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Introduction: Intermittent hypoxemia (IH) is defined as oxygen saturation (SpO5)
drop >5% from the baseline (set at 90 s preceding the event) to a level less than
90% lasting for >5s. Caffeine citrate, the standard of care for apnea of
prematurity, reduces IH events. IH contributes to both short and long-term
adverse neurologic outcomes. Standard patient monitors cannot detect IH
events due to long averaging times.

Objective: Describe change in patterns of IH events in preterms <34 weeks
before and after cessation of caffeine citrate and factors associated.

Methods: Interrupted time series study design. Data was collected from
1 December 2022 to 30 June 2023. MASIMO RAD-G oximeter was used, and
analysis done using Trace software V3028 output was desaturation frequency,
duration, and time. Data exported, stored, and analyzed using Excel 2016.
Change in slope compared visually in two time periods interrupted at 34
weeks and objective statistical analysis done using the Student-T-test, Cl 95%
with p-value <0.05 considered significant.

Results: 49 patients medical records available for secondary analysis. Frequency
of IH events increased from 7.94 to 40.94 events/hour (5-fold). IH events of
durations lasting between 0 and 10 s, and >20 s decreased by 12.3% and 6.8%,
respectively, while those lasting 10-20 s increased by 17%. The mildly severe
IH events decreased by nearly half, 46.9% (78.4% to 31.5%), while both the
moderately severe and severe IH events increased by 17.4% (18.5%—-35.9%),
and 26% (6.7% to 32.7%) respectively. The time spent in hypoxemia increased
by 2.3 h/week/patient, while the cumulative time in hypoxemia increased by
1.6 h/patient. Preterms exposure to ACS (antenatal corticosteroids) was
associated with decrease in IH events.

Conclusion: Caffeine citrate cessation leads to worsening of IH events with
increased frequency, duration, severity and cumulative time spent in
hypoxemia. Exposure to ACS was associated with decrease in IH events.
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Recommendation: Caffeine citrate therapy use beyond 34 weeks is likely to be
beneficial especially in the context of LMIC where antenatal steroid is not always
administered, and monitoring of preterm babies is suboptimal. Safe cessation of
caffeine therapy requires monitoring to detect IH events.

KEYWORDS

intermittent hypoxemia, caffeine citrate, interrupted time series, preterm infants, LMIC
(low and middle income countries)

Introduction

Intermittent hypoxemia (IH) events are brief repetitive cycles
(SpO,  <90%)
normoxemia (SpO, >90%) (1). Apnea of prematurity (AoP) and

of desaturation followed by a return to
immature control of breathing are the postulated underlying
physiological mechanisms in preterm infants (1, 2). Accurate
assessment of IH requires continuous pulse oximetry monitoring
equipment with short averaging times that display trends (2, 3).
Conventional critical care charts do not include IH events
which may occur in regular patterns or irregular clusters with
variable nadirs (4-6).

Infants with high-risk patterns of IH are predisposed to greater
mortality and morbidity, including neurodevelopmental
impairment with decreased cognitive development and language
delay, retinopathy of prematurity, poor weight gain, and BPD
(7-14). Early onset IH is associated with an increased risk of
asthma at 2 years of age, while a higher frequency of IH events
after 3-5 weeks of age is associated with retinopathy of
prematurity (10-13, 15). An increase in IH events can provide
early warning to adverse events, such as neonatal sepsis, BPD
and prolonged newborn intensive care unit stay (7, 14, 16-18).

The incidence of IH increases with severity of prematurity and
among extremely preterm infants born less than 28 weeks
gestation, it is lowest immediately after birth steadily increasing
over the first 3 days, and peaks between 4 and 6 weeks postnatal
age (6, 9, 15). Interventions that reduce the incidence of IH
oxygen
optimization of respiratory support, and correction of anemia.

events include caffeine citrate, supplementation,
Caffeine reduces the number of IH events per hour by 52% and
results in a reduction in time spent by infants with a SpO, <90%
by 47% (seconds spent in hypoxemia per hour monitored)
(6, 15, 19-21). While guidelines recommend cessation of caffeine
therapy at 34 weeks based on the reduced risk of AoP after this
age, there is some evidence that IH events may increase after
cessation (19, 21-24).

Challenges facing preterm infants care in low- and middle-
income countries include inadequate administration of antenatal
corticosteroids (ACS), inconsistent availability and high cost of
caffeine citrate, higher prevalence of neonatal co-morbidities (25).
In addition,

monitoring equipment and inadequately staffed units (25-27).

there is insufficient respiratory support and
Adequate provision and implementation of antenatal care for
anticipated preterm deliveries and caffeine citrate for infants
born less than 34 weeks gestation become the cornerstone for
improving neonatal outcomes in such settings (21, 26, 27).
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Objectives

The primary objective was to study the impact of cessation of
caffeine citrate therapy on the trend of IH events in preterm
infants. Secondary objectives were to describe the change in
frequency, duration, and severity of IH events, and the time
spent in hypoxemia and comparison of IH events in babies
exposed and those not exposed to antenatal steroids.

