small numbers of events and sparse
distributions of covariates, the logistic regression models
were estimated using penalized likelihood with the Firth
adjustment.23,24 Results from the model were expressed as
odds ratios, 95% profile-likelihood CIs, and P values, with sta-
tistical significance assessed at the 5% level. The goodness
of fit of each model was evaluated using the Hosmer-
Lemeshow test. The regression models were used to obtain
plots of predicted probabilities of each outcome as a function
of fasting duration for solids and liquids respectively, with cat-
egorical and continuous confounders held constant at the mode
and median respectively. Statistical analyses for this article
were performed from January 2016 to June 2017 using SAS, ver-
sion 9.4 (SAS Institute Inc) and R, version 3.0.2 (R Founda-
tion for Statistical Computing).

Results
Patient Characteristics
Of the estimated 9650 eligible sedations, 6295 (65.2%) were
included in the final analysis of the parent study.1 We ex-
cluded 112 sedations that were missing information regard-
ing the time of last solid or liquid intake prior to sedation, leav-
ing 6183 sedations (98.2% of the original cohort) in the current
analysis. Of the 6183 patients, 6166 (99.7%) were classified as
ASA physical status classification I or II, 4124 (66.7%) were
male, and the median age was 8.0 years (interquartile range,
4.0-12.0 years). Ketamine alone was the most commonly used
sedation medication (n = 3847; 62.2%) and orthopedic reduc-
tion was the most common procedure (n = 4076; 65.9%)
(Table 1).

A total of 2974 children (48.1%) and 310 children (5.0%)
did not meet ASA fasting guidelines for solids and liquids, re-
spectively. Comparison of baseline characteristics of patients
who did and did not fulfill fasting guidelines are shown in
Table 1. For solids and liquids, there were a number of statis-
tically significant differences between compliant and non-
compliant groups; however, the only clinically significant dif-
ferences between groups were age (solids) and sedation
medication (solids and fluids).

Incidence of Sedation-Related Adverse Events
Overall, there were 717 adverse events (11.6%; 95% CI,
10.8%-12.4%). There were no cases of clinically apparent
pulmonary aspiration. Oxygen desaturation (n = 340; 5.5%;
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95% CI, 5.0%-6.1%) and vomiting (n = 315; 5.1%; 95% CI,
4.6%-5.7%) were the most common events. Of the 315 vom-
iting events, 6 events (1.8%) occurred during sedation, while
the remainder occurred during recovery. Details of these 6
patients are shown in Table 2; all met fasting guidelines for
fluids, while only half met fasting guidelines for solids. All
patients who met fasting guidelines had a fasting duration of
at least 10 hours. Serious adverse events occurred in 68
patients (1.1%; 95% CI, 0.9%-1.3%).

Association of Fasting Duration With Adverse Events
Table 3 presents the observed incidence of any adverse
event, serious adverse events, and vomiting across fasting
intervals for solids and liquids that are classified by
duration: short (≤2 hours), intermediate (2 to 4 hours and 4
to 6 hours) and long (>6 hours). Box plots comparing

fasting times for patients with and without events are
presented in Figure 1. The results show no visible differ-
ences in distributions of fasting times between those with
and without any adverse event, serious adverse events,
or vomiting.

The restricted cubic spline plots, Akaike information
criterion statistics, and tests for nonlinearity for the 5-knot,
4-knot, and 3-knot splines are presented in eFigures 1, 2,
and 3 in the Supplement. For all outcomes, the Akaike
information criterion statistic reached a minimum when
fasting duration was modeled as a simple linear term and all
tests for nonlinearity were nonsignificant, indicating that a
simple linear term for the association between fasting
duration and outcomes fit the data the best. There was no
evidence of lack of fit in any of the models. The detailed
results from the multivariable logistic regression analysis

Table 2. Characteristics of Patients Who Vomited During Sedationa

Patient No./
Sex/Age, y

Fasting Duration, h

Procedure

Preprocedural Ketamine
Dose,b

mg/kg

Duration of
Procedure,
minSolids Liquids Opioid Antiemetic

1/M/5 1.7 3.7 Foreign body removal No No 4 37

2/M/5 5.7 3.2 Burn debridement Yes Yes 2.5 25

3/M/7 17.5 3.0 Lumbar puncture No No 1.6 20

4/M/0 4.6 5.3 Laceration repair No No 1.9 54

5/M/11 10.0 10.0 Burn debridement Yes No 1.5 32

6/M/4 13.9 13.9 Orthopedic reduction No No 4 43

a No other adverse events occurred in
any patient in this Table.

b All patients were sedated with
ketamine only.

