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Abstract—The objective of this study was to determine
he association between recent administration of oral anal-
esics and frequency of adverse events during ketamine
edation in pediatric patients undergoing fracture reduc-
ion in the emergency department (ED). This retrospective
tudy was conducted in the ED of a large, urban pediatric
eaching hospital. Subjects were patients aged < 18 years
een between November 1, 2004 and October 31, 2005 who
eceived ketamine sedation for fracture reduction. Patients
ith and without prior oral analgesia within 6 h of ED pre-

entation were compared with respect to emesis and other
ost-sedation complications. Of 471 evaluable patients who
nderwent ketamine sedation, 201 received oral analgesia
ithin 6 h. The groups with and without recent oral analgesia
ere similar in age, weight, and fasting duration for solid

oods. Ketamine doses (in mg/kg) were slightly greater in the
o prior oral analgesic group (1.40 mg/kg vs. 1.54 mg/kg,
espectively, mean difference 0.15 [95% confidence interval
CI) �0.26 to �0.03]). Among patients receiving oral anal-
esia, 10 of 201(5%) experienced emesis, in contrast to 7 of
70 (2.6%) in the no oral analgesic group, (difference in
roportions 2.4% [95% CI �1.1 to 6.5]). Total adverse
vents were comparable for groups receiving oral analgesia
5%) or no oral analgesia (5.6%, difference in proportions
0.6% [95% CI �4.7% to 3.9%]). No association was found

etween administration of oral analgesia before procedural
edation and anesthesia and the frequency of emesis or other
dverse events. © 2008 Elsevier Inc.

ECEIVED: 24 April 2007; FINAL SUBMISSION RECEIVED: 5 A

CCEPTED: 18 August 2007
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Keywords— oral analgesia; procedural sedation; ad-
erse events; ketamine; acetaminophen with codeine;
buprofen

INTRODUCTION

arious influential organizations representing different
isciplines, including the American Academy of Pediat-
ics, the American Pain Society, the Emergency Medical
ervices for Children Program, and the American Col-

ege of Emergency Physicians, have written statements
ncouraging improved treatment of pain (1–4). How-
ver, pain in children remains remarkably under-treated.

Pediatric emergency department (ED) patients receive
nadequate or no analgesia for pain due to burns, frac-
ures, or sickle-cell vaso-occlusive crises (5–8). Children
re less likely than adults to receive analgesia for fracture
ain (9). Furthermore, children � 24 months of age are
ess likely than older children to receive analgesia for
ractures and burns (9–11).

An American Academy of Pediatrics committee state-
ent recommends administration of pain medication in
D triage (2). However, clinicians may be concerned
bout the impact on fasting status. A common practice is
o withhold oral medications from patients likely to un-
ergo procedural sedation. A recently published emer-

t 2007;
ugus
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24 M. R. McKee et al.
ency medicine text includes the recommendation that
oral analgesia should never be given until the need for
mmediate operative repair or conscious sedation is ruled
ut” (12). Many patients, therefore, may not receive
dequate pain management while awaiting procedural
edation and analgesia (PSA).

Numerous publications have reported the safety and
fficacy of various pediatric PSA regimens (13–20).
one has studied the relationship between pre-PSA oral

nalgesia and the incidence of adverse events. Although
asting duration before PSA has no demonstrated asso-
iation with the incidence of adverse effect, the impact of
ecent administration of oral analgesia on adverse PSA
vents has not been previously studied (18,19). We un-
ertook this study to investigate the association between
ecent administration of oral analgesic agents and the
ncidence of adverse effects in children receiving ket-
mine PSA in the ED.

