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oBJECTIVES: Croup is the most common cause of acute upper airway obstruction in children. The
benefits of treating croup with steroids are well established, with an onset of effect 30 minutes
after administration. We investigated whether a 30-minute exposure to outdoor cold air might
improve mild to moderate croup symptoms before the onset of action of steroids.

meTHODS: This open-label, single-center, randomized controlled trial, enrolled children aged

3 months to 10 years with croup and a Westley Croup Score (WCS) =2 attending a tertiary
pediatric emergency department. Participants were randomized (1:1) to either a 30-minute
exposure to outdoor cold (<10°C) atmospheric air or to indoor ambient room air immediately
after triage and administration of a single-dose oral dexamethasone. The primary endpoint
was a decrease in WCS =2 points from baseline at 30 minutes. Analyses were intention to
treat.

RESULTS: A total of 118 participants were randomly assigned to be exposed to outdoor cold air
(n = 59) or indoor room temperature (n = 59). Twenty-nine of 59 children (49.2%) in the
outdoor group and 14 of 59 (23.7%) in the indoor group showed a decrease in WCS =2 points
from baseline at 30 minutes after triage (risk difference 25.4% [95% confidence interval
7.0-43.9], P = .007). Patients with moderate croup benefited the most from the intervention
at 30 minutes (risk difference 46.1% [20.6-71.5], P < .001).

concLusions: A 30-minute exposure to outdoor cold air (<10°C), as an adjunct to oral dexa-
methasone, is beneficial for reducing the intensity of clinical symptoms in children with croup,

especially when moderate. @ @

WHAT’S KNOWN ON THIS SUBJECT: Steroids and
nebulized epinephrine are effective treatments for
children with moderate to severe croup. Mist, although
previously used for decades, is ineffective and should not
be administered. Cold air exposure is thought to be
beneficial, but scientific evidence is scarce.
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Croup, also known as acute viral laryngotracheitis or
laryngotracheobronchitis, is the most common cause of
acute upper airway obstruction commonly occurring in
children aged 6 months to 3 years and showing varying
degrees of severity."> Although most cases are mild,
croup represents a heavy burden on health care systems
accounting for 3% to 5% of annual pediatric emergency
department (PED) visits and 72-hour readmissions in
children aged <2 years.*® It is characterized by the
abrupt onset of a distinctive, predominantly nocturnal,’
seal-like barking cough in children with hoarseness and
inspiratory stridor of variable intensity with retractions
because of subglottic airway inflammation, swelling, and
partial upper airway obstruction. Symptoms may be pre-
ceded by nonspecific prodromal upper respiratory tract
symptoms and low-grade fever. The mainstay of pharma-
ceutical treatment is a single-dose oral dexamethasone
for children with croup of any severity both in outpatient
and inpatient settings.’®!* Children with moderate to se-
vere croup, defined by a Westley Croup Score (WCS)*?
>3, may benefit from nebulized epinephrine as an ad-
junct to oral dexamethasone.>*3

Nonpharmacological measures have been mentioned. Mist
therapy, although used for years,'* is no longer recom-
mended because no evidence supports its effectiveness.'**®
Exposure to cold air is often reported beneficial in daily
practice by parents, but documented evidence to support
this measure lacks.’® This study compares the efficacy of a
30-minute exposure to cold, atmospheric, outdoor air versus
to ambient indoor room air during seasonal peaks of croup
in children with mild to moderate croup.

METHODS

Trial Design

This prospective, open-label, single-center, randomized con-
trolled trial was conducted at a tertiary PED. The study took
place during the cold days and nights from late fall to spring,
when outdoor air temperature was <10°C, correlating with
the highest prevalence of parainfluenza viruses, though other
viruses are also responsible, to a lesser extent, for croup.'”'®
The Geneva institutional ethics committee approved the study.
The trial was registered under the Swiss National Clinical Tri-
als Portal (#SNCTP000002514/BASEC2016-00845) and Clini-
calTrials.gov (#NCT05668364).

