S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



ORIGINAL www.jpeds.com ¢ THE JOURNAL OF PEDIATRICS

ARTICLES
Caffeine for the Treatment of Apnea in Bronchiolitis: A Randomized Trial
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Lamiaa Awny EI Tatawy, MD, CABP', Bruce L. Davidson, MD, MPH*, and Wessam Ahmed, MD'

Objective To evaluate the efficacy and safety of caffeine citrate in the treatment of apnea in bronchiolitis.
Study design Eligible infants aged =4 months presenting to the main pediatric emergency service with apnea
associated bronchiolitis were stratified by gestational age (<34 weeks or longer) and randomized to receive a single
dose of intravenous 25 mg/kg caffeine citrate or saline placebo. The primary efficacy outcome was a 24-hour
apnea-free period beginning after completion of the blinded study drug infusion. Secondary outcomes were fre-
quency of apnea by 24, 48, and 72 hours after study medication, need for noninvasive/invasive ventilation, and
length of stay in the hospital’s pediatric intensive care/step-down unit.

Results A total of 90 infants diagnosed with viral bronchiolitis associated with apnea (median age, 38 days) were
enrolled. The rate of respiratory virus panel positivity was similar in the 2 groups (78% for the placebo group vs 84%
for the caffeine group). The geometric mean duration to a 24-hour apnea-free period was 28.1 hours (95% Cl, 25.6-
32.3 hours) for the caffeine group and 29.1 hours (95% Cl, 25.7-32.9 hours) for the placebo group (P = .88; OR, 0.99;
95% Cl, 0.83-1.17). The frequency of apnea at 24 hours, 24-48 hours, and 48-72 hours after enroliment and the need
for noninvasive and invasive ventilation were similar in the 2 groups. No safety issues were reported.
Conclusions A single dose of caffeine citrate did not significantly reduce apnea episodes associated with
bronchiolitis. (J Pediatr 2016;177:204-11).

Trial registration Clinicaltrials.gov: NCT01435486.

See editorial, p 11

iral bronchiolitis is the most common lower respiratory tract infection in infants, leading to 15 hospitalizations per 1000

person-years. Of these, 1.6% to 4% are admitted with apnea.' * Bronchiolitis-associated apnea, a subset of apnea asso-

ciated with respiratory viruses, appears to be a mixed central and obstructive apnea resulting from a complex interplay of
respiratory drive suppression and airway secretions driven by a hyperactive laryngochemoreflex, somnogenic cytokines, and in
some cases by virus-specific respiratory suppressant surface proteins.”

Caffeine is a standard treatment for apnea of prematurity”” and postextubation apnea in preterm infants,'’ and has been
used to ameliorate apnea complicating bronchiolitis on the basis of case reports and observational studies.'' " Caffeine in-
creases central respiratory drive and chemoreceptor sensitivity to CO, and improves skeletal muscle contractions, reducing dia-
phragm fatigue and leading to better ventilation.'® Increased metabolic demand, diuresis, tachycardia, dysrhythmias, feeding
intolerance, reduced weight gain, and seizures are the reported short-term side effect of caffeine.'” Although evidence from
prospective studies for caffeine used to treat apnea in bronchiolitis is lacking, the drug is commonly used in an attempt to avoid
intubation and is considered a standard of care in some institutions.'"'”*° Thus, we compared blinded intravenous caffeine
citrate with placebo for shortening the time to resolution of acute bronchiolitis-associated apnea.

This study involved a double-blind, randomized, parallel-group clinical trial of single-dose intravenous caffeine vs normal sa-
line for the treatment of apnea in acute bronchiolitis (Clinicaltrials.gov: NCT01435486). The study was conducted during 3
bronchiolitis seasons in the infirmary/observation unit of the Pediatric Emergency Center of Hamad General Hospital, the
sole pediatric emergency facility in the State of Qatar. The center serves an
average of 280 000 outpatients annually and manages 45 beds in the infirmary/
observation unit. All inpatient services are provided except intensive care. Pa-
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PICU, and other patients can be admitted to either of the 2
areas based on bed availability.