Methods
Study site

Nested within a quality improvement study evaluating the
feasibility of management of AoP with caffeine citate which
took place in the newborn unit (NBU) of a tertiary care
teaching hospital in Kenya. Infants were recruited from May
2022 to June 2023, and the IH data collected during phase 2 of
the study between December 2022 and June 2023 (25). The
study had two phases and provided caffeine with continuous
monitoring as the intervention. The first phase consisted of
formative research to develop a context-appropriate prototype
clinical care bundle for management of AoP that included
caffeine citrate and an implementation strategy using currently
available evidence, key stakeholders’ consensus opinion, and
high-quality context-appropriate clinical data. The second
phase was a quality improvement study to pilot implementation
care bundle that

plan-do-study-act

and optimization of an AoP clinical

incorporates caffeine citrate using a
framework. The quality improvement strategy focused on
adoptability, feasibility, usability, acceptability, adherence, and
accessibility by  target healthcare

administrators, healthcare providers, and caregivers of neonates.

users, including

Study population

The eligibility criteria for recruitment to the primary study
included all newborn infants admitted to the tertiary NBU
during the study period who were less than 34 weeks gestation
by dates or had a birth weight of less than 1,500 g and estimated
gestational age by the New Ballard score of less than 34 weeks.
Eligible neonates whose caregiver provided written informed
consent were enrolled and caffeine citrate therapy was based on
existing hospital guidelines.
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Study definitions

IH event - a drop in SpO, of at least 5% from baseline with a
nadir <90% lasting for at least 5s (1). Time window for baseline
was set at 90 s preceding the event. Desaturation index (DSI) -
mean number of IH events per hour recorded (1). Duration of
IH events - mean duration in seconds and divided into three
categories: 0-10 s; 10-20 s; and >20 s (1).

Study design

The study design consisted of an interrupted time series (ITS)
without a control arm to compare the trend of IH events during
and after cessation of caffeine treatment. The intervention was
caffeine citrate cessation, and the interruption point was at 34
weeks gestational age. ITS modeling algorithms were used to
model the forecast trend in the absence of the intervention (20).

Study procedures

After obtaining written informed consent, eligible infants were
enrolled and started on caffeine citrate based on existing hospital
protocols. Treatment decisions for the infants were made by the
attending hospital physicians and the dose of caffeine citrate was
a standard low-dose regimen with a loading dose of 20 mg/kg
administered enterally or parentally at birth followed by 5-10 mg/
kg/day maintenance dose as recommended till 34 weeks
gestational age. Treatment was stopped once infants ceased having
clinically detectable apnea. Occurrence of apnea was monitored
clinically by observation for cessation of breathing for more than
20 s, desaturation to less than 90%, and bradycardia of less than
100 beats per minute using the standard patient monitors which
were used for clinical decisions. MASIMO Rad G pulse oximetry
monitoring devices were applied to eligible infants for durations
exclusively determined by the NBU attending physician and were
set to provide readings at an averaging time of 2 s intervals. These
recordings were stored in the device memory and transferred to
the study computer every 24 h. Therefore, not all infants had
pulse oximetry recordings from the study devices. Respiratory
support options in the unit included blended and unblended
humidified oxygen by nasal prongs, continuous positive airway
pressure (CPAP), and conventional mechanical ventilation.

Enrolled neonates were followed up from initiation of caffeine
treatment up to 7 days after the discontinuation of caffeine as
determined by the NBU attending physician or to 38 weeks
gestational age. Data collection continued for neonates who
underwent escalation of care to CPAP or mechanical ventilation.

Data management
Data collection and storage

Clinical data were collected using REDCap electronic data
collection forms and stored in the REDCap software server
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account. Pulse oximetry recordings were downloaded weekly and
stored in the MASIMO Trace V3025, Build Number 028
software database installed in a secure dedicated study laptop.

Data analysis

The baseline data, socio-demographic, clinical, morbidity, and
treatment characteristics were presented in a summary table. Pulse
oximetry data were downloaded from the MASIMO RAD
G devices onto the study laptop directly and processed using the
MASIMO Trace V3025, Build Number 028 software database
tools. Pre-processing was done to crop out blank and invalid
sections of records and then valid segments were analyzed in
segments of 24-h periods. The Trace software report-generating
module produced summaries which were exported as PDF files.

