Research

Original Investigation

Effects of Caffeine on Intermittent Hypoxia
in Infants Born Prematurely
A Randomized Clinical Trial

Lawrence M. Rhein, MD; Nicole R. Dobson, MD; Robert A. Darnall, MD; Michael J. Corwin, MD;
Tim C. Heeren, PhD; Christian F. Poets, MD; Betty L. McEntire, PhD; Carl E. Hunt, MD;
and The Caffeine Pilot Study Group

IMPORTANCE Preterm infants have immature respiratory control and resulting intermittent
hypoxia (IH). The extent of IH after stopping routine caffeine treatment and the potential for
reducing IH with extended caffeine treatment are unknown.

OBJECTIVES To determine (1) the frequency of IH in premature infants after discontinuation
of routine caffeine treatment and (2) whether extending caffeine treatment to 40 weeks'
postmenstrual age (PMA) reduces IH.

DESIGN, SETTING, AND PARTICIPANTS A prospective randomized clinical study was conducted
at 16 neonatal intensive care units in the United States, with an 18-month enrollment period.
Preterm infants (<32 weeks' gestation) previously treated with caffeine were randomized to
extended caffeine treatment or usual care (controls) at a PMA of at least 34 weeks but less
than 37 weeks. Continuous pulse oximeter recordings were obtained through 40 weeks'
PMA. Oximeter data were analyzed by persons masked to patient group.

INTERVENTION Continued treatment with caffeine.

MAIN OUTCOMES AND MEASURES Number of IH events and seconds with less than 90%
hemoglobin oxygen saturation (Sao,) per hour of recording.

RESULTS Our analysis included 95 preterm infants. In control infants, the mean (SD) time at
less than 90% Sao, at 35 and 36 weeks' PMA was 106.3 (89.0) and 1001 (114.6) s/h,
respectively. The number of IH events decreased significantly from 35 to 39 weeks' PMA

(P = .01). Extended caffeine treatment reduced the mean time at less than 90% Sao, by 47%
(95% Cl, -65% to —20%) to 50.9 (48.1) s/h at 35 weeks and by 45% (95% Cl, =74% to -17%)
t049.5 (52.1) s/h at 36 weeks.

CONCLUSIONS AND RELEVANCE Substantial IH persists after discontinuation of routine
caffeine treatment and progressively decreases with increasing PMA. Extended caffeine

treatment decreases IH in premature infants.
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ntermittent hypoxia (IH) is defined as brief, repetitive cycles

of decreases in hemoglobin oxygen saturation (Sa) from a

normoxic baseline, followed by reoxygenation and return
to normoxia.! Many animal and human studies have estab-
lished that IH, compared with chronic sustained hypoxia, is
proinflammatory. Exposure to IH results in multiple impair-
ments in many physiologic systems, including cardiorespira-
tory control,># sleep fragmentation, neuropathologic and neu-
rocognitive deficits,>7 decreased neuronal integrity,® and
apoptosis.®™

Intermittent hypoxia is typically not apparent clinically and
hence requires continuous physiologic recording for
detection."” Immature respiratory patterns and resulting IH can
continue until term-equivalent age and beyond for prema-
tureinfants, even after resolution of clinical symptoms and dis-
charge to home.*3¢

Data confirming the short-term clinical significance of epi-
sodes of TH in preterm infants are limited. Recent studies, how-
ever, have noted an association between IH and severity of
retinopathy of prematurity.’? Later assessments of neurode-
velopmental impairment in premature infants have shown im-
pairments associated with frequent recurrent decreases in Sao,
at term-equivalent age and in early infancy.'”®

Caffeine is a respiratory stimulant that reduces the inci-
dence of apnea and ameliorates or eliminates the clinical symp-
toms associated with apnea of prematurity.’®>> However, we
are unaware of any data based on continuous recordings of Sao,
and heart rate to document the extent of IH in preterm in-
fants after routine clinical treatment with caffeine is discon-
tinued, and there are no data indicating to what extent caf-
feine treatment may reduce the frequency and severity of IH
as infants approach term-equivalent age.

