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Summary: Apnea of prematurity (AOP) is a common problem that affects premature infants and, to

a lesser degree, term infants. Apnea of prematurity appears to be due to immaturity of the infant's

neurologic and respiratory systems. Apnea of prematurity is a diagnosis of exclusion that can be

made only when other possible infectious, cardiologic, physiologic, and metabolic causes of apnea

have been ruled out. The fundamental principles for managing apnea of prematurity include moni-

toring the infant closely while instituting supportive care measures such as tactile stimulation,

continuous positive airway pressure, or mechanical ventilation. When necessary, pharmacologic
therapy may be used to stimulate breathing. The first-line agents of choice for the management of

AOP are the methylxanthines. And, for second-line therapy, a switch to a different class of agent,

such as the respiratory stimulant doxapram, is an option. Of the methylxanthines, theophylline is

the most extensively used. However, a review of the literature suggests that caffeine citrate may be

the agent of choice for AOP. Comparative clinical studies have demonstrated that caffeine is at least

as effective as theophylline, has a longer half-life, is associated with fewer adverse events, and, in

addition, has a greater ease of administration. Caffeine stimulates the respiratory and central

nervous systems more effectively and penetrates into the cerebrospinal fluid more readily than theo-

phylline. In addition, because of stable plasma levels, caffeine has a wide therapeutic margin and

few side effects. In contrast, theophylline plasma levels may fluctuate widely, which necessitates

frequent monitoring and has a higher incidence of adverse events than caffeine. Before the FDA

approval of caffeine citrate (Cafcit®) for administration either intravenously and/or orally, caffeine

preparations were "homemade." A few studies suggest that use of pharmacotherapy to treat AOP is

not generally associated with long-term sequelae, although more data are needed before this can be

definitively concluded. Clin Pediatr. 2000;39:327-336

Introduction

Section of Neonatology, Medical College of Georgia, Augusta, GA. pnea is the mostimpor-
tant disorder in the con-
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or without bradycardia or

cyanosis.2,3 The term generally
applies to infants of less than 37
weeks' gestation who develop ap-

nea without an identifiable cause.

Episodes of AOP may begin
within 1 day after birth but are

most common in infants who are

between 5 and 10 days old.4 The
incidence is inversely correlated
with gestational age and weight.
Approximately 25% of premature
infants who weigh less than 2,500 g
experience at least one apneic
episode during the first 10 days of
life; for those under 1,000 g at
birth, the incidence approaches
90%.5

The fundamental principles
for managing AOP have re-

mained constant over the last 25
years. The infant must be moni-
tored closely while continuous
positive airway pressure, tactile
stimulation, mechanical ventila-
tion, supplemental oxygen, avoid-
ance of flexion of the neck, and
other supportive measures are

provided. Frequently, methylxan-
thine therapy with theophylline
or caffeine is instituted to stimu-
late breathing. In light of some

studies,&6 however, there has been
increased interest in the use of
caffeine citrate. These studies rec-

ommend the use of caffeine be-
cause it was found to be as effi-
cient as theophylline and easier to

administer, plasma concentra-
tions with caffeine are more pre-

dictable, and caffeine offers a

wider therapeutic range than
theophylline.

The advent of a ready-to-use,
premixed formulation of caffeine
citrate may prompt reevaluation
of the choice of theophylline for
treatment of AOP. This article
briefly discusses current theories
about the pathophysiology of
AOP and then reviews clinical
studies concerning pharmaco-
logic management.

Definition

By definition, apnea is a clini-
cal syndrome that may be attribut-
able to a variety of underlying dis-
orders.9 Factors contributing to
apnea include prematurity, gas-

troesophageal reflux, sepsis, meta-
bolic errors, poor thermoregula-
tion, seizures, and electrolyte and
anatomic abnormalities.