The raw daily data were read and tabulated in a master
Microsoft Excel (2016) spreadsheet for each patient and by
postmenstrual age. Time series trends were then plotted from the
daily data using the Excel chart features for the actual data. The
(ITS)
autoregressive integrated moving averages (ARIMA) and the
ARIMA (SARIMA)
Between 3 and 5 models were generated using different

interrupted time series analysis was done using

Seasonal algorithms where applicable.
parameters and the optimal model selected was one with the
Akaike’s (AIC) and Bayesian
Information Criterion (BIC) (28). The Real Statistics Resource
Pack software (Release 8.9.1), Copyright (2013-2023) Charles

Zaiontz. https://www.real-statistics.com was utilized.

least Information Criterion

Aggregate weekly data for actual and forecast model data was
done. Interrupted time series charts for each of the study endpoints
were then plotted using the aggregated actual and forecast model
data to produce the actual and counterfactual trends respectively
and the post-interruption slope difference between the actual and
counterfactual trends was analyzed with Student-t-test for statistical
significance. Analysis was also done for the following secondary
endpoints: (i) Duration — proportion of IH events with duration
0-10's, 10-20s, and >20s; (ii) Severity - proportion of IH events
in mild category (SpO, range 85%-89%), moderate category (SpO,
range 80%-84%), and severe category (SpO, range <80%);
(iii) Time spent in hypoxemia (Hours); (iv) Cumulative time spent
in hypoxemia (SpO, <90%); (v) Comparison of IH events in
infants exposed and unexposed to ACS.

Results

A total of 49 participants enrolled in the implementation phase 2
of the parent study had complete data available for enrollment and
constituted the sample size for the IH study. The monitoring of the
babies using the study pulse oximetry gadget was at the discretion of
the attending physicians and nurses. A total of 786 patient days
(14,502.73 h) of observation was available for participants aged
between 26 and 38 weeks and 3 days. The infants were monitored
for average blocks of 23 h per day. Caffeine was stopped when
infants attained 34 weeks gestational age (Figure 1).

One infant received surfactant treatment, and two infants
received CPAP respiratory support soon after birth. None of the

frontiersin.org


https://www.real-statistics.com
https://doi.org/10.3389/fped.2025.1463484
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Mashep et al. 10.3389/fped.2025.1463484
(o . )
Rejected: Subjects Rad-
G tracings - corrupted/
unresolvable
discrepancy in dates
— ata acquisitionan
: : : n=1
Enrolment: Eligibilty Data collection, cleaning (complete data |[ \. J
assessment, consent : 5 ;
cleaning, and storage as | | set including treatment
process as per ETNA A
per primary study records and Rad-G s 3
study protocol trarinigs]
n=182 n=182 Analyzed: Subjects with
n=50 J valid data
n=49
\ J
FIGURE 1
Study flow diagram. A total of 182 infants were eligible for the parent study. However, only 50 had the continuous pulse oximetry required for this
study. One of these had corrupted data and was excluded, and therefore the final eligible number was 49.

TABLE 1 Characteristics of the study subjects.

 Characteristic

Mothers no. (%) 47 (100)
Age, years median (IQR) 28 (7)
28 (63.6%)
26 (55.3%)

Antenatal steroids, No. (%)

Caesarian section delivery, No. (%)

<28 weeks 0
28-<32 weeks 13 (27.7)
>32 weeks 13 (27.7)
HTN, No. (%) 14 (29.8)
<28 weeks 0
28-<32 weeks 5 (10.6)
>32 weeks 9 (19.1)
Infection, No. (%) 13 (27.7)
<28 weeks 0
28-<32 weeks 5 (10.6)
>32 weeks 8 (17)
Singleton gestation, No. (%) 44 (93.6)
Parity, mean 2.7
Infants at birth No. (%) 49 (100)
Gestational age, No. (%)
<28 weeks 6 (12.2)
28-<32 weeks 29 (59.2)
>32 weeks 14 (28.6)
Birth weight (g)
<28 weeks 870.8
28-<32 weeks 1,337.80
>32 weeks 1,453.60
Chronological age at recruitment, days median (IQR)
<28 weeks 3 (6)
28-<32 weeks 5(5)
>32 weeks 5(5)
Female, No. (%) 18 (36.7)
Born at study institution, No. (%) 46 (93.9)
Singleton infant, No. (%) 44 (89.8)
Apgar score at 5 min (MEDIAN, IQR) 8 (2)
Temperature, degrees Celcius, median (IQR)
<28 weeks 36.1 (1.7)
28-<32 weeks 35.8 (1.1)
>32 weeks 35.7 (0.85)
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study participants needed escalation of care nor was diagnosed
with any chronic complication of prematurity such as BPD or
retinopathy. The baseline characteristics of the study population
and the main outcomes are summarized in Tables 1, 2 respectively.

