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BACKGROUND AND 0BJECTIVE: Complications after adenotonsillectomy (AT) in children have been
extensively studied, but differences between children with and without obstructive sleep
apnea (OSA) have not been systematically reported. Our objective was to identify the most
frequent complications after AT, and evaluate if differences between children with and
without OSA exist.

METHODS: Several electronic databases were searched. A partial gray literature search was
undertaken by using Google Scholar. Experts were consulted to identify any missing
publications. Studies assessing complications after AT in otherwise healthy children were
included. One author collected the required information from the selected articles. A second
author crosschecked the collected information and confirmed its accuracy. Most of the selected
studies collected information from medical charts.

REsuLTS: A total of 1254 studies were initially identified. Only 23 articles remained after a 2-step
selection process. The most frequent complication was respiratory compromise (9.4%),
followed by secondary hemorrhage (2.6%). Four studies compared postoperative
complications in children with and without OSA, and revealed that children with OSA have
nearly 5 times more respiratory complications after AT than children without OSA (odds ratio
= 4.90; 95% confidence interval: 2.38-10.10). In contrast, children with OSA are less likely to
have postoperative bleeding when compared with children without OSA (odds ratio = 0.41;
95% confidence interval: 0.23-0.74).

concLusions: The most frequent early complications after AT are respiratory compromise and
secondary hemorrhage. Based on the current limited evidence, children with OSA appear to
have more respiratory complications. Conversely, hemorrhage appears to be more frequent in
children without OSA.
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Obstructive sleep apnea (0SA) is
widely recognized as a potential cause
of significant morbidity in children.1.2
OSA symptoms include habitual
snoring and reporting of disturbed
unrefreshing sleep, frequently
accompanied by excessive daytime
sleepiness, and daytime
neurobehavioral and mood
problems.3 The prevalence of OSA is
markedly variable during childhood
(1%-5%), with age, gender, and
ethnicity as major contributors.2:4-6
However, independently of the lowest
or the highest reported prevalence,
OSA is a relatively frequent condition
that imposes a high degree of disease
burden, thereby requiring timely
diagnosis and effective treatment.

The first-line treatment of pediatric
OSA is provided through either
medical or surgical procedures on the
basis of the underlying severity of the
condition as defined by overnight
polysomnography (PSG).3 Medical
treatments in mild cases may include
weight loss management in
overweight children, intranasal
steroids, leukotriene modifiers, and
oral or topical descongestants.3
However; in the majority of cases,
adenoidectomy and tonsillectomy
(AT) remains the most common
surgical procedure performed for
OSA in children,” with more than
530 000 of these procedures being
performed annually in the United
States alone.8 Similarly, AT is
traditionally performed in cases
fulfilling the criteria of recurrent
tonsillitis, which in the past
accounted for the majority of AT
surgeries, before being surpassed by
OSA indications.? As with most
surgical procedures, AT involves
potential intraoperative risks and
postoperative complications. Among
the latter, minor complications
include pain, nausea, vomiting, and
dehydration.10 However, more
serious complications may occur, such
as hemorrhage, respiratory
decompensation, velopharyngeal
incompetence, subglottic stenosis,
and rarely death.11
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Some authors!2-16 have suggested
that differences in the frequency of
these complications could be present
after AT in children with OSA and
children without OSA. Because these
complications can have a significant
impact on the burden of care, the
purpose of this systematic review
was (1) to identify the most frequent
postoperative complication during
the first 3 weeks after AT, and (2) to
critically evaluate the differences
comparing children with OSA and
children without OSA. These findings
should help in making physicians
aware of potential complications after
this type of surgical procedures in
specific target populations.

METHODS

This systematic review was done
adhering to the Preferred Reporting
Items for Systematic Reviews and
Meta-Analyses checklist.1”

Diagnostic Terminology

All terms that indicated OSA,!
including sleep disordered breathing
(SDB), sleep-related breathing
disorder, and OSA syndrome, were all
considered synonymous of OSA for
this submission.

Protocol and Registration

The systematic review protocol was
registered at the International
Prospective Register of Systematic
Reviews!8 under number
CRD42015016102.

Study Design

A systematic review that evaluated
(within 3 weeks) postoperative
complications after AT in children
with OSA and children without OSA
aimed at answering 2 specific
questions:

1. What are the most frequent im-
mediate postoperative complica-
tions after AT?

2. Do children with OSA and children
without OSA differ in the fre-
quency of immediate post-
operative complications after AT?

Eligibility Criteria
Inclusion Criteria

e Clinical studies that evaluated
(within 3 weeks) postoperative
complications after AT in children
with OSA and children without OSA
(0-18 years old).