Participants

All children aged 3 months to 10 years presenting to
the PED were eligible for inclusion. Requirements for
participant inclusion were: outdoor cold air tempera-
ture <10°C, WCS =2, and written informed consent. Ex-
clusion criteria were history or physical examination
suggesting any another diagnosis (eg, epiglottitis, diph-
theria, bacterial tracheitis, foreign body aspiration,
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peritonsillar or retropharyngeal abscess, laryngomalacia, vas-
cular ring, neoplasma, or hemangioma), WCS <2, severe croup
at presentation judged to need nebulized epinephrine, chronic
respiratory disease (asthma excluded), airway abnormalities,
known immunodeficiency, and contraindications to steroids.

Randomization and Masking

Randomization sequence was created using a Web-based
software, ensuring allocation concealment, with a single,
constant 1:1 allocation ratio.'® Immediately after triage,
written informed consent was obtained from parents or
guardians before disclosure of allocation to treatment
arms and was consistent with the Declaration of Helsinki,
with full information disclosure before participation in
the study. The allocation group was then released to
both the physician enrolling the patient and the partici-
pants, and baseline assessment was obtained. Because of
the nocturnal predominance of croup symptoms, physi-
cians were not blinded to the allocation group, because
they both enrolled and assessed patients during their night-
shifts. Although the intervention could not be blinded, study
investigators remained unaware of the outcomes until all
data were unlocked for analysis at the end of the trial. The
specialist in data analysis (C.C.) was not blinded to treat-
ment allocation.

Trial Procedures

The effect of exposure to outdoor cold air on croup
symptoms was assessed with the validated W(CS.'#2%21
Concomitant hygrometry and temperatures were
recorded simultaneously (Supplemental Information). If
outdoor temperature conditions were satisfying (<10°C),
patients were triaged®* upon PED arrival and participation
was offered. The length of time spent under exposure to
outdoor cold air before PED arrival was recorded. Symp-
toms present at home before departure to the PED were
also specified using a modified version of the Telephone
Out Patient (TOP)?* score (Supplemental Information and
Supplemental Table 4). On arrival, age, sex, and weight
were documented, as well as vital signs, including room-air
pulse oximetry (saturation measured via pulse oximetry
[Sp02]), respiratory rate, and heart rate. Baseline WCS was
calculated, ranging from 0 to 17 (Supplemental Information
and Supplemental Table 5). After triage and administration
of a single 0.6 mg/kg dose oral dexamethasone,'® partici-
pants were randomly assigned either to wait during
30 minutes outside the PED in sight of the triage desk ex-
posed to outdoor cold air (intervention group), with blan-
kets made available to patients, parents, or caregivers, or to
wait inside the PED where ambient air is pulsed at 24 to
25°C (control group). At 30 minutes, participants in the in-
tervention group reentered the PED and were immediately
assessed, without further exposure to outdoor environ-
ment. In the event of an early return, time spent outside
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was documented. A minimum of 15 minutes in length spent
outside was considered valid for the intervention. WCS,
Sp02, and respiratory and heart rates were reassessed in
both groups at 30 minutes from triage and at 60 minutes.
Patients were discharged from the hospital when clinically
appropriate. The need for any additional treatments was
noted (nebulized epinephrine). Finally, home evaluation us-
ing the modified TOP score, the need for return visits to
any medical care facility and associated reasons, and hospi-
talization rate within 7 days of the initial PED visit were re-
corded by a standardized telephone interview with parents
or caregivers on day 7.

Outcomes

The primary outcome was the proportion of participants
showing clinical improvement defined as a decrease in
WCS =2 points from baseline at 30 minutes. A decrease
in WCS of 1 point from baseline is already thought to be
a clinically relevant change.’® In children with croup, a
single dose of oral dexamethasone has been shown to
provide benefit from 30 minutes after administration,?*
thus allowing to assess the effect of cold air in the
meantime.