Primary outcome: effect of caffeine
cessation on frequency of IH events

Caffeine therapy cessation was associated with a five-fold
increase in number of IH events per hour (7.9-40.9 IH events
per hour) by 38 weeks gestational age, p <0.01 (Figure 2).

Secondary outcomes

A decrease in the proportion of IH events lasting 0-10 s by
16.4% (95.02%-78.6%) by 38 weeks gestational age was observed,
p=0.000785 (Figure 3). However, there was an increase in the
proportion of IH events lasting 10-20s by 12.3% (5.87%-
18.20%), p<0.01 (Figure 4) and no effect on the existing
downward trend of the proportion of IH events lasting >20 s,
p<0.01 (Figure 5).

The overall impact of caffeine cessation on severity of IH events
was an increase in severe IH and moderate IH events and a
reduction in mild IH events. The mildly severe IH events
decreased by nearly half, 46.9% (78.4%-31.5%) p<0.01
(Figure 6), while both the moderately severe and severe IH
events increased by 17.4% (18.5%-35.9%), p <0.01 (Figure 7),
and by 26% (6.7%-32.7%) respectively, p < 0.01 (Figure 8).

There was a rapid increase in the rate of time spent in
hypoxemia from a baseline rate of 0.1 h/week/patient after
caffeine cessation at 34 weeks GA reaching a rate of 2.4 h/week/
patient at 38 weeks GA p<0.01, Figure 9. In effect, the
cumulative time spent in hypoxia increased by 1.6 h/patient
above the forecast time by end of 38 weeks gestational age
p<0.01, Figure 10. This increasing trend was also demonstrated
on sub-analysis of data by severity of IH events.
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TABLE 2 List of outcomes.
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Outcome Actual slope | Counterfactual slope Post-interruption | Remarks: Impact of caffeine
(measurement unit) | (unit/week) - | (unit/week) - Caffeine period slope cessation on trend of |H
Caffeine not ceased difference events
ceased (p-value)
1 Frequency of IH events 8.3 0.9 0.000 Increased frequency 7.9-49.9 IH
(events/hour) events/hour
2 Duration of |H events (% events)
a) 0-10s —-0.7 34 0.001 Decreased proportion of events by 16.4%
b) 10-20's 0.9 -2.2 0.000 Increased proportion of events by 12.3%
c) >20s -1.7 0.8 0.000 Decreased proportion of events by 9.9%
3 Severity of IH events (% events)
a) Mild —8.2 3.6 0.000 Decreased proportion of events by 46.9%
b) Moderate 4.3 —0.1 0.000 Increased proportion of events by 17.4%
) Severe 3.7 -2.9 0.000 Increased proportion of events by 26%
4 Time in hypoxemia (SpO, <90%)
a) Total time (hours/week) 0.2 0.07 0.013 Increased time in hypoxemia per week to
31 h/week
b) Cumulative time (hours) 36.7 15.1 0.000 Increased total time in hypoxemia by 85.4 h
at 38 weeks GA
5 Antenatal corticosteroids
a) No exposure (IH events/hour) 2 10 0.031 Increased events in infants without ACS
exposure from 10 to 50 events/hour. ACS-
exposed infants had a reduction in events
b) Exposed (IH events/hour) 2 -1
50.00
45.00 Caffeine stopped 40.94
40.00 A
- 0
5 35.00 "
T
= 30.00 :
‘s‘ 25.00 0
> 20.00 (]
[NN]
T 15.00 ]
10.00 1
5.00 —
—
0.00
26 27 28 29 30 31 32 33 34 35 36 37 38
(Weeks)GA
e |H Events (Forecast) — e |H Events/Hour
FIGURE 2
Effect of caffeine cessation on number of intermittent hypoxemia (IH) events. The baseline number of events was 3-8 events per hour while the
infants were on caffeine therapy, but these increased exponentially on cessation of therapy reaching 41 events per hour by 38 weeks GA.

The number of IH events increased among infants who
were not exposed to ACS compared to those exposed,
p=0.03 (Figure 11).