Infants aged =4 months presenting with a provisional
diagnosis of viral bronchiolitis associated with apnea were
eligible for this study. This provisional diagnosis required ap-
nea preceded by a prodromal history consistent with viral up-
per respiratory tract infection, with physical findings of
bilateral chest crackles possibly associated with cough, rapid
breathing, wheezing, and/or intercostal retractions. Out-of-
hospital apnea was defined as witnessed sudden cessation
of breathing associated with cyanosis and hypotonia within
6 hours before presentation, as reported by the caregiver. Ap-
nea in the pediatric emergency center was defined as wit-
nessed sudden cessation of breathing for >20 seconds or
prolonged respiratory pause associated with cyanosis and/
or bradycardia, as observed by medical staff.”"** Bradycardia
was defined as heart rate <90 beats/minute. Patients were
excluded who had 1 or more of the following characteristics:
previous diagnosis of seizure disorder, gastroesophageal re-
flux disorder, suspected sepsis, previous history of renal or
liver disease, known inborn error of metabolism, congenital
heart disease or major congenital anomaly of the upper or
lower respiratory tract, hypoglycemia or electrolyte abnor-
mality on presentation, or receipt of caffeine treatment at
home. Written informed consent was sought from a parent
or legal guardian for each consecutive eligible patient as
soon as the patient was admitted to the resuscitation room
or short-stay unit. The study was approved by the hospital’s
Institutional Review Board.

Potentially eligible patients were examined on presenta-
tion in the emergency center, and those with an outpatient
history of apnea were admitted to the infirmary/observation
unit. All patients with observed apnea were admitted to the
critical care areas for treatment. Patients were assessed for
study eligibility within 30 minutes of the initial physician
assessment, and after stabilization and enrollment were
transferred to either the step-down unit or the PICU, based
on bed availability and the need for invasive/noninvasive res-
piratory support.

All patients were connected to a cardiorespiratory monitor
(MP70; Philips Healthcare, Andover, Massachusetts) in the
emergency center and throughout their PICU/step-down
unit stay, and to a portable cardiorespiratory monitor
(MP30; Philips Healthcare) during transfer, set up to alarm
outside the following values: respiratory rate, 20 to 60
breaths/minute, with a default apnea alarm delay of 20 sec-
onds; pulse rate, 90 to 180 beats/minute; oxygen saturation,
90% to 100%. Caregivers did not wait for a monitor alarm,
which served a safety backup function in most instances,
before intervening with patients. Recording each episode of
apnea witnessed with or without monitor alarm was required
immediately after patient stabilization, on the data collection
sheet and PICU/step-down diary of apnea record. Data on
the occurrence of apnea were collected from patient records
and data collection sheets daily.

Patients for whom consent was obtained underwent plain
chest radiography and nasopharyngeal swabs for a rapid

Volume 177 e October 2016

respiratory virus panel capable of identifying 20 respiratory
viruses (multiplex real-time PCR assay on an ABI 7500
analyzer; Thermo Fisher Scientific, Waltham, Massachu-
setts). Randomization was stratified into 2 groups, patients
born at <34 weeks gestation and those born at =34 weeks
gestation.

The unblinded study pharmacist used a computer-
generated randomization list”” to prepare identical-looking
numbered syringes containing either 15 mL of 0.9% sodium
chloride or 25 mg/kg caffeine citrate diluted in D5W to make
15 mL of solution, to be infused intravenously by a syringe
pump over 30 minutes. Inhaled therapies, supplemental ox-
ygen, respiratory support, hydration, and other interventions
were provided at the discretion of the treating physician. In
72 patients, venous blood gas analysis was requested by the
treating physician, and samples were obtained within 30 mi-
nutes of arrival. All venous blood gas samples were obtained
from an inserted intravenous infusion cannula in 1 of the 4
limbs from a free-flowing vein, collected in a microtainer
tube at 500 uL. Samples were placed on ice immediately after
extraction and sent to the department satellite laboratory for
processing within 10 to 15 minutes.