We hypothesized that (1) IHis frequent in infants born pre-
maturely after routine clinical caffeine treatment is discon-
tinued and (2) extending caffeine treatment significantly re-
duces the frequency and severity of TH.

Methods

This multicenter prospective, randomized trial included 16 sites,
with infants enrolled from July 2010 through December 2011.

Patients

Eligibility criteria for enrollment included (1) preterm birth at
25 weeks’ plus 0 days (25°7) to 32°7 weeks’ gestational age (GA);
(2) history of treatment with caffeine; (3) current postmen-
strual age (PMA) of at least 33 weeks; (4) no current intuba-
tion, supplemental oxygen, or nasal airflow therapy; (5) no con-
genital or genetic disorder; and (6) no severe intraventricular
hemorrhage (grade 3 or 4) or confirmed central nervous sys-
tem infection. Institutional review board approval was ob-
tained at each participating site. Written informed parental con-
sent was obtained for each infant enrolled.

Study Protocol
Eligible infants were enrolled once they were breathing room

air and the clinical team caring for the infant had discontin-
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ued caffeine treatment at least 1 day earlier. Once infants were
enrolled, continuous physiologic recordings were initiated
using a pulse oximeter with 2-second averaging for recording
(Masimo Rad8). All oximeters were equipped with a serial data
recorder (Acumen Instruments Corp) to allow continuous data
storage on flash cards. Oximeters were set in the sleep mode,
with no alarms for saturation or heart rate and no visual dis-
plays on the front panel. The only user alerts for the oxim-
eters were for “probe off” and “low battery.” Desaturation
events with poor signal, identified by the data analysis soft-
ware (ie, SIQ [signal indicator quality] <0.3), or a low-
perfusion tag were considered artifact and excluded.

Assoon as clinical caffeine treatment had been discontin-
ued for 5 days and their PMA was 34 to 37 weeks, infants were
randomized either to receive the study caffeine protocol or to
continue with usual care (controls). The decision to discontinue
routine caffeine treatment and the exact timing of discontinu-
ation was completely at the discretion of the clinical team and
not dictated by the study protocol. The group randomized to
receive the study caffeine protocol was given an oral loading
dose of caffeine citrate (20 mg/kg) followed by an oral mainte-
nance dosage of 6 mg/kg/d. No caffeine levels were obtained
as part of this study. Because IH is not associated with clinical
symptoms and hence not anticipated to affect clinical manage-
ment differentially between the extended caffeine and usual-
care (control) groups and because all analyses of outcome mea-
sures were to be performed by persons masked to treatment
assignment, the control group did not receive a placebo.

For both treatment groups, we obtained continuous ox-
imeter recordings until the infant was home for at least 1 week
and had reached a PMA of at least 40 weeks. While infants were
in the neonatal intensive care unit (NICU), health care provid-
ers were instructed to use the oximeter continuously when-
ever clinically feasible. At home, parents were instructed to use
the oximeter during all sleep and quiet awake periods.

Outcome Measures

An IH event was defined as a decline in Sao, by at least 5% from
baseline to less than 90% that lasted at least 5 seconds. The
primary outcome measures included (1) the number of IH
events per hour of recording and (2) seconds with less than 90%
Sao, per hour of recording. Both outcomes were analyzed for
each PMA week (ie, 36°/7-36%7, 37°/7-37°/7, etc). We also mea-
sured the seconds with less than 85% or less than 80% Sao,
per hour of recording. Because the prevalence of most mor-
bid conditions associated with prematurity is higher in ex-
tremely premature infants, we divided the 95 infants into 2 sub-
groups based on GA at birth for a post hoc secondary analysis.
The median age at birth was 29.5 weeks, and the 2 subgroups
were thusless than and more than 29.5 weeks’ GA. We did not
collect data on events related to apnea of prematurity re-
corded or observed by NICU staff before study enrollment.

