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Visual Abstract
IMPORTANCE Hospitalization of moderately preterm infants may be prolonged while waiting

Supplemental content
for apnea of prematurity to resolve after discontinuing caffeine.

OBJECTIVE To evaluate whether extending caffeine treatment reduces the duration of
hospitalization.

DESIGN, SETTING, AND PARTICIPANTS From February 2019 to December 2022, this
randomized clinical trial in 29 US hospitals enrolled infants born at 29 to 33 weeks' gestation
who at 33 to 35 weeks' postmenstrual age were receiving caffeine treatment with plans to
discontinue it plus receiving full feeds (=120 mL/kg/d). Follow-up was completed on

March 20, 2023.

INTERVENTIONS Infants were randomized to oral caffeine citrate (10 mg/kg/d) or placebo
until 28 days after discharge.

MAIN OUTCOMES AND MEASURES The primary outcome was days to discharge after
randomization. Secondary outcomes included days to physiological maturity (apnea free for 5
consecutive days, receiving full oral feeds, and out of the incubator for at least 48 hours),
postmenstrual age at discharge, all-cause hospital readmissions, all-cause sick and emergency
department visits, safety outcomes, and death.

RESULTS A total of 827 infants (median gestational age, 31 weeks; 414 female [51%]) were
randomized (416, caffeine; 411, placebo) out of the 878 planned before reaching the
prespecified futility threshold. Days of hospitalization after randomization did not differ
between groups (18.0 days [IQR, 10 to 30 days] for caffeine vs 16.5 [IQR, 10 to 27 days] for
placebo; adjusted median difference, O days [95% Cl, -1.7 to 1.7 days]), nor did days to
physiological maturity differ (14.0 vs 15.0 days, adjusted median difference, -1day [95% Cl,
-2.4to 0.4 days]). Infants receiving caffeine were apnea free sooner (6.0 vs 10.0 days;
adjusted median difference, 2.7 days [95% Cl, -3.4 to -2.0 days ]) but had similar days to full
oral feeding (7.5 vs 6.0 days, adjusted median difference, O days [95% Cl, -0.1to 0.1]). Rates
of readmissions and sick visits did not differ between groups. There was no statistically
significant difference in adverse events between the 2 groups.

CONCLUSIONS AND RELEVANCE In moderately preterm infants, continuation of caffeine

treatment compared with placebo did not shorten hospitalization. Author Affiliations: Author

affiliations are listed at the end of this
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Extended Caffeine for Apnea in Moderately Preterm Infants

pnea of prematurity is one of the most common disor-

ders in moderately preterm infants,! and delayed

resolution of apnea of prematurity and attainment of
oral feeding are the most common factors prolonging hospi-
talization of moderately preterm infants.?* Caffeine and
other methylxanthines are highly effective in reducing apnea
but can have adverse effects* and should not be continued
longer than necessary. Evidence about the effectiveness and
safety of extending caffeine therapy beyond initial apnea
resolution in preterm infants is limited.> A meta-analysis
published in 2024 (3 trials, 392 preterm infants) found lim-
ited data on the benefits and harms of different caffeine ces-
sation strategies in preterm infants and called for further
assessment of their short- and long-term effects.®

Because the optimal timing to discontinue caffeine in pre-
term infants is unknown, there is wide practice variation in the
timing of discontinuation of caffeine. In a large cohort study
of 81110 infants younger than 35 weeks’ gestational age from
304 neonatal intensive care units, caffeine discontinuation
ranged from 32 to 37 weeks and late discontinuation was as-
sociated with earlier postmenstrual age (PMA) at the time of
discharge.” In hospitals that discontinue caffeine before dis-
charge, the usual practice is to observe infants for 5 to 10 days
after discontinuing caffeine because therapeutic levels per-
sist through that period and could mask immature respira-
tory control.® This potentially delays discharge.

In addition, preterm infants are at elevated risk of apnea
after hospital discharge.® In theory, continuing caffeine through
hospitalization and beyond discharge might reduce length of
hospitalization, hospital readmissions, or sick visits due to sus-
pected apnea of prematurity. However, evidence is unclear re-
garding the benefits and risks of extending caffeine after hos-
pital discharge.

This trial was designed to test the hypothesis that in mod-
erately preterm infants with planned discontinuation of caf-
feine, extending caffeine therapy until 28 days after dis-
charge compared with placebo decreases the number of days
from randomization to discharge. Secondary hypotheses as-
sessed whether continuing caffeine after discharge decreases
readmission to the hospital or sick visits to the emergency de-
partment, urgent care, or clinician’s office.

Methods

Study Design

The Moderately Preterm Infants with Caffeine at Home for
Apnea (MoCHA) trial was a randomized, placebo-controlled
trial with parallel enrollment and 1:1 allocation conducted in
the 29 hospitals of the Eunice Kennedy Shriver National
Institute of Child Health and Human Development Neonatal
Research Network (NRN). The study was approved by the
institutional review boards at each participating center and at
(Research Triangle Institute) RTI International. Written
informed consent was obtained from a parent or guardian of
each infant. Data were transmitted to RTI International, the
data coordinating center, which stored, managed, and ana-
lyzed the data. The trial protocol and statistical analysis plan
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Key Points

Question Can extended caffeine treatment reduce the duration of
hospitalization while waiting for apnea of prematurity to resolve?

Findings In this randomized clinical trial of infants born at 29 to 33
weeks' gestation who were receiving caffeine at 33 to 35 weeks'
postmenstrual age, those who continued to receive caffeine vs
placebo had similar days of hospitalization after randomization
(18.0 vs 16.5 days). Days to physiological maturity did not

differ, although infants receiving extended caffeine became
apnea-free sooner.

Meaning Compared with the placebo, extended caffeine
treatment did not shorten hospitalization.

are available in Supplement 1 and their amendments in
Supplement 2. The Consolidated Standards of Reporting
Trials (CONSORT) reporting guidelines were followed.