A patient was transferred from the PICU/step-down unit
to an ordinary inpatient pediatric bed when the treating
physician determined that she or he was clinically stable,
had no apnea in the preceding 24 hours, and was tolerating
the start of feeding. The actual time of transfer could be de-
layed owing to lack of bed availability.

Study Outcomes

The primary efficacy outcome was time until a 24-hour
apnea-free period beginning after completion of blinded
study drug infusion. This is expressed as “time until last ap-
nea episode” in our trial registration. An earlier proposed
outcome, length of stay in the PICU, was changed before
the start of study enrollment because it can be dependent
on social factors and bed availability, unlike time until last
apnea episode, which is measured objectively. Patients with
a major protocol violation, such as receipt of caffeine in the
placebo group or receipt of a second dose, were excluded
in this proof-of-concept efficacy trial. Secondary outcomes
were the frequency and duration of apnea in the first 24,
48, and 72 hours after study drug administration; invasive
and noninvasive respiratory support administered; duration
of oxygen therapy; time until feeding was tolerated; length of
PICU/step-down unit stay; and overall length of hospital
stay. As a safety measure, spot heart rate was compared every
4 hours from enrollment for up to 3 days.

Statistical Analyses

To estimate sample size, we performed a retrospective chart
review of all patients admitted with apnea-associated bron-
chiolitis in 2010. A total of 87 patients who had not received
caffeine were identified, of whom 52 (60%) were apnea-free
at 12 hours after admission. We extrapolated these results
to 24 hours because we did not have data for the proportion
apnea-free at 24 hours. To enable detection of a 50% relative
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improvement (to 90%) in resolution of apnea with 90% po-
wer and 2-sided « value of 0.05, we estimated that 42 patients
per group were required. To compensate for dropouts, we
planned to recruit a total of 90 patients. However, the accu-
racy of this estimate is compromised because we used a
dichotomous outcome for the calculation and the contin-
uous outcome described above for our actual study outcome.

In 2013, we reported that “in 2011, we saw 8718 infants
and young children in 10666 visits for bronchiolitis,”** of
whom 30% were aged 4 months or younger. Between 1%
and 2% of our patients with bronchiolitis present with apnea,
a similar proportion as reported in the current literature.”*°
We estimated that we would need 3 bronchiolitis seasons to
complete this trial if we enrolled 50% of patients presenting
with bronchiolitis-associated apnea.

Categorical and continuous data values are expressed as
frequency (percentage) and mean £+ SD or median and
IQR, as appropriate. Descriptive statistics were used to sum-
marize demographic, laboratory, and clinical characteristics
of the patients. The Kolmogorov-Smirnov test or Q-Q plot
as appropriate was used to test for normality.

Baseline participant characteristics in the 2 treatment
groups (caffeine and placebo) were compared using an un-
paired ¢ test for continuous variables and the x* test for cat-
egorical variables. Accelerated failure time analysis”’ was
applied to compare geometric mean times for the treatment
groups reaching the primary outcome, a 24-hour apnea-free
interval beginning after the completion of study drug infu-
sion. The proportion of patients with apnea resolution at
different time points was compared using the x> test and
Fisher exact test, as appropriate. Quantitative variable means
between the 2 independent groups were compared using an
unpaired ¢ test or the Mann-Whitney U test, as appropriate,
depending on the results of the normality test. Associations
between 2 or more qualitative and categorical variables
were assessed by using the x> test and Fisher exact test, as
appropriate. The relationship between 2 continuous variables
was examined using the Pearson correlation coefficients. The
log-rank test was applied to determine any statistical differ-
ence in actual time of discharge from critical care unit be-
tween the 2 treatment groups. An exploratory subgroup
analysis for the primary and secondary outcomes in patients
with corrected age =28 days, in whom caffeine is reported to
have a prolonged half-life, was performed post hoc.

