
PPuurrppoossee::  Upper respiratory infections (URI) presage perioperative
respiratory complications, but thresholds to cancel surgery vary
widely. We hypothesized that autonomically-mediated complica-
tions seen during emergence from anesthesia would be predicted
by capnometry and reduced with preoperative bronchodilator
administration.
MMeetthhooddss::  Afebrile outpatient tertiary-care children (age two
months to 18 yr, n = 109) without lung disease or findings, having
non-cavitary, non-airway surgery for under three hours, were ran-
domized to bronchodilator premedication vs placebo and had pre-
operative capnometry. After halothane via mask, laryngeal mask
airway, or endotracheal tube, and regional anesthesia as appropri-
ate, patients recovered breathing room air while cough, wheeze,
stridor, laryngospasm, and cumulative desaturations were recorded
for 15 min.
RReessuullttss::  In this specific population, there was no association
between adverse events and either URI within six weeks (n = 76)
or URI within seven days (n = 21). Neither albuterol nor iprat-
ropium premedication decreased adverse events. Endotracheal
intubation was associated with increased emergence desaturations
and placebo nebulized saline increased emergence coughing.
Neither anesthesiologists nor preoperative capnometry predicted
adverse events.
CCoonncclluussiioonnss::  Adverse events were neither predicted nor pre-
vented. In afebrile outpatient ASA I and II children with no lung dis-
ease or findings, having non-cavitary, non-airway surgery for under
three hours, there was no association between either recent URI
or active URI and desaturation, wheeze, cough, stridor, or laryn-
gospasm causing desaturation (all P > 0.05). In this highly selected

population of afebrile patients, the results suggest that anesthesiol-
ogists may proceed with surgery using specific criteria in the pres-
ence of a URI.

Objectif : Les infections des voies respiratoires supérieures (IRS)
présagent des complications respiratoires périopératoires, mais les
valeurs seuils qui pourraient faire annuler l’opération chirurgicale va-
rient beaucoup. Notre hypothèse était que les complications d’origine
autonome pendant le réveil post-anesthésique, pourraient être
prédites par la capnométrie et réduites par l’administration préopéra-
toire de bronchodilatateur.
Méthode : Des enfants afébriles admis à l’unité externe de soins ter-
tiaires, (deux mois à 18 ans, n = 109), sans infection pulmonaire con-
nue ou constatée, devant subir une opération de moins de trois heures
ne touchant ni une cavité ni les voies aériennes, ont été répartis de
façon aléatoire pour recevoir une prémédication bronchodilatatrice ou
un placebo, et ont été soumis à une capnométrie préopératoire. Après
l’administration d’halothane par masque, la mise en place d’un masque
laryngé, ou d’un tube endotrachéal, et l’anesthésie régionale quand
c’était indiqué, les patients ont respiré spontanément l’air ambiant.
Toux, respiration sifflante, stridor, laryngospasme et désaturation cumu-
lative ont été enregistrés pendant 15 min.

Résultats : Dans cette population spécifique, aucun lien n’a été noté
entre les événements indésirables et, soit une IRS dans les six dernières
semaines (n = 76) ou les sept derniers jours (n = 21). La prémédi-
cation avec albutérol ou ipratropium n’a pas réduit les événements
indésirables. L’intubation endotrachéale a été associée à une désatu-
ration accrue au réveil et la solution saline en aérosol a augmenté la
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toux au réveil. Ni les anesthésiologistes, ni la capnométrie préopéra-
toire n’ont pu prédire les événements indésirables.

Conclusion : Les événements indésirables n’ont été ni prédits, ni
prévenus. Chez les enfants sélectionnés, aucun lien entre une IRS
récente ou active et la désaturation, la respiration sifflante ou le laryn-
gospasme causant la désaturation (tous les P > 0,05) n’a été établi.
Les résultats indiquent que les anesthésiologistes doivent suivre des
critères spécifiques en cas d’IRS.

HE association between a recent upper res-
piratory tract infection (URI) and respira-
tory adverse events, such as bronchospasm,
laryngospasm, and hemoglobin desatura-

tion during general anesthesia, has been documented
both retrospectively1–4 and prospectively.5–8 This is a
common challenge in pediatric anesthesia, since previ-
ous studies have shown a 30–40% prevalence of recent
URI in an unselected population presenting for elec-
tive surgery.6,9 Elective surgery may be cancelled
because of recent URI, although individual practice
varies widely.10 The circumvention of complications
that cancellation achieves may not justify the inconve-
nience of postponing a procedure,11 especially since
another URI may develop while awaiting rescheduled
surgery – children have an average of six URI per
year.12 While the association between recent URI and
respiratory-related adverse events is well documented,
the implication for a given child with a recent URI is
not clear.