METHODS

tudy Design

he hospital Institutional Review Board approved this
etrospective study of patients receiving ketamine PSA
or fracture reduction between November 1, 2004 and
ctober 31, 2005.
The study was conducted in an urban tertiary care

hildren’s hospital ED with an annual census of approx-
mately 55,000 visits per year. The ED has a written
olicy permitting triage administration of oral analgesics
ncluding acetaminophen, ibuprofen, or acetaminophen
ith codeine. Recent administration of oral analgesic
as not considered a modifier of the fasting status for
atients who subsequently underwent PSA. We currently
se ketamine sedation without adjunctive benzodiaz-
pines or anti-cholinergic agents in our pediatric ED for
racture reductions. We require fasting for 2 h after
onsumption of liquids and 4 h after solid foods. At our
acility, recent administration of oral analgesics does not
rolong the fasting required for PSA. Clinical nurses
omplete a standardized, hospital-wide sedation record
or every episode of PSA.

We identified subjects by a search among patients
reated in the ED from November 1, 2004 through Oc-
ober 31, 2005 using codes for “fracture” and “anesthe-
ia” of the International Classification of Diseases, Ninth
dition, Clinical Modification. We included patients up

o their 18th birthday who underwent PSA for closed
eduction of upper or lower extremity fracture(s). We
xcluded patients due to: incomplete records, including

ack of documentation of analgesic dose or time admin- e
stered, and missing documentation regarding return to
re-sedation status and prior receipt of any medication
ith potential anti-emetic effect (most commonly prometh-

zine before transfer). Two groups of patients were com-
ared: those receiving oral analgesic agents before pro-
edural sedation and analgesia and those not receiving an
ral analgesic.

Clinical nursing staff completed a standardized,
ospital-wide sedation record for every episode of PSA.
his document as well as the remainder of the patient

ecord for the ED visit was utilized to extract data.
Sample size was calculated based on the following

nformation. The rate of emesis in patients undergoing
etamine (� midazolam) PSA shows a broad range.
ased on data from our institution’s observed experience
emonstrating 3% frequency of emesis after ketamine
edation in the pediatric ED, a rate well within the broad
ange previously cited in the literature, a sample size was
alculated (13,18–21). This generated a sample size of
98 per group to demonstrate therapeutic equivalence,
ith alpha set at 0.05 and beta at 0.10 (22,23).
Three of four investigators abstracted data from the

D triage sheet, ED physician notes, nursing notes, and
edation records. We collected demographic information
age, gender, weight), type and time of pre-PSA analge-
ic administration, time from last solid food and clear
iquid intake, time to initiation of PSA, total dosage of
etamine, other parenteral analgesics, emesis and other
dverse effects after PSA and interventions required were
bstracted from the triage sheet, ED physician notes, nurs-
ng notes, and sedation record. We abstracted demo-
raphic information (age, gender, weight) from the re-
ainder of the medical record. If discrepancies existed

mong different portions of the medical record, we used
he fasting intervals on the sedation record. Time
lapsed between oral analgesic and sedation was cal-
ulated based on the most recent administration of oral
nalgesic before PSA. Our division’s research director
nd senior investigator reviewed the resulting database to
erify accuracy on approximately 5% of charts and to
creen for missing or improbable values (excessively
arge or negative values for time intervals).

Our primary outcome measurement was the inter-
roup difference in proportions experiencing emesis
fter ketamine sedation. Secondary outcome measure
as the frequency of all other cardiorespiratory adverse

vents. Additional adverse events included: hypoxia (oxy-
en saturation requiring supplemental oxygen), hypoventi-
ation, laryngospasm, apnea, bradycardia, or tachycardia.

We calculated a sample size of 198 per group to
emonstrate equivalence between groups with � set at
.05 and � at 0.10, based on our institution’s observed

xperience of a 3% frequency of emesis after ketamine
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Oral Analgesics and Ketamine Complications 25
edation in the pediatric ED. Because no published data
escribe the effect of recent oral analgesics on sedation-
elated emesis, we chose 5% to represent a clinically
ignificant difference in this adverse effect (22,24).

