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Abstract

Introduction: Apnea denotes temporary cessation of breathing. It is an ominous symptom in children beyond neonatal period.
Central apnea results from a lack of respiratory effort due to either a cessation of output from the brainstem respiratory centers or
the inability of the efferent nerves and respiratory muscles to receive or process the signals from the brain. This can be due to the
immaturity of the system as seen in premature infants or secondary to different disease processes.
Case Presentation: A 13-month-old girl child presented with frequent apneic spells following a major neurosurgical intervention
for occipital encephalocele. Marked improvement was seen after the institution of caffeine citrate therapy resulting in complete
resolution of apnea along with appreciable growth and development.
Conclusions: Recurrent apnea is a potential complication in infants following the repair of occipital encephalocele. Caffeine cit-
rate may be effective in central apnea beyond the neonatal period especially in the treatment of apnea related to neurosurgical
procedures.
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1. Introduction

The term ‘apnea’ denotes cessation of respiratory air-
flow. American academy of pediatrics (AAP) defines ap-
nea in an infant as “an unexplained episode of cessation of
breathing for 20 seconds or longer, or a shorter respiratory
pause associated with bradycardia, cyanosis, pallor, and/or
marked hypotonia (1). Apnea can be central, obstructive, or
mixed. Central apnea results from a lack of respiratory ef-
fort due to either a cessation of output from the brainstem
respiratory centers or the inability of the efferent nerves
and respiratory muscles to receive or process the signals
from the brain. This can be due to the immaturity of the
system as seen in premature infants, or secondary to dif-
ferent disease processes (2).

Caffeine, a methylxanthine, is a central nervous system
stimulant. Its citrate salt has been the drug of choice in
the prevention and treatment of apnea in preterm new-
borns and has appropriately been described as a “silver
bullet” in neonatology (3). Although, the exact mecha-
nism of action of caffeine citrate is not known, several the-
ories exist which have been attributed to mainly antag-
onism of adenosine receptors. These include a) stimula-
tion of medullary respiratory center; b) increase in carbon
dioxide sensitivity; c) induced bronchodilatation; d) in-
creased diaphragmatic contractility leading to increased

minute ventilation; e) improved respiratory pattern; and
f) reduced hypoxic respiratory depression (4). Therefore,
theoretically it is expected to be effective in other causes of
central apnea apart from apnea of prematurity as well.

We report a 13-month-old girl child with recurrent ap-
nea post neurosurgery for occipital encephalocele treated
with caffeine citrate. We wanted to report this case as re-
current central apnea following surgery for occipital en-
cephalocele is very rare and to the best of our knowledge,
successful use of caffeine in apnea following neurosurgi-
cal procedures in children beyond neonatal period has not
been documented yet.

2. Case Presentation

A 13-month-old girl child was admitted to our hospital
for recurrent episodes of apnea and one episode of hypoxic
seizures followed by unresponsiveness.

The child was the first product of a non-
consanguineous marriage, born full term (39 weeks
and 3 days of gestational age) by normal vaginal institu-
tional delivery and cried immediately after birth. Her birth
weight was 2.75 kg. She was found to have a sub-occipital
encephalocele with intact sac at birth and work-up for
other congenital anomalies was negative. There was no
history of apnea or any other significant illness during
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infancy. At 9 months of age, she underwent an elective
excision of sac and dural repair for primary defect and
placement of VP shunt for prevention of hydrocephalus.
Following the procedure, she developed recurrent ap-
neic episodes requiring tactile stimulation but remained
otherwise asymptomatic and was discharged.

Thereafter, she was lost to follow up and at presenta-
tion to our institute at 13 months of age, she was found to
be in hypotensive shock following a hypoxic spell with se-
vere failure to thrive. There was no history of fever, cough,
chest retraction, difficulty in breathing, seizure, vomit-
ing, jaundice, or abdominal distention. The parents gave
history of recurrent episodes of apneas requiring tactile
stimulation after discharge but medical attention was not
sought for the same. She was admitted with a presump-
tive diagnosis of shock possibly secondary to prolonged
hypoxia. There was initial improvement following fluid bo-
luses, oxygen therapy, and inotropic support (Dopamine).
Her hemodynamic status stabilized over next 48 hours and
she could be weaned off oxygen as well. But, she continued
to have frequent and severe apneic spells, requiring tac-
tile stimulation. Various causes of secondary apnea were
ruled out in the child (Table 1). There was no history of
any medication intake by the child or her mother. NCCT
(Non contrast computed tomography) of brain revealed VP
(Ventriculo-peritoneal) shunt in situ in right frontal lobe
parenchyma with hypoplastic cerebellar hemispheres and
stretched brainstem and no evidence of raised intracranial
pressure/ cerebral edema. Therefore, considering a diag-
nosis of apnea secondary to central nervous system dys-
function, she was started on caffeine citrate after discus-
sion with her parents. It was started at a loading dose of 20
mg/kg intravenously (IV) followed by a maintenance dose
of 5 mg/kg 24 hourly as IV infusion. She was monitored
closely for adverse effects of caffeine therapy (e.g. tachy-
cardia, irritability, feed intolerance, etc.) as facilities for
therapeutic drug monitoring was not available. Only mild
and transient tachycardia was observed during and in the
immediate post-infusion period. Subsequently, the apneic
spells decreased substantially and caffeine was made oral
over next 4 days. Nutritional rehabilitation was started
with the help of dietician and she could be discharged on
oral caffeine citrate at a dose of 6 mg/kg/day after 2 weeks
of hospitalization.