An upper respiratory tract infection affects both
upper and lower airways. Studies in adults have docu-
mented increased airway resistance persisting for six to
eight weeks after URI,13,14 long beyond clinical resolu-
tion of acute illness, reversible with bronchodilator
administration.13 Furthermore, the airway resistance
increase seen immediately after intubation in adults
can be attenuated by bronchodilator administration.15

Though adverse events during emergence from anes-
thesia are not common, recent URI does increase
their incidence - specifically bronchospasm1,6,7 and
laryngospasm.8,16 The role of the autonomic nervous
system in laryngospasm and bronchospasm suggested
a role for bronchodilator administration. We hypothe-
sized that desaturation during emergence from anes-
thesia would be decreased with the administration of
preoperative bronchodilator.

In searching for a preoperative predictive test, we
recognized that young children are unable to cooper-
ate with conventional tests of respiratory mechanics.
The correlation between expired carbon dioxide
(CO2) waveforms and simple spirometry in adults17

suggested capnography could provide a preoperative
marker of altered airway resistance seen after URI in
children. In support of this, the nitrogen washout
curve (analogous to the expired capnograph) was sig-
nificantly changed during URI in teenagers.18 We
hypothesized perioperative respiratory adverse events
from altered airway resistance might be predicted
from preoperative capnography. We compared this to
the available alternative – prediction of adverse events
by the anesthesiologist.

We undertook this study in two phases, to assess
the effect of two bronchodilators on emergence desat-
urations in a block-randomized, age-stratified, dou-
ble-blind controlled trial of bronchodilator
premedication in children.

MMeetthhooddss
An URI was defined as two or more of the following
symptoms (sore throat, sneeze, rhinorrhea, conges-
tion, malaise, cough, fever, hoarseness), with certain
pairs requiring a third symptom, as outlined previous-
ly.19 An active URI specified peak symptoms, as
recalled by parents, occurred within seven preopera-
tive days. True laryngospasm is a rare event. In an
effort to capture all events related to laryngospasm,
stridor-laryngospasm was defined as high-pitched
monophonic inspiratory sounds accompanied by diffi-
culty with ventilation, while laryngospasm specified
desaturation below 93% in addition.

With approval from respective Institutional Review
Boards, 135 children were enrolled. Patients were
enrolled without knowledge of their history of recent
or active URI. Inclusion criteria were: scheduled out-
patient elective surgical procedures less than three
hours, age two months to 18 yr, ASA physical status I
or II, and planned mask induction and halothane
maintenance. Exclusion criteria were: diagnosis of
asthma or other chronic lung disease given by a physi-
cian, history of prematurity (< 36 weeks gestation) in
infants less than 12 months of age, rhonchi or coarse
rales evident on preoperative lung auscultation, fever
(> 38°C axillary,) or deviations from study protocol.
Patients having surgery of the airway (i.e., potential
surgical bleeding in the pharynx), cranium, chest, or
upper abdomen were excluded since surgical factors
(e.g., blood in the airway, altered mental status, chest
wall splinting) could confound.

Phase I (ipratropium, Baltimore)
After obtaining written consent and assent where
appropriate, a preoperative capnograph tracing
(Hewlett-Packard HP 47210A capnometer, Palo Alto,
CA, USA, calibrated daily), recorded using an ana-
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logue to digital conversion at 40 Hertz, was obtained
by placing an appropriately sized tight-fitting facemask
onto the patient with an in-line infrared capnograph
sensor attached (but no anesthetic circuit), recording
quiet breathing for up to three minutes as tolerated by
the patient. Patients breathed naturally without coach-
ing. The facemask-sensor volume was 40 mL for
patients less than two years, and 78 mL for older chil-
dren. The capnograph sensor cell was autoclaved after
each patient use.

Three groups were studied: premedication with
ipratropium, normal saline, or non-intervention (no
inhaled premedication). A computer-generated ran-
dom sequence assigned patients to groups in blocks of
nine, and the randomization code remained unbroken
until completion of each phase of the study.
Randomization was stratified according to intention
to intubate or not, and stratified according to age
(0–1, 1–2, 2–5, and > 5 yr-old).