Potential risk factors for further apnea and confounders
were examined with univariate and multivariable logistic
regression models using further apnea episode (yes or no)
as an outcome variable and birth weight, respiratory syncytial
virus positive/negative status, gestational age at birth, staff-
observed apnea before study entry, nonobserved apnea
before study entry, 2 or more apneic episodes at home, any
positive pressure including high-flow oxygen, body temper-
ature on arrival, chest radiography findings, and venous
blood gas analysis results obtained within 30 minutes of
arrival (the lattermost variable available for 72 patients) as in-
dependent variables or covariates. For multivariable
regression models, variables were considered if statistically

206

Volume 177

significant at the P < .10 level in the univariate analysis or
if deemed clinically important a priori. Logistic regression re-
sults are presented as OR along with a corresponding 95% CI.
All tests performed were 2-sided, and a P value <.05 consid-
ered statistically significant. Statistical analyses were per-
formed using SPSS 21.0 (IBM, Armonk, New York). Data
were transferred from the SPSS package to Stata SE 13.1 (Sta-
taCorp, College Station, Texas) for accelerated failure time
model analysis.

A total of 104 infants were assessed for enrollment between
November 2011 and May 2014; of these, 90 infants diagnosed
with viral bronchiolitis-associated apnea (median age,
38 days; IQR, 3 to 152 days) were enrolled in the study.
This was an explanatory proof-of principle randomized trial
rather than a pragmatic test of caffeine effectiveness in usual
practice; thus, 5 infants (2 in the caffeine group and 3 in the
placebo group) were excluded from analysis because each was
given an extra dose of caffeine after admission to the PICU
(Figure 1; available at www.jpeds.com). Of the remaining
85 infants, 43 were randomized to receive caffeine citrate
and 42 were randomized to receive placebo. The subjects’
baseline characteristics were similar in the 2 treatment
arms, except for a significantly different mean duration of
upper respiratory symptoms before enrollment (caffeine
group, 3 £ 2 days; placebo group, 5 £ 4 days) (Table I).
Among these 85 patients, 81 had a discharge diagnosis of
bronchiolitis. In the placebo group, 2 patients were
diagnosed with gastroesophageal reflux disease. In the
caffeine group, 1 patient was diagnosed with sepsis and 1
patient was diagnosed with bronchiolitis with myopathy.

Efficacy

The interval from study drug infusion to the end of a 24-hour
apnea-free period was similar in the 2 groups, with a geometric
mean duration of 28.7 hours (95% CI, 25.6-32.3 hours) for the
caffeine group and 29.1 hours (95% CI, 25.7-32.9 hours) for
the placebo group (OR, 0.99; 95% CI, 0.83-1.17; P = .88)
(Figure 2). The frequency of apnea in the first 24, 48, and
72 hours was similar in the 2 groups (Figure 3; available at
www.jpeds.com). The caffeine group had significantly longer
mean and median length of stay in PICU/step-down units
(mean difference, 68.2 hours [P = .04]; median difference,
17.0 hours), but, as noted above, bed availability and social
issues may impact those durations. The mean duration of
apnea episodes was significantly shorter in the caffeine
group, by 5.7 seconds (P = .003), a difference of limited
clinical importance. Other secondary outcomes did not
differ between the 2 groups (Table II).

Subgroup Analysis of Patients of Corrected Age
<28 Days

We examined the resolution of apnea in this subgroup of in-
fants, in whom the half-life of caffeine is prolonged.” Clear

Alansari et al
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(Table I. Baseline characteristics of enrolled infants