Patients

Infants born at 29 0/7 to 33 6/7 weeks’ gestation were eligible
for enrollment if they met all the following criteria: (1) being
33 0/7 to 35 6/7 weeks’ PMA at the time of randomization;
(2) receiving caffeine with plan to discontinue treatment;
(3) receiving oral and/or tube feedings at 120 mL/kg/d or more;
and (4) having the ability to start the study medication within
72 hours after stopping caffeine. Infants were excluded if they
met any of the following criteria: (1) receiving respiratory
therapy (ie, supplemental oxygen [more than room air equiva-
lent for high altitude sites], nasal cannula, continuous posi-
tive airway pressure ventilation, and/or mechanical ventila-
tion); (2) being discharged from an apnea monitor due to
underlying disease or family history, including history of a sib-
ling with sudden infant death syndrome; (3) parents request-
ing an apnea monitor; (4) having congenital heart disease other
than atrial septal defect, ventricular septal defect, or patent
ductus arteriosus; (5) having a neuromuscular condition af-
fecting respiration; (6) having major congenital malforma-
tion and/or genetic disorder; or (7) planning to transfer to anon-
NRN site before discharge. The race and ethnicity of the infants’
mothers were self-reported and selected from a list of prede-
termined categories.

Enrollment and Randomization

Infants were randomized centrally with stratification by cen-
ter and gestational age (29 0/7 to 30 6/7 weeks or 31 0/7 to 33
6/7 weeks). Infants of multiple births were randomized sepa-
rately. Other than the study pharmacists, all research staff,
health care staff, outcome assessors, and family members were
masked to treatment allocation.

Intervention

Infants were randomized to continuing enteral caffeine citrate
(10 mg/kg/dose, 5 mg/kg caffeine base) or an equal volume of
placebo that contained all excipients except the caffeine ci-
trate (Exela Pharma Sciences), administered daily and contin-
ued through the hospital stay and for 28 days after discharge.
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The fixed number of days of treatment after discharge wascho-  as defined by documentation of receipt of any of the follow-
sen rather than treatment until a specified PMA because the ing between randomization and discharge: open-label caf-
resolution of apnea of prematurity varies greatly among in- feine, other methylxanthines, continuous positive airway
fants. In-hospital dosages were weight-adjusted weekly. Fol-  pressure, or ventilatory support for apnea or bradycardia.
lowing randomization, apnea events were assessed by theat- ~ Additional adverse events not prespecified but reported to be
tending neonatologists using individualized management of  possibly related were analyzed also as adverse events includ-
possible apnea events with reliance on clinical monitoring ing those classified as serious adverse events per US Food and
documentation per local practice using apnea monitors. Ifthe  Drug Administration (FDA) guidelines.'©
attending neonatologist decided that caffeine reinitiation was
clinically indicated for apnea recurrence, open-label caffeine  Statistical Considerations
was allowed, and the study drug was put on hold until theopen-  To detect a 2-day median reduction in primary outcome of days
label caffeine was discontinued. Infants receiving the study fromrandomization to discharge (from 14 to 12 days), with 90%
drug who remained in the hospital at 44 weeks PMA had the  power, significance of .05, and 5% attrition, the trial required
study drug discontinued. 587 infants per group (intervention and placebo) for a total of
Once the infant was deemed ready for discharge, the par- 1174 infants, assuming a 2-tailed nonparametric test. For 80%
ent was supplied with 28 numbered vials of daily oral study = power under the same scenario, the trial required 439 infants
drug dosed based on the infant’s weight. Study medication per group for a total of 878 infants. During the trial, the tar-
could be administered at any time on the scheduled dayifdoses ~ geted power was changed from 90% to 80% with concur-
were given at least 12 hours apart. Parents were instructed to  rence from the independent data and safety monitoring com-
record the information on doses given on the data forms pro-  mittee (DSMC) because the study drug expiration date together

vided. Home apnea monitoring was not used. with the pause in recruitment due to COVID-19 precluded
A member of the research team contacted the parentstoan-  reaching full enrollment based on 90% power.
swer questions, assess medication adherence, and obtain post- The primary analysis compared the number of days of

discharge information within 72 hours after discharge and on  hospitalization from randomization to discharge between the
weeks 1,2, 3,4, 6,and 8 after discharge. Data forms giventothe  intervention and control groups, with censoring at death,
parents to complete up to 8 weeks after discharge included transfer, or 48 weeks’ PMA, whichever occurred first, using
the following fields: (1) daily item to mark if the medicationwas ~ median regression with censoring, controlling for study cen-
administered, (2) sick visits and hospitalizations, (3) weightsob-  ter and gestational age group. The outcomes presented are
tained during well-child or sick visits, (4) missed doses of study  based on the median regression, but we assessed it at censor-

medication, and (5) new medications prescribed. ing in the median time to event (survival analysis). The treat-
ment effect for the secondary outcomes (number of days to
Outcomes physiological maturity after randomization, number of read-

The primary outcome was the number of days of hospitaliza- missions, and number of sick visits) was compared between
tion from randomization to discharge, which was defined as  groups using either median regression or a Poisson regression
up to 48 weeks PMA with censoring at the time of transfer or  model controlling for study center and gestational age group.
death. Secondary outcomes included: the number of days to  Secondary analysis evaluated whether other models better
physiological maturity and for each of the following mea- fitted the distributions for these outcomes (for example, sur-
sures, which included being out of an incubator for at least  vival analysis models for the primary outcome and negative
48 hours, managing oral feeding at volume of at least 140 binomial or log linear models for the secondary outcomes).
mL/kg/d or gaining weight for at least 48 hours on fewer This study examined treatment heterogeneity for the pri-
feeds, and being apnea free for at least 5 consecutive days; mary outcome by adding interaction terms between treat-
PMA at discharge; and the number of all-cause hospital read- ment and study center as well as between treatment and
missions and the number of all-cause sick visits to urgent gestational age group and sex.

care, emergency department, or clinician’s office within the Analyses were performed according to the intention-to-
first 4 weeks, second 4 weeks, and first 8 weeks after dis- treat principle. The denominator for each outcome rate was
charge up to 48 weeks’ PMA. Prespecified, serious adverse the number of infants with known outcomes. All analyses
events included arrhythmias (excluding tachycardia or brady-  were conducted at RTI International. Two-sided P values <.05
cardia), seizures, hospitalization, and death. Safety measures  were considered statistically significant. Analyses of second-
included tachycardia, defined as at least 2 consecutive heart ary outcomes were only used for generating hypotheses and
rates of more than 200 beats per minute documented at least ~ did not include adjustment for multiple comparisons. Sub-
3 hours apart; sick visit to urgent care, emergency depart- group analyses were conducted within prespecified gesta-
ment, or clinician’s office related to apneic or brief resolved  tional age strata for predefined outcomes.