Patients then received the study medication accord-
ing to a sealed envelope. Group 1 received ipratropi-
um (500 µg or 250 µg if < 2 yr-old) in 2.5 mL normal
saline, Group 2 received 2.5 mL normal saline, and
Group 3 received no inhaled premedication. The
medication was prepared by a non-investigator, placed
in a nebulizer with 8 L·min–1 of non-humidified oxy-
gen at room temperature, and administered over six to
eight minutes.

A second capnograph tracing was obtained at least
15 min after administration of the nebulized premed-
ication, to allow time for onset of drug effect.20

Anesthetic care for each patient was managed by
the attending anesthesiologist and resident assigned to
the case, who were blinded to randomized pre-treat-
ment. Midazolam oral premedication (0.5 mg·kg–1)
was given, if indicated, followed by halothane inhala-
tional induction in N2O using non-humidified anes-
thetic circuits. Rectal acetaminophen, regional or local
anesthesia provided analgesia while atropine and opi-
oid administration were avoided in all patients.
Vecuronium was the relaxant used when intubation
was performed, to avoid histamine release or effects at
the muscarinic receptor.21 Anesthesia was maintained
with halothane and nitrous oxide, titrated by the anes-
thesiologist managing the case.

Patients were extubated either awake or deeply
anesthetized, at the anesthesiologist’s discretion.
Patients recovered in the lateral position, breathing
room air during transport and in the postanesthesia
care unit (PACU). Supplemental oxygen was adminis-
tered only while SpO2 remained below 93%.

After pre-anesthesia assessment, baseline oxygen
saturation and heart rate were obtained, and the

attending anesthesiologist made an informed assess-
ment of the risk of perioperative desaturation, laryn-
gospasm, and bronchospasm. End-points were
recorded during induction for five minutes after face
mask application, and for 15 min during emergence
after facemask removal. A single designated pulse
oximeter (Nellcor N100, Pleasanton, CA, USA), set
in rapid-averaging mode, was used for all patients,
with a fresh sensor for each patient. An observer blind-
ed to study medication and URI status monitored
beat-to-beat oxygen saturations, and using two stop-
watches recorded the cumulative duration of desatura-
tion below 95% and below 85%, auscultated for
wheezing, and counted coughs (each expulsive
effort). The ordinal scale for stridor and laryngospasm
was: 1 = stridor (inspiratory high-pitched monophon-
ic) only; 2 = 1 plus desaturation < 93%; 3 = 2 plus con-
tinuous positive airway pressure (CPAP) required; 4 =
3 plus duration > 30 sec despite CPAP; and 5 =
administration of muscle relaxant for failure of previ-
ous measures. End-tidal halothane concentration was
recorded when the surgical dressing was finished, and
immediately before extubation. When available, a ran-
dom second blinded observer recorded all endpoints
in order to assess inter-rater reliability.

We recorded procedure, duration of surgery, level
of training of the person managing the airway, type of
airway management (mask, laryngeal mask, or endo-
tracheal tube), use of regional anesthesia, duration of
PACU stay, unplanned admission to hospital, and
deviations from protocol.

Postoperatively, parents graded preoperative URI
symptoms19 as mild, moderate or severe; specifically
sore throat, hoarseness, ‘stuffiness’, runny nose,
cough, sneezing, fever and malaise. Two other symp-
toms shown to improve in children recovering from
URI (poor appetite and altered sleep) were graded.22

Phase II (albuterol, Seattle)
Capnometry in phase I was poorly tolerated, produc-
ing substantial artifact. We performed capnography in
phase II with nasal prongs using a side-stream aspirat-
ing infrared spectrometer gas analyzer.

Nebulized saline as been shown to increase airway
resistance in some studies.23,24 Phase I results showed
nebulized saline significantly increased emergence
coughing compared to the non-intervention group
(Table II). Since coughing could affect other end-
points, the nebulized saline was abandoned; the non-
intervention group became the only comparison group.

Albuterol 2.5 mg (0.5 mL) added to 2.5 mL saline
was nebulized as in phase I. Control subjects received
8 L·min–1 oxygen through an empty identical nebuliz-
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er apparatus. In keeping with the local standard of
care, the induction agent became sevoflurane, and was
switched to halothane before intubation.

