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Abstract
Background: Overnight observation for apneic events is standard practice in former preterm infants.
However, the literature supporting current protocols is dated. Therefore, we retrospectively evaluated
the post-anesthetic risks in these patients.
Methods: A retrospective review was conducted on former preterm infants admitted after an inguinal
herniorrhaphy between 1/00 and 10/09. The protocol for overnight admission was for patients born
before 37 weeks gestation who are less than 60 weeks post-conceptional age (PCA).
Results: There were 363 patients, of which 23 were b40 weeks PCA (group 1), 244 were 40 to 49.9
weeks PCA (group 2), and 96 were 50 to 60 weeks PCA (group 3). Events registered by alarms occurred
in 4 patients (1.1%), 2 from group 1 and 2 from group 2. In Group 1, one occurred during nasogastric
tube placement and resolved spontaneously. In group 2, one was apnea-induced bradycardia that
resolved spontaneously, and one was in a patient on home monitors with an event similar to home
reports. There were no events in group 3.
Conclusion: Conservative guidelines for overnight observation after inguinal hernia repair could be set
for patients born before 37 weeks gestation who are under 50 weeks PCA.
© 2012 Elsevier Inc. All rights reserved.
Postoperative events related to apnea are more common
in former preterm infants. Hospital admission for overnight
observation after elective operations under general anesthetic
is standard practice in former preterm infants. The post-
conceptional age that triggers admission for observation is
debated, and the literature supporting current protocols is
dated. Therefore, we reviewed our experience with overnight
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observation to assess the current post-anesthetic risks in
former premature patients.
1. Methods

After obtaining institutional review board approval, a
retrospective review was conducted on all former preterm
patients who were admitted for observation after an inguinal
herniorrhaphy from January 2000 to October 2009. Our
protocol for overnight admission includes patients born
before 37 weeks gestation who are less than 60 weeks post-
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Table 2 Recovery room course

Group 1 Group 2 Group 3 P

Extubated in RR 65.2 % 59.0% 58.2% .8
Desaturation 56.5% 43.4% 29.6% .02
Apnea 43.5% 20.9% 16.3% .0004
Severe apnea
(b85%)

26.1% 19.2% 9.2% .03

Bag mask
ventilation

17.4% 10.7% 10.2% .28

CPAP 17.4% 4.9% 3.1% .01
Bradycardia 0 4.9% 2% .07
Mean RR time
(min)

71.9 ± 44.2 63.0 ± 26.8 57.6 ± 20.7 .16

RR indicates recovery room; CPAP, continuous positive airway pressure.
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conceptional age (PCA). All patients had continuous
cardiorespiratory monitoring postoperatively throughout
their hospital stay with a combination of continuous re-
cording devices, impedence pneumography with alarms, and
nursing observation. As a retrospective study, the anesthetic
technique was not fixed and practitioner dependent including
variables such the use of narcotics, use of muscle relaxants,
and the timing of extubation. Data recorded included demo-
graphics, surgery details, factors associated with apnea,
bradycardia, and desaturation, and their outcomes. An apneic
event was counted by either documentation of apnea by
anesthesia or nursing notes through visual observation or
documented pauses ≥15 seconds. Severe apnea was defined
as a desaturation of ≤85% or requiring mask assistance
for apnea.

Patients were divided into 3 groups for analysis. Group 1
was composed of patients less than 40 weeks PCA, group 2
was between 40 and 49.9 weeks PCA, and group 3 was
between 50 and 60 weeks PCA. Comparison among groups
was performed using analysis of variance for continuous
variables and χ2 for categorical variables. Significance was
defined as P b .05.
2. Results

There were 363 patients included in the study who were
former premature infants at the time of surgery. Mean PCA
was 47 weeks (33.3-59.9 weeks) and mean weight at
operation was 4.6 kg (2.1-8.9 kg) for the study population.
There were 23 patients in group 1, 244 in group 2, and 96 in
group 3. Demographics and operative details for each group
are listed in Table 1.

The immediate postoperative course was eventful. In the
whole population, 41.9% (151 patients) had an isolated epi-
sode of apnea, bradycardia, or desaturation postoperatively
while in the recovery room. The breakdown of recovery
room courses by group is outlined in Table 2.