unexplained events; weight gain from randomization The DSMC reviewed the primary outcome, adverse events,
through discharge day and weight at status (status was de-  and other interim results at approximately 25%, 50%, and 75%
fined status at discharge, transfer, or still in hospital at 48  of planned enrollment. Lan-DeMets spending functions with
weeks’ PMA); treatment for high blood pressure; nothing by  Pocock and O’Brien-Fleming boundaries were used to de-
mouth for more than 24 hours; prescription of antireflux  velop stopping rules for interim safety and efficacy monitor-
medication; and the number of days with significant apnea, ing, respectively. Interim futility monitoring using conditional
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Figure. Flow of Patients in the Moderately Preterm Infants Discharged With Caffeine at Home for Apnea

(MoCHA) Trial

6635 Infants receiving caffeine therapy
screened for enrollment

2693 Excluded

605 Respiratory support?
473 Transferring to nonnetwork site
433 Discontinued or planned to discontinue caffeine treatment
394 Could start study medication <72 h of stopping caffeine
244 >120 mL/kg/d of feeding orally or by tube
179 Age 33 (0/7) to 35 wk of PMA at randomization
177 Major congenital malformation or genetic disorder
89 Congenital heart disease?
73 <35 (6/7) PMA wk at randomization
16 Neuromuscular conditions affecting respiration
6 Gestational age 29 (0/7) to 33 (6/7) wk at birth
4 Parental request for apnea monitor

3942 Eligible

3115 Excluded®

1837 Parent refused consent

275 Parent unavailable

262 Parent not approached

210 No parental decision

176 Institutional policy for COVID-19
71 Parent refused to randomize multiples separately
23 Physician refused consent
20 Consented but not randomized

241 Other reason®

(" 827 Randomized

416 Randomized to receive extended caffeine
391 Received intervention as
randomized (discharged home)
25 Did not receive intervention

as randomized

12 Transferred to another facility

12 Withdrew after randomization
1 Still in the hospital at 48 wk

as randomized

411 Randomized to receive placebo
397 Received intervention as
randomized (discharged home)
14 Did not receive intervention

7 Transferred to another facility
6 Withdrew after randomization
1 Stillin the hospital at 48 wk

2Including oxygen, nasal cannula,
continuous positive pressure
ventilation, and/or mechanical
ventilation.

} }

PExcluding atrial septal defect,

Postdischarge
31 Lost to follow-up
13 Withdrew after discharge

35 Lost to follow-up

Postdischarge

11 Withdrew after discharge

ventricular septal defect, or patent
ductus arteriosus.

“Reasons for not randomizing eligible

1 Died after discharge l

|

infants were selected from a
predetermined set of likely reasons.
Other reasons were uncategorized

416 Included in the primary analysis ‘ ‘

411 Included in the primary analysis

free text.

PMA indicates postmenstrual age.

power was conducted after 50% and 75% of the infants en-
rolled into the trial completed the 8-week follow up period.

. |
Results

Infants were enrolled from February 2019 to December 2022,
with a hospital-specific suspension of enrollment due to the
COVID-19 pandemic during parts of 2020-2021. Enrollment was
stopped early when 827 infants had been randomized (416 caf-
feine, 411 placebo) upon recommendation of the DSMC be-
cause of reaching a prespecified futility threshold of less than
15% conditional power to detect a statistically significant ef-
fect. Details on the eligibility, randomization, hospital dis-
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charge, and completion of the study are included in the Figure.
Maternal and neonatal demographic and baseline character-
istics did not differ between the groups (Table 1).

The number of days of hospitalization from randomiza-
tion to discharge did not differ between the caffeine and the
placebo groups (18.0 vs 16.5 days, IQR, 10 to 30; adjusted dif-
ference in medians, O days; 95% CI, -1.7to 1.7; P > .99; Table 2;
eFigure 1in Supplement 3), nor did the number of days to physi-
ological maturity (14.0 vs 15.0 days, adjusted difference in me-
dians, -1day; 95% CI, -2.4 to 0.4; for both groups; Table 2 and
eFigure 2 in Supplement 3). Infants in the caffeine group were
apnea free sooner (6.0 vs 10.0 days, adjusted difference in me-
dians, -2.7 days; 95% CI, -3.4 to -2.0; eFigure 3 in Supple-
ment 3). In post hoc analyses, fewer infants in the caffeine
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Table 1. Summary of Demographics and Baseline Characteristics

Characteristic

Extended caffeine
(n = 416)

Placebo
(n =411)

Maternal characteristics
Mother's age, median (IQR), y
Mother's race, No. (%)?
American Indian or Alaska Native
Asian
Black
Native Hawaiian or Pacific Islander
White
21 Race
Mother's ethnicity, No. (%)
Hispanic or Latino
Not Hispanic or Latino
Marital status, No. (%)
Married
Single
Mother's education, No. (%)
Did not finish high school
Finished high school
Some post-high school education
Mother's medical insurance, No. (%)
Private
Public
Self-pay/uninsured
Gravidity, median (IQR), No.
Parity, median (IQR), No.
Child characteristics
Sex, No. (%)
Female
Male
Gestational age, median (IQR), wk
Birth weight, median (IQR), g

Apgar score - 1 min, median (IQR)®
Apgar score - 5 min, median (IQR)®
Child interventions, No./total ((%)©
Oxygen
CPAP
Positive pressure ventilation
Intubation
Chest compression
Epinephrine
Child characteristics at randomization, median (IQR)
Postmenstrual age at randomization, wk
Randomization weight, g

30.0 (26.0-34.0)
401

7(1.7)

12 (3.0)

110 (27.4)
4(1.0)

265 (66.1)
3(0.7)

401

63 (15.7)
338(84.3)
413

213 (51.6)
200 (48.4)
337

42 (12.5)