Capnometry was performed before and at minimum
five minutes after study medication to allow time for
onset of albuterol,25 using a Datex Capnomac Ultima
Capnometer (Datex-Ohmeda Division, Helsinki,
Finland, calibrated daily, recorded with analogue to dig-
ital conversion at 40 Hertz), and an appropriately sized
nasal cannula having the shortest available aspirating
tube to minimize signal distortion (Salter Labs, Arvin,
CA, USA #4706 and 4701F, 58 cm).

Analysis
Continuous variables that failed to show a normal dis-
tribution with the Shapiro-Wilk W test were compared
using the Wilcoxon rank sum test (WRS) and propor-
tions were compared using Fisher’s exact test (FE) or
Pearson chi-square where appropriate.

Two potential outcome predictors were derived
from each capnograph to describe its shape, based on a
previous adult study.17 The second derivative with
respect to time (the rate of slope change) was calculat-
ed, and peak expiratory values of the second derivative
were calculated. Each breath was integrated from CO2
> 5 mmHg to end-tidal and the area was expressed as a
proportion of the total area in a rectangle of the same
width having a height of ETCO2. Breaths were rejected
if they were < 0.8 sec, > 3 sec, ETCO2 < 22.5 mmHg,
or if severely deformed by artifact.

Sample size (based on a power > 80% and alpha =
0.05) was estimated from a previous study of intraop-
erative desaturations in children with and without
URI (40% vs 15.6%)7 as 42 patients per group.
Significance was taken at the 0.05 level.

Data are presented as mean (SD) or median (25th
percentile, 75th percentile) as appropriate. Analysis of
inter-rater reliability can give falsely high reliability val-
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TABLE I Patient characteristics

Phase I Phase II
n = 58 n = 51
Ipratropium Placebo Non-intervention P-value Albuterol No-intervention P-value
n = 18 n = 23 n = 17 n = 26 n = 25

Age (months) 41 (15,101) 38 (17,71) 40 (14,72) 0.98 21 (12,53) 30 (11,44) 0.98 
0.39 all gp

Weight (kg) 14 (9,28) 16 (13,20) 13 (11,21) 0.78 12 (9,18) 13 (10,15) 0.96 
Males 13 (72%) 17 (74%) 16 (94%) 0.20 17 (68%) 15 (60%) 0.77 
Caucasian % 15 (83%) 16 (70%) 16 (94%) 0.33 18 (72%) 17 (68%) 1 
Daycare attendance 14 (78%) 8 (40%) 8 (50%) 0.056 12 (48%) 9 (36%) 0.57 
Smoke exposure 5 (31%) 11 (50%) 7 (41%) 0.51 7 (28%) 7 (28%) 1 
Midazolam given 7 (39%) 14 (61%) 9 (56%) 0.35 15 (79%) 19 (86%) 0.68

0.038 all gp
Time from broncho-dilator 21 (16,79) 35 (20,44) NA 0.52 29 (14,45) NA 0.52
to OR (min) all gp
Baseline saturation 100 (100,100)100 (100,100)100 (100,100) 0.74 100 (100,100) 100 (100,100) 0.97
Intubation 3 (17%) 7 (30%) 1 (6%) 0.36 10 (40%) 7 (28%) 0.55 

0.058 all gp
LMA use 2 (11%) 1 (4%) 2 (12%) 0.36 4 (16%) 11 (44%) 0.10 
Resident-managed 16 (94%) 22 (96%) 16 (100%) 0.68 11 (42%) 10 (42%) 1 , 

0.0002 all gp
Resident pediatric 7 (4,8) 9 (4,16) 6 (4,12) 0.41 8 (2,11) 3 (1,8) 0.12
experience (weeks)
OR duration (min) 55 (30,93) 62 (32,110) 52 (23,74) 0.38 42 (15,77) 41 (29,84) 0.56
Deep extubations 0 0 0 1 13 (59%) 13 (59%) 1 
Active URI 2 (11%) 5 (22%) 1 (6%) 0.4 4 (15%) 2 (8%) 0.67 
Recent URI 12 (67%) 17 (74%) 11 (65%) 0.79 18 (69%) 18 (72%) 1 
Recent URI (wk) 2 (1,5) 3 (0.6,4) 4 (1,5) 0.66 2 (0.5,3) 2 (1.8,4) 0.40
PACU time (min) 103 (74,136) 105 (90,115) 90 (70,120) 0.57 30 (20,53) 30 (20,48) 1 