Secondary outcomes measures included changes in
WCS from baseline at 60 minutes, differences in SpO, on
room air by pulse oximetry, and respiratory and heart
rates from baseline, at 30 and 60 minutes. Parent or pa-
tient perception of any adverse events related to expo-
sure to outdoor cold air was also a secondary outcome.
The need (and reasons) for an initially discharged patient
to reattend any medical care or to be subsequently
admitted for worsening or ongoing symptoms within
7 days was recorded. At follow-up interviews, parents or
guardians were also asked to provide the residual pres-
ence of croup symptoms using the outpatient score de-
rived from the TOP score.

Statistical Analysis

No study had previously evaluated the effect of exposure to
cold air on croup symptoms. We estimated that 50% of par-
ticipants exposed to outdoor cold air versus 20% of partici-
pants in the control group would show clinical improvement.
Assuming that 20% of participants exposed to outdoor cold
air could quit the intervention earlier because of discomfort,
with a similar improvement rate than the control group, we
expected a proportion of improvement in the exposed group
of 44% (ie, 0.8 x 50 + 0.2 x 20). Hence, a sample of 56 par-
ticipants per group provided 80% power to detect an abso-
lute difference of at least 24% in proportion of participants
with clinical improvement at 30 minutes between study
groups, with a 2-sided o =.05. To prevent a potential loss of
power because of misspecification of assumptions, the counts
were increased to 59 participants per group.
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Participants’ characteristics at triage were described
by means and SDs, or by counts and percentages. The
primary analysis was performed on an intention-to-treat
basis. A per-protocol analysis including only participants
in the intervention arm truly exposed to the intervention
(ie, patients exposed to a temperature <10°C for at least
15 min) was also performed for verification.

The primary outcome was compared between both
arms with a »? test. The intervention’s effect was as-
sessed with the absolute risk difference. The odds ratio
was reported with a 95% confidence interval (CI). The
mean change in WCS at 30 min from triage was com-
pared between both groups with a student’s t test. The
mean differences between both arms were reported with
95% Cls. Subgroup analyses were also conducted accord-
ing to severity at presentation corresponding to WCS cat-
egory at triage (mild, moderate). Similar analyses were
conducted for WCS at 30 and 60 minutes. The modified
TOP score was compared between both groups using a
Mann-Whitney’s test because of large asymmetry in the
distributions. All statistical tests were 2-sided with a 5%
significance level. Analyses were performed with R soft-
ware v4.0.2 (R Foundation for Statistical Computing, Vi-
enna, Austria).

RESULTS

From November 1, 2016, to May 31, 2021, of 3602 patients
presenting with croup to the PED, 1505 were assessed for eli-
gibility, of whom 118 children were randomly assigned to ei-
ther outdoor cold air (n = 59) or indoor room temperature
(n = 59), with no dropouts (Fig 1). Mean age was 32 months
(SD 25), 36 (31%) participants were female, and 82 (69%)
were male. After randomization, 1 patient assigned to the in-
tervention group mistakenly remained seated in the waiting
room. All other 58 patients assigned to the intervention group
were exposed to outdoor cold air for a mean of 30.1 minutes
(95% CI 28.5-31.7). A total of 108 of 118 children completed
follow-up at 7 days (n = 52 outdoor cold air group; n = 56
indoor room temperature group). Baseline characteristics
were comparable in the 2 groups (Table 1). On average, the
difference between outdoor and indoor temperatures was
20°C and the difference for humidity 38%.

The number of patients showing a reduction of at least
2 points in WCS at 30 minutes after triage was signifi-
cantly higher in patients allocated to the outdoor cold air
exposure group compared with patients who remained
at indoor room temperature (Table 2, Fig 2, and Supple-
mental Fig 3). Mean reductions in WCS by study group
and croup severity on an intention-to-treat or per-proto-
col analysis are presented in Supplemental Table 6. Pa-
tients with moderate croup benefited the most from the
intervention. When patients improved, WCS at 30 mi-
nutes was reduced by 2 to 3 points most frequently.
More patients showed a reduction of 2 points from their
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Enrollment