86 (25.5)
209 (62.0)
416

207 (49.8)
203 (48.8)
6(1.4)

2.5 (1.0-4.0)
2.0(1.0-3.0)

416

213(51.2)

203 (48.8)
31.1(30.3-32.1)

1507.5
(1297.5-1750.0)

6 (4-8)
8(7-9)

344/415 (82.9)
335/416 (80.5)
228/416 (54.8)
46/416 (11.1)
0/416 (0)
0/416 (0)

34.5(34.1-35.3)

1945.0
(1745.0-2190.0)

30.0 (26.0-34.0)
398

12 (3.0)
9(23)

110 (27.6)
4(1.0)

261 (65.6)
2(0.5)

399

54 (13.5)
345 (86.5)
408
233(57.1)
175 (42.9)
342

27(7.9)

102 (29.8)
213 (62.3)
410

213 (52.0)
190 (46.3)
7(1.7)

2.0 (1.0-4.0)
2.0 (1.0-3.0)

411
207 (50.4)
204 (49.6)
31.1(30.1-32.1)

1580.0
(1304.0-1794.0)

6 (4-8)
8(7-9)

342/410 (83.4)
329/410 (80.2)
225/410 (54.9)
45/411 (10.9)
5/410 (1.2)
2/411(0.5)

34.4(34.1-35.3)

1950.0
(1770.0-2200.0)

Abbreviation: CPAP, continuous
positive airway pressure.

@ Race and ethnicity are self-reported
by the infant's mother, selected
among predetermined categories.

b Apgar score is an overall assessment
of an infant’s health status at birth.
It ranges from O to 10 with high
scores indicating a healthier infant.

¢ Treatments used at any time before
randomization but not ongoing at
the time of randomization.
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group had significant apnea after randomization (4 of 414
[1.0%]vs 18 0f 410 [4.4%], adjusted relative risk [RR], 0.22; 95%
CI, 0.07 to 0.65; Table 2), and 2 infants (0.5%) in the caffeine
group and 16 (3.9%) in the placebo group received open-label
caffeine after randomization. The number of days out of the
incubator for 48 hours (eFigure 4 in Supplement 3) and attain-
ment of oral feeds of 140 mL/kg/d or more (Table 2; eFigure 5
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in Supplement 3) or gaining weight while consuming less than
140 mL/kg/d for at least 48 hours (Table 2; eFigure 6 in Supple-
ment 3) did not differ between the groups. The mean weight
gain from randomization until discharge was lower in the caf-
feine group by 3 g/kg/d (95% CI, -5 to -2 g/kg/d). Tachycardia
occurred more often in the caffeine group (adjusted RR, 2.43;
95% CI, 1.34 to 4.25). There was no statistically significant
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Table 2. Summary of In-Hospital Outcomes After Randomization

Model estimates

Difference in medians,

Extended caffeine Placebo means, or risk Relative risk
Characteristic (n = 416) (n=411) (95% Cl) (95% Cl)
Primary outcome
No. of days of hospitalization, 18.0(10.0to 30.0) 16.5 (10.0to 27.0) 0(-1.7t0 1.7) NA
median (IQR)?
Secondary outcomes
No. of days, median (IQR)
To physiological maturity® 14.0 (7.0 to 24.0) 15.0 (8.0 to0 24.0) -1(-2.4t00.4) NA
To apnea or bradycardia free 6.0 (5.0to 15.5) 10.0(5.0t0 18.0) -2.7(-3.4t0-2.0) NA
for 5 consecutive d*
To release from incubator for 48 h 2.0(2.0t05.0) 2.0(2.0t05.0) 0(0to0) NA
continuous®
To >140 mL/kg/d oral feeds or growing 7.5 (2.0t0 20.0) 6.0(2.0t0 17.0) 0(-0.1t00.1) NA
on <140 mL/kg/d <48 h?
All-cause mortality, No./total (%)° 1/416 (0.2) 0/411 (0.0)
Postmenstrual age at discharge, 37.7(2.2) 37.6(2.0) 0.2(-0.1t00.4) NA
mean (SD), wk*®
In-hospital adverse events of concern,
No. (%)
Arrhythmia 1/414 (<1) 0/411 NA
Seizures 0/414 1/411 (<1) NA
Death 0/414 0/411 NA
Other in-hospital outcomes
Weight at status, mean (SD), g&¢ 2584.9 (544.4) 2659.1 (602.0) -74(-148to0-1) NA
Weight change from randomization 28.9(8.7) 32.2(12.8) -3(-5t0-2) NA

until status, mean (SD), g/d“¢

Tachycardia >200/min, No./total (%)
Use of antireflux medications,
No./total (%)°

Significant apnea or bradycardia
after randomization, No./total (%)

NPO for 224 h, No./total (%)®

Treatment for high blood pressure,
No./total (%)°

35/414 (8.5)
30/414(7.2)

4/414 (1.0)

6/414 (1.4)
2/414(0.5)

15/411 (3.6)
24/411(5.8)

18/410 (4.4)

14/411 (3.4)
1/411(0.2)

4.85(1.7t07.99)
1.34(-1.91t0 4.59)

-3.37(-5.53t0-1.21)

-1.94 (-4.00t0 0.12)

2.43(1.34t0 4.25)
1.25(0.73t02.1)

0.22 (0.07 t0 0.65)

0.42 (0.16 t0 1.08)
2.2(0.19t024.4)

Abbreviations: blank cells, not able to estimate; NA, not applicable;

NPO, nothing by mouth.

2 Number of days outcomes were model using median regression and adjusted
for the stratification factors of gestational age group and clinical center.

b Binary outcomes were modeled using logistic regression adjusted for the

stratification factors of gestational age group and clinical center.

€ Weight and age variables were modeled using general linear models adjusted
for the stratification factors of gestational age group and clinical center.

weeks’ postmenstral age.

dStatus was the in-hospital status at discharge, transfer, or still in hospital at 48

difference in the number of adverse events between the 2

groups (Table 3).