Apnea of prematurity may be
attributable to immaturity of the
respiratory and central nervous

systems and generally resolves by
the time the infant reaches a post-
conceptual age of 36 to 38 weeks,
although occasionally it may per-

sist for several weeks longer.3 In-
appropriate or delayed treatment
of AOP may cause considerable
morbidity and possible mortality;
repeated episodes may result in ir-
reversible neurologic damage
(e.g., blindness from bilateral
retrolental fibroplasia, sen-

sorineural deafness, spastic diple-
gia or quadriplegia, retardation,
or death).'O However, it is unclear
whether the severe sequelae asso-

ciated with repeated apneic
episodes relate to apnea alone or

hypoxic ischemic injury, given

that hypoxia acts as a respiratory
depressant, rather than respira-
tory stimulant, in preterm infants
and neonates.4,il

Pathophysiology

Apnea in the infant may be
classified as one of three types:
central apnea is a complete cessa-

tion of breathing; obstructive ap-

nea refers to an absence of nasal
airflow despite respiratory efforts;
and mixed apnea, the most com-

mon type of apnea observed in
premature infants, refers to a cen-

tral respiratory pause that either
preceeds or is followed by airway
obstruction.3,4,11,12 Apnea may

also be classified as AOP, apnea of
infancy, or obstructive sleep ap-

nea. In premature infants, apnea is
usually of mixed origin with about
65% central and 35% obstructive
episodes. However, AOP does not
predict the later occurrence of
sudden infant death syndrome
(SIDS) or apnea of infancy.3'4

The mechanisms by which
mixed and obstructive apnea oc-

cur may be initiated by a sleep-re-
lated decrease of pharyngeal air-
way dilation. 12 Subsequent
breathing efforts may cause the
pharyngeal airway to collapse, re-

sulting in reflex swallowing
manuevers and/or reflex central
apnea and culminating in a

blunted chemoreceptor response

to hypoxia.""12 Control of breath-
ing is more disorganized during

rapid eye movement (REM) sleep,
which is the predominant mode of
sleep in premature infants.

Hypopharyngeal function is
very important in the mainte-
nance of upper airway patency in

infants. Pharyngeal collapse is the
chief cause of obstructive apnea,

and when hypopharyngeal tone is
poor, airway collapse occurs at
very low pressures. Integration of
pharyngeal muscle function is re-

duced during sleep, resulting in
collapse and subsequent apnea in
susceptible infants. Postural
changes, such as flexion of the
neck, may further exacerbate ap-

nea owing to compromise of the
airway.

Although the pathogenesis of
AOP has not been fully eluci-
dated, it is probably related to
both the overall neurologic and
cardiorespiratory immaturity of
the infant whereby the central res-

piratory center appears to have an
altered response to hypoxemia
and hypercapnia. Normally, the
response to a decrease in partial
pressure of oxygen (Po2) or an in-
crease in partial pressure of car-
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bon dioxide (Pco2) is an increase
in minute ventilation. However,

premature infants respond to de-
creased Po2 by a transient in-
crease in minute ventilation and
then a return to baseline or below
baseline ventilation.'3 Infants re-

spond to elevated Pco2 levels by
diminished, rather than in-
creased, inspiratory effort. The
preterm infant's blunted re-

sponse to hypoxia further de-
presses the respiratory center's
sensitivity to elevated levels of car-

bon dioxide (co2).3"11 The unsta-
ble response to low inspired oxy-

gen may also play a role in the
pathogenesis of apnea.14

In addition, neurologic stimu-
lation of the primary muscles of
respiration, the diaphragm and
the intercostals, may be inade-
quate.4 Poor compliance of the
chest wall in premature infants
may fail to maintain an adequate
resting lung volume, and in addi-
tion, chest wall stability may be re-

duced in REM sleep. A contribut-
ing factor may be abnormality of
the brain stem.9 One hypothesis is
that the preterm infant's breath-
ing may be depressed by the re-

lease of adenosine, a metabolite of
adenosine triphosphate, that has
neuroregulatory effects including
inhibition of respiration.15

Diagnosis ofAOP

Most cases of apnea are usu-

ally promptly detected in infants
at highest risk. Routine monitor-
ing for apnea in infants at risk in-
cludes heart and respiratory rates
as well as oxygen saturation.