3602 Patients with croup
assessed for eligibility

3484 Excluded
1771 Outdoor temperatures 210°C
326 With severe croup requiring
nebulized adrenaline

1387 Patients not included because
of PED overcrowding, parents
or guardians’ decline to
participate, or WCS <2*

118 Randomly assigned

59 Assigned to outdoor cold air
59 Completed assigned intervention
0 Did not receive assigned intervention

59 Included in primary analysis (intention-to-treat)

3 Lost to follow-up at 7 days

FIGURE 1

Follow-up

59 Assigned to indoor room temperature
58 Completed assigned intervention
1 Did not receive assigned intervention

N Analysis J,

59 Included in primary analysis (intention-to-treat)

7 Lost to follow-up at 7 days

Consolidated Standards of Reporting Trials diagram. *In the context of PED overcrowding, nurses were not systematically available for patient inclusions. Al-
though only few patients declined to participate, data concerning these patients and those with WCS <2 were not possible to obtain from triage nurses

and rotating staff on a 24-hour basis.

baseline WCS in the intervention group (19 of 59, 32.2%)
than in the control group (12 of 59, 20.3%) (Supplemental
Fig 3). The same pattern was observed for a reduction of 3
points in WCS: 8 of 59 (13.6%) in the intervention group
and 2 of 59 (3.4%) in the control group.

At 60 minutes, the effect of the intervention was no longer
different between the 2 groups. On a per-protocol analysis, 1
participant was missing after they had mistakenly remained
inside, but similar results were observed (Supplemental Ta-
ble 7). Concerning vital signs, only pulse oximetry showed a
difference between the 2 groups, with a higher mean value
at 30 and 60 minutes in the group exposed to cold outdoor
air. However, with a mean value remaining above 98% in
both groups under an inspired oxygen fraction of 21%, this
difference is not clinically relevant (Table 2).

Table 3 shows the distribution of patients by TOP-
derived score at home immediately before departure for
the PED, at triage, and at 7 days of the visit, by study group.
At home and at triage, the number of patients showing a
score of 3 was slightly larger in the group exposed to out-
door cold air than in the control group. Thirty-five of the
68 children (17 of 36 [47.2%] in the intervention group
and 18 of 32 [56.3%] in the control group) with a TOP-de-
rived score of 3 at home showed a decrease of 1 unit or
more at presentation. By day 7, the number of children
with no persisting symptoms was slightly higher in the in-
tervention group. Symptoms had completely resolved in
44.2% of children in the intervention group and 32.1% of

4

children in the control group. The total score at day 7 was
not different between study groups (P = .28). Return visits
and hospitalization rates are reported in Table 3. Only 1
patient in the control group required hospitalization for
gastroenteritis within a week of the initial visit. No adverse
event was reported related to the intervention.

DISCUSSION

This single-center, open-label, randomized clinical trial pro-
vides a first clinical evidence that a 30-minute exposure to
outdoor cold air (<10°C) is beneficial for reducing the sever-
ity of croup symptoms in children, particularly if moderate.
Considering that oral dexamethasone shows a therapeutic ef-
fect after a 30 minute-delay,'®** this nonpharmacological ad-
ditional measure, easy to perform by parents and guardians,
could be an initial measure to offer.

To our knowledge, cold air exposure as a therapeutic
adjunct for viral croup has not been supported by pub-
lished data to date. Faraji-Goodarzi et al compared the ef-
fect of cold drinks versus dexamethasone, and their
combined effect on children with croup.?® The authors
concluded that cold drinks had less therapeutic effect
than dexamethasone alone and than combined measures,
presumably because of the topical site of action of cold.
It is likely that the contact of cold drinks with the esoph-
ageal mucosa, which is somewhat distant from that of
the laryngeal wall, differs from the direct effect of in-
haled cold air on the airway. This may explain the
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TABLE 1 Baseline Characteristics

Characteristics

Participants

Outdoor Cold Air (n = 59)

Indoor Room Temperature (n = 59)

Age, mo 30.9 (24.6) [4-117] 33.2 (25.9) [7-96]
Sex

Female 14 (23.7) 22 (37.3)