After the patients were discharged from the recovery
room and admitted to the general surgery service, there were
events registered by cardiorespiratory alarms in 4 patients,
resulting in an overall incidence of 1.1%. The events
occurred with 2 patients in group 1 and 2 patients in group
Table 1 Patient characteristics

Group 1 Group 2 Group 3 P

b40 wk
PCA

40-49.9 wk
PCA

50-60 wk
PCA

No. of patients 23 244 98
Mean PCA (wk) 38.4 45 54.0
Mean weight (kg) 3.5 4.2 5.9 b.0001
Mean OP time
(min)

34.3 ± 12.9 35.5 ± 17.2 41.6 ± 24.3 .05
2, the details of these events are outlined in Table 3. The
oldest gestational age for any of the 4 infants was 33 weeks.
3. Discussion

There is a long-standing practice to admit former preterm
infants after an anesthetic. The initial documentation of
postoperative apnea in former premature infants recovering
from general anesthesia appeared in 1982 [1]. In the years to
follow, a debate developed centered entirely around the post-
conceptional age at which infants remain at risk. Some have
suggested that the likelihood of apnea was nearly absent by
44 weeks PCA [2], whereas others reported that the risk of
apnea persisted until as late as 60 weeks PCA [3-5]. The
1995 meta-analysis of 8 small series used the widely variable
incidences reported in these series to establish a predictive
curve, which pointed to a significant reduction in the inci-
dence of apnea at 52 to 54 weeks PCA, with an incidence
of apnea to less than 1% at 54 weeks PCA [4]. The curve
created by this model possessed an upper confidence interval
that drags out to 60 weeks PCA, which represents the most
conservative interpretation for a safety margin from these
data. Although some debated the validity of this conservative
estimate at the time suggesting it would be safe to set more
liberal criteria [6], many centers including ours established
protocols to admit former preterm infants under 60 weeks
PCA. An additional variable posed at the time was anemia
[4]; however, patients now rarely have blood draws now
before an elective hernia repair.

The debate is clouded by the quality and amount of data
available. The data are flawed by variable means of
monitoring, definitions of events, and the lack of current
evidence. Variability in the technology used to detect events
also creates bias, and expectedly, the lowest incidence of
reported events have been in studies that used the least
sophisticated technology including nursing observation
[2,4,7]. Higher rates of events are reported with the utili-
zation of continuous recording devices [3,4].



Table 3 Overnight events registered by cardiorespiratory alarms

Group 1 Group 2 Group 3

No. of events 2 2 0
Details by patient Patient A: former 29 week EGA at

39.3 wk PCA—event occurred during
nasogastric tube for abdominal distention,
required intubation
Patient B: former 28 week EGA
at 38.1 wk PCA—event was apnea
with feeds at 4 h postoperatively

Patient C: former 33 week EGA at 47.3 weeks
PCA—1 event was apneic spell for 30 s while
sleeping with desaturation to 80% at 1 h
postoperatively, another event was bradycardia
to 60-70s at 8 h postoperatively that self-resolved
Patient D: former 30 week EGA at 41.3 PCA—2
events were apnea and bradycardia at 8 h
postoperatively and bradycardia at 10 h
postoperatively—this patient on home monitors
with history of bradycardia events to 30 at home

EGA indicates estimated gestation age.

219Overnight observation for apneic events
A lack of consensus on the definitions of apnea and
bradycardia creates a concerning source of bias in previous
studies. There are at least 6 separate definitions for apnea
and 3 definitions for bradycardia [1-4,7-10]. Apnea has been
declared on the time between breaths ranging from 10 to 20
seconds, with or without association with bradycardia or
oxygen desaturation, whereas others use a definition of visual
observation of absence of respirations. Severe apnea has been
defined as apnea resulting in desaturation with SpO2 b85%,
which we used[4]. Standard definitions are clearly necessary
in further delineating postoperative care guidelines.

The fact that most guidelines are based on studies com-
pleted over a decade ago poses a concern about the appli-
cability of these data considering the ongoing evolution of
anesthesia practice. In particular, the use of the newer less
soluble volatile anesthetic agents leads to faster awakening in
the recovery room [11,12]. Certainly the lingering effects of
exposure to general anesthesia have a profound influence on
the incidence of apnea. It is reasonable to assume that the
incidence of apnea may have changed over the past decade as
new agents, which are more quickly eliminated, have come
into widespread clinical use. The most recent investigation,
which retrospectively reviewed the hospital course for 126
infants admitted after hernia repair, concluded that the risk
of apnea is much lower in contemporary practice than pre-
viously reported in the series that make up the current
policies [13]. Our series makes the same conclusion, and we
feel it is time to readdress these policies with more con-
temporary data.