Table 1. Baseline Comparison of Children Who Met and Did Not Meet ASA Fasting Guidelines for Solids and Liquids

Characteristic

No. (%)

Total
(n = 6183)

Fasting From Solids (≥6 h) Fasting From Liquids (≥2 h)
No
(n = 2974)

Yes
(n = 3209) P Value

No
(n = 310)

Yes
(n = 5873) P Value

Age, median (IQR) 8.0 (4.0-12.0) 6.0 (3.0-12.0) 9.0 (5.0-12.0) <.001 7.0 (3.0-13.0) 8.0 (4.0-12.0) .62

Male 4124 (66.7) 1926 (64.8) 2198 (68.5) .002 197 (63.6) 3927 (66.9) .23

Procedure type

Foreign body removal 219 (3.5) 141 (4.7) 78 (2.4)

<.001

16 (5.2) 203 (3.5)

<.001

Incision and drainage
of abscess

318 (5.1) 176 (5.9) 142 (4.4) 35 (11.3) 283 (4.8)

Laceration repair 1010 (16.3) 608 (20.4) 402 (12.5) 47 (15.2) 963 (16.4)

Lumbar puncture 148 (2.4) 55 (1.9) 93 (2.9) 25 (8.1) 123 (2.1)

Orthopedic reduction 4076 (65.9) 1804 (60.7) 2272 (70.8) 148 (47.7) 3928 (66.9)

Other 412 (6.7) 190 (6.4) 222 (6.9) 39 (12.6) 373 (6.4)

Sedation medication

Ketamine only 3847 (62.2) 2017 (67.8) 1830 (57.0)

<.001

203 (66.5) 3644 (62.1)

<.001

Ketamine and midazolam 235 (3.8) 93 (3.1) 142 (4.4) 16 (5.2) 219 (3.7)

Ketamine and propofol 849 (13.7) 291 (9.8) 558 (17.4) 18 (5.8) 831 (14.2)

Propofol and fentanyl 719 (11.6) 350 (11.8) 369 (11.5) 38 (12.3) 681 (11.6)

Ketamine and fentanyl 201 (3.2) 62 (2.1) 139 (4.4) 5 (1.6) 196 (3.3)

Propofol alone 240 (3.9) 122 (4.1) 118 (3.7) 21 (6.8) 219 (3.7)

Other 92 (1.5) 39 (1.3) 53 (1.7) 9 (2.9) 83 (1.4)

Preprocedural opioid use 1780 (28.8) 765 (25.7) 1015 (31.6) <.001 61 (19.7) 1719 (29.3) <.001

ASA physical status
classification

Class I or II 6166 (99.7) 2966 (99.7) 3200 (99.7)
.93

308 (99.3) 5858 (99.7)
.21

Class III or IV 17 (0.3) 8 (0.3) 9 (0.3) 2 (0.7) 15 (0.3)

Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range.
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are presented in eTable 2 in the Supplement. These
results show that, when adjusted for age, sex, sedation
medication, and procedure type, the odds of an adverse
event did not change significantly with each additional
hour of fasting duration for both solids (odds ratio [OR],
1.00; 95% CI, 0.98-1.02; P = .91) and liquids (OR, 1.00;
95% CI, 0.98-1.02; P = .97). Similarly, the odds of vomiting

(solids: OR, 1.00; 95% CI, 0.97-1.03; P = .79; liquids:
OR, 1.00; 95% CI:, 0.96-1.03; P = .81) and the odds of a seri-
ous adverse event (solids: OR, 1.01; 95% CI, 0.95-1.07;
P = .64; liquids: OR, 1.01; 95% CI, 0.95-1.07, P = .69) did not
increase with decreased fasting duration. The modeled
associations, together with 95% CIs, are depicted graphi-
cally in Figure 2.