Once monitoring has de-
tected pauses in breathing of at
least 10 seconds in duration, a

pneumogram may be obtained to

determine the frequency and
severity of the respiratory pauses,

and a polysomnogram may be

used to measure cardiorespiratory
patterns, muscular activity, end-
tidal carbon dioxide levels, tran-

scutaneous oxygen levels, oral or

nasal airflow, and chest wall and
abdominal movements.9 However,
these are not usually obtained rou-

tinely in clinical practice.

Once apnea has been diag-
nosed, the clinician must investi-
gate a variety of possible causes

while continuing to monitor and
provide supportive therapy. The
causes of apnea in preterm in-

fants are indicated in Table 1.
Appropriate laboratory tests in-
clude complete blood count, dif-
ferential cell count, and urinaly-
sis. Other tests that may be
undertaken, depending on the
individual circumstances, in-
clude electrocardiogram, electro-
encephalogram, chest radio-
graph, and analysis of spinal fluid
for protein, glucose, and bacteria.

Infants should also be evaluated
for stability of the thermal envi-
ronment, resting oxygenation,
and relationship to feeding.

Physical examination should
include observation of the in-
fant's breathing pattern, in sleep
and while awake, and careful car-

diac, neurologic, and respiratory
examinations. The physician
should look for an accumulation
of fluid or solid material in the
oropharynx, which may have re-

sulted in a reflex-mediated closure
of the glottis. Absence of this re-

flex may result in occlusion of the
airway by the foreign material. Al-
ternatively, hyperactivity of this re-

flex may mean that the glottis has
remained closed after removal of
the obstruction. Any of these phys-
ical obstructions may precipitate
central apnea, since, as described
earlier, hypoxia may depress cen-

tral respiratory activity.4
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Only after a thorough investi-
gation has failed to reveal a spe-

cific cause can the diagnosis of
AOP be made and appropriate
pharmacotherapy instituted. It is
particularly important to rule out
systemic conditions (e.g., sepsis),
seizure disorders, and gastroe-
sophageal reflux before adminis-
tering methylxanthine therapy
(theophylline or caffeine), for
these agents are known to lower
the seizure threshold and de-
crease the muscle tone of the
esophageal sphincter.'6

Treatment ofAOP

Treatment of AOP should be
as noninvasive as possible and
typically employs both nonphar-
macologic and pharmacologic
measures.

Physiological Stimuli
Supportive therapy may in-

volve placing the infant with the
head in the midline and the neck
in the neutral position or slightly
extended to minimize upper air-
way obstruction. Lowering the en-

vironmental temperature slightly
to lower the skin temperature
(e.g., from 36.50C to 36.20C) may

reduce the frequency of apnea in
some infants but is not commonly
practiced. Other nonpharmaco-
logic measures may include tactile
stimulation, an oscillating wa-

terbed, continuous positive air-
way pressure, and mechanical
ventilation.3'7

Pharmacologic Therapy
There appears to be no con-

sensus as to when treatment is
necessary. If apneic spells con-

tinue despite supportive mea-

sures, pharmacologic interven-
tion may become necessary.

Because of their respirogenic
effects, methylxanthines (e.g.,

theophylline and caffeine citrate)
are considered the primary phar-
macologic treatment options for
apnea.'8

Although the mechanism of
action for the methylxanthines on
the control of breathing has not
been conclusively established,
they have been shown to increase
respiratory center output, leading
to increased ventilation and the
transmission of neural impulses;
reduce REM sleep; improve skele-
tal muscle contraction, metabolic
homeostasis, and oxygenation
secondary to increased cardiac
output; increase ventilation; and
decrease hypoxic episodes.2'9"9