Resident-managed = percentage of cases with airway managed by residents; resident week experience = residents’ median weeks pediatric
experience for each case; OR duration = time from induction to completion of surgical dressing; active URI = less than one week since
peak symptoms; recent URI = between one and six weeks since peak symptoms; LMA = laryngeal mask airway; PACU time = minutes
spent in acute phase post-anesthesia care unit; all gp = comparison across all groups in the table.



ues because the majority of patients have the same
outcome; accordingly, only non-zero values of out-
comes were compared when assessing inter-rater relia-
bility. Inter-rater reliability of ordinal observations was
assessed using the kappa statistic, while continuous
variables were assessed using the two-way mixed intra-
class correlation coefficient.

RReessuullttss
In phase I, 74 patients were enrolled out of 92 patients
approached (79% consent rate) between December
1996 and June 1997. Departures from protocol were
narcotic administration (n = 7) or intraoperative admin-
istration of drugs with airway effects (n = 9). Results are
presented on 58 patients in phase I. Procedures per-
formed in phase I were insertion of myringotomy tubes
(21%), ophthalmologic surgery (21%), hernia surgery
(19%), other urologic (25%), and other (12%). There
were no demographic differences between groups
(Table I). The nebulized saline group had an increased
incidence of cough during emergence.

In phase II, 62 patients were enrolled out of 90
patients approached (69% consent rate, P = 0.13 FE vs
phase I) between November 1997 and June 1998.
Departures from protocol were narcotic (n = 6), lido-
caine (n = 2), rectal methohexital (n = 2) and propo-
fol (n = 1) administration. Results are presented on 51
patients for phase II. Procedures performed were
insertion of myringotomy tubes (18%), hernia surgery
(17%), other urologic (42%), and other (24%).

A recent URI (within the preceding six weeks) was
present in 76 patients (70%) and an active URI (peak
symptoms within seven days) was present in 21
patients (19%). Analyzing the entire study population,
there was no association between either recent URI or
active URI and desaturation, cough, stridor, laryn-
gospasm or wheeze (all P > 0.05).

Administration of bronchodilators did not affect
any outcome when compared to placebo or non-inter-
vention (Table II). Utilizing an alpha of 0.05 and
power of 80%, analysis of these results indicates that
90 patients per group would be needed to demon-
strate a difference between groups in stridor-laryn-
gospasm, 440 patients per group for desaturations,
and 9,500 patients per group for laryngospasm.

Stridor and laryngospasm tended to occur during
emergence - 19 incidents of any degree during emer-
gence vs nine during induction (P = 0.067 FE). Stridor
accompanied by desaturation < 93% occurred in eight
instances during emergence vs one during induction (P =
0.035 FE). There was only one instance of laryngospasm
severe enough to require muscle relaxant, occurring after
removal of a blood-stained laryngeal mask.

Smoke exposure was not correlated significantly with
any study outcome. There was no significant difference
in outcomes when attendings vs non-attendings man-
aged the anesthetic. The attending anesthesiologist’s
prediction had no correlation with desaturation (P =
0.41 WRS) or laryngospasm (P = 1 FE). Wheezing was
auscultated in only three patients in the entire study and
did not have significant correlation with any of this
study’s potential outcome predictors.

The data in Table III support a lower adverse event
rate for patients managed by mask vs either laryngeal
mask airway (LMA) or endotracheal tube. This does
not appear to be attributable to a preference for intu-
bating children with recent URI (possibly at risk of
adverse events), since the proportion of children with
recent URI is similar for those managed by mask vs
tube (Table III). Among those patients with instru-
mented airways (subdividing the right-hand column
of Table III), again demographics were similar and
intubation was associated with significantly longer
desaturations < 95% than with the LMA (Table IV).
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TABLE II Outcomes in all patients

Phase I Phase II
n = 58 n = 51
Ipratropium Placebo Non-intervention P value Albuterol No-intervention P value
n = 18 n = 23 n = 17 n = 26 n = 25

Stridor-laryngospasm 1 (6%) 2 (9%) 0 (0%) 0.47 4 (15%) 4 (16%) 1 
Laryngospasm 1 (6%) 1 (4%) 0 (0%) 0.64 3 (12%) 3 (12%) 1 
Desaturation < 95% (sec) 0 (0,32) 0.6 (0,74) 0 (0,7) 0.55 0 (0,96) 0 (0,94) 0.80 
Desaturation < 85% (sec) 0 (0,0) 0 (0,0) 0 (0,0) 0.49 0 (0,0) 0 (0,0) 0.47 
Wheeze 0 0 0 0 2 (8%) 3 (12%) 0.67 
Cough 0 (0,6) 2 (0,11)* 0 (0,0) 0.03 0 (0,1.5) 0 (0,2.5) 0.65 

*Placebo nebulized saline increased cough, and was therefore removed from the randomization in phase II.