Figure 1. Fasting Duration (Solids and Liquids) for Patients Who Did and Did Not Experience Any Adverse Event, Serious Adverse Events, and Vomiting

35

15

20

25

Du
ra

tio
n,

 h
10

5

Fasting duration (solids), by serious adverse eventC

35

15

20

25

30

30

Du
ra

tio
n,

 h

10

5

Fasting duration (liquids), by vomitingF

35

15

20

25

Du
ra

tio
n,

 h

10

5

Fasting duration (liquids), by any adverse eventB

35

15

20

25

Du
ra

tio
n,

 h

10

5

Fasting duration (solids), by vomitingE

30

30

35

15

20

25

Du
ra

tio
n,

 h

10

5

Fasting duration (solids), by any adverse eventA

35

15

20

25

Du
ra

tio
n,

 h

10

5

0

0

0

0

0

0

Fasting duration (liquids), by serious adverse eventD

30

30

Any Adverse Event
None Any

Any Adverse Event
None Any

Serious Adverse Event
None ≥1

Serious Adverse Event
None ≥1

Vomiting
No Yes
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A and B, Fasting duration for solids and liquids, respectively, for patients who
experienced or did not experience any adverse event; C and D, Fasting duration
for solids and liquids, respectively, for patients who experienced or did not

experience serious adverse events; E and F, Fasting duration for solids and
liquids, respectively, for patients who experienced or did not experience
vomiting.

Table 3. Observed Incidence of Sedation Outcomes for Short, Intermediate, and Long Fasting Durations
for Solids and Liquids

Durationa

Any Event Serious Event Vomiting

No. (%)
95% CI of
Percentage No. (%)

95% CI of
Percentage No. (%)

95% CI of
Percentage

Solids

≤2 h
(n = 112)

11 (10.3) 6.0-17.1 10 (0.9) 0.2-4.7 4 (3.4) 1.3-8.4

2-4 h
(n = 888)

105 (11.8) 9.8-14.0 10 (1.1) 0.6-2.0 50 (5.6) 4.2-7.2

4-6 h
(n = 2007)

223 (11.1) 9.8-12.5 20 (1.0) 0.7-1.5 94 (4.7) 3.8-5.7

>6 h
(n = 3176)

378 (11.9) 10.9-13.1 38 (1.2) 0.8-1.6 168 (5.3) 4.6-6.1

Liquids

≤2 h
(n = 310)

32 (10.3) 7.5-14.2 2 (0.6) 0.1-2.2 15 (5.0) 3.1-8.0

2-4 h
(n = 1405)

174 (12.4) 10.8-14.2 14 (1.0) 0.6-1.7 79 (5.6) 4.5-6.9

4-6 h
(n = 2056)

222 (10.8) 9.5-12.2 25 (1.2) 0.8-1.7 88 (4.3) 3.5-5.3

>6 h
(n = 2412)

287 (11.9) 10.7-13.3 29 (1.2) 0.8-1.7 133 (5.5) 4.6-6.4

a Fasting durations of 2 hours or less
were considered short; durations of
2 to 4 hours and 4 to 6 hours,
intermediate; and durations of more
than 6 hours, long.
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Discussion

The overall incidence of adverse events in our population
was 11.6% (95% CI, 10.8%-12.4%). Serious adverse events
occurred in 68 patients (1.1%; 95% CI, 0.9%-1.3%), and vom-
iting occurred in 315 patients (5.1%; 95% CI, 4.6%-5.7%).
There were no cases of clinically apparent pulmonary aspira-
tion. When fasting duration was modeled as a continuous
variable using the best-fitting function form (a simple linear
term), we did not observe an association between the dura-
tion of preprocedural fasting and any type of sedation-
related adverse event.