Characteristics

Postnatal age, d, mean (SD)
Gestational age at birth, wk, mean (SD)
Birth at <37 wk gestation, n (%)
Gestational age at birth, in preterm infants, wk, mean (SD)
Gestational age at birth <34 wk, n (%)
Males/females, n
Birth weight, kg, mean (SD)
Weight at presentation, kg, mean (SD)
Baseline oxygen saturation, %, mean (SD)
Upper respiratory symptoms at presentation, n (%)
Duration of upper respiratory symptoms before enroliment, d, mean (SD)
Fever at presentation, n (%)
Difficulty breathing at presentation, n (%)
Physical findings, n (%)
Wheezing
Crackles
Retractions
Grunting
Apnea at home before study therapy, n (%)
Frequency of apnea episodes at home, mean (SD)
Duration of apnea episodes at home, s, mean (SD)
Action taken at home before study therapy, n %
No action required
Physical stimulation
Mouth-to-mouth breathing
Apneic episodes in ED before study therapy, n (%)
Frequency of apneic episodes in ED before study therapy, mean (SD)
Cyanosis in ED before study therapy, n (%)
Bradycardia in ED before study therapy, n (%)
Duration of apnea episodes in ED before study therapy, s, mean (SD)
Action taken in ED before study therapy, n (%)
Oxygen
Physical stimulation
Bag-mask ventilation
Positive PCR in nasopharyngeal swab, n (%)
Adenovirus
Bocavirus
Coronavirus
Human metpneumovirus
Influenza
Parainfluenza virus
Rhinovirus
Respiratory syncytial virus
Multiple viruses
Chest radiography findings, n (%)
Normal
Lobar consolidation/collapse
Increased bronchovascular marking
Need for crystalloid bolus on presentation for hypoperfusion, n (%)
\

Caffeine group (n = 45) Placebo group (n = 45)
50 (35) 52 (34)
35 (4) 36 (3)
21 (47) 23 (51)
32 (4) 33(3)
13 (29) 11 (24)
25/20 21/24
2(0.1) 3(0.1)
4(1) 4(1)
96 (5) 97 (3)
45 (100) 45 (100)
32 5(4)
9 (20) 11 (24)
32 (71) 37 (82)
23 (51) 27 (60)
37 (82) 38 (84)
25 (56) 30 (67)
14 (31) 13 (29)
31 (69) 35 (78)
2.5(3) 2(1)

105 (92) 103 (95)
15 (33) 12 (27)
29 (64) 31 (69)

1(2) 24
28 (62) 30 (67)
2(1) 2(1)
26 (58) 28 (62)
15 (33) 20 (44)
41 (27) 33 (20)
21 (47) 21 (47)
5(11) 24
2 (4) 7 (16)
38 (84) 35 (78)
0(0) 1(2)
6(13) 0(0)
8(17) 5(11)
1(2) 24
24 1(2)
24 0(0)
10 (22) 12 (27)
11 (24) 14 (31)
11 (24) 12 (27)
12 (27) 14 (31)
16 (36) 15 (33)
17 (38) 16 (36)
8(18) 13 (29) )

ED, emergency department; PCR, polymerase chain reaction.

Basgline characteristics were similar in the 2 treatment groups except for a longer duration of upper respiratory symptoms in the placebo group compared with the caffeine group (mean, 5 + 4 days

vs 3 + 2 days).

caffeine efficacy in this subgroup would support a hypothesis
that repeated caffeine dosing (rather than the single large
dose that we gave) might be efficacious. The subgroup
comprised 37 patients, 17 from the placebo group and 20
from the caffeine group. Baseline characteristics were similar
in the caffeine and placebo groups (data not shown). The
geometric mean duration until a 24-hour apnea-free period
was 28.0 hours (95% CI, 23.6-33.07 hours) for the caffeine
group and 32.8 hours (95% CI, 25.5-42.2 hours) for the pla-
cebo group (OR, 0.85;95% ClI, 0.64-1.31; P = .26). Moreover,
the frequency of apnea in the first 24, 24-48, and 48-72 hours

was again similar in the 2 groups (Figure 4; available at www.
jpeds.com).