In 44 cases, a second blinded and independent
observer recorded end-points simultaneously with a
high inter-rater reliability of end-points (Table V).

Mean values for both the peak expiratory value of
the second derivative of the capnograph with respect
to time and the area under the curve (the predictors)
were derived from an average of 96,14 breaths for each
patient. These predictors derived from capnography
were not correlated with history of URI, did not

change with administration of the study drugs, and
were not associated with the outcomes of either laryn-
gospasm or desaturation (all P > 0.10).

DDiissccuussssiioonn
We found that the administration of either an anti-
cholinergic or a beta-agonist bronchodilator did not
produce an outcome difference in this highly selected
population. The size of study required to show an
outcome difference (according to power analysis) sug-
gests that any beneficial effect of bronchodilators is
clinically trivial.

Neither the attending anesthesiologist, nor preop-
erative capnography were able to predict the occur-
rence of adverse events. While adverse events did
occur, the desaturations were brief even in the absence
of supplemental oxygen, and only one patient
required a muscle relaxant for laryngospasm.

Previous studies have shown an association
between an active URI on the day of surgery as
reported by the parents and clinical adverse out-
comes,8,26,27 but no association between the presence of
a URI by objective criteria19 and these outcomes.

Endotracheal intubation was associated with emer-
gence desaturation, as seen in a large retrospective
study.2 The use of a LMA gave rise to less adverse
events than endotracheal intubation. However, such a
question was better addressed by a prospective study
that randomized patients to LMA vs intubation,28

which showed less respiratory events and wheezing
with the LMA.

There are several possible explanations for the lack
of bronchodilator effect in this study: 1) the beneficial
effect of the bronchodilator may be lost among the
multitude of other factors contributing to emergence
adverse events; 2) bronchoconstriction may not be a
factor in emergence adverse events, since wheezing
was rarely observed; 3) if the cholinergic receptor is
indeed damaged by a virus, as seen in the animal
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TABLE III Outcomes by type of airway management, all
patients

Mask LMA or ETT P value
(n = 59) (n = 47)

Age (months) 28 (16,60) 36 (13,71) 0.99
Weight (kg) 13 (10,17) 14 (10,19) 0.56 
Active URI 11 (19%) 10 (21%) 0.81 
Time since URI (weeks) 3 (1.3,4) 2.3 (0.9,4) 0.53 
Emergence saturations 
< 95%, duration (sec) 0 (0,7) 12 (0,114) 0.003
Emergence saturations 
< 85%, duration (sec) 0 (0,0) 0 (0,0) 0.006*
Any emergence saturation 
< 85% 0 (0%) 8 (25%) 0.039
Stridor-laryngospasm 6 (30%) 5 (18%) 0.49
Laryngospasm with 
desaturation 4 (20%) 2 (7%) 0.22
Wheeze 0 (0%) 5 (11%) 0.017

*Interpretation = though the median, 25th percentile and 75th
percentile are all zero, the upper quartile of patients differed sub-
stantially, as shown in the next row. LMA = laryngeal mask airway;
ETT = endotracheal tube; active URI = less than one week since
peak symptoms; time since URI = number of weeks since peak
URI symptoms.

TABLE IV Outcomes by type of airway management, instru-
mented airways only

LMA ETT
(n = 20) (n = 27) P value

Age (months) 41 (23,72) 19 (9,63) 0.12 
Weight (kg) 16 (11,24) 13 (9,18) 0.14 
Active URI 5 (25%) 5 (19%) 1 
Time since URI (weeks) 2 (0.8,3.3) 2.8 (0.9–4) 0.60
Emergence saturations 
< 95%, duration (sec) 0 (0,12) 52 (0,170) 0.014 
Emergence saturations 
< 85%, duration (sec) 0 (0,0) 0 (0,0) 0.44
Stridor-laryngospasm 6 (30%) 5 (18%) 0.49
Laryngospasm with 
desaturation 4 (20%) 2 (7%) 0.22
Wheeze 4 (22%) 1 (4%) 0.069

LMA = laryngeal mask airway; ETT = endotracheal tube; active
URI = less than one week since peak symptoms; time since URI =
number of weeks since peak URI symptoms.