Statistical Analysis

The final sample size of 100 infants was based on an interim
analysis performed after the first 20 infants were enrolled. This
sample size provided more than 80% probability of detecting
atleasta 36% reduction in IH events per hour of recording and
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Figure 1. Flow Diagram of Study

1309 Infants born at <32 weeks'

gestation screened for enrollment

|

515 Infants met eligibility criteria

202 Parents not approached
208 Parents refused consent

105 Infants enrolled

—> 7 Parents withdrew consent

" 98 Infantsrandomized )

53 Assigned to usual-care (control) group ‘ ‘

45 Assigned to caffeine group

3 With insufficient data
for analysis

53 Infants in control group with data analyzed ‘ ‘ 42 Infants in caffeine group with data analyzed

Flow diagram from initial screening to
enrollment, randomization, and

completion of study.

in seconds with less than 90% Sao, per hour of recording. We
used ablock randomization design for each site to ensure bal-
anced distribution of treatment groups. Twins and triplets were
included, but all siblings were randomized to the same treat-
ment regimen. For infants to be included in the final analysis
for that PMA week, at least 10 hours of recorded data needed
to be available.

Baseline characteristics and the extent and quality of pulse
oximeter data in the caffeine and control groups were com-
pared using the independent sample test for continuous mea-
sures and the y? test for categorical measures. The number of
IH events per hour of recording per week of PMA was com-
pared using generalized estimating equation gamma regres-
sion models for longitudinal count data. Gamma regression
models are appropriate for highly skewed measurement or
count outcome data, and exponentiating the regression para-
meters from these models gives estimates of the percentage
change in mean outcome corresponding to a change in the in-
dependent variable. Time (PMA in weeks) was represented in
this model through a series of indicator variables, and we in-
cluded interaction terms between study group and time in the
model to account for a diminishing caffeine effect at later ages.
Generalized estimating equation gamma regression models
were also used to examine caffeine effects on time with Sao,
below thresholds of 90%, 85%, and 80%.

We used generalized estimating equation gamma regres-
sion models to account for clustering due to longitudinal data
(repeated observations from each infant over time). We also
included sets of twins and triplets in our analyses, and sib-
ships introduced a second source of clustering. The general-
ized estimating equation gamma regression procedure in SAS
software (SAS Inc) accommodates clustering only on a single
factor, so we explored the effect of including twin and triplet
siblings in our findings by repeating the analyses including only
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the firstborn infant from each set of twins or triplets. Differ-
ences were considered statistically significant at P < .05.

. |
Results

We enrolled 105 infants (Figure 1). No data were collected in 3
infants owing to early withdrawal of parental consent and in
4 other infants owing to withdrawal of consent before ran-
domization, and data were insufficient for analysis in 3 other
infants owing to equipment failure or user error. Our final study
population for analysis thus included 95 infants from 80 fami-
lies, including 2 sets of triplets, 11 sets of twins, and 56 single-
ton infants. There were 42 infants in the caffeine group and
53 in the control group, the difference being due in part to all
twins or triplets from a family being enrolled in the same co-
hort. The maternal and infant demographic data and baseline
variables are summarized in Table 1 for the caffeine and usual-
care groups. There were no statistically significant differ-
ences between the caffeine and usual-care groups in birth
weight, GA at birth, PMA at the time of randomization or dis-
charge, race, parity, or maternal education. However, the mean
maternal age was lower in the extended caffeine treatment
group (P = .04). We obtained 25 974 hours of analyzable ox-
imeter data, representing 65% of the total hours of recording.
The remaining data were excluded due to inadequate signal
quality, as described in the Methods section. Because limited
data were available before PMA week 35 and after PMA week
39, our analyses were restricted to PMA weeks 35, 36, 37, 38,
and 39 (Table 2).