Discussion

All-cause hospital readmissions; all-cause sick visits, ur-

gent care, emergency department, or clinician’s office visits;
and sick visits related to apnea or a brief, resolved unex-
plained event did not differ between the groups (Table 4;
eTable1and eTable 2 in the Supplement 3). Weight change from
randomization until 8 weeks after discharge did not differ be-
tween the groups (eFigure 6 in Supplement 3). The mean (SD)
percentage of doses administered after discharge were 79.5%
(2.9%) in the caffeine group and 87.6% (2.4%) in the placebo
group (P < .001). Adherence with dose administration did not
differ at any of the 5 times it was assessed during the 28-day
period at home, but outliers accounted for the lower overall
percentage adherence in the caffeine group (eFigure 7 in

Supplement).
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This randomized placebo-controlled trial found that caffeine did
not reduce the days of hospitalization from randomization to
hospital discharge. Strengths of this trial included the large
sample size and multicenter design, the important clinical out-
comes assessed, and the masking to treatment assignment.
Days out of the incubator, days to full oral feeds, and days
to physiological maturity did not differ between the groups.
Although infants in the caffeine group had fewer days to be-
coming apnea free, the age at attainment of full oral feeding
exceeded the age at resolution of apnea. Thus, caffeine con-
tinuation may not have reduced hospitalization days in mod-
erately preterm infants because achievement of full oral feeds

delayed discharge more often than apnea resolution.-2
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Table 3. Summary of Not Prespecified but Reported Adverse Events

No. (%) of infants

Adverse event Extended caffeine Placebo Total
In-hospital
No. 416 411 827
Necrotizing enterocolitis neonatal 0 4(1) 4(<1)
Hematochezia 0 1(<1) 1(<1)
Ileal stenosis 0 1(<1) 1(<1)
Mastoiditis 0 1(<1) 1(<1)
Neonatal tachycardia 0 1(<1) 1(<1)
Pyloric stenosis 1(<1) 0 1(<1)
Rhinovirus infection 0 1(<1) 1(<1)
Subperiosteal abscess 0 1(<1) 1(<1)
Any 11(3) 21 (5) 32 (4)
Serious 2(<1) 8(2) 10 (1)
Postdischarge
No. 390 397 787
Vomiting 0 4(1) 4(1)
Bronchiolitis 1(<1) 2(1) 3(<1)
Respiratory syncytial virus infection 2(1) 1(<1) 3(<1)
Enterovirus infection 1(<1) 1(<1) 2(<1)
Influenza 1(<1) 1(<1) 2(<1)
Rhinovirus infection 1(<1) 1(<1) 2(<1)
Constipation 1(<1) 0 1(<1)
Cyanosis neonatal 0 1(<1) 1(<1)
Dehydration 0 1(<1) 1(<1)
Failure to thrive 1(<1) 0 1(<1)
Gastroesophageal reflux disease 0 1(<1) 1(<1)
Meningitis neonatal 0 1(<1) 1(<1)
Necrotizing enterocolitis neonatal 0 1(<1) 1(<1)
Neonatal hypoxia 0 1(<1) 1(<1)
Neonatal respiratory distress syndrome 1(<1) 0 1(<1)
Pneumonia moraxella 1(<1) 0 1(<1)
Road traffic crash 1(<1) 0 1(<1)
Seizure 1(<1) 0 1(<1)
Upper respiratory tract infection 0 1(<1) 1(<1)
Urinary tract infection neonatal 0 1(<1) 1(<1)
Any 12 (3) 18 (5) 30 (4)
Serious 8(2) 12 (3) 20 (3)
In-hospital and postdischarge
No. 416 411 827
Vomiting 0 4(1) 4(<1)
Bronchiolitis 1(<1) 2(<1) 3(<1)
Respiratory syncytial virus infection 2(<1) 1(<1) 3 (<1)
Enterovirus infection 1(<1) 1(<1) 2(<1)
Influenza 1(<1) 1(<1) 2(<1)
Rhinovirus infection 1(<1) 1(<1) 2(<1)
Constipation 1(<1) 0 1(<1)
Cyanosis neonatal 0 1(<1) 1(<1)
Dehydration 0 1(<1) 1(<1)
Failure to thrive 1(<1) 0 1(<1)
Gastroesophageal reflux disease 0 1(<1) 1(<1)
Meningitis neonatal 0 1(<1) 1(<1)
(continued)
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Table 3. Summary of Not Prespecified but Reported Adverse Events (continued)

No. (%) of infants

Adverse event Extended caffeine Placebo Total

Necrotizing enterocolitis neonatal 0 1(<1) 1(<1)
Neonatal hypoxia 0 1(<1) 1(<1)
Neonatal respiratory distress syndrome 1(<1) 0 1(<1)
Pneumonia moraxella 1(<1) 0 1(<1)
Road traffic crash 1(<1) 0 1(<1)
Seizure 1(<1) 0 1(<1)
Upper respiratory tract infection 0 1(<1) 1(<1)
Urinary tract infection neonatal 0 1(<1) 1(<1)
Any 19 (5) 31(8) 50 (6)
Serious 10 (2) 18 (4) 28 (3)

Table 4. Summary of Postdischarge Outcomes

Extended caffeine (n = 390)

Placebo (n = 397)

Model estimated

No. of No. (%) of No of No. (%) of Difference in risk Relative risk
Postdischarge outcome events infants events infants (95% CI) (95% CI)
Any all-cause readmissions® 27 24 (6) 30 25 (6) -0.16 (-3.49t0 3.18) 0.97 (0.56 t0 1.67)
Any all-cause sick visits, urgent care, 126 89 (23) 106 77 (19) 3.38(-2.26t09.01) 1.18(0.89t01.52)
emergency departments, or clinician's
office?
Any sick visits related to apneic 32 22 (6) 37 29 (7) -1.67 (-5.07 to 1.73) 0.77 (0.44t0 1.31)
or apparent life-threatening events®
Mean (SD) Mean (SD) Model-estimated

difference in means

(95%CI)
Weight change from randomization until 8 26.9(6.2) 26.7(8.1) -2(-4tol)

wks after discharge, g/d®

@ Binary outcomes were modeled using logistic regression adjusted for the
stratification factors of gestational age group and clinical center.