Our study findings provide support to the idea that strict
adherence to ASA fasting guidelines does not improve pa-
tient outcomes for children undergoing procedural sedation
in the ED. Delaying sedation to meet fasting guidelines does
not appear to decrease adverse event rates but has the poten-
tial to lengthen ED length of stay and impede patient flow.
These findings support the recommendation from the Ameri-
can College of Emergency Physicians not to delay ED proce-
dural sedation based solely on fasting time.25

Previous studies of ED procedural sedation have shown no
association between fasting duration and adverse events. How-
ever, because of the small sample sizes (range, 218-1555
patients)13-16 and limited statistical power of these studies, the
ASA has stated, “The literature does not provide sufficient evi-

dence to test the hypothesis that preprocedure fasting results
in a decreased incidence of adverse outcomes in patients un-
dergoing either moderate or deep sedation.”9(p1007) Further-
more, previous studies did not model fasting duration opti-
mally but rather categorizes fasting duration at arbitrary cut
points, which assumes the relationship between fasting du-
ration and adverse events is flat within intervals and results
in a loss of power and precision.13-16 From the previous litera-
ture, the best risk estimate for aspiration was 15 cases in 10 000
sedations.16 Although we also did not observe any cases of pul-
monary aspiration, this large sample allows us to conclude that
the risk is no more than 3.1 in 10 000 sedations.1 It is impor-
tant to note that, to our knowledge, there have never been any
reported cases of pulmonary aspiration in children undergo-
ing parenteral sedation in the ED setting, despite widespread
nonadherence with fasting guidelines.14,16,19,26

It is generally thought the risk of aspiration in ED proce-
dural sedation is less than the risk in elective sedation and
general anesthesia. Beach and colleagues24 from the Pediat-
ric Sedation Research Consortium recently published evi-
dence of the association of fasting duration with the inci-
dence of major complications in 139 142 children undergoing
procedural sedation outside of the operating room. In this
population of sicker children (of whom 17% had an ASA clas-
sification of III or greater), who were undergoing longer elec-
tive sedations (53% for magnetic resonance imaging or com-
puted tomography) and were primarily sedated with

Figure 2. Association of Preprocedural Fasting Duration for Solids and Liquids With the Probability of Sedation-Related Adverse Events
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Point estimate probabilities of adverse events were obtained from the fitted
logistic regression models for the association of fasting duration for solids and
liquids and any adverse event (A and B), serious adverse events (C and D), and
vomiting (E and F), after adjusting for age (1-year intervals), sex, preprocedure

opioid administration, sedation medication, procedure type, and preprocedure
ondansetron administration (vomiting model only) by setting categorical
covariates to their modal category and continuous covariates to their median.
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propofol (76%), there were 10 cases of aspiration, all of
which occurred in children who fasted from solids for longer
than 6 hours. The authors also found no association between
fasting duration and aspiration or other major complica-
tions. Furthermore, they concluded the risk of aspiration
was 0.7 cases per 10 000 sedations, which was approxi-
mately one-half to one-third the risk associated with general
anesthesia. In this context, the estimated risk of aspiration
of no more than 3.1 cases per 10 000 sedations in our popu-
lation of healthy children undergoing short, painful proce-
dures is conservative and likely an overestimate.

Limitations
Our study has several important limitations. First, given the
observational nature of our study design, direct causal infer-
ences cannot be made. Second, though approximately half of
the patients did not fulfill fasting guidelines for solids, only
112 of 6183 patients (1.8%) consumed solids within 2 hours of
their sedation. This makes it difficult to draw firm conclu-
sions about the association of shorter fasting durations with
adverse events. Third, despite a large sample size, we did not
observe any cases of clinically apparent pulmonary aspira-
tion. However, this is not surprising, given that the literature
contains no reported cases of aspiration in ED parenteral
sedation. Fourth, all study sites were tertiary care academic
children’s hospitals, which may limit the generalizability of
our results to practice in general hospitals. Finally, a large
proportion of our patients (62.2%) received ketamine alone,
which is consistent with the literature indicating it is the
most commonly used medication in ED sedation for
children.1,14,16,27,28 Unlike other sedatives, ketamine has been

shown to maintain airway protective reflex properties and
may result in a decreased risk of aspiration. In our cohort,
ketamine alone was used more frequently in the group of
patients who did not meet fasting guideline recommenda-
tions for elective sedation (2017 patients [67.8%]) compared
with those who did (1830 patients [57.0%]). It is possible our
results could be confounded by indication. We did adjust for
all known risk factors, including sedation medication, in our
multivariable analysis; however, it is possible that there were
unmeasured factors for which we were unable to account.