Regardless of the history of prematurity or current age,
when infants demonstrate apneic events, this often prompts
admissions for overnight observation [4]. However, our data
call this practice into question as Table 2 shows that a high
percentage of the premature population experiences a rocky
course in the recovery room, which does not translate into
overnight events. Therefore, although it is justifiable to keep
a patient in the recovery room until they demonstrate stability
after apneic events, it may not be necessary to admit patients
that would have not otherwise been admitted due to PCA as
none of the overnight events occurred in patients over 45
weeks PCA.

Evidence-based medicine requires data to justify patient
management protocols. The available data to establish
observation protocols in preterm infants are with substantial
flaws and are now dated. As cost-efficiency and quality
assurance are becoming guiding principles within hospital
systems, it becomes more important to have quality data that
are continually reviewed to avoid low yield uses of medical
resources. This large data set offers a good starting point for
the establishment of more progressive guidelines while still
remaining conservative; however, further progression with
more aggressive protocols should be established in a
stepwise fashion with prospective data. Although it would
appear safe to avoid admission in patients born before 37
weeks EGA who undergo an anesthetic beyond 50 weeks
PCA, we acknowledge that the inherent flaws of a
retrospective series do not offer the strength to make this a
universal recommendation. We have established a prospec-
tive protocol to further evaluate the risk of prematurity and to
validate the proposed guidelines.
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Discussion

Discussant: Kurt Heiss, MD, (Atlanta, GA):
DR. HEISS: This is well done. I wondered, you are very

thoughtful about the way you approached your research
questions. How does the structure of your study differ
from the anesthesia papers that are kind of the foundation
for the way we behave in these premature patients?

Secondly, how have you in concert with your anesthesia
colleagues adjusted your clinical practice to take advantage
of your understanding that this post-40 week group does
not need to stay until they are 60 weeks corrected age?

Response: DR. LAITURI: Fortunately, we worked with the
anesthesia department closely during this evaluation and
the reason that we had prompted this is because those
data, the studies that had been reported were over a
decade ago and additionally anesthetics has also changed
during that time. In further looking at that, what would
differentiate that was 36 weeks 6 days compared to 36
weeks 7 days? In further evaluation, a majority of our
anesthesia colleagues also felt as though the recovery room
events may dictate and correlate into events overnight and
noting that our event rate was only 1.1% that further
validated prompting a prospective protocol as well and
changing the estimated post-conceptual age requirement.

Discussant: Donald Meier, MD, (El Paso, TX):
DR. MEIER: How do you manage postoperative pain in

these children and was there any correlation with your
pain management with those that had apnea?

Response: DR. LAITURI: That is a very good question. As
this was a retrospective review, it was not necessarily
standardized for a protocol but in further validation we
did look at the narcotic utilization and the timing of
narcotic administration to see if they did have events.
Looking at those, it did vary as to when those patients
were extubated as the majority of patients were ex-
tubated if they received intraoperative narcotics only;
however, the apnea, bradycardia, and desaturation events
did not change if they received intraoperative narcotic
utilization versus PACU narcotics only. As you can see
on the top table, in looking at when the narcotics were
given, if they received no narcotics at all versus intra-
operative narcotics versus PACU administration only,
there are more patients extubated in the operating room
if they received intraoperative narcotic utilization only
but respiratory events were similar.

DR. MEIER: On the floor during your observation period,
did you use narcotics or acetaminophen?

DR. LAITURI: They received narcotics if necessary.

Discussant: Unknown Speaker: Have you looked at the cor-
relation between the operative time, the length of opera-
tion, and the postoperative events?

Response: DR. LAITURI: The operative time was essen-
tially similar amongst the three groups. There was a
trend towards having a longer operative time in group
three. What we propose is that these patients were larger
babies that still had difficult hernias; however, possibly
required a longer procedure due to more tissue, but there
were no events in group three. Although they did have a
longer operative time, there were no overnight events
that would correlate to assuming that was a correlation.
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