®Weight change was modeled using a general linear model adjusted for the
stratification factors of gestational age group and clinical center.

A potential weakness of the tested intervention was that the
dose of caffeine citrate was 10 mg/kg/d. This is within the stan-
dard FDA recommended dose; however, this dose may be less
effective than a higher dose. In a recent meta-analysis, a dose
of 20 mg/kg/d was more effective for apnea reduction,'* The
higher dose may be preferable, especially at PMAs approach-
ing term, due to the increased elimination of caffeine.!1*

The current trial’s finding that infants receiving caffeine
became apnea free 2 days sooner than those receiving pla-
cebo is consistent with 3 past multicenter randomized clini-
cal trials of caffeine treatment around the time of discharge
to home.'>” In these trials that included 259 preterm in-
fants, continued caffeine beyond 34 to 37 weeks’ PMA de-
creased intermittent hypoxemic events.>” The current trial
found earlier achievement of apnea-free status in the caf-
feine group, which is consistent with the results of these trials,
because apnea and intermittent hypoxemic events fre-
quently occur concurrently.

This trial represents an advance over past studies that
were not powered to assess clinical outcomes and provides
strong evidence to compare the clinical outcomes of infants
discharged home receiving caffeine with those receiving pla-
cebo. In recent observational studies,®!®!° infants were dis-
charged while receiving caffeine, but robust inferences about
potential clinical benefits could not be made. Although there
have been concerns of caffeine treatment causing adverse
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effects including gastrointestinal ones,2° there was not a sta-
tistically significant difference in the number of adverse
events reported between the 2 groups (Table 3). The tachy-
cardia and initial lower mean weight gain in the caffeine
group were transient.

Limitations

This study has several limitations. First, the treating physi-
cians were allowed to use individualized management of pos-
sible apnea events, and the study relied on clinical documen-
tation for assessment of apnea-free duration. However, treating
physicians masked to treatment allocation made decisions re-
garding resolution of apnea events and achieving other mea-
sures of physiological maturity, which allowed rigorous and
unbiased assessment of the clinical effects of caffeine. Sec-
ond, another limitation was that alower percentage of the doses
planned were given in the caffeine group. Third, analyses of
secondary outcomes were only used for generating hypoth-
eses and did not include adjustment for multiple compari-
sons. Fourth, the relatively low follow-up rate was in part due
to the COVID-19 pandemic but would not affect the hospital
outcomes. Fifth, infants born at less than 29 weeks’ gesta-
tional age who are at high risk of apnea of prematurity were
not the target of this trial and were excluded because they are
at a higher risk of other, higher morbidities that could con-
found the intervention.
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Conclusions

In conclusion, this trial found that in moderately preterm
infants with planned discontinuation of caffeine, continua-

ARTICLE INFORMATION
Accepted for Publication: April 2, 2025.

Published Online: April 28, 2025.
doi:10.1001/jama.2025.5791

Author Affiliations: Department of Pediatrics,
Division of Neonatology, University of Alabama at
Birmingham (Carlo, Ambalavanan, Cosby); Hospital
of the University of Pennsylvania (HUP), Children’s
Hospital of Philadelphia, Philadelphia (Eichenwald,
DeMauro); RTI International, Research Triangle
Park, North Carolina (Carper); Department of
Pediatrics, University of lowa, lowa City (Bell,
Colaizy); Women and Infants Hospital of Rhode
Island, Department of Pediatrics, Brown University,
Providence (Keszler, Vohr); Department of
Pediatrics, Emory University and Children’s
Healthcare of Atlanta, Atlanta, Georgia (Patel);
Nationwide Children’s Hospital, Department of
Pediatrics, Ohio State University College of
Medicine, Columbus (Sanchez, Osman);
Department of Pediatrics, Duke University Hospital,
Durham, North Carolina (Goldberg, Cotten);
Department of Pediatrics, University of Rochester,
Rochester, New York (D’Angio); Lucile Salter
Packard Children’s Hospital, Department of
Pediatrics, Stanford University, Palo Alto, California
(Van Meurs); Rainbow Babies and Children's
Hospital, Department of Pediatrics, Case Western
Reserve University, Cleveland, Ohio (Hibbs,
Newman); Eunice Kennedy Shriver National
Institute of Child Health and Human Development,
Bethesda, Maryland (Walsh); RTI International,
Rockville, Maryland (Das); Utah Valley Regional
Medical Center, Department of Pediatrics,
University of Utah, Salt Lake City (Ohls);
Department of Pediatrics, University of

New Mexico Health Science Center, Albuquerque
(Fuller); Children’s Memorial Hermann Hospital,
Department of Pediatrics, University of Texas,
Houston (Rysavy); Virtua Voorhees Hospital,
Voorhees, New Jersey (Ghavam); Clements
University Hospital, Department of Pediatrics,
University of Texas, Dallas (Brion); Pennsylvania
Hospital, Department of Pediatrics, University of
Pennsylvania, Philadelphia (Puopolo); Maynard
Children’s Hospital, Department of Pediatrics, East
Carolina University, Greenville, North Carolina
(Moore); Sanford Health, Sioux Falls, South Dakota
(Baack); Department of Pediatrics, University of
Utah, Salt Lake City (Baserga, Merhar); Department
of Pediatrics, University of Cincinnati Hospital,
Cincinnati, Ohio (Merhar); Cincinnati Children's
Hospital Medical Center, Cincinnati, Ohio
(Poindexter); Department of Pediatrics, University
of Buffalo, Buffalo, New York (Kumar).

Author Contributions: On behalf of the NRN, RTI
International had full access to all the data in the
study, and with the NRN center principal
investigators, takes responsibility for the integrity
of the data for each individual hospital and accuracy
of the data analysis. Drs Carlo and Das take
responsibility for the overall data and the data
analysis.

JAMA June 24,2025 Volume 333, Number 24

tion of caffeine until 28 days after discharge or 44 weeks’

PMA did not reduce hospital days, hospital readmissions, or
sick visits. Caffeine reduced days to resolution of apnea, but

apnea resolution.

Concept and design: Eichenwald, Carper, Bell,
Keszler, Patel, Sanchez, Van Meurs, Hibbs,
Ambalavanan, Cosby, Newman, Walsh, Das, Brion,
Poindexter.