To address these limitations, future research should
focus on compilation of much larger data sets using rigorous
methodology and standardized outcome measurements,6,29

which would allow for accurate determination of the actual
aspiration rate associated with ED procedural sedation.
Cohorts including larger numbers of patients who have short
preprocedural fasting durations would add to our under-
standing of aspiration risk in the ED population.

Conclusions
To our knowledge, our study is the largest prospective ED pro-
cedural sedation cohort, with the most complete documen-
tation of fasting status and outcome ascertainment and most
robust statistical analyses conducted to date. In this study
population, we failed to identify an association between fast-
ing duration and any type of adverse event. These results in-
dicate that delaying sedation to meet established fasting guide-
lines does not improve sedation outcomes for children in the
ED and is not warranted.

ARTICLE INFORMATION

Accepted for Publication: March 11, 2018.

Published Online: May 7, 2018.
doi:10.1001/jamapediatrics.2018.0830

Correction: This article was corrected on July 3,
2018, to correct an omission of 4 numbers and
portions of 4 accompanying percentages from
Table 1. The values and correct percentages for
sedation medication combinations ketamine and
midazolam, ketamine and propofol, propofol and
fentanyl, and ketamine and fentanyl have been
added for patients who met fasting guidelines from
liquids.

Author Affiliations: Department of Pediatrics,
Children’s Hospital of Eastern Ontario, Ottawa,
Ontario, Canada (Bhatt, Farion); Department of
Pediatrics, Cumming School of Medicine, University
of Calgary, Calgary, Alberta, Canada (Johnson);
Department of Emergency Medicine, Cumming
School of Medicine, University of Calgary, Calgary,
Alberta, Canada (Johnson); Department of
Physiology and Pharmacology, Cumming School of
Medicine, University of Calgary, Calgary, Alberta,
Canada (Johnson); Alberta Children’s Hospital
Research Institute, University of Calgary, Calgary,
Alberta, Canada (Johnson); Clinical Epidemiology
Program, Ottawa Hospital Research Institute,
Ottawa, Ontario, Canada (Taljaard); School of
Epidemiology, Public Health and Preventive
Medicine, University of Ottawa, Ottawa, Ontario,
Canada (Taljaard); Children’s Hospital of Eastern

Ontario Research Institute, Ottawa, Ontario,
Canada (Chan, Barrowman); Faculty of Medicine
and Dentistry, University of Alberta, Edmonton,
Alberta, Canada (Chan); Department of Pediatrics,
Faculty of Medicine and Dentistry, University of
Alberta, Edmonton, Alberta, Canada (Ali, Dixon);
Department of Pediatrics, the Hospital for Sick
Children, University of Toronto, Toronto, Ontario,
Canada (Beno); Department of Pediatrics, IWK
Health Centre, Dalhousie University, Halifax, Nova
Scotia, Canada (McTimoney); Alberta Children’s
Hospital, University of Calgary, Calgary, Alberta,
Canada (McTimoney); Department of Pediatrics,
Montreal Children’s Hospital, McGill University
Health Centre, Montreal, Quebec, Canada
(Dubrovsky); Department of Pediatrics, University
of Minnesota Medical School, Minneapolis
(Roback); Department of Emergency Medicine,
University of Minnesota Medical School,
Minneapolis (Roback).

Author Contributions: Dr Bhatt had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Bhatt, Johnson.
Acquisition, analysis, or interpretation of data: All
authors, including The Sedation Safety Study Group
of Pediatric Emergency Research Canada.
Drafting of the manuscript: Bhatt, Roback, Johnson,
Taljaard, Chan.
Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Taljaard, Chan, Barrowman.
Obtained funding: Bhatt, Johnson.
Administrative, technical, or material support:
Bhatt, Johnson, Farion, Ali, Beno, McTimoney,
Dubrovsky, The Sedation Safety Study Group of
Pediatric Emergency Research Canada.
Study supervision: Bhatt, Johnson.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was supported by
a grant (FRN-79859) provided by a Canadian
Institutes of Health Research Team Grant in
Pediatric Emergency Medicine.