Statistical analysis was performed using SPSS version
1.5.0 (SPSS Inc., Chicago, IL). We compared the rates
f emesis, fasting time durations, and patient demo-
raphics with and without prior oral analgesia by calcu-
ating 95% confidence intervals constructed around point
stimates for differences in proportions by the method of
ewcombe (23). We performed a secondary analysis

omparing patients who received oral analgesics � 4 h
efore PSA with all others who received no analgesics
ithin 4 h of PSA.

RESULTS

here were 506 patients who received ketamine sedation
or fracture reduction during the 12-month study period.

506

Ketamine fracture reductions 

471
Retained for analysis 

201
Recent  

oral analgesia 

270
No prior/recent  
oral analgesia 

35 Excluded 
• 29 Incomplete record 
• 6 Prior antiemetic 

igure 1. Study inclusion diagram.

able 1. Characteristics of Patients Undergoing Ketamine S
Analgesics within 6 Hours

Characteristic
Recent (� 6 h

(n �

ge (years) 8.2
ender (male) 124
eight (kg) 33.4
etamine dose (mg/kg) 1.4
ime from oral analgesic to ketamine (h:min) 3:22
asting duration, solids (h:min) 8:10
asting duration, liquids (h:min) 6:59

.v. Analgesia before sedation 75
mesis 10
ll complications 10
I � confidence interval.
ata presented as mean � SD or number (%).
e excluded 35 patients due to incomplete records (n �
9) and prior anti-emetic (n � 6, most commonly
romethazine before interfacility transfer) (Figure 1).
he remaining 471 patients were retained for analysis.

The main analysis compared the recent (� 6 h) oral
nalgesia group (n � 201) with the no oral analgesia
roup (n � 270). The two groups were similar with
egard to age, weight, and fasting duration for solid foods
Table 1). The no oral analgesia group was predomi-
antly male, received a higher weight-based dose of
etamine, had a longer fasting duration for liquids, and
as more likely to receive intravenous analgesia

Table 1). Medications administered to the recent oral
nalgesia group included: acetaminophen with codeine
n � 146), ibuprofen (n � 31), acetaminophen (n � 11),
nd � 1 oral agent (n � 13). Emesis occurred in 10 of
01 (5%) of the recent oral analgesia group and in 7 of
70 (3%) of the no oral analgesia group. The total
dverse events (15; 6%) of the no oral analgesia group
onsisted of emesis, hypoxia (6; 2%), hypoventilation
continuous positive airway pressure applied, 1; 0.4%)
nd tachycardia (1; 0.4%). All adverse events in the
ecent oral analgesia group consisted of emesis. No sta-
istically significant difference existed in the rates of
mesis or total adverse events.

The secondary analysis using the 4-h cutoff for recent
ral analgesia group (Table 2) revealed emesis in 7 of
38 (5%) of the recent oral analgesia group and in 10 of
33 (3%) of the no oral analgesia group. The other
ardiorespiratory adverse events occurred in the no oral
nalgesia group.

A total of 25 patients had adverse events (Table 3).
ifteen (60%) received intravenous analgesia, and 9
36%) received both oral and intravenous analgesia be-
ore PSA. Seven (28%) received no analgesia. Eight of
he 17 patients (47%) who experienced emesis received
oth intravenous and oral analgesia � 6 h before PSA.

n, Grouped According to Administration of Oral

Analgesia No Oral Analgesia
(n � 270) Difference (95% CI)

8.5 � 3.9 �0.3 (�1.0 to 0.4)
192 (71%) �9% (�18% to �1%)

34.2 � 16.7 �0.8 (�3.9 to 2.3)
1.5 � 0.7 �0.15 (�0.26 to �0.03)

— —
8:48 � 3:58 �0:38 (�1:21 to 0:04)
7:59 � 3:33 �1:00 (�1:37 to �0:23)
137 (51%) �13% (�22% to �4%)

7 (3%) 2% (�1% to 7%)
15 (5.6%) �0.6% (�4.7% to 3.9%)
edatio

) Oral
201)