Risk Factors Associated with Continuing Apnea
Symptoms

We analyzed risk factors associated with repeated ap-
neas””**”*" in univariate and multivariable models
(Table III). In the multivariable analysis, the need for high-
flow oxygen or positive pressure support (OR, 9.98;
P =.016) and venous PO, =40 mmHg within 30 minutes

after presentation to the emergency center (OR, 29.44;
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Figure 2. Time from the end of study drug infusion to a 24-hour apnea-free period. Accelerated failure time analysis shows a
geometric mean time for the caffeine group 28.7 hours (95% Cl, 25.6-32.3 hours) and 29.1 hours (95% Cl, 25.7-32.9 hours) for the

placebo group (OR, 0.99; 95% CI, 0.83-1.17; P = .88).

P = .008) were the significant variables associated with a
higher likelihood of further apnea after admission.

Safety

Recorded spot heart rates for both groups were similar at all
times except 52 and 56 hours, at which heart rate was signif-
icantly higher in the caffeine group compared with the pla-
cebo group (mean increase at both time points, 7; 95% CI,
0-15; P = .05 for both). No patient experienced rhabdomyol-
ysis, arrhythmia, cardiovascular collapse, or death.

Most of the patients with apnea-associated bronchiolitis had
complete resolution of apnea within 24 hours, consistent
with recently reported data.”® A single dose of intravenous
caffeine citrate was not superior to normal saline in any of
the outcomes measured in the overall treatment groups or
the subgroups of patients aged =28 days, in whom caffeine
would be expected to have a longer half-life.

The currently available evidence for caffeine use in
bronchiolitis-related apnea is observational, from case reports

208

including 7 patients and 3 retrospective studies including 60
patients. Three case reports suggested a decreased need for
intubation and mechanical ventilation after caffeine adminis-
tration, but 1 report found no benefit."”'® One retrospective
study showed a decrease in apnea attacks at 2 hours after
caffeine administration,'” another found a decreased need
for intubation in a caffeine group compared with a non-
caffeine group, and a third reported inconclusive findings
and called for further research.'”'®”!

Our results show no difference in the frequency of ap-
neas reported for the 2 groups in the first 3 days. Our find-
ings do not support the routine use of caffeine to treat
apnea in bronchiolitis, especially in light of the reported
serious side effects of the drug.'” We believe that our find-
ings are robust because we applied strict enrollment
criteria in a randomized blinded trial, with patients under-
going continuous cardiorespiratory monitoring in PICU/
step-down units for a median length of stay of 55 hours
with a =1:2 nurse:patient.

We also explored previously described risk factors for
apnea””®*”"" in addition to those that we deemed relevant
to our study patients. In multivariable analysis, we found
patients with staff-witnessed apnea on presentation were

Alansari et al
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( Table II. Secondary outcomes

[median (IQR)]