Role of the Funder/Sponsor: Canadian Institutes
of Health Research had no role in the design and
conduct of the study; collection, management,
analysis, and interpretation of the data;
preparation, review, or approval of the manuscript;
and decision to submit the manuscript for
publication.

The Sedation Safety Study Group of Pediatric
Emergency Research Canada: Gabino Travassos,
BA, Alberta Children’s Hospital; Candice McGahern,
BA, Children’s Hospital of Eastern Ontario; Zach
Cantor, BA, Children’s Hospital of Eastern Ontario;
Eleanor Fitzpatrick, BSc, MN, IWK Health Centre;
Nadia Dow, BA, Stollery Children’s Hospital; Taline
Naranian, BScN, The Hospital for Sick Children; and
Gabrielle Allard, BSc, Montreal Children’s Hospital.

Additional Contributions: We thank the
emergency medicine physicians, nurses, and

Research Original Investigation Association of Preprocedural Fasting With Outcomes of Emergency Department Sedation in Children

684 JAMA Pediatrics July 2018 Volume 172, Number 7 (Reprinted) jamapediatrics.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2018.0830&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.0830
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.0830


respiratory therapists at participating sites for their
collaboration and recruitment of patients and
Pediatric Emergency Research Canada for making
this study possible.

REFERENCES

1. Bhatt M, Johnson DW, Chan J, et al; Sedation
Safety Study Group of Pediatric Emergency
Research Canada (PERC). Risk factors for adverse
events in emergency department procedural
sedation for children. JAMA Pediatr. 2017;171(10):
957-964.

2. Baker C. Accident and emergency statistics:
demand, performance and pressure.
http://researchbriefings.parliament.uk
/ResearchBriefing/Summary/SN06964. Published
March 20, 2017. Accessed March 23, 2018.

3. Canadian Institute for Health Information.
NACRS emergency department visits and length
of stay, 2015-2016. https://www.cihi.ca/en/access
-data-reports/results?f%5B0%5D=field_primary
_theme%3A2057&f%5B1%5D=field_primary
_theme%3A2050. Published February 9, 2017.
Accessed March 23, 2018.

4. US Centers for Disease Control and Prevention
National Center for Health Statistics. Emergency
department visits. https://www.cdc.gov/nchs
/fastats/emergency-department.htm. Published
May 3, 2017. Accessed March 23, 2018.

5. Marik PE. Aspiration pneumonitis and aspiration
pneumonia. N Engl J Med. 2001;344(9):665-671.

6. Bhatt M, Kennedy RM, Osmond MH, et al;
Consensus Panel on Sedation Research of Pediatric
Emergency Research Canada (PERC); the Pediatric
Emergency Care Applied Research Network
(PECARN). Consensus-based recommendations for
standardizing terminology and reporting adverse
events for emergency department procedural
sedation and analgesia in children. Ann Emerg Med.
2009;53(4):426-435.e4.

7. American Society of Anesthesiologists
Committee. Practice guidelines for preoperative
fasting and the use of pharmacologic agents to
reduce the risk of pulmonary aspiration: application
to healthy patients undergoing elective procedures:
an updated report by the American Society of
Anesthesiologists Committee on Standards and
Practice Parameters. Anesthesiology. 2011;114(3):
495-511.

8. Committee on Drugs. American Academy of
Pediatrics. Guidelines for monitoring and
management of pediatric patients during and after
sedation for diagnostic and therapeutic procedures:
addendum. Pediatrics. 2002;110(4):836-838.

9. American Society of Anesthesiologists Task
Force on Sedation and Analgesia by
Non-Anesthesiologists. Practice guidelines for
sedation and analgesia by non-anesthesiologists.
Anesthesiology. 2002;96(4):1004-1017.

10. Green SM, Krauss B. Pulmonary aspiration risk
during emergency department procedural
sedation—an examination of the role of fasting and
sedation depth. Acad Emerg Med. 2002;9(1):35-42.

