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Infants born at gestational age <37 weeks are
categorized as premature or preterm! Apnea of
prematurity is defined as a respiratory pause for
more than 15—-20 seconds, or shorter respiratory
pauses accompanied by oxygen desaturation or
bradycardia (heart rate<100 beats per minute) in
premature or preterm infants}® The incidence of
apnea is inversely correlated with gestational
age. In one study, almost all infants born at <28
weeks gestation were diagnosed with recurrent
apnea; this incidence decreased to 85% for
infants born at 30 weeks and 20% for infants at
34 weeks gestation.*

Preterm and former preterm infants are
known to be at increased risk for postoperative
apnea following emergence from anesthesia.?3
Inconsistent definitions of apnea, desaturation,
and bradycardia in previous studies make it dif-
ficult to identify the true incidence of postopera-
tive apnea, which has resulted in differences in
monitoring protocols across institutions.

POSTOPERATIVE APNEA IN THE
PRETERM POPULATION

Apnea of prematurity reflects an immature
development of respiratory control centers. Pre-
mature infants have underdeveloped respiratory
and chemoreceptor function and are less likely
to adjust to postnatal environment changes.®
Premature infants experience hypoxic ventilatory
depression in which the initial increase in respira-
tory rate and volume in the setting of hypoxia
transitions to a decline in spontaneous breathing
that is sustained. In response to hypercapnia,
premature infants increase ventilation by pro-
longing the period of expiration, but do not
increase breath frequency or overall tidal
volume, leading to less minute ventilation than
that seen in term infants

Apnea of prematurity and postoperative
apnea have a similar combination of central and
obstructive pathophysiology. Studies have
shown that obstructive apnea episodes often
begin with upper airway obstruction that occur
with the central component of mixed apnea. Pre-
mature infants are more likely to respond to
airway obstruction with apnea and periodic
breathing, which decreases with increasing post
menstrual age (gestational age plus postnatal
age).?* Furthermore, general anesthesia
decreases upper airway tone and increases
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Figure 1: Predicted probability of apnea in recovery room and post-recovery room by weeks postconceptual age for
all patients for each investigator. Bottom marks indicate the number of data points versus postconceptual age. The
curves for the Kurth et al. and Welborn et al. studiies are nearly identical in the upper range, and for the Malviya et al.
and Warner et al. studies, in the lower range. There was significant institution-to-institution variability. The reasons
for this are unclear but may represent differences in monitoring technology as well as patient populations, because
the studies with the highest rate of apnea were also those that used continuous recording devices.

Figure from Postoperative apnea in the former preterm infants after inguinal herniorrhaphy. A combined analysis.
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airway obstruction, contributing to the develop-
ment of apnea after anesthesia. This occurs
even in infants without a history of apnea™ The
risk factors for postoperative apnea include car-
diac shunts, anemia, decreasing gestational age,
hypothermia, glucose and electrolyte distur-
bances, and a patent ductus arteriosus!

Premature infants are at significantly higher
risk than term infants for cardiopulmonary com-
plications in the immediate postoperative
period. Most anesthesiology studies use the
term postconceptual age (PCA).° Early prospec-
tive studies in the 1990s showed that postoper-
ative apnea can affect as many as 20-32% of
otherwise healthy former-preterm infants under
60 weeks PCA receiving general anesthesia.”"®
In 1995, Coté et al. compiled data from eight
studies of former preterm infants undergoing
inguinal hernia repair to better characterize the
incidence and risk of postoperative apnea. The
authors reported a combined apnea rate of
~25% Rates from contributing studies varied
from 5% to 49% depending on the technique of
apnea detection. Most apneas were pneumo-
gram-diagnosed, occurring in infants <44 weeks

PCA, and anemia was shown to be an indepen-
dent risk factor. Similar to apnea of prematurity,
the incidence of postoperative apnea in the
preterm population was inversely related to the
infant’s gestational age and PCA at the time of
anesthesia (Figure 1). Postoperative apnea
probability decreased to less than 1% at 54
weeks PCA in infants whose gestational age
was 35 weeks and at 56 weeks PCA in infants
whose gestational age was 32 weeks "

These findings align with other reports, which
showed that infants less than 45 weeks PCA
were more likely to develop postoperative
apnea, while in older infants with PCA between
46 and 60 weeks, comorbidities influenced
their predisposition to apnea. The reported
comorbidities included necrotizing enterocoli-
tis, bronchopulmonary dysplasia, former apnea
episodes, anemia, and lower birth weight.”?
These findings led to a study that suggested
infants between 46 and 60 weeks PCA be
monitored for 12 hours postoperatively, and
respiratory monitoring is recommended if the