Discussion

Current guidelines recommend caffeine citrate as the drug of
choice for prevention of AoP in all infants born prior to 34

Frontiers in Pediatrics

weeks GA until 34-36 weeks with no clinically apparent apnea
for 5-7 days and was the practice in the tertiary care NBU (19,
20). The IH events of a low-risk phenotype existed during
caffeine therapy at a rate of 2-8 IH events per hour, lasting 0-
10s and with nadir SpO, in the mild 85%-89% range. Upon
cessation of caffeine therapy, the IH events were transformed to
high-risk phenotype with a sharp and steady increase in
frequency, duration, and severity. While existing studies indicate
that continuation of therapy maintains the low risk IH events,
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FIGURE 3
Effect of caffeine therapy cessation on proportion of intermittent hypoxemia (IH) events of 0-10 s duration. The proportion of events of this duration
plateaued on cessation of therapy indicating an increase in the events with longer duration.
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Effect of caffeine therapy cessation on proportion of intermittent hypoxemia (IH) events of 10-20 s duration. The proportion of events stopped
decreasing and started increasing in trend one week after cessation of caffeine.

e ACTUAL 10-20 SEC

this study demonstrates that interruption of therapy transforms
these events to the high-risk type (1, 3, 4, 6, 15). The clinical
significance of this finding remains to be evaluated.

The proportion of IH events with prolonged duration of greater
than 20 s were also detected in these infants during caffeine
therapy. Although there was a declining trend, the absolute
number of these IH events increased due to the overall increase

Frontiers in Pediatrics

in the number of IH events. This highlights the importance of
the need for high quality monitoring devices since such events
will not be identified and considered during evaluation for
caffeine cessation at 34 weeks (6, 15).

The study participants experienced IH events while on caffeine
therapy contributing to a cumulative time spent in hypoxemia of
5.7 h/patient by 34 weeks gestational age. Cessation of caffeine at
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FIGURE 5
Effect of caffeine therapy cessation on proportion of intermittent hypoxemia events of >20 s duration. The decreasing trend of these events was briefly
plateaued after one week and for one week and then resumed a downward trend.
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increasing to a decreasing trend.

e ACTUAL 85-89%

Effect of caffeine therapy cessation on proportion of intermittent hypoxemia events of mild severity (SpO, 85%-89%). There was a change from an

Caffeine stopped

32 33 34 35 36 37 38
GA (Weeks)

34 weeks increased the cumulative time spent in hypoxemia to
7.7 h/patient hours by 38 weeks GA compared with 6.1 h/patient
forecasted with continued therapy. This is an additional 1.6 h/
patient  (26.2%) The
significance of this observation is unclear, and further studies
may be useful. Using appropriate technologies to detect apnea
and IH events could time spent in the
recommended target range of 90%-95% and potentially avert
adverse neonatal neurologic outcomes associated with high-risk
IH events (11, 14).

more time in hypoxemia. clinical

optimize
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Most of the preterm infants in this study were born between 28
and 32 weeks gestational age and were on the rising phase or peak
of IH events at 34 weeks. Therefore, withdrawal of caffeine citrate
therapy may have unmasked this natural trend in keeping with the
natural history patterns previously described (6, 8). Exposure to
ACS seemed to be protective with a declining trend of IH events
after cessation of caffeine citrate and complements the findings
of an earlier study by Abu Jawdeh et al. (15). ACS are postulated
to act through improved maturation of the respiratory system,
CNS breathing control centers, as well as reducing neonatal co-
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FIGURE 7
Effect of caffeine therapy cessation on proportion of moderately severe intermittent hypoxemia events (SpO, 80%—-84%). There was a change in trend
from a plateau of about 17% to an increasing trend reaching 36% by 38 weeks gestational age.
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increasing trend.
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Effect of caffeine therapy cessation on proportion of severe intermittent hypoxemia events (SpO, <80%). The trend changed from a decreasing one to

Caffeine
stopped

32 33 34 35 36 37 38
GA (Weeks)

morbidities that by interrelated mechanisms contribute to adverse
outcomes (11, 15).

Factors such as maturity and genetic variation contribute to the
variability in clinical responses to caffeine therapy in preterm
infants; therefore, the optimal dose is unknown (20, 21). There is
great variability in institutional approaches concerning caffeine
citrate dosage, ranging from a low-dose to a high-dose approach
(up to 40 mg/kg loading dose at birth followed by 20 mg/kg/day
maintenance) (20). However, caffeine citrate has a wide therapeutic
range and is generally safe for prolonged use among preterm
infants (20, 21).

Frontiers in Pediatrics

Sensitive and continuous monitoring equipment are often
unavailable or inadequate in low-resource low- and middle-
income settings due to cost and human resource constraints and
further is hampered by the large numbers of patients in NBUs
necessitating monitoring (2, 6, 25). In the absence of adequate
monitoring, the continuation of caffeine therapy beyond 34
weeks may be beneficial in prevention of the potential
detrimental effects of hypoxemia. A well-designed randomized
controlled trial is needed to investigate the usefulness and safety
of this approach as well as the clinical significance of
these findings.
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Study limitations