� 3.6
(62%)
� 17.2
� 0.5
� 1:11
� 3:41
� 3:05
(37%)
(5%)
(5%)
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26 M. R. McKee et al.
DISCUSSION

he incidence of emesis in our study associated with
etamine sedation for fracture reduction was low (3–
%) but consistent with previously reported ranges
13,18 –21).

able 2. Characteristics of Patients Undergoing Ketamine S
Analgesics within 4 Hours

Characteristic
Recent (� 4

(n �

ge (years) 8.0
ender (male) 85
eight (kg) 31.5
etamine dose (mg/kg) 1.4
ime from oral analgesic to ketamine (hr:min) 2:44
asting duration, solids (hr:min) 7:43
asting duration, liquids (hr:min) 6:37

.v. Analgesia before sedation 50
mesis 7
ll complications 7

I � confidence interval.
ata presented as mean � SD or number (%).

able 3. All Adverse Events in Patients Receiving Ketamine

Age
(Years)

ASA
Physical
Status Gender Prior Oral Analgesic

Time
between
POA and
Ketamine

(h:min)

12.1 1 Male None
6.8 1 Female None

13.9 1 Male None
13.9 1 Male None
12.8 1 Male None
14.7 1 Male None
12.1 1 Male Acetaminophen-codeine 8:40
9.9 1 Male Acetaminophen-codeine 4:58

11.7 1 Male Acetaminophen-codeine 3:01
14.1 1 Male Acetaminophen-codeine 1:04
8.2 1 Male Acetaminophen-codeine 3:03

10.9 1 Female Ibuprofen 4:30
13.2 2 Male Acetaminophen-codeine 3:30
7.9 1 Male Acetaminophen-codeine 3:49

13.4 1 Male Acetaminophen-codeine 3:58
12.8 1 Male Acetaminophen-codeine 4:43
13.2 1 Male Acetaminophen-codeine 0:59
1.7 1 Male None

17.2 1 Male None
6.9 1 Male None
8.5 1 Male None
4.8 1 Male None

9.7 1 Male None
10.5 1 Female None
14.4 1 Male Acetaminophen-codeine 6:45

Negative values indicate administration after the ketamine.

For fasting durations � 6 h, data in parentheses represent fasting tim
SA � American Society of Anesthesiologists; POA � oral analgesia;
The use of oral analgesia before PSA does not result
n a statistically significant difference in the frequency of
mesis or a statistically significant difference in the over-
ll frequency of adverse events. Closer examination re-
eals that the difference in frequency of emesis between
he recent oral analgesia and no analgesia groups is small

n, Grouped According to Administration of Oral

Analgesia No Oral Analgesia
(n � 333) Difference (95% CI)

8.5 � 3.9 �0.5 (�1.2 to 0.3)
231 (69%) �8% (�17% to 2%)

8 34.8 � 16.9 �3.3 (�6.7 to 0.02)
1.5 � 0.7 �0.14 (�0.27 to �0.02)

8 — —
6 8:52 � 3:55 �1:09 (�1:55 to �0:23)
5 7:57 � 3:26 �1:20 (�2:00 to �0:40)

161 (48%) �12% (�21% to �2%)
10 (3%) 2% (�2% to 7%)
18 (5.4%) �0.3% (�4.3% to 5.1%)

ion

Parenteral
ent(s)

Time
between
IVA and

Ketamine
(h:min)*

Fasting
Duration
(h:min)†

Ketamine
Dose

(mg/kg) Complication

9:20 1.72 Emesis
8:25 1.09 Emesis

ine sulfate 0:50 11:10 (5:10) 0.98 Emesis
ine sulfate 1:25 7:15 1.00 Emesis

21:55 0.72 Emesis
ine sulfate 0:35 6:00 1.47 Emesis

8:40 1.00 Emesis
ine sulfate 0:22 7:07 1.55 Emesis
ine sulfate 2:31 5:06 1.08 Emesis
ine sulfate 0:20 6:20 (1:20) 0.85 Emesis
ine sulfate 2:08 4:33 (3:33) 2.10 Emesis