The specific effects appear to
vary to some degree between
theophylline and caffeine (Table
2). Caffeine is considered to be
more effective in stimulating the
central nervous and respiratory
systems and appears to penetrate
the cerebrospinal fluid more

readily than theophylline.2,9
Theophylline is considered a

more potent cardiac stimulator
and has greater efficacy as a di-
uretic and bronchodilator but is

associated with a higher inci-
dence of tachycardia. The bron-
chodilatory action of theo-
phylline does not appear to play a

significant therapeutic role in

AOP, however, because the disor-
der is caused by a lack of driving
force of respiration rather than by
increased airway resistance.9

Theophylline. Since 1973, when
theophylline was first used to treat
AOP, clinical studies have repeat-
edly demonstrated its effective-
ness, even in oxygen-dependent
infants of less than 31 weeks' ges-

tational age.78,26 When adminis-
tered to the premature infant,
theophylline, through a central
stimulating effect, has been
shown to increase ventilation, in-
crease ventilatory response to co2,

improve blood gases, and de-
crease the frequency of apneic
episodes.2 A concurrent rise of
20% in metabolic rate may be
seen.21 Other postulated mecha-
nisms of xanthine action on the
respiratory system include effects
on phosphodiesterase, adeno-
sine, and calcium flux, and, at
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least in adults, diaphragm activity.
Both caffeine and theophylline
are believed to stimulate di-
aphragmatic contractility and pre-

vent diphragmatic fatigue.'7,22
The mean half-life of theo-

phylline is approximately 30
hours in infants, which is five to
six times longer than in adults.2
Theophylline undergoes a methy-
lation reaction to produce caf-
feine, and during theophylline
therapy, plasma concentrations of
caffeine may approach 50% of the
theophylline concentration in the
preterm infant.23 Because caf-
feine is eliminated slowly in this
age group, it can accumulate in
substantial quantities.9

Oral theophylline or intra-
venous aminophylline is given
with a loading dose of 5 mg/kg
followed by a maintenance dose
of 1-2 mg/kg every 8 hours.3
Generally, a plasma concentra-
tion of at least 5 mg/L is neces-

sary to produce therapeutic ef-
fects, although benefits have
sometimes been reported at lower
levels.9 A target plasma concen-

tration of 10 mg/L is generally ac-

cepted.2 Plasma concentrations of
theophylline may vary widely at
the same dosage levels, which ne-

cessitates frequent monitoring
and dose adjustments.7

Toxicity, which may occur at
plasma concentrations above 13
mg/L, generally affects the cen-

tral nervous system and cardiovas-
cular system. Side effects include
tachycardia, jitteriness, irritability,
vomiting, abdominal distension
and feeding intolerance, seizures,
hyperglycemia, and electrolyte
imbalances.3 Although theo-
phylline toxicity may occur at
concentrations about 13 mg/L, sig-
nificant side effects such as seizure
occur at much higher levels.

Because theophylline has a nar-

row therapeutic window, close mon-
itoring of plasma levels is essential.

Caffeine. The efficacy of caf-
feine in the treatment ofAOP has
been demonstrated in several
studies.2,18,2224 Caffeine has been
found to decrease the number of
apneic spells, Pco2, and hydrogen
ion concentration, as well as the
need for and duration of mechan-
ical ventilation in premature in-

fants with apnea. It also increases
minute ventilation by increasing
central inspiratory drive without
altering respiratory timing.25 Evi-
dence suggests that caffeine is a

more potent centrally acting res-

piratory agent with fewer side ef-
fects than theophylline.22,23 Caf-
feine penetrates into the
cerebrospinal fluid more readily
than theophylline, possibly be-
cause of its higher lipophilicity,9
and can be effective in infants
who are refractory to standard
theophylline treatment.22

Caffeine is rapidly absorbed in
preterm infants, with plasma con-

centrations reaching 6 to 10
mg/L within 30 minutes to 2
hours after administration of an

oral dose of 10 mg/kg.25 Com-
pared with theophylline, clinical
studies have shown that plasma
concentrations of caffeine do not
usually fluctuate widely.7