This was a retrospective secondary analysis of data
AoP.
A major limitation was the unavailability of continuous

collected from neonatal infants monitored for

monitoring data of all participants throughout their NBU

Frontiers in Pediatrics

stays during the study period. Therefore, selected infants
were monitored for variable and intermittent durations and
the data
provide a linear follow-up.

available from individual patients could not
The selection of infants who were monitored was at

the discretion of the NBU attending physicians, much like it
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Effect of caffeine therapy cessation on the number of intermittent hypoxemia events among babies exposed and those not exposed to maternal
antenatal steroids. Both groups of babies had similar patterns during therapy. The babies whose mothers received antenatal steroids did not
experience a rise in intermittent hypoxia events on cessation of therapy awhile those that were not exposed experienced a rapid rise in the
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32 34 36 38
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is in practice, and was based on the perceived risk of AoP as per
the objectives of the overall study. Potential bias for selection for
sicker babies may not be excluded. Given this study was not
longitudinal, other important clinical outcomes and the
clinical significance of the findings could not be evaluated.

The definition of IH and cut-off durations and SpO,
levels are variable in literature. The definitions utilized in this
study were selected a priori to allow comparisons to
similar studies.

Conclusions

IH and IH events in apnea range occur in preterm infants
born before 34 weeks gestational age receiving low-dose caffeine
citrate therapy for AoP and contribute to a significant time
spent in hypoxemia. The cessation of caffeine therapy at
34 weeks is associated with a dramatic increase in high-risk ITH
events and total time spent by the infants in hypoxemia. ACS
exposure may be protective against this transformation of
IH events.

Data availability statement

The datasets presented in this article are not readily available
because Consent of the PI of the original ETNA study will be
required. Requests to access the datasets should be directed to
william.macharia@aku.edu.

Frontiers in Pediatrics

Ethics statement

Ethical approval was not required for the study involving
with the
Written
study was not
participants or the participants’ legal guardians/next of kin in

humans in accordance local legislation and

institutional requirements. informed consent to

participate in this required from the

accordance  with  the national legislation and the
institutional requirements.
Author contributions

PM: Conceptualization, Data curation, Formal analysis,

Investigation, Methodology, Project administration, Validation,
Visualization, Writing — original draft, Writing — review & editing,
Funding acquisition, Resources. RO: Conceptualization, Resources,
Supervision, Visualization, Writing - review & editing,
Methodology. JC: Data curation, Formal analysis, Writing — review
& editing. MW: Conceptualization, Supervision, Visualization,
Writing - review & editing. AG: Conceptualization, Funding
acquisition, Methodology, Writing - review & editing. DC: Data
curation, Investigation, Project administration, Validation, Writing —
review & editing. MO: Data curation, Methodology, Validation,
Software, Writing - review & editing. GI: Conceptualization,
Methodology, Writing - original draft, Writing - review & editing.
WM: Conceptualization, Formal analysis, Funding acquisition,
Resources, Supervision, Visualization, Writing - review & editing.
JA: Methodology, Resources, Software, Writing — review & editing,

Conceptualization.

frontiersin.org


mailto:william.macharia@aku.edu
https://doi.org/10.3389/fped.2025.1463484
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Mashep et al.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. The study was
funded by Bill and Melinda Gates Foundation INV-035872 and
caffeine citrate donated by Chiesi Farmaceutici to Kenyatta
National Hospital.

Acknowledgments

Dr. Florence Murila - Conceptualization, Review and editing,
Methodology. Millicent Parsimei - Data curation, Project
administration, validation. All staff of Kenyatta National Hospital
and mothers of the babies who supported this work.

References

1. Rhein LM, Dobson NR, Darnall RA, Corwin M]J, Heeren TC, Poets CF, et al.
Effects of caffeine on intermittent hypoxia in infants born prematurely: a
randomized clinical trial. JAMA Pediatr. (2014) 168(3):250-7. doi: 10.1001/
jamapediatrics.2013.4371

2. Brockmann PE, Wiechers C, Pantalitschka T, Diebold J, Vagedes ], Poets CF.
Under-recognition of alarms in a neonatal intensive care unit. Arch Dis Child Fetal
Neonatal Ed. (2013) 98(6):F524-7. doi: 10.1136/archdischild-2012-303369

3. Di Fiore JM, MacFarlane PM, Martin R]. Intermittent hypoxemia in preterm
infants. Clin Perinatol. (2019) 46:553-65. doi: 10.1016/j.clp.2019.05.006

4. Dobson NR, Rhein LM, Darnall RA, Corwin MJ, Heeren TC, Eichenwald E, et al.
Caffeine decreases intermittent hypoxia in preterm infants nearing term-equivalent
age. ] Perinatol. (2017) 37(10):1135-40. doi: 10.1038/jp.2017.82