Mean
Outcomes Caffeine group (n = 43) Placebo group (n = 42) difference 95% ClI P value
Apnea episodes after enroliment, n (%) 14 (32.6) 13 (31.0) - - .87
Frequency of apnea episodes after 7(5) 6 (7) 1.0 —-3.8106.0 .65
enroliment, mean (SD)
Duration of apnea episodes after enroliment, 19.6 (11.3) 25.3 (13.8) 5.7 1910 9.6 .003
s, mean (SD)
Need for oxygen support after enroliment, 38 (88.4) 33 (78.6) - - 22
n (%)
Duration of oxygen support, h, mean (SD) 127.2 (121.0) 85.7 (62.1) 414 —5.110 88.1 .08
Use of high-flow oxygen after enroliment, 15 (34.9) 13 (31.0) - - .70
n (%)
Duration of high-flow oxygen, h, mean (SD) 18.5 (13.7) 24.7 (16.2) —6.1 —1781t0 5.4 .28
Need for noninvasive respiratory support 6 (13.9) 3(7.1) - - .31
besides high-flow oxygen, n (%)
Noninvasive respiratory support other than
high-flow oxygen, n (%)
Nasopharyngeal tube 1(2.3) 0(0)
Continuous positive airway pressure 2 (4.7) 3(7.1) - - .54
Duration of noninvasive respiratory support 47.6 (20.5) 44.8 (19.9) 2.8 —10.8t0 16.4 .67
besides high-flow oxygen, h, mean (SD)
Need for invasive respiratory support 7 (16.3) 3(7.2) - - .30
(intubation) after enrollment, n (%)
Duration of invasive respiratory support, 46.8 (23.3) 445 (19.0) 2.3 —46.2 10 50.8 9
h, mean (SD)
Time until feeding was tolerated, h, mean 41.3 (66.4)[13.2 (0.1-303)] 22.7 (29.9) [12 (0.1-142)] 18.6 —3.7 10 40.9 46
(SD) [median (IQR)]
Bronchiolitis treatment received after
enroliment, n (%)
Salbutamol nebulization 23 (53.5) 32 (76.2)
Epinephrine nebulization 5(11.6) 4 (9.5 - - .56
3% hypertonic saline 5(11.6) 10 (23.8)
Other medications, n (%)
Antibiotics 32 (74.4) 30 (71.4) 75
Length of stay in critical care unit, h, mean 126.4 (143.1) [64.1 (4.3-593.5)] 58.2 (50.6) [47.1 (3.3-265.4)] 68.2 21.6t0 1147 .04
(SD) [median (IQR)]*
Total length of hospital stay, h, mean (SD) 205.2 (158.9) [165.5 (5-710)] 140.4 (101.7) [112.7 (15.5-442.3)] 64.7 7.110122.2 .07

*Range from minimum length of stay in critical care unit to the maximum length of stay.

more likely to experience further apneic episodes
compared with patients with apneas witnessed at home
(OR, 5.37), as has been reported previously,29 but the dif-
ference was not significant (P = .07). Apnea was associated
with a venous PO, level =40 mmHg obtained within
30 minutes of arrival regardless of the use or nonuse of ox-
ygen therapy, and with the need for high-flow oxygen and/
or positive-pressure respiratory support.

Our study has some limitations. Our power to find a sig-
nificant difference in the time from the end of study drug
infusion to a 24-hour apnea-free period was limited
because our sample size was calculated based on a retro-
spective survey in which a 12-hour rather than a 24-hour
apnea-free period was used because the time to a 24-
hour apnea-free period after admission was unknown.
Moreover, our sample size estimate was based on a dichot-
omous outcome, apnea-free or not at 24 hours, whereas in
this clinical trial we used a continuous outcome, time from
the end of study drug infusion to a 24-hour apnea-free
period. Although we found no benefit from caffeine, our
sample size estimation method might have led to a study
underpowered to identify any possible measurable benefit.

Caffeine for the Treatment of Apnea in Bronchiolitis: A Randomized Trial

Thus, a larger sample size might have shown a more pro-
nounced difference between treatment groups in time to
achieve the 24-hour apnea-free outcome.

Administration of a higher dose of caffeine than what we
used in the present study has been described previously.’’
Given the acute respiratory illness and its associated increase
in metabolic rate in our study population, we chose instead
to test more than double the recommended dose for apnea
of prematurity (10 mg/kg caffeine citrate),”® which is higher
than the dosage for apnea in bronchiolitis used in previous
studies."”"” Our study was designed to administer a single
dose of caffeine rather than daily dosing, based on the prac-
tice of previous studies,'""'”"'” and our finding of a high pro-
portion of apnea resolution in the retrospective data that we
collected. Nonetheless, our post hoc subgroup analysis did
not show any superiority of caffeine in younger infants, in
whom the expected half-life of caffeine is 72-96 hours.”®
Our randomization did not yield entirely similar groups,
with a shorter duration of symptoms before presentation,
and thus possibly more severe apnea syndromes, in the group
treated with caffeine. Finally, 30% of the patients in each
study arm required high-flow oxygen, which may provide
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( Table III. Univariate and multivariate risk factor analysis for further apnea after randomized study treatment W