Male 45 (76.3) 37 (62.7)
Weight, kg 14.2 (6.6) 14.3 (4.9)
Body temperature, °C 37.6 (0.9) 37.4 (1.0)
Heart rate at triage, beats per min 138 (20) 137 (26)
Respiratory rate at triage, breaths per min 31 (8) 30 (8)
Missing data 1 0
Pulse oximetry at triage, % 98.1 (2.2) 98.4 (1.6)

Missing data 1 0

Outdoor temperature, °C

5.5 (2.9) [-0.8 to 9.9]

5.3 (3.0) [—2.6 to 9.8]

Indoor temperature, °C

25.5 (0.5) [24.0-26.7]

25.2 (0.4) [24.5-26.3]

Outdoor hygrometry, %

68.1 (14.5) [38.0-98.0]

69.2 (15.9) [39.0-98.0]

Indoor hygrometry, %

30.7 (12.5) [25.0-77.0]

30.2 (8.1) [11.0-52.0]

Missing data® 43 37
Cold exposure before triage, min 9.5 (8.7) 8.2 (9.4)
Cold exposure after triage, min 30.1 (6.0) 0.5 (3.9)
WCS at triage, mean (SD) [95% Cl] 2.83 (0.99) [2.57-3.09] 2.71 (0.85) [2.49-2.93]
Mild (0-2) 29 (49.2) 30 (50.8)

0 0 (0) 0 (0)

1 0 (0) 0 (0)

2 29 (49.2) 30 (50.8)
Moderate (3-5) 30 (50.8) 29 (49.2)

3 16 (27.1) 18 (30.5)

4 9 (15.3) 9 (15.3)

5 5 (8.5) 2 (34)
Severe (6—11) 0 (0) 0 (0)

6 0 (0) 0 (0)
Past medical history

Croup 16 (27.1) 20 (33.9)

Wheezing disorders” 14 (23.7) 12 (20.3)

Previous intubation 0

® Bronchiolitis, viral bronchitis, or asthma.

Data are n (%) or mean (SD) [range] unless otherwise stated. Percentages may not total 100 because of rounding.
# Indoor hygrometry values noted “LL” (low) by the weather station were not coded and considered as missing.

difference in our study results. Although exposure to
cold air has been shown to cause inflammation of the
lower respiratory tract and to trigger bronchial hyper-
responsiveness, bronchoconstriction, and asthma,?® the
effects of cold air at the laryngeal level are more uncer-
tain. In experimental models of adult animals, the pres-
ence of cold-sensitive receptors has been demonstrated
in the upper airway.?”*® Stimulation of these receptors
by cooling has been shown to both mediate ventilatory
depression and increase upper airway dilator muscle
activity,**33 thus reducing laryngeal and supraglottic
upper airway resistance. Temperature changes at these
levels may play a role in controlling upper airway pa-
tency. This effect is abolished by laryngeal anesthesia®
or transection of the superior laryngeal nerves,?*30323%35

PEDIATRICS Volume 152, number 3, September 2023

indicating a partial reflex origin.*® Another mechanism that
could explain the decrease in upper airway resistance could
be related to a reduction in laryngeal mucosal blood flow in-
duced by vasoconstriction under the effect of cold air. This
could result in a reduction in mucosal thickness and an in-
crease in luminal cross-sectional area favoring better ventila-
tion.2>?” In young animals, the effect of cold air on reducing
upper airway resistance has also been demonstrated.**3%3®
Whether similar physiologic effects participate in the reduc-
tion of upper airway resistance in humans, and particularly
in children with croup, remains unknown but may be hy-
pothesized. The larynx in humans is also a densely inner-
vated organ with cold-sensitive receptors.>

The question of the effect of inhaled air humidity,
which averaged 68% for children exposed to outdoor
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TABLE 2 Changes in Westley Croup Score and Clinical Parameters From Triage (Baseline) to 30 and 60 Minutes