Caffeine citrate can be admin-
istered either orally or intrave-
neously. The recommended load-
ing dose of 10 mg/kg of caffeine
(equivalent to 20 mg per kg of caf-
feine citrate) followed 24 to 48
hours later by a single daily main-
tenance dose of 2.5 mg/kg caf-
feine (5 mg per kg of caffeine cit-
rate). This dose regimen will
achieve plasma concentrations of
caffeine of 8 to 14 mg per liter af-
ter the loading dose and 7 to 20
mg per liter during the mainte-
nance dose. These recent pre-

mixed, standardized, commer-

cially available IV and PO
preparations make caffeine cit-
rate an attractive alternative treat-

ment for AOP. Because of the nar-

row fluctuations in plasma con-

centrations of caffeine owing to
its very long half-life (102.9
hours), it may be necessary to

monitor plasma concentrations
once or twice a week. Note that
caffeine sodium benzoate should
not be given to neonates with hy-
perbilirubinemia, since benzoate
can interact competitively with
bilirubin at the albumin-binding
site.1,2 Because of the longer half-
life, a longer duration of observa-
tion may be required after discon-
tinuation of caffeine therapy to
assure that the infant will not
manifest apnea once the drug
concentrations have reached sub-

therapeutic levels. Since elimina-
tion of caffeine is affected by
postnatal age, it may be prudent
to observe infants for 7 to 10 days
after discontinuation of therapy.

Caffeine toxicity is rarely ob-
served at plasma serum concen-

trations below 50 mg/L, which is
markedly higher than the serum

concentrations of 5 to 20 mg/L
that have been found to be effec-
tive in clinical studies.2720 In one

pharmacokinetic study of caffeine,
plasma concentrations as high as

84.2 mg/L were reached.25 The
major adverse event reported was

jitteriness, which occurred in an

infant with a plasma concentra-
tion of caffeine at 61.7 mg/L. The
jitteriness resolved within 48 hours
after cessation of caffeine. These
observations indicate that caffeine
has a wide therapeutic index.

In general, adverse events as-

sociated with caffeine usually in-
volve the central nervous system
(irritability and convulsions).3
Other, infrequently reported, ad-
verse events include tachycar-
dia,26 constipation, gastroe-
sophageal reflux,16,24 increased
urinary output and creatinine
clearance,27 and increased sodium
and calcium excretion.28 Clinical

JUNE 2000 PEDIATRICS 331~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
JUNE 2000 CLINICAL PEDIATRICS 331

 at PENNSYLVANIA STATE UNIV on March 5, 2016cpj.sagepub.comDownloaded from 

http://cpj.sagepub.com/


Bhatia

effects (tachycardia and gastroin-
testinal intolerance), however,
are rare.

The majority of these studies
were conducted before a pre-

mixed, standardized solution of
caffeine citrate became commer-

cially available in 1999. The safety
and efficacy of this formulation of
caffeine citrate have been evalu-
ated in a phase III, placebo-con-
trolled, randomized, double-
blind trial involving 82 infants
whose mean gestational age was

less than 30 weeks.24 Caffeine cit-
rate was administered to 46 in-
fants in a loading dose of 10
mg/kg IV followed by a daily
maintenance dose of 2.5 mg/kg,
either IV or orally. Another 39 in-
fants were assigned to the placebo
control group. Both groups re-

ceived treatment for 10 days. Effi-
cacy was defined as either com-

plete elimination of apnea on

days 2 through 10 or as a reduc-
tion of at least 50% in the number
of apnea episodes from baseline
on days 2 through 10.