Occurrence of IH in Control Infants
Infants in the control group had a mean (SD) of 8.4 (8.4) epi-
sodes of IH per hour of recording at 35 weeks’ PMA, which pro-
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Table 1. Infant and Maternal Characteristics for the Total Sample

Table 2. Analyzable Pulse Oximeter Recording by PMA

Caffeine Usual Care
Characteristic (n=42) (n=53)
Gestational age, mean 28.6 (1.7) 29.1(1.7)
(SD), wk
Birth weight, mean 1262.1 (265.6) 1274.5 (270.3)
(SD), 9
Male infants, No. (%) 24 (57) 27 (51)
PMA at randomization, 35.6 (1.1) 35.4(1.1)
mean (SD), wk
PMA at discharge, mean 37 (1.6) 37.1(1.8)
(SD), wk
Maternal age, mean 29.7 (6.5) 32.7 (6.9)
(Sb)?
Maternal race, No. (%)
White 27 (64) 42 (79)
Black or African 11 (26) 9(17)
American
Hawaiian or Pacific 2 (5) 0
Islander
Other/refused 2 (5) 2 (4)
Hispanic
Yes 2 (5) 8 (15)
No 38 (90) 45 (85)
Unknown 2 (5) 0
No. of births, mean (SD) 2.4 (1.1) 2.1 (1.0)
Singleton pregnancy, 26 (62) 30 (57)
No. (%)
Marital status, No. (%)
Never married 6 (14) 13 (25)
Married 30 (71) 33 (62)
Separated or divorced 2 (5) 2 (4)
Unknown 4 (10) 509
Educational level, No.
(%)
Less than high school 2 (5) 6 (11)
High school/GED 11 (26) 6 (11)
Some college 5(12) 8 (15)
College graduate 11 (26) 15 (28)
Graduate school 8 (19) 11 (21)
Unknown 5(12) 7 (13)

Abbreviations: GED, General Education Development; PMA, postmenstrual age.
2 Data missing for 8 study infants.

gressively declined to 3.0 (3.3) episodes per hour by 39 weeks
(P = .01) (Table 3). With a similar pattern, the time with less than
90%, less than 85%, or less than 80% Sao, (in seconds per hour
of recording) also declined with increasing PMA. The post hoc
analysis stratifying by the median GA at birth did not suggest
major differences between the 2 subgroups (data not shown),
but the study had limited power to assess differences be-
tween the 2 subgroups.

Effect of Extended Use of Caffeine on IH

Extended use of caffeine in the total sample had a beneficial
effect on IH compared with usual care (Table 3). At 35 weeks’
PMA, infants in the caffeine group had a 52% reduction in IH
compared with the usual-care control group (95% CI, =70% to
-22%). At 36 weeks, infants in the caffeine group had a 46%
reduction (95% CI, —65% to —11%). Similarly, the time with less
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Analyzable Recordings, h (% Total for Week)

PMA, wk Usual Care Caffeine

34 603.0 (86.8) 429.7 (93.4)
35 2172.4 (82.4) 1730.2 (82.8)
36 3271.5 (75.8) 1816.9 (73.5)
37 3617.9 (68.6) 2754.6 (69.5)
38 24745 (63.9) 2340.9 (62.0)
39 1598.3 (53.2) 1790.5 (51.9)
40 398.3 (36.0) 435.0 (26.3)
41 272.4 (60.8) 184.0 (52.0)

Abbreviation: PMA, postmenstrual age.

than 90% Sao, was 47% lower (95% CI, -65% to —20%) at 35
weeks for those receiving extended caffeine treatment and 45%
lower (95% CI, -74% to -17%) at 36 weeks. There was no sig-
nificant reduction in IH events per hour or in time with less
than 90% Sao, at week 37, 38, or 39. The effect of extended caf-
feine treatment was consistent regardless of whether the Sao,
threshold was set at 90%, 85%, or 80% (Table 3 and Figure 2).
As in the control group total sample analysis, the post hoc
analysis stratifying by the median GA at birth did not indicate
major differences between the 2 subgroups (data not shown).