TABLE V Inter-rater reliability of outcome observations

Observations* Reliability

Cough 14 0.93 (0.81,0.93) ICC (95% CI)
Minor desaturations 
< 95% (sec) 22 0.94 (0.86,0.97) ICC (95% CI)
Major desaturations 
< 85% (sec) 7 0.96 (0.78,0.99) ICC (95% CI)
Laryngospasm score 14 0.90 (0.09) Kappa (SE)

ICC = intra-class correlation. *Cases in which two observers were
present, in which at least one observed a non-zero outcome.



model,29 an anticholinergic drug may not be able to
exert its effect on a damaged receptor; 4) the study
drug may not have been delivered adequately to its
target. However, this seems unlikely given that this
method of drug administration is effective in child-
hood asthma.30

Capnography failed to show any association with
outcome. Although capnography has been shown to
correlate with airway resistance in adults making a
forced vital capacity exhalation,17 our data quality was
poor in keeping with children’s inability to cooperate
with testing. The limitations of the capnography
recordings are the unavoidable leak around the face-
mask with the first technique, and aspiration of room
air with the second technique used. It is conceivable
that recording and plotting CO2 vs expired volume31

(rather than time) might have produced better corre-
lations with outcomes, but obtaining accurate exhaled
volumes in awake children is difficult.

Our reported rate of laryngospasm is higher than
that reported by others.3,7,8,32,33 We employed a broad-
er definition of stridor-laryngospasm and used a blind-
ed observer to assess stridor-laryngospasm, rather than
relying on the anesthesiologist’s report. Self-reported
rates of laryngospasm may be low since physicians may
subconsciously deny that their patients are having a
complication.34 We chose to measure duration of
desaturation, rather than its mere incidence as in pre-
vious studies, to better depict the spectrum of adverse
events in this setting.

There are several limitations in this study. We exclud-
ed patients having airway surgery, despite knowledge
that this is a risk factor for laryngospasm.8 We wished to
avoid the confounding influence of surgical factors
(blood in the airway) upon end-points. This study rep-
resents a population in which bronchodilator therapy
may have a low yield, and thus, may have masked any
beneficial effects of the drugs. Accordingly, the results
of this study should not be applied to the common
pediatric operation of tonsillectomy without further
data. The results evince an apparent lack of utility of
bronchodilators in the population studied. The study
bears repeating in patients at higher risk for complica-
tions before dismissing the role of preoperative bron-
chodilator therapy in this setting.

We did not standardize airway management or
anesthetic technique, in order to maximize enrollment
of patients. Future studies could examine a subset of
this population at higher risk for emergence complica-
tions having a standardized anesthetic and consistent
airway management. Our desire to have a broad spec-
trum of pediatric anesthetics, and hence more gener-
alizable results, has led to many confounding factors

that may have masked a beneficial effect. Yet, this
reflects clinical practice more closely.

Paired observers had remarkably consistent observa-
tions as assessed by the intra-class correlation coeffi-
cient. The use of a blinded observer to record
emergence adverse events may be useful in future stud-
ies in this area, as a more objective means than relying
on complications as reported by the anesthesiologist.

We did not track patients whose surgery was can-
celled prior to the day of operation – knowledge of
their eventual outcomes would provide a more com-
plete picture of the effects of URI on the complica-
tions studied.

Cancellation of elective surgery because of a recent
URI is troublesome for patients, families,11 and oper-
ating room staff. Cancellation is often advocated
based on the association between URI and adverse
events, but such events were not predictable from pre-
operative data in these patients. The adverse event rate
in this study is low, suggesting that clinicians can safe-
ly proceed with surgery despite URI in a selected pop-
ulation. To be clear, that population is defined by the
study methods as afebrile ASA I–II patients with no
lung disease or lung findings, having elective non-cav-
itary, non-airway surgery less than three hours in
length. Further research is needed to define children
with URI symptoms who are at low risk for perioper-
ative respiratory complications.
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