Eighty-two infants were in-
cluded in the efficacy analysis. Ac-
tive treatment for 7 to 10 days was
associated with elimination of ap-

nea in 11 (24%) infants and at
least a 50% reduction of apnea

episodes in 31 (67%) within the
10-day period. By contrast, 16
(41%) infants given placebo had
a reduction in apnea episodes of
at least 50%, and none had elimi-
nation of apnea.24 In particular,
caffeine was significantly better
than placebo in reducing apnea

episodes by at least 50% on days 4,
5, 7, 8, 9, and 10, and the differ-
ence approached significance on

days 2, 3, and 6. Caffeine was sig-
nificantly better than placebo in
eliminating apnea episodes on

days 2, 4, 7, 8, and 9, and the dif-
ference approached significance
on days 3 and 6. No clinically sig-
nificant differences in the overall

incidence of adverse events were

identified between treatment
groups.24

A study conducted by Lee et
a122 demonstrated caffeine's po-

tential to provide safer and more

convenient treatment of apnea

than theophylline. Despite a very

wide range of maintenance doses
(3, 15, and 30 mg/kg), there was

no evidence of dose-dependent
pharmacokinetics. In this study in
which >90% of patients were

younger than 6 days of age, the
elimination half-life of caffeine
was 86 to 277 hours, compared
with 5 hours in adults.22 Owing to
the inability of the neonate to me-
tabolize caffeine through hepatic
pathways, the majority of the drug
was cleared by the kidneys, as re-

flected in linear drug disposition
even at high doses.22 And al-
though most other sources have
recommended caffeine doses
based only on current body
weight, this study demonstrates
that caffeine clearance was influ-
enced by postnatal age as well. For
example, a 2-day-old infant weigh-
ing 1,000 g would require a main-
tenance intravenous caffeine cit-
rate dose of 7.1 mg every 24 hours
to achieve a steady state concen-

tration of 35 mg/L. Subsequently,
if this infant's body weight re-

mained unchanged 10 days later,
a 31% dosage increase to 9.3 mg
would be required to maintain
the same steady-state concentra-
tion of 35 mg/L.22

Discontinuation of Methylxan-
thine Therapy. Apnea of prematu-
rity is generally resolved by 34-36
weeks postconceptional age, al-
though it may persist past 37
weeks in some infants. The deci-
sion to discontinue methylxan-
thine therapy is largely empirical.
Once the preterm infant is asymp-
tomatic, and has reached a post-
conceptional age where AOP is

not expected, it is reasonable to
discontinue the drug on a trial ba-
sis while monitoring for apnea.

Choice of Methylxanthine Ther-
apy. Although in the United
States, theophylline is commonly
used for AOP, the evidence in-
creasingly suggests that caffeine
may provide comparable efficacy
with fewer drawbacks.720 Caffeine
is generally regarded as being a

more potent stimulator of both
the central nervous system and
the respiratory system. Dosing
regimens of caffeine appear to be
simpler and provide more pre-

dictable results than with theo-
phylline, most likely as a result of
its smaller fluctuations in plasma
concentrations and longer half-
life.9 Moreover, caffeine appears

to have a wider therapeutic win-
dow and to produce fewer side ef-
fects (Table 3).

The safety and efficacy of both
agents in reducing the frequency
of apnea has been evaluated in
three small comparative tri-
als.7,8,20 All three studies involved
infants with a mean gestational
age <31 weeks who were randomly
assigned to either theophylline or

caffeine therapy for AOP. The re-

sults are not directly comparable
because different outcome mea-

sures, loading doses, and mainte-
nance doses were used. Neverthe-
less, it is worthwhile noting that
all three trials reported no signifi-
cant difference between treat-
ments in mean reduction of the
frequency of apnea episodes. In
one study, caffeine appeared to
have a faster effect on respiratory
rate.20

In all three studies, theo-
phylline was associated with more
adverse events.7,8,20 The most

common was tachycardia, which
in one study necessitated a

dosage adjustment in five of 12
infants receiving theophylline.8
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Other adverse events included
gastrointestinal (GI) intolerance
and excitability.

Adverse events related to caf-
feine administration were less
common. There was one report of
tachycardia necessitating dosage
adjustment in a caffeine-treated
infant.8 None of the studies re-

ported GI intolerance or signifi-
cant excitability in infants treated
with caffeine.