Repeating the analysis with only the firstborn infant from
each twin or triplet set gave similar results. Extended caf-
feine treatment was associated with significant reductions in
the number of TH events and seconds per hour with low Sao,
at 35 and 36 weeks.

In 5 of the infants randomized to caffeine, caffeine treat-
ment was discontinued because of tachycardia at the discre-
tion of the clinical team. No other adverse events were re-
lated to caffeine use. There were no parental reports after
discharge of any cyanotic or other events of concern related
to the study protocol or oximeter recordings. After comple-
tion of the study protocol, 1infant in the control group had an
unrelated serious adverse event requiring rehospitalization for
an apparent life-threatening event.

|
Discussion

The results of this study document several key findings re-
garding IH in infants born prematurely. Intermittent hypoxia
occurs frequently in preterm infants after cessation of any clini-
cally apparent apnea-associated symptoms and routine caf-
feine treatment and occurred in all enrolled infants. Our study
also provides quantitative data to confirm that IH diminishes
with increasing postnatal age. Regardless of the Sao, thresh-
old used, the duration of IH (in seconds per hour) decreased
by approximately 50% between 35 and 39 weeks’ PMA.

The second primary finding from this study is that ex-
tended duration of treatment with caffeine beyond current rou-
tine clinical practice in the NICU decreases the frequency and
severity of IH (Table 3). This decrease is qualitatively similar
regardless of whether the threshold for IHis an Sao, of less than
90%, less than 85%, or less than 80% (Figure 2).
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Table 3. Intermittent Hypoxia Measures and Percentage Change for Each Week of PMA for the Total Sample by Treatment Group®

Week
35 PMA Week 36 PMA Week 37 PMA Week 38 PMA Week 39 PMA
Measure Caffeine Usual Care Caffeine Usual Care Caffeine Usual Care Caffeine Usual Care Caffeine Usual Care
Events per
hour of
recording
No., mean 3.6 (4.3) 8.4 (8.4) 3.8 (4.5) 8.2 (11.5) 4.3(5.9) 5.2 (6.8) 4.2 (5.7) 4.7 (6.1) 2.2 (2.4) 3.0(3.3)
(SD)
Change =52 -46 -14 =2 =20
(95% Cl), (-70to (=65 to (-53t057) (-51t093) (-58t053)
% -22) -11)
<90% Sao,
threshold
Time, 50.9 (48.1) 106.3 (89.0) 49.5(52.1) 100.1 (114.6) 58.8(74.1) 66.8(75.2) 69.3(108.8) 66.0(74.8) 37.3(40.4) 46.4(47.0)
mean
(SD), s/h
Change -47 -45 -11 12 -11
(95% ClI), (-65to (-74to (-481t052) (-46 to (-52to 65)
% -20) -17) 126)
<85% Sao,
threshold
Time, 19.4 (22.0) 46.2(49.9) 21.0(25.3) 46.1(66.4) 26.6(38.2) 28.7(38.6) 33.5(62.3) 27.2(37.7) 17.0(19.8) 17.2(21.0)
mean
(SD), s/h
Change -56 -46 =2 34 11
(95% Cl), (-74 to (-68 to (-47 to 81) (-43to (-44 to
% -27) -10) 312) 121)
<80% Sao,
threshold
Time, 7.6 (10.8) 20.3(27.9) 9.5(12.6) 21.3(36.9) 13.7(22.7) 12.6(19.7) 16.1(31.3) 12.3(21.5) 7.7(9.2) 6.8 (11.0)
mean
(SD), s/h
Change -64 -45 19 46 20
(95% ClI), (-81to (-70to0 0) (-41to (-44 to (-45to
% -32) 144) 281) 160)

Abbreviations: PMA, postmenstrual age; Sao,, hemoglobin oxygen saturation.