Acquisition, analysis, or interpretation of data:
Carlo, Eichenwald, Carper, Bell, Keszler, Patel,
Sanchez, Goldberg, D'’Angio, Hibbs, Ambalavanan,
Cosby, Newman, Vohr, Das, Ohls, Fuller, Rysavy,
Ghavam, Brion, Puopolo, Moore, Baack, Colaizy,
Baserga, Osman, Merhar, DeMauro, Kumar, Cotton.
Drafting of the manuscript: Eichenwald, Carper,
Sanchez, D'Angio, Newman, Kumar.

Critical review of the manuscript for important
intellectual content: All authors.

Statistical analysis: Carper, Das.

Obtained funding: Eichenwald, Bell, Patel, Sanchez,
Goldberg, D'Angio, Hibbs, Das, Ohls, Fuller, Colaizy,
Merhar.

Administrative, technical, or material support: Carlo,
Eichenwald, Bell, Sanchez, Goldberg, Van Meurs,
Hibbs, Ambalavanan, Cosby, Newman, Brion,
Puopolo, Moore, Baack, Baserga, Osman, Kumar.
Supervision: Eichenwald, Keszler, Patel, Sanchez,
Hibbs, Das, Baack, Baserga, Merhar, Kumar.

Conflict of Interest Disclosures: Dr Das reported
receiving grants from NICHD and National Institutes
of Health (NIH) during the conduct of the study.

Dr Ohls reported receiving grants from NIH during
the conduct of the study. Dr DeMauro reported
receiving grants from NIH during the conduct of the
study. Dr Hibbs reported receiving grants from NIH
during the conduct of the study. No other conflicts
were disclosed.

Funding/Support: This study was supported by
grants U10 HD27871, U10 HD53119, UG1 HD21364,
UG1HD21373, UGT1 HD21385, UG1 HD27851,
UG1HD27853, UG1 HD27856, UG1 HD27880,UG1
HD27904, UG1 HD34216, UG1 HD36790, UGI1
HD40492, UG1 HD40689, UG1 HD53089,
UG1HD53109, UG1 HD68244, UG1 HD68270, UG1
HD68278, UG1 HD68263, UG1 HD68284, UGI
HD87226, UG1 HD87229 from the National
Institutes of Health and the Eunice Kennedy Shriver
National Institute of Child Health and Human
Development (NICHD) and UL1 TR6, UL1TR41, UL1
TR42, UL1TR77, UL1TR93, UL1TR442, UL1 TR454,
UL1TR1117 from the National Center for Advancing
Translational Sciences (NCATS), which provided
grant support through cooperative agreements for
the Neonatal Research Network (NRN). NICHD staff
provided input into the study design, conduct,
analysis, and manuscript drafting; National Center
for Research Resources (NCRR) and National Center
for Advancing Translational Sciences (NCATS)
cooperative agreements provided infrastructure
support to the NRN.

Role of the Funder/Sponsor: The NICHD, NCRR,
and NCATS provided grant support for the NRN's
Moderately Preterm Infants Discharged with
Caffeine at Home for Apnea (MoCHA) trial through
cooperative agreements. Participating NRN sites
collected data and transmitted it to RTI
International, the data coordinating center for the

Downloaded from jamanetwork.com by thuy hoang on 06/26/2025

achievement of full oral feeds delayed discharge more than

network, which stored, managed, and analyzed the
data for this study.

Group Information: Members of for the Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Neonatal Research
Network are listed in Supplement 4.

Disclaimer: While NICHD staff had input into the
study design, conduct, analysis, and manuscript
drafting, the comments and views of the authors do
not necessarily represent the views of NICHD, the
National Institutes of Health, the Department of
Health and Human Services, or the US government.

Meeting Presentation: This paper was presented
at the Pediatric Academic Societies Meeting (PAS
2025); April 28, 2025; Honolulu, Hawai'i.

Data Sharing Statement: See Supplement 5. Data
reported in this paper may be requested through a
data use agreement. Further details are available at
https://neonatal.rti.org/index.cfm?fuseaction=
DataRequest.Home

Additional Contributions: We thank our medical
and nursing colleagues and the infants and their
parents who agreed to take part in this study. We
also Lauren Mclnnis, MA, from the University of
Alabama at Birmingham for her assistance in editing
and revising the manuscript.

REFERENCES

1. Eichenwald EC, Watterberg KL, Aucott S, et al;
Committee on Fetus and Newborn, American
Academy of Pediatrics. Apnea of prematurity.
Pediatrics. 2016;137(1):e20153757. doi:10.1542/peds.
2015-3757

2. Eichenwald EC, Blackwell M, Lloyd JS, Tran T,
Wilker RE, Richardson DK. Inter-neonatal intensive
care unit variation in discharge timing: influence of
apnea and feeding management. Pediatrics.
2001;108(4):928-933. doi:10.1542/peds.108.4.928

3. Walsh MC, Bell EF, Kandefer S, et al. Neonatal
outcomes of moderately preterm infants compared
to extremely preterm infants. Pediatr Res. 2017;82
(2):297-304. doi:10.1038/pr.2017.46

4. Henderson-Smart DJ, De Paoli AG.
Methylxanthine treatment for apnoea in preterm
infants. Cochrane Database Syst Rev. 2010;2010
(12):CD0O00140. doi:10.1002/14651858.CDO00140.
pub2

5. Davis PG. When to start and stop caffeine and
why respiratory status matters. Semin Fetal
Neonatal Med. 2020;25(6):101175. doi:10.1016/j.
siny.2020.101175

6. Urru SA, Geist M, Carlinger R, Bodrero E,
Bruschettini M. Strategies for cessation of caffeine
administration in preterm infants. Cochrane
Database Syst Rev. 2024,7(7):CD0O15802. doi:10.
1002/14651858.CD0O15802.pub2