Univariate risk factor analysis Multivariate risk factor analysis

M

No further Further apnea
Characteristics apnea (n = 58) (n=27) OR 95% Cl P value OR 95% Cl P value
Age, corrected for gestational age <37 wk
=8 wk:>8 wk 45:13 21:6 1.01 0.33-3.02 .98
>8 wk 1.00 Reference
Birth weight
=2.0 kg:>2.0 kg 12:46 12:15 3.07 1.14-8.25 .02 1.82  0.21-15.55 .58
>2.0 kg 1.00 Reference 1.00 Reference
Gestational age at birth
<34 wk:=34 wk 9:49 12:15 4.35 1.54-12.32 .006 0.44  0.05-3.59 A4
=34 wk 1.00 Reference 1.00 Reference
Sex
Female:male 27:31 14:13 1.23 0.49-3.08 .64
Male 1.00 Reference
RSV-positive:RSV-negative 14:44 5:22 0.71 0.22-2.23 .56
RSV-negative 1.00 Reference
=2 home apneas:1 home apnea:no home 19:27:12 13:4:10 0.82* 0.27-2.45 72 0.95 0.19-4.62 .95
apnea
1 home apnea 0.17 0.04-0.68 012 0.28  0.03-2.21 .23
No home apnea 1.00 Reference 1.00 Reference
Staff-observed apnea before study entry:no 32:26 23:4 4,67 1.43-15.22 .011 537  0.84-34.27 .07
staff-observed apnea before study entry
Apnea not observed by staff before study 1.00 Reference 1.00 Reference
entry
Temperature
<38°C:=38°C 50:8 25:2 0.50 0.09-2.53 40
=38°C 1.00 Reference
Any positive pressure including high-flow 32:26 25:2 10.15 2.19-46.92 .003 9.98 1.54-64.79 .016
oxygen (1-10 L):no positive pressure
No positive pressure 1.00 Reference 1.00 Reference
Chest radiography
No lobar consolidation/collapse:lobar 38:20 18:9 0.95 0.36-2.49 91
consolidation/collapse
Lobar consolidation/collapse 1.00 Reference
pH
<7.25:=7.25 9:39 9:15 0.38 0.12-1.15 .08 0.63 0.14-2.82 .54
=7.25 1.00 Reference 1.00 Reference
PCO,
<50:=50 21:27 9:15 1.29 0.47-3.53 .61
=50 1.00 Reference
PvO,
<40:=40 13:35 1:23 8.54 1.04-69.8 .04 29.44  2.43-356.04 .008
=40 1.00 Reference 1.00 Reference

Pv0,, venous P0O,; RSV, respiratory syncytial virus.

Multivariate risk factors were analyzed if univariate analysis showed P < .10 or were considered clinically important a priori.

*0.82 refers to OR for further apnea in children with =2 home apneas.

nearly similar support as continuous positive airway pres-
sure’” and might have masked further apnea attacks in these
patients. =
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Assessed for eligibility (n = 104)

v

\ 4

Excluded (n = 14)
¢ Not meeting inclusion criteria(n=0)
Declined to participate(n=14)

Randomized (n = 90)

CAFFEINE
Allocated to intervention (n=45)

Received allocated intervention(n=45)
L]

Did not receive allocated intervention(n=0)

Lost to follow up (n=0)

Discontinue intervention (n=0)

Analyzed (n=43)
L]

Excluded from analysis (n=2)

Reason: Received second dose of caffeine in
PICU/Step-down

PLACEBO

Allocated to intervention (n=45)

Received allocated intervention(n=45)

¢ Did not receive allocated intervention(n=0)

y
Lost to follow up (n=0)

Discontinue intervention (n=0)

4
Analyzed (n=42)

Excluded from analysis (n=3)

Reason: Received second dose of caffeine in
PICU/Step-down

Figure 1. Study flow chart of infants presenting with bronchiolitis and apnea.
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Number of new apnea episodes after blinded treatment. A, First 24 hours. B, 24-48 hours. C, 48-72 hours.
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