@ Estimated changes in caffeine treatment group relative to usual care (control)

group and 95% Cls were determined from generalized estimating equation
gamma regressions for longitudinal data.

Figure 2. Time Below 3 Different Hemoglobin Oxygen Saturation (Sao,) Thresholds at 35 and 36 Weeks'

Postmenstrual Age (PMA) at 3 Different Saturation Thresholds
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Il Usual care than 85%, and less than 80% are
[] Caffeine shown for the total cohort (n = 95) at

35 and 36 weeks' PMA. Although the
total time was greater with a
threshold of less than 90% or less
than 85%, the magnitude of the
decrease with caffeine is comparable
for a threshold of less than 80% at
both 35 and 36 weeks. *P < .01;

P < .05. With extended caffeine
treatment, intermittent hypoxia at
the less-than-80% threshold was

;
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decreased by 64% at 35 weeks' PMA
(P =.002), but the 45% decrease at
36 weeks' PMA was only borderline
significant (P = .051).

Sa0; SAT Threshold, %

Our study extends observations from the only prior
study of IH in the NICU using continuous oximeter
recordings.' That study showed that IH episodes to <80%
Sao, in infants born at less than 28 weeks’ gestation were
very frequent at a postnatal age of 4 to 8 weeks. Several
studies have confirmed that symptomatic immature respira-
tory patterns and overt apnea-related associated bradycar-
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dia and desaturations can continue until term-equivalent
age and even beyond, in particular for infants born at less
than 28 weeks’ gestation.>**> As we documented for the
first time by using continuous oximeter recordings, repeti-
tive, clinically inapparent and self-resolving IH is common
and continues to be evident after resolution of overt clinical
symptoms.
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One prior randomized trial did not show a significant
effect of caffeine on episodes of hypoxia, but that study
used much less sensitive methods for identification of
hypoxia, used different definitions of hypoxia, and recorded
for much shorter durations.?® In contrast, our study used a
state-of-the-art motion-resistant oximeter with 2-second
averaging and obtained weeks of continuous data to detect
IH comprehensively, and we demonstrated significant
reductions in IH at 35 and 36 weeks’ PMA with extended
caffeine treatment.

A critical but unresolved question is whether reducing the
extent of IH by extending caffeine treatment to term-
equivalent age has any long-term benefits, such as improved
neurodevelopment, or any associated risks. Events associ-
ated with IH in early infancy, however, have been shown to
have adverse effects on neurodevelopment at 1 year cor-
rected age in infants born prematurely.” Furthermore, the ad-
verse effect of IH on cognitive performance, including execu-
tive function, has been documented in children and adults with
IH secondary to sleep-disordered breathing, even with a rela-
tively modest extent of TH.?73!

Despite the lack of studies assessing the effects of ex-
tended caffeine treatment on later neurodevelopmental out-
comes in preterm infants, there are clinical trial data on mo-
tor and cognitive neurodevelopmental outcomes associated
with caffeine treatment during the acute illness treatment
phase in the NICU, including at higher doses.3? In the Caf-
feine for Apnea of Prematurity (CAP) trial, treatment with caf-
feine in the NICU reduced the likelihood of death, clinical dis-
ability, or neurocognitive impairment at 18 months’ PMA.33 At
5 years, there were significant improvements in visual per-
ception and motor performance, including coordination.>?
Moreover, improvements in motor function in caffeine-
exposed infants in the CAP trial were associated with im-
proved cerebral white matter microstructural development
seen with magnetic resonance imaging at term-equivalent
age.3* The CAP trial was not designed to delineate the mecha-
nisms by which earlier caffeine treatment improved later neu-
rodevelopment, and IH was not assessed. However, our study
results suggest that one mechanism could be the improve-
ment of central respiratory control, resulting in fewer symp-
toms related to apnea of prematurity, including IH.