QOutdoor Cold Air Indoor Room Temperature 0dds Ratio Risk Difference
Variables (n = 59) (n = §9) (95% CI) (95% CI) P
Decrease in WCS
Mild WCS
=2-point drop at 30 min 10 of 29 (34.5) 9 of 30 (30.0) 12 (0.4-3.7) 45 (—22.7 to 31.7) 93
=2-point drop at 60 min 13 of 29 (44.8) 16 of 29 (55.2) 0.7 (0.2-1.9) —10.3 (—39.4 to 18.7) .60
Moderate WCS
=2-point drop at 30 min 19 of 30 (63.3) 5 0f 29 (17.2) 8.3 (2.5-28.0) 46.1 (20.6-71.5) <.001
=2-point drop at 60 min 24 of 30 (80.0) 21 of 27 (77.8) 1.1 (0.3-4.1) 2.2 (—21.2-25.7) >99
All patients
=2-point drop at 30 min 29 of 59 (49.2) 14 of 59 (23.7) 3.1 (1.4-6.8) 25.4 (7.0-43.9) .007
=2-point drop at 60 min 37 of 59 (62.7) 37 of 56 (66.1) 0.9 (0.4-1.9) —3.3 (—22.6-15.9) 86
Clinical parameters
Respiratory rate®
At triage 31.4 (71.7) 30.3 (8.0) N/A N/A 38
At 30 min 29.2 (7.0) 29.2 (7.6) N/A N/A .78
At 60 min 279 (6.4) 28.7 (7.9) N/A N/A .60
Pulse oximetry®
At triage 98.1 (2.2) 98.4 (1.6) N/A N/A .60
At 30 min 98.8 (1.3) 98.2 (1.6) N/A N/A 027
At 60 min 99.1 (1.1) 98.3 (1.6) N/A N/A .002
Heart rate®
At triage 138.4 (19.8) 137.4 (25.8) N/A N/A 99
At 30 min 133.2 (20.9) 135.9 (25.4) N/A N/A 29
At 60 min 129.7 (17.9) 127.0 (21.6) N/A N/A .89

Data are n/N or mean (SD) unless otherwise stated. N/A, not applicable.
2 In breaths per minute.

®In percentage.

°In beats per minute.

humidity and 30% in the indoor group, may be raised.
The literature shows that it is unlikely that humidity
plays any role. A Cochrane review showed that humidified
air, generated by various unnatural humidification mecha-
nisms, was not superior to nonhumidified air or low-humidity
air in reducing symptom severity in children with moderate
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FIGURE 2

to severe croup after 30 to 60 minutes.'® Scolnik et al even
showed that 100% humidity using optimally sized water par-
ticles to reach areas of the respiratory tract beyond the oro-
pharynx failed to result in greater improvement compared
with 40% inspired humidity or humidity through humidifiers
in children with moderate to severe croup.** In an animal
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Joint distribution (number of patients) according to WCS change between triage and (A) 30 or (B) 60 minutes for patients exposed either to outdoor cold
air or indoor room temperature. The red box denotes patients for whom the WCS decreased by at least 2 points.

6

SIEBERT et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/152/3/e2023061365/1567511/peds.2023-061365.pdf

bv niversitvy of Toronto user



TABLE 3 Evolution of Croup Symptoms by Study Group

Outdoor Cold Air Indoor Room Temperature

At Home At PED AtD 7 At Home At PED AtD7
TOP-Derived Score® (N = 59) (N = 59) (N = 52) (N = 59) (N = 59) (N = 56)
0 0 (0.0) 2 (3.4) 3 (44.2) 0 (0.0) 0 (0.0) 8 (32.1)
1 2 (3.4) 7 (11.9) 7 (51.9) 2 (3.4) 10 (16.9) 7 (66.1)
2 21 (35.6) 26 (44.1) 2 (3.8) 25 (42.4) 32 (54.2) 1(1.8)
3 36 (61.0) 24 (40.7) 0 (0.0) 32 (54.2) 17 (28.8) 0 (0.0)
Missing data 0 0 7 0 0 3
Mean (SD) 2.58 (0.56) 2.22 (0.79) 60 (0.57) 2.51 (0.57) 2.12 (0.67) 0.70 (0.50)
Return visits N/A N/A 0 (38.4)° N/A N/A 20 (35.7)°
Hospitalization N/A N/A 0 (00 N/A N/A 1(1.9)°

Data are n/N (%). N/A, not applicable.