5. Poets CF, Southall DP. Noninvasive monitoring of oxygenation in infants and
children: practical considerations and areas of concern. Pediatrics. (1994)
93(5):737-46. doi: 10.1542/peds.93.5.737

6. Abu Jawdeh EG, Pant A, Gabrani A, Cunningham MD, Raffay TM, Westgate PM.
Extubation readiness in preterm infants: evaluating the role of monitoring intermittent
hypoxemia. Children. (2021) 8(3):1-6. doi: 10.3390/children8030237

7. Manja V, Saugstad OD, Lakshminrusimha S. Oxygen saturation targets in
preterm infants and outcomes at 18-24 months: a systematic review. Pediatrics.
(2017) 139:1-11. doi: 10.1542/peds.2016-1609

8. Di Fiore JM, Bloom JN, Orge F, Schutt A, Schluchter M, Cheruvu VK, et al. A
higher incidence of intermittent hypoxemic episodes is associated with severe
retinopathy of prematurity. J Pediatr. (2010) 157(1):69-73. doi: 10.1016/j.jpeds.2010.
01.046

9. Mueller SM, Ackermann BW, Martin S, Seifert K, Mohr A, Alali W, et al.
Incidence of intermittent hypoxemia increases during clinical care and parental
touch in extremely preterm infants. Neonatology. (2023) 120(1):102-10. doi: 10.
1159/000527725

10. Poets CF, Roberts RS, Schmidt B, Whyte RK, Asztalos EV, Bader D, et al.
Association between intermittent hypoxemia or bradycardia and late death or
disability in extremely preterm infants. JAMA. (2015) 314(6):595-603. doi: 10.1001/
jama.2015.8841

11. Di Fiore JM, Raffay TM. The relationship between intermittent hypoxemia
events and neural outcomes in neonates. Exp Neurol. (2021) 342:1-27. doi: 10.1016/
j.expneurol.2021.113753

12. Di Fiore JM, Martin RJ, Li H, Morris N, Carlo WA, Finer N, et al.. Patterns of

oxygenation, mortality, and growth Status in the surfactant positive pressure and
oxygen trial cohort. ] Pediatr. (2017); (in press). doi: 10.1016/j.jpeds.2017.01.057

13. McEvoy C, Durand M, Hewlett V. Episodes of spontaneous desaturations in
infants with chronic lung disease at two different levels of oxygenation. Pediatr
Pulmonol. (1993) 15:140-4. doi: 10.1002/ppul.1950150303

14. Mandala VK, Bollaboina SKY, Changala B, Kotha R, Kasula L. Intermittent
hypoxia in preterm neonates and its effect on neonatal morbidity and mortality: a
systematic review. Cureus. (2023) 15(9):1-7. doi: 10.7759/cureus.45561

Frontiers in Pediatrics

1

10.3389/fped.2025.1463484

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of

the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is
not guaranteed or endorsed by the publisher.

15. Abu Jawdeh EG. Intermittent hypoxemia in preterm infants: etiology and
clinical relevance. Neoreviews. (2017) 18(11):e637-46. doi: 10.1542/neo0.18-11-e637

16. Gentle SJ, Travers CP, Nakhmani A, Indic P, Carlo WA, Ambalavanan N.
Intermittent hypoxemia and bronchopulmonary dysplasia with pulmonary
hypertension in preterm infants. Am ] Respir Crit Care Med. (2023)
207(7):899-907. doi: 10.1164/rccm.202203-05800C

17. Kausch SL, Lake DE, Di Fiore JM, Weese-Mayer DE, Claure N, Ambalavanan N,
et al. Apnea, intermittent hypoxemia, and bradycardia events predict late-onset sepsis
in infants born extremely preterm. ] Pediatr. (2024) 271:114042. doi: 10.1016/j.jpeds.
2024.114042

18. Ambalavanan N, Weese-Mayer DE, Hibbs AM, Claure N, Carroll JL, Moorman
JR, et al. Cardiorespiratory monitoring data to predict respiratory outcomes in
extremely preterm infants. Am ] Respir Crit Care Med. (2023) 208(1):79-98.
doi: 10.1164/rccm.202210-19710C

19. Schmidt B, Roberts RS, Davis P, Doyle LW, Barrington KJ, Ohlsson A, et al.
Caffeine therapy for apnea of prematurity. N Engl J Med. (2006) 354(20):2112-21.
doi: 10.1056/NEJMo0a054065

20. Abdel-Hady H. Caffeine therapy in preterm infants. World J Clin Pediatr. (2015)
4(4):81-93. doi: 10.5409/wjcp.v4.i4.81

21. Moschino L, Zivanovic S, Hartley C, Trevisanuto D, Baraldi E, Roehr CC.
Caffeine in preterm infants: where are we in 2020? ERJ Open Res. (2020) 6:1-19.
doi: 10.1183/23120541.00330-2019