See “Infant Apnea,” Next Page
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Postoperative Monitoring Is Necessary for Infants at Risk for Apnea

From “Infant Apnea,” Preceding Page

patient’s history reveals episodes of apnea,
chronic lung disease, neurological disease, or
anemia.® In addition, a greater incidence of
apnea within 30 minutes of surgery requiring
significant interventions (maneuvers greater
than tactile stimulation) was identified in infants
who received general anesthesia, but no differ-
ence in the incidence of late apnea in infants
who received regional versus general
anesthesia

TIMING OF POSTOPERATIVE APNEA

Previous studies found that in the majority of
infants who experienced postoperative apnea,
the first event occurred within 2 hours of sur-
gery. Yet, some authors have reported the first
apneic event to occur as late as 12 hours after
surgery®® In a study that monitored children
for 24 hours postoperatively for apnea, none of
the 91 infants examined had their first apnea
event after 12 hours® Thus, they recommended
cardiorespiratory (respiratory impedance and
electrocardiography) monitoring for former pre-
term infants for at least 12 hours after surgery.
Rarely, infants have been reported to experi-
ence recurrent apneas up to 72 hours postop-
eratively, suggesting that even longer periods
of postoperative monitoring may be required in
certain cases.>?°

7

Most pediatric surgery centers have policies
regarding postoperative admission and obser-
vation criteria for former preterm and term
infants. Due to the variability in available data
on gestational age, PCA, incidence, and timing
of apnea events, there are nuanced differences
in these policies (Table 1).6'21424

The current available literature suggests that
while there is variability across studies, a
12-hour apnea-free period currently appears to
be a reasonably safe option in determining dis-
charge in former preterm infants at risk for

Table 1: Postoperative Admission and Observation Recommendations®'31524

General Recommendations based on current available literature:
Patients who are term or preterm/former preterm under 60 weeks PCA should be considered for postoperative monitoring

and an observation period.*"®

apnea after any anesthetic. However, a detailed
analysis from a larger data set is warranted.
Importantly, spinal or caudal anesthesia offers
reduction in occurrence of early, but not late
apnea. This is likely due to residual depressent
effects of the general anesthetics.

Although most pediatric surgical centers
have established policies regarding admission
criteria after any anesthetic for young term and
former preterm infants, policies vary from one
institution to another. This variability can be
partly attributed to small sample sizes and vari-

Monitoring: Apnea and bradycardia monitoring, nursing observation, continuous pulse oximetry, and a respiratory monitor are

recommended.

Preterm Recommendations:

* Former preterm infants < 55 weeks PCA should be admitted

postoperatively.®

| Term Recommendations:

» Term infants < 44 weeks PCA should be admitted postoperatively and

must remain apnea-free for 12 hours prior to discharge.?*

» Former preterm infants < 60 weeks PCA with risk factors for postop- | « Any term infant should be monitored for a minimum of 2 hours post-
erative apnea should be admitted and observed for a minimum of anesthetic and be discharged only with uneventful postop course.

15
12 hours. » All patients < 6 months who receive opioids should be monitored for a

minimum of 2 hours and may require admission depending on com-
plexity and duration of the procedure.

* Former preterm infants who are > 55 and < 60 weeks PCA without
anemia, apnea, or other risk factors can be observed postoperatively

. . &
VR e LT L Bl el vl [ GUs s G Rl » Term infants with a history of bradycardia and apneas, or those with a

sibling with Sudden Infant Death Syndrome, should be considered for
admission.®

« All infants should have been apnea-free for 12 hours prior to
discharge.

» Postoperative apnea in former preterm infants > 60 weeks PCA has | « Term infants > 30 days but less than 6 months old can be discharged
not been reported—the most conservative approach would be to based on attending anesthesiologist discretion if without comorbidities
admit any premature infant under 60 weeks PCA.° or postoperative complications.

See “Infant Apnea,” Next Page
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Preterm Infants Need to Be Apnea-Free for 12 Hours Prior to Discharge
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able incidences of postoperative apnea among
early studies. Data are currently being compiled
and the results from a meta-analysis and micro-
analysis are underway. We hope that new rec-
ommendations in the postoperative
management of this vulnerable cohort will be
forthcoming.
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