She was followed up closely with multidisciplinary ap-
proach involving pediatrician, neurosurgeon, dietician,
and social service officer. Caffeine could be stopped after
1 month, as she remained completely apnea free follow-
ing discharge. Over the next 6 months, she gained 2 kg
of weight and also gained new developmental milestones
with current developmental age of 9 months.

3. Discussion

Apnea is an ominous symptom in children beyond
neonatal period. Our child presented with recurrent ap-
neas following surgery for occipital encephalocele. A di-
agnosis of central apnea due to central nervous system
dysfunction was made after ruling out various secondary
causes of apnea and there was marked improvement with
caffeine therapy.

Apnea following neurosurgical procedures has been
well described in children but they are mostly either in
the immediate post-operative period, post brain tumor
surgery or are caused by obstructive apnea due to airway
malformations (5). Obstructive sleep apnea (OSA) has been
reported as a presenting feature of fronto-ethmoidal en-
cephalocele (6), trans-alar, sphenoidal encephalocele (7)
and also endoscopic surgical repair of encephalocele caus-
ing CSF rhinorrhea (8). Agarwal el al. have reported cen-
tral apnea in a child with TectoCerebellar Dysraphia man-
ifesting as occipital meningocoele (9). But central ap-
nea following repair of occipital encephalocele has been
sparingly reported in literature. Arnold Chiari syndrome
(ACS) and other cranio-vertibral junction malformations
are known to be associated with both central and obstruc-
tive apneas. The possible mechanisms are thought to be:
1. direct compression of the brain stem control centers for
automatic breathing; 2. compression of cranial nerves and
3. altered nerve pathways due to a syrinx (10). Though our
patient did not have any radiological features suggestive
of ACM, there was stretching of the brainstem which could
have lead to a similar patho-physiological scenario.

Caffeine has been the panacea in the management of
apnea of prematurity (3). In addition, in preterm, caffeine
has established benefits in facilitating extubation, short-
ening the duration of intubation and noninvasive respi-
ratory support, reduction in the incidence of bronchopul-
monary dysplasia, decreasing need for treatment of patent
ductus arteriosus, improving neuro-developmental out-
come and reducing the severity of retinopathy of prematu-
rity. Possible or apparent benefits of caffeine include pre-
vention of intermittent hypoxia, postoperative apnea in
preterm infants undergoing general anesthesia, apnea as-
sociated with bronchiolitis in young infants and induction
of anti-inflammatory cytokine profile (4). Razak et al. (11)
have also reported successful treatment of idiopathic/ pri-
mary apnea in a term infant with caffeine citrate. Use of caf-
feine benefitted adult patients with OSA undergoing uvu-
lopalatopharyngoplasty as well (12).

Thus the use of caffeine in our patient was based on
anecdotal evidence and an understanding of its clinical ef-
ficacy coupled with indispensability of the situation. But
the child improved quite markedly, suggesting perhaps
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Table 1. Investigations Performed to Rule Out Secondary Causes of Apnea in the Index Child

Potential Cause of Apnea Relevant Investigation

Sepsis Negative sepsis screen; sterile blood and urine culture

Meningitis Normal CSF cytology, biochemistry and sterile bacterial and fungal culture

Seizure Normal EEG

Congenital heart disease Normal echocardiography

Pulmonary disease Normal chest x-ray and normal arterial blood gases in interval period

Gastroesophageal reflux disease No evidence of reflux on gastroesophageal reflux (GER) scan and barium swallow

Upper airway anomaly Normal fiber-optic laryngoscopy

Metabolic disturbances (Hypoglycemia, Hypocalcemia, Hyponatremia) Normal blood sugar, serum total and ionized calcium, serum sodium measured
multiple times

Inborn error of metabolism Normal blood ammonia, serum lactate, Tandem mass spectrometry (TMS) and urinary
Gas chromatography and mass spectrometry (GCMS)

a possible new therapeutic indication of an established
pharmacological agent used for management of apneas in
preterm newborn.

3.1. Conclusion

Recurrent apnea is a potential complication in infants
following repair of occipital encephalocele. Caffeine cit-
rate may be effective in central apnea beyond the neonatal
period especially in the treatment of apnea related to neu-
rosurgical procedures.
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