22.Ji D, Smith PB, Clark RH, Zimmerman KO, Laughon M, Ku L, et al. Wide
variation in caffeine discontinuation timing in premature infants. J Perinatol. (2020)
40(2):288-93. doi: 10.1038/s41372-019-0561-0

23. Prakash R, Pournami F, Prabhakar ], Nandakumar A, Nair PMC, Jain N.
Duration of caffeine for apnea of prematurity—a randomized controlled trial.
Indian J Pediatr. (2021) 88(12):1174-9. doi: 10.1007/s12098-021-03659-y

24. Darnall RA, Kattwinkel J, Nattie C, Robinson M. Margin of safety for discharge
after apnea in preterm infants. Pediatrics. (1997) 100(5):795-801. doi: 10.1542/peds.
100.5.795

25. Irimu G, Okwaro F, Coleman J, Waiyego M, Murila F, Chomba D, et al. Developing
and testing a clinical care bundle incorporating caffeine citrate to manage apnoea of
prematurity in a resource-constrained setting: a mixed methods clinical feasibility study
protocol. Implement Sci Commun. (2023) 4(1):1-12. doi: 10.1186/s43058-023-00455-x

26. Ekhaguere OA, Ayede Al, Ezeaka CV. Is caffeine available and affordable in low
and middle-income countries? A survey in sub-saharan Africa. Semin Fetal Neonatal
Med. (2020) 25(6):1-4. doi: 10.1016/j.siny.2020.101182

27. Nabwera HM, Ekhaguere OA, Kirpalani H, Burgoine K, Ezeaka CV, Otieno W,
et al. Caffeine for the care of preterm infants in sub-saharan Africa: a missed
opportunity? BMJ Glob Health. (2021) 6:1-3. doi: 10.1136/bmjgh-2021-007682

28. Schaffer AL, Dobbins TA, Pearson SA. Interrupted time series analysis using
autoregressive integrated moving average (ARIMA) models: a guide for evaluating
large-scale health interventions. BMC Med Res Methodol. (2021) 21(1):1-12.
doi: 10.1186/s12874-021-01235-8

frontiersin.org


https://doi.org/10.1001/jamapediatrics.2013.4371
https://doi.org/10.1001/jamapediatrics.2013.4371
https://doi.org/10.1136/archdischild-2012-303369
https://doi.org/10.1016/j.clp.2019.05.006
https://doi.org/10.1038/jp.2017.82
https://doi.org/10.1542/peds.93.5.737
https://doi.org/10.3390/children8030237
https://doi.org/10.1542/peds.2016-1609
https://doi.org/10.1016/j.jpeds.2010.01.046
https://doi.org/10.1016/j.jpeds.2010.01.046
https://doi.org/10.1159/000527725
https://doi.org/10.1159/000527725
https://doi.org/10.1001/jama.2015.8841
https://doi.org/10.1001/jama.2015.8841
https://doi.org/10.1016/j.expneurol.2021.113753
https://doi.org/10.1016/j.expneurol.2021.113753
https://doi.org/10.1016/j.jpeds.2017.01.057
https://doi.org/10.1002/ppul.1950150303
https://doi.org/10.7759/cureus.45561
https://doi.org/10.1542/neo.18-11-e637
https://doi.org/10.1164/rccm.202203-0580OC
https://doi.org/10.1016/j.jpeds.2024.114042
https://doi.org/10.1016/j.jpeds.2024.114042
https://doi.org/10.1164/rccm.202210-1971OC
https://doi.org/10.1056/NEJMoa054065
https://doi.org/10.5409/wjcp.v4.i4.81
https://doi.org/10.1183/23120541.00330-2019
https://doi.org/10.1038/s41372-019-0561-0
https://doi.org/10.1007/s12098-021-03659-y
https://doi.org/10.1542/peds.100.5.795
https://doi.org/10.1542/peds.100.5.795
https://doi.org/10.1186/s43058-023-00455-x
https://doi.org/10.1016/j.siny.2020.101182
https://doi.org/10.1136/bmjgh-2021-007682
https://doi.org/10.1186/s12874-021-01235-8
https://doi.org/10.3389/fped.2025.1463484
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Impact of cessation of caffeine citrate therapy on intermittent hypoxemia patterns among preterm infants born before 34 weeks
	Introduction
	Objectives
	Methods
	Study site
	Study population
	Study definitions
	Study design
	Study procedures
	Data management
	Data collection and storage
	Data analysis


	Results
	Primary outcome: effect of caffeine cessation on frequency of IH events
	Secondary outcomes

	Discussion
	Study limitations
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