(cough) ranging from 0 (no cough) to 1 (barking cough).

d Hospitalized for gastroenteritis.

@ The score is displayed as an additive total score, that is, adding the first item (stridor) ranging from 0 (no stridor) to 2 (stridor at rest or when quiet), to the second item

® Five, croup (including 1 asthma); 9, upper respiratory tract infection without residual croup; 1, media otitis; 1, bronchiolitis.
¢ Seven, croup; 9, upper respiratory tract infection without residual croup; 3, media otitis; 24-month routine checkup.

models of croup, data have demonstrated that dry air (either
warm or cold) produced greater reduction in airway resis-
tance than cold moist air, whereas warm moist air produced
no change.*! And the maximum effect of cold, dry air on re-
ducing the dogs’ laryngeal resistance occurred within the first
30 minutes of therapy, after which virtually no further
changes were noted.

In our study, the number of patients showing significant
clinical improvement in symptoms (reduction =2 points
from the initial WCS) or even symptom resolution at 60
minutes was identical between the 2 groups. Many rea-
sons can explain this finding. First, the beneficial physical
effect of cold air ceased when exposure was discontinued
after 30 minutes. Second, after 60 minutes, the beneficial
effects of dexamethasone administered at triage may have
already partially relieved symptoms. Third, it is possible
that cold air exposure might only accelerate the improve-
ment in symptoms in exposed patients, but that the course
would be spontaneously favorable in most cases. This
would be comparable to the effect of nebulized epineph-
rine, which was associated with WCS improvement 30 mi-
nutes after it is administered, but with no persisting effect
2 and 6 hours later.® Our findings suggest that the bene-
fits of cold air exposure already begin on the way to the
health care facility when exposed to outdoor tempera-
tures, as often reported by parents.

No statistically significant difference was observed be-
tween groups in heart and respiratory rates at 30 and
60 minutes. This is probably because of the high variabil-
ity of these parameters in a pediatric population showing
various age ranges and to the little influence of mild to
moderate croup on these parameters, unlike obstructive
pathologies such as asthma. Pulse oximetry, whose stan-
dard values do not vary according to the age, seemed to be
improved by exposure to cold air. However, the difference
found in mean oxygen saturation is not clinically significant.

PEDIATRICS Volume 152, number 3, September 2023

Pulse oximetry has not been demonstrated sensitive
enough for assessing the severity of viral croup,*® but
it is useful if the tracheo-bronchial airway is involved
(ie, prolonged expiration and expiratory wheezing) or
in case of ventilation-perfusion mismatch. Frequent
evaluation of mental status, work of breathing, and
chest air entry remain the most accurate tool for rec-
ognizing worsening croup.1

We failed to show any statistically significant differ-
ence in residual symptoms between the 2 study groups
at 7 days. Also, there was no difference in reattendance
rates between the 2 groups, which are similar to those
extracted from dexamethasone studies.*?

Finally, although only few parents related sensation of cold
while waiting outside, no other side effects were observed.

Our study has limitations. First, it is difficult to assess
the effect of possible confounding distraction in both
groups, and patients with croup show fewer symptoms
when they are not agitated. Second, the study was an
open-label trial. For practical reasons linked to limited re-
sources in health care providers at night when croup
symptoms peak, the allocation group could not be blinded,
making possible a bias in the clinical assessment by the
physician in charge to occur. The use of a recognized and
validated score limits this risk. Several studies have evalu-
ated the interobserver reproducibility of the WCS and
shown good interobserver agreement rates.*® In addition,
the absence of difference at 60 minutes may indicate ob-
jectivity in measuring WCS.

CONCLUSIONS

This randomized controlled trial supports the benefits of ex-
posure to outdoor cold air on croup symptoms in children
with mild to moderate croup in the first 30 minutes before
the onset of action of steroids. More studies are needed to
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assess the efficacy of cold air exposure. Perspectives include
reinforcing these findings using digital auscultation coupled
with blinding of the clinical assessment.
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