11. Green SM. Fasting is a consideration—not a
necessity—for emergency department procedural
sedation and analgesia. Ann Emerg Med. 2003;42
(5):647-650.

12. Green SM, Mason KP, Krauss BS. Pulmonary
aspiration during procedural sedation:
a comprehensive systematic review. Br J Anaesth.
2017;118(3):344-354.

13. Treston G. Prolonged pre-procedure fasting
time is unnecessary when using titrated
intravenous ketamine for paediatric procedural
sedation. Emerg Med Australas. 2004;16(2):145-150.

14. Agrawal D, Manzi SF, Gupta R, Krauss B.
Preprocedural fasting state and adverse events in
children undergoing procedural sedation and
analgesia in a pediatric emergency department.
Ann Emerg Med. 2003;42(5):636-646.

15. Babl FE, Puspitadewi A, Barnett P, Oakley E,
Spicer M. Preprocedural fasting state and adverse
events in children receiving nitrous oxide for
procedural sedation and analgesia. Pediatr Emerg
Care. 2005;21(11):736-743.

16. Roback MG, Bajaj L, Wathen JE, Bothner J.
Preprocedural fasting and adverse events in
procedural sedation and analgesia in a pediatric
emergency department: are they related? Ann
Emerg Med. 2004;44(5):454-459.

17. Keidan I, Gozal D, Minuskin T, Weinberg M,
Barkaly H, Augarten A. The effect of fasting practice
on sedation with chloral hydrate. Pediatr Emerg Care.
2004;20(12):805-807.

18. Maekawa N, Mikawa K, Yaku H, Nishina K,
Obara H. Effects of 2-, 4- and 12-hour fasting
intervals on preoperative gastric fluid pH and
volume, and plasma glucose and lipid homeostasis
in children. Acta Anaesthesiol Scand. 1993;37(8):
783-787.

19. Bhatt M, Currie GR, Auld MC, Johnson DW.
Current practice and tolerance for risk in
performing procedural sedation and analgesia on
children who have not met fasting guidelines:
a Canadian survey using a stated preference
discrete choice experiment. Acad Emerg Med.
2010;17(11):1207-1215.

20. Coté CJ, Wilson S; American Academy of
Pediatrics; American Academy of Pediatric
Dentistry. Guidelines for monitoring and
management of pediatric patients before, during,
and after sedation for diagnostic and therapeutic
procedures: update 2016. Pediatrics. 2016;138(1):pii:
e20161212.

21. Bhatt M, Roback MG, Joubert G, et al; Sedation
Safety Study Group of Pediatric Emergency
Research Canada. The design of a multicentre
Canadian surveillance study of sedation safety in
the paediatric emergency department. BMJ Open.
2015;5(5):e008223.

22. American Society of Anesthesiologists. New
classification of physical status. Anesthesiology.
1963;24:111.

23. Firth D. Bias reduction of maximum likelihood
estimates. Biometrika. 1993;80:27-38.

24. Beach ML, Cohen DM, Gallagher SM,
Cravero JP. Major adverse events and relationship
to nil per os status in pediatric sedation/anesthesia
outside the operating room: a report of the
pediatric sedation research consortium.
Anesthesiology. 2016;124(1):80-88.

25. Godwin SA, Burton JH, Gerardo CJ, et al;
American College of Emergency Physicians. Clinical
policy: procedural sedation and analgesia in the
emergency department. Ann Emerg Med. 2014;63
(2):247-58.e18.

26. Hartling L, Milne A, Foisy M, et al. What works
and what’s safe in pediatric emergency procedural
sedation: an overview of reviews. Acad Emerg Med.
2016;23(5):519-530.

27. Roback MG, Wathen JE, Bajaj L, Bothner JP.
Adverse events associated with procedural
sedation and analgesia in a pediatric emergency
department: a comparison of common parenteral
drugs. Acad Emerg Med. 2005;12(6):508-513.

28. Sacchetti A, Stander E, Ferguson N, Maniar G,
Valko P. Pediatric procedural sedation in the
community emergency department: results from
the ProSCED registry. Pediatr Emerg Care. 2007;23
(4):218-222.