In these three studies, the in-
vestigators concluded that caf-
feine and theophylline are com-

parable in significantly reducing
the number of apneic episodes in
the preterm infant. They recom-

mended clinical use of caffeine,
because of its wider therapeutic

window, fewer side effects, and
ease of administration (once a day
vs. three times a day). One author
concluded that plasma concentra-
tions of caffeine need to be moni-
tored only if the infant fails to re-

spond.8 The others recommended
monitoring plasma concentrations
once or twice a week.7'20

Doxapram. Doxapram, an

analeptic agent with potent respira-
tory stimulant properties that exert

predominantly peripheral chemo-
receptor effects, is used when a

methylxanthine does not signifi-
candy reduce the frequency of ap-

nea episodes. In low doses (0.5-1.0
m/kg) doxapram may stimulate the
peripheral chemoreceptors. It also

increases minute ventilation and
tidal volume with effect on respira-
tory timing. At higher doses, it ap-

pears to exert a central effect.29
Doxapram has been widely

studied in adults, but less is
known about its use in children
and infants. The half-life is re-

ported to be about 10 hours in the
first few days of life, and about
eight hours at 10 days of age.29
The recommended dosage is 1 to

2.5 mg/kg/h given by continuous
IV infusion. That dosage can be
decreased to 0.5 to 0.8 mg/kg/h
when apnea episodes become less
frequent. However, therapeutic
serum drug levels can only be
achieved when the drug is given
by continuous IV infusion.3
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The recommended plasma
levels have not been determined.
Serum drug levels of less than 5
mg/L have been found effective
in the treatment of apnea. How-
ever, adverse events have been re-

ported with plasma concentra-
tions greater than 3.5 mg/L. In
general, the side effects appear to
be similar to those of theo-
phylline.3 Because doxapram con-

tains benzyl alcohol, it must be
used with caution in neonates.30
More research is needed to deter-
mine the safe and effective doses
of doxapram in infants.

Long-Term Safety ofPharmacother-
apy. Since methylxanthine agents
alter both cerebral blood flow and
metabolism (decreasing cerebral
blood flow while increasing cere-

bral metabolic rate for both oxygen
and glucose), concern exists re-

garding long-term effects on

preterm infants.3' Athough there
is not sufficient evidence to allay
those concerns conclusively, sev-

eral clinical studies are available
that suggest that these agents do
not have long-term sequelae.31-33

Infants with germinal matrix
and/or intraventricular hemor-
rhage (GMH/IVH) require
methylxanthine therapy in the
neonatal period more often than
infants without IVH. Because the
combined presence ofGMH/IVH
and methylxanthine therapy may
compound the potential for ad-
verse effects, Ment et aM3' analyzed
the neurodevelopmental out-
come of very-low-birth-weight
neonates with respect to the pres-

ence of GMH/IVH and neonatal
methylxanthine therapy. Methylx-
anthine therapy was given to 26
infants who experienced hemor-
rhage and to 17 of those who did
not and the infants were evalu-
ated at 18 months by use of the
Bayley developmental index
(MDI). Infants who had received

methylxanthine therapy scored
significantly better in terms of
mean MDIs indicative of de-
velopmental status (p=0.033), re-

gardless of whether they had ex-

perienced a hemorrhage, than
the infants who had not been
treated.31 In addition, infants were
measured for length/height,
weight, and occipitofrontal head
circumference and received com-

prehensive neurodevelopmental
assessment. Results demonstrated
no harmful effects of neonatal
methylxanthine therapy on cogni-
tive functioning at 18 months.

Le Guennec et a133 assessed the
effects of long-term (mean 23.8
weeks) caffeine therapy. Weight,
length, and head circumference
were measured in 28 preterm in-
fants before institution of caffeine
therapy, twice during therapy, and
at 3 and 6 months after cessation
of therapy. No adverse effects on

these measures were apparent dur-
ing early infancy.