7. JiD, Smith PB, Clark RH, et al. Wide variation in
caffeine discontinuation timing in premature
infants. J Perinatol. 2020;40(2):288-293. doi:10.
1038/541372-019-0561-0

jama.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.5791?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.5791?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.5791?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791
https://neonatal.rti.org/index.cfm?fuseaction=DataRequest.Home
https://neonatal.rti.org/index.cfm?fuseaction=DataRequest.Home
https://dx.doi.org/10.1542/peds.2015-3757
https://dx.doi.org/10.1542/peds.2015-3757
https://dx.doi.org/10.1542/peds.108.4.928
https://dx.doi.org/10.1038/pr.2017.46
https://dx.doi.org/10.1002/14651858.CD000140.pub2
https://dx.doi.org/10.1002/14651858.CD000140.pub2
https://dx.doi.org/10.1016/j.siny.2020.101175
https://dx.doi.org/10.1016/j.siny.2020.101175
https://dx.doi.org/10.1002/14651858.CD015802.pub2
https://dx.doi.org/10.1002/14651858.CD015802.pub2
https://dx.doi.org/10.1038/s41372-019-0561-0
https://dx.doi.org/10.1038/s41372-019-0561-0
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791

Extended Caffeine for Apnea in Moderately Preterm Infants

8. Subhani M, Katz S, DeCristofaro JD. Prediction of
postdischarge complications by predischarge event
recordings in infants with apnea of prematurity.

J Perinatol. 2000;20(2):92-95. doi:10.1038/sj.jp.
7200320

9. Ramanathan R, Corwin MJ, Hunt CE, et al;
Collaborative Home Infant Monitoring Evaluation
(CHIME) Study Group. Cardiorespiratory events
recorded on home monitors. JAMA. 2001;285(17):
2199-2207. doi:10.1001/jama.285.17.2199

10. What is a serious adverse event? US Food and
Drug Administration.Accessed March 26, 2025.
https://www.fda.gov/safety/reporting-serious-
problems-fda/what-serious-adverse-event

11. Cotten CM, Oh W, McDonald S, et al; NICHD
Neonatal Research Network. Prolonged hospital
stay for extremely premature infants: risk factors,
center differences, and the impact of mortality on
selecting a best-performing center. J Perinatol.
2005;25(10):650-655. doi:10.1038/sj.jp.7211369

12. Edwards L, Cotten CM, Smith PB, et al; Eunice
Kennedy Shriver National Institute of Child Health
and Human Development. Inadequate oral feeding

jama.com

as a barrier to discharge in moderately preterm
infants. J Perinatol. 2019;39(9):1219-1228. doi:10.
1038/s41372-019-0422-x

13. Carlos C, Hageman J, Pellerite M, et al. Neonatal
intensive care unit discharge of infants with
cardiorespiratory events: tri-country comparison of
academic centers. J Neonatal Perinatal Med. 2015;
8(4):307-311. doi:10.3233/NPM-15814077

14. Lodha A, Seshia M, McMillan DD, et al; Canadian
Neonatal Network. Association of early caffeine
administration and neonatal outcomes in very
preterm neonates. JAMA Pediatr. 2015;169(1):33-38.
doi:10.1001/jamapediatrics.2014.2223

15. Rhein LM, Dobson NR, Darnall RA, et al;
Caffeine Pilot Study Group. Effects of caffeine on
intermittent hypoxia in infants born prematurely:
arandomized clinical trial. JAMA Pediatr. 2014;168
(3):250-257. doi:10.1001/jamapediatrics.2013.4371

16. Dobson NR, Rhein LM, Darnall RA, et al;
Caffeine Study Group. Caffeine decreases
intermittent hypoxia in preterm infants nearing
term-equivalent age. J Perinatol. 2017;37(10):1135-
1140. doi:10.1038/jp.2017.82

Downloaded from jamanetwork.com by thuy hoang on 06/26/2025

Original Investigation Research

17. Oliphant EA, McKinlay CJ, McNamara D,
Cavadino A, Alsweiler JM. Caffeine to prevent
intermittent hypoxaemia in late preterm infants:
randomised controlled dosage trial. Arch Dis Child
Fetal Neonatal Ed. 2023;108(2):106-113. doi:10.
1136/archdischild-2022-324010

18. Hunt CE, Brouillette RT. Methylxanthine
treatment in infants at risk for sudden infant death
syndrome. Ann N Y Acad Sci. 1988;533(1):119-126.
doi:10.1111/j.1749-6632.1988.tb37239.x

19. Ducrocq S, Biran-Mucignat V, Boelle PY, Lebas
F, Baudon JJ, Gold F. Apnées tardives du prématuré:
facteurs de risque, traitement ambulatoire par
citrate de caféine [Apnea of prematurity: risk
factors and ambulatory treatment with caffeine
citrate]. Arch Pediatr. 2006;13(10):1299-1304.
doi:10.1016/j.arcped.2006.06.016

20. Gama B, von Hafe M, Vieira R, Soares H,
Azevedo |, Rocha G. Gastrointestinal effects of
caffeine in preterm infants: a systematic review and
Bayesian meta-analysis. Arch Dis Child Fetal
Neonatal Ed. 2024;109(6):670-676. doi:10.1136/
archdischild-2024-327075

JAMA June 24,2025 Volume 333, Number 24

2163

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.


https://dx.doi.org/10.1038/sj.jp.7200320
https://dx.doi.org/10.1038/sj.jp.7200320
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.285.17.2199?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791
https://www.fda.gov/safety/reporting-serious-problems-fda/what-serious-adverse-event
https://www.fda.gov/safety/reporting-serious-problems-fda/what-serious-adverse-event
https://dx.doi.org/10.1038/sj.jp.7211369
https://dx.doi.org/10.1038/s41372-019-0422-x
https://dx.doi.org/10.1038/s41372-019-0422-x
https://dx.doi.org/10.3233/NPM-15814077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2014.2223?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2013.4371?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791
https://dx.doi.org/10.1038/jp.2017.82
https://dx.doi.org/10.1136/archdischild-2022-324010
https://dx.doi.org/10.1136/archdischild-2022-324010
https://dx.doi.org/10.1111/j.1749-6632.1988.tb37239.x
https://dx.doi.org/10.1016/j.arcped.2006.06.016
https://dx.doi.org/10.1136/archdischild-2024-327075
https://dx.doi.org/10.1136/archdischild-2024-327075
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.5791