29. Roback MG, Green SM, Andolfatto G, Leroy PL,
Mason KP. Tracking and Reporting Outcomes Of
Procedural Sedation (TROOPS): standardized
quality improvement and research tools from the
International Committee for the Advancement of
Procedural Sedation. Br J Anaesth. 2018;120(1):
164-172.

Association of Preprocedural Fasting With Outcomes of Emergency Department Sedation in Children Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics July 2018 Volume 172, Number 7 685

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://www.ncbi.nlm.nih.gov/pubmed/28828486
https://www.ncbi.nlm.nih.gov/pubmed/28828486
http://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN06964
http://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN06964
https://www.cihi.ca/en/access-data-reports/results?f%5B0%5D=field_primary_theme%3A2057&f%5B1%5D=field_primary_theme%3A2050
https://www.cihi.ca/en/access-data-reports/results?f%5B0%5D=field_primary_theme%3A2057&f%5B1%5D=field_primary_theme%3A2050
https://www.cihi.ca/en/access-data-reports/results?f%5B0%5D=field_primary_theme%3A2057&f%5B1%5D=field_primary_theme%3A2050
https://www.cihi.ca/en/access-data-reports/results?f%5B0%5D=field_primary_theme%3A2057&f%5B1%5D=field_primary_theme%3A2050
https://www.cdc.gov/nchs/fastats/emergency-department.htm
https://www.cdc.gov/nchs/fastats/emergency-department.htm
https://www.ncbi.nlm.nih.gov/pubmed/11228282
https://www.ncbi.nlm.nih.gov/pubmed/19026467
https://www.ncbi.nlm.nih.gov/pubmed/19026467
https://www.ncbi.nlm.nih.gov/pubmed/21307770
https://www.ncbi.nlm.nih.gov/pubmed/21307770
https://www.ncbi.nlm.nih.gov/pubmed/12359805
https://www.ncbi.nlm.nih.gov/pubmed/11964611
https://www.ncbi.nlm.nih.gov/pubmed/11772667
https://www.ncbi.nlm.nih.gov/pubmed/14581916
https://www.ncbi.nlm.nih.gov/pubmed/14581916
https://www.ncbi.nlm.nih.gov/pubmed/28186265
https://www.ncbi.nlm.nih.gov/pubmed/28186265
https://www.ncbi.nlm.nih.gov/pubmed/15239730
https://www.ncbi.nlm.nih.gov/pubmed/14581915
https://www.ncbi.nlm.nih.gov/pubmed/16280947
https://www.ncbi.nlm.nih.gov/pubmed/16280947
https://www.ncbi.nlm.nih.gov/pubmed/15520704
https://www.ncbi.nlm.nih.gov/pubmed/15520704
https://www.ncbi.nlm.nih.gov/pubmed/15572966
https://www.ncbi.nlm.nih.gov/pubmed/15572966
https://www.ncbi.nlm.nih.gov/pubmed/8279255
https://www.ncbi.nlm.nih.gov/pubmed/8279255
https://www.ncbi.nlm.nih.gov/pubmed/21175519
https://www.ncbi.nlm.nih.gov/pubmed/21175519
https://www.ncbi.nlm.nih.gov/pubmed/27354454
https://www.ncbi.nlm.nih.gov/pubmed/27354454
https://www.ncbi.nlm.nih.gov/pubmed/26024999
https://www.ncbi.nlm.nih.gov/pubmed/26024999
https://www.ncbi.nlm.nih.gov/pubmed/26551974
https://www.ncbi.nlm.nih.gov/pubmed/24438649
https://www.ncbi.nlm.nih.gov/pubmed/24438649
https://www.ncbi.nlm.nih.gov/pubmed/26858095
https://www.ncbi.nlm.nih.gov/pubmed/26858095
https://www.ncbi.nlm.nih.gov/pubmed/15930401
https://www.ncbi.nlm.nih.gov/pubmed/17438433
https://www.ncbi.nlm.nih.gov/pubmed/17438433
https://www.ncbi.nlm.nih.gov/pubmed/29397125
https://www.ncbi.nlm.nih.gov/pubmed/29397125
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.0830