Gunn et al32 monitored the
growth, development, and oph-
thalmologic status of 42 preterm
infants with apnea: 21 who were

treated with caffeine and 21
matched controls. The infants
were examined every 3 months for
up to 40 months. In the caffeine-
treated group, a significant de-
crease was observed in both the
number of infants who required
intermittent positive pressure ven-

tilation (IPPV) for apnea and the
number of days that IPPV was re-

quired. Additionally, there were no
significant differences in length,
weight, or head circumference at 6
or 12 months between the two
groups. Further, fewer neurolgic
(i.e., seizures, hydrocephaly, in-
tracranial hemorrhage) and
opthalmologic (i.e., retrolental fi-
broplasia, myopia, esotropia) se-

quelae were observed in infants
with apnea treated with caffeine
compared to controls.32

As previously mentioned,
while Apnea of Prematurity
(AOP) does not predict the later
occurrence of SIDS or apnea of
infancy,3'4 a small percentage
(0.5-1%) of preterm infants may
develop SIDS.434 However, a dis-
cussion of SIDS/Acute Life
Threatening Episode (ALTE) is
outside of the scope of this article.

Cessation of Therapy/Home Mon-
itoring. The majority of infants
with AOP remain in the hospital
until their apnea has resolved
completely.3 Generally, treatment
with caffeine or theophylline re-

duces the number and severity of
apneic episodes within 24-48
hours and continued therapy
leads to complete resolution be-
fore hospital discharge.9 How-
ever, as described above, home
monitoring and continued
methylxanthine therapy may be
recommended following hospital
discharge in a small percentage of
infants. The development or per-

sistence of apnea in infants over

37 weeks may indicate apnea of
infancy, as opposed to AOP.
Home monitoring is recom-

mended for the small percentage
of older infants who are diag-
nosed through pneumocardio-
gram and polysomnographs as

having apnea of infancy and for
those who have experienced an

otherwise unexplained ALTE.3

Conclusion

Despite the fact that AOP is a

common, potentially serious dis-
order, there are a large number of
unanswered questions. The un-

derlying causes have yet to be fully
elucidated, and until they are,

treatment will remain largely
symptomatic. The primary agents
used to treat AOP are the
methylxanthines, particularly
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theophylline and caffeine. A few,
small comparative trials indicate
that both agents are effective but
that caffeine has a markedly
wider therapeutic margin. Caf-
feine also has the advantage in
terms of ease of administration,
particularly with the new ready-
to-use formulation of caffeine cit-
rate for both IV and oral adminis-
tration. Doxapram may prove to
be a useful agent as second- or

third-line therapy, but its efficacy,
safety, and administration in
preterm infants have not been es-

tablished. A few small studies sug-

gest that the methylxanthine
therapy does not have any long-
term sequelae, but very little is
known about doxapram. This is-
sue must be addressed in exten-
sive, long-term studies.

Fortunately, premature in-
fants outgrow their apnea once

the brain stem matures enough
to assume respiratory control.'2
Similarities between sleep apnea

and AOP exist in that both result
from a sleep-related defect in the
respiratory system. However,
once secondary physiologic
causes of apnea (i.e., airway ob-
struction, cardiac disease,
seizure disorder) have been
ruled out, AOP is attributed to
incomplete neurologic develop-
ment that resolves with time
and supportive interventions
such as physiologic stimuli and
pharmacotherapy.

Clinical studies have demon-
strated that caffeine is at least as

effective as theophylline, has a

longer half life, is associated with
fewer adverse events, and, in addi-
tion, has a greater ease of admin-
istration. With the introduction of
an intravenous and oral formula-
tion, caffeine may be used with
greater ease, eliminating the need
for fomulation in hospital phar-
macies. The newly introduced for-
mulation of caffeine citrate has

been shown to be safe and effec-
tive and may minimize the need
for monitoring. As clinical experi-
ence with caffeine citrate in-
creases, this agent may rapidly be-
come the drug of choice in the
treatment of AOP.
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