7:45 1.04 Emesis
ine sulfate 1:10 9:00 1.00 Emesis

8:49 2.47 Emesis
ine sulfate 0:13 18:58 (4:48) 1.03 Emesis
ine sulfate 3:19 8:44 1.01 Emesis
yl 0:09 4:24 1.12 Emesis

8:50 4.00 Hypoxia
ine sulfate 0:45 5:40 2.75 Hypoxia
ine sulfate �1:05 6:25 1.39 Hypoxia

14:30 1.24 Tachycardia
ine sulfate,
zolam

�0:40 4:45 1.60 Hypoventilation

12:25 2.91 Hypoxia
6:50 1.52 Hypoxia

ine sulfate 1:05 9:35 1.06 Hypoxia
edatio

h) Oral
138)

� 3.5
(62%)
� 16.
� 0.5
� 0:4
� 3:3
� 3:0

(36%)
(5.1%)
(5.1%)
Sedat

Prior
Ag

None
None
Morph
Morph
None
Morph
None
Morph
Morph
Morph
Morph
None
Morph
None
Morph
Morph
Fentan
None
Morph
Morph
None
Morph

mida
None
None
Morph
es for clear liquids, if different from fasting times for solid food.
IVA � intravenous analgesia.
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Oral Analgesics and Ketamine Complications 27
ut not zero. The lower limit of the 95% confidence
nterval encompasses a zero difference, but the upper
imit exceeds the a priori definition for clinically signif-
cant difference in rates. Taken together, our findings
uggest that the decision between early oral or parenteral
nalgesia entails a balance between two types of adverse
ffects, which should not have serious clinical conse-
uence in the well-monitored patient—a potential in-
rease in emesis with oral analgesia and a greater fre-
uency of hypoxia and hypoventilation with parenteral
nalgesia.

Our findings are consistent with studies by Roback
t al. and Agrawal et al. that demonstrate no association
etween pre-procedural fasting and the incidence of ad-
erse events (18,19).

Prior studies have credited midazolam with the de-
reased rate of emesis when used in conjunction with
etamine (20). Although we omit anti-cholinergic and
enzodiazepine adjuncts in our routine PSAs, we report
frequency of emesis at the low end of these previously

eported rates.
Our findings, together with those of Roback et al.

nd Agrawal et al., suggest that the consensus-based
merican Society of Anesthesiologists fasting guide-

ines may not rigidly apply to PSA in the pediatric ED
25,26).

Prior studies address the prescribing practices for chil-
ren vs. adults, for subtype of pain etiology, and in variable
rescribing settings. Gender subtyping in the preceding
roupings was not specified. Future studies should evaluate
he effect of oral analgesia on pain score reduction and the
elationship to concurrent use of intravenous analgesia,
eight-based ketamine dose, and adverse events.

LIMITATIONS

he limitations of this study include its dependence on
he accuracy and completeness of the medical record for
hronologic data and adverse events. ED clinicians may
ave inaccurately recorded chronologic data or incom-
letely described adverse events. Chronologic data also
re subject to inaccuracy in the calibration of timepieces
sed in clinical settings and in the documentation of time
ntervals by clinical personnel (27,28).

Clinicians may have failed to observe minor transient
dverse events or may have observed and disregarded or
eglected to document them.

The investigators reviewing charts were blinded to
either the study objectives nor the outcomes. However,
trict study definitions were created in an attempt to
inimize bias.
We were unable to study the interaction of recent oral
nalgesic administration with many other potential risk
actors for adverse events, such as composition of the
nalgesic (liquid vs. tablet), fasting status, and composi-
ion and quantity of last meal.

CONCLUSIONS

his study supports the hypothesis that recent oral anal-
esia does not impact the incidence of adverse events in
atients undergoing ketamine procedural sedation and
nalgesia. Emergency medicine providers and other pri-
ary care providers should consider oral analgesia early

n the patient encounter, regardless of the anticipated
eed for PSA.
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