Our study also confirmed that extended use of caffeine has
a very favorable safety profile. Consistent with current clini-
cal practice, all the infants in our study, regardless of the arm
to which they were randomized, needed to be apnea free for
a specified minimum duration before discharge. Our study fo-
cused on clinically inapparent hypoxia and not clinically ap-
parent apnea, so our study does not yield any new insights re-
garding the effect of resolving apnea in discharge planning. Of
note, only 1 infant in our entire study population required re-
hospitalization within 6 months after study completion, and
this infant was from the control cohort.

The major strengths of our study include the use of an ex-
ternal data recorder to obtain and store long-term continu-
ous recordings of Sao, and heart rate and a simple, validated,
automated software-based analysis of these oximeter
recordings.?® Our automated scoring strategy was based on SIQ.
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This method excludes artifactual values and includes only de-
saturation episodes with an SIQ of more than 0.3 and no low
perfusion tag within the 7-second signal processing time of the
monitor. This approach has been demonstrated to show re-
sults comparable to those of analyses based on visual inspec-
tion of waveforms.*®* We also used a short (2-second) oxim-
eter averaging time to record the frequent but typically brief
IH episodes that continue to occur after routine clinical caf-
feine treatment is discontinued.'#'®-2> In the assessment of
clinically inapparent hypoxia, shorter averaging times im-
prove the detection of TH events and severe desaturations.>”

Our study has several limitations. All infants in the caf-
feine group received a caffeine maintenance dosage of 6 mg/
kg/d. This is a common dosage used at younger postnatal ages,
but pharmacokinetic data suggest that this maintenance caf-
feine dosage may not be sufficient after 36 weeks owing to the
increasing metabolism of caffeine.3%3° Additional studies are
needed to clarify why caffeine in our study had no significant
effect on extent of TH after 36 weeks. However, preliminary re-
sults from a caffeine pharmacokinetic study in progress sug-
gest that an insufficient maintenance dose of caffeine may ex-
plain our inability to demonstrate a continuing significant
reduction in IH with caffeine after 36 weeks’ PMA (unpub-
lished data).

Despite the block randomization design, there was some
imbalance in size between the 2 treatment groups. Random-
izing all siblings from a multiple birth to the same treatment
group probably contributed to this imbalance. The similarity
in the demographic and clinical characteristics between the 2
treatment groups, however, should still permit meaningful sta-
tistical comparison, and it is not likely that the effect of caf-
feine in decreasing IH was affected. The inclusion of multiple
infants from a family could bias the results owing to intrafam-
ily correlation. To explore the effect of including twin and trip-
let siblings in our analyses, we repeated the analyses includ-
ing only the firstborn infant from each set of twins or triplets.
This approach is conservative in that it ignores data from other
siblings. However, this analysis gave similar results in terms
of both estimated effects and significance, supporting the find-
ings of our primary analysis. Finally, we did not use a placebo
for our study, and treatment group assignment was thus not
masked. However, clinical management was equivalent in the
caffeine and usual-care groups because the occurring IH was
not associated with clinical symptoms, and analysis of the re-
corded pulse oximeter data—our primary outcome—was per-
formed by study personnel masked to patient group. Finally,
although there may be important insights to be gained from
comparing infants born at a younger GA with those born at an
older GA, our post hoc comparison of infants born before vs
after 29.5 weeks had limited power to assess meaningful dif-
ferences.

. |
Conclusions

Clinically inapparent episodes of IH are frequent in preterm
infants after discontinuation of routine clinical caffeine treat-
ment in the NICU. Most important, extending caffeine treat-
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ment beyond current clinical indications significantly de-
creases the frequency and severity of IH at 35 and 36 weeks’
PMA. Further studies are needed to (1) establish the dose of
caffeine required to minimize the extent of IH, (2) determine
whether optimal caffeine dosing results in a sustained signifi-
cant reduction in IH at more than 36 weeks’ PMA, and (3) as-
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