¢ No language restriction was set.
Complications were defined as any
deviation from the usual
postoperative recovery course that
required intervention. All reported
complications were reviewed to
determine type, occurrence time, and
need for an extended hospital stay
and/or intensive care unit (ICU)
monitoring.19

Exclusion Criteria

The studies were excluded in 2
phases.

In phase 1 (titles and abstracts) the
following exclusion criteria were
applied:

1. Studies that targeted a different
condition.

2. Studies in adults.

3. Reviews, letters, conference
abstracts, editorials, case-series
studies.

4. Studies in which the cohort sample
included subjects previously di-
agnosed with genetic syndromic
patients (eg, Down syndrome,
craniofacial anomalies, neuromus-
cular disorders, chromosomal ab-
normality, etc), coagulation
disorders, or cerebral palsy.

In phase 2 (full-text) these additional
exclusion criteria were applied:

5. Studies that did not reveal com-
plications during the first 3 weeks
of follow-up.

Information Sources

Detailed individual search strategies
for each of the following bibliographic
databases were developed: Cochrane,
Embase, Medline, PubMed, Web of
Science, and Literatura Latino-
americana e do Caribe em Ciéncias da
Saude. A partial gray literature search
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was taken by using Google Scholar.
The end search date was January 3,
2015, across all databases. The
references cited in the selected
articles were also checked for any
additional references that could have
been inadvertently omitted during
the electronic database searches. In
addition, experts in the field of sleep,
otolaryngology, and/or respiratory
medicine were approached to identify
any missing important publication.

Experts were identified based on the
main reference list, such that authors
who had (as a first/senior author) > 6
publications in this main search
were contacted, and were asked to
identify the 10 most important

adapted for each database search
(Supplemental Table 4). All
references were managed by
reference manager software
(RefWorks-COS, ProQuest, Bethesda,
MD) and duplicate hits were

publications regarding AT removed.

postoperative complications.
Study Selection

Search The selection was completed in 2

phases. In phase 1, 2 reviewers (Drs
De Luca Canto and Pachéco-Pereira)

Appropriate truncation and word
combinations were selected and

Records identified through database searching
(n=2648)
c v v v v v v
2
S Cochrane Embase Medline LILACS PubMed Web of Science
€=
f= n=60 n=1780 n =504 n=6 n=768 n=>536
S
= v
Records after duplicates removed
(n=1254)
) *
Records screened and potentially useful
(n=92)
=1
£
S Google Scholar Google Scholar R
g (n = 60) (n=2) >
o J
» A
‘ Experts }_" Experts |
(n=48) (n=8) i Reference lists Reference lists
(n=0) (n=10)
~—
A
TN 4
Full-text articles AII articles excluded with reasons \
assessed for eligibility (n=79)
(n=102) 1.Different target condition (n = 47)
2.Studies in adults (n=1)
> 3.Reviews, letters, conference abstracts,
E editorials, case-series studies (n = 4)
2 4. Sample included genetic syndromic
éo patients, craniofacial anomalies
w . neuromuscular disorders, chromosomal
e abnormality, coagulation disorders,
cerebral palsy (n = 22)
5.Did not report the 3 first weeks of
follow-up (n =5)
~—
v
)
Studies included in qualitative/quantitative synthesis question 1
(n=23)
8 Full articles that did not present data enough to
'g conduct a meta-analysis to answer question 2
S (n=19)
£
Studies included in quantitative synthesis to answer question 2
(n=4)
———

FIGURE 1

Flow diagram of literature search and selection criteria. Adapted from the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.!”
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independently reviewed the titles and
abstracts of all identified electronic
database citations. A third author (Dr
Aydinoz) read all abstracts selected to
reach the final decision. This was
important when disagreements
emerged between the 2 initial
evaluators. Any studies that did not
fulfill the inclusion criteria were
discarded.

In phase 2, the same 2 reviewers (Drs
De Luca Canto and Pachéco-Pereira)
independently participated in phase
2. The reference lists of all included
articles were critically assessed by 1
examiner (Dr De Luca Canto).
Selected studies were read by both
examiners (Drs De Luca Canto and
Pachéco-Pereira). Any disagreement
in either phase was resolved by
discussion and mutual agreement
between the 3 reviewers (Drs De
Luca Canto, Pachéco-Pereira, and
Aydinoz).

A fourth author (Dr Gozal) was
involved when controversy arose in
the process of reaching a final
decision either in phase 1 or 2. Final
selection was always on the basis of
the full-text of the publication.

Data Collection Process

One author (Dr De Luca Canto)
collected the required information
from the selected articles. A second
author (Dr Pachéco-Pereira)
crosschecked all the collected
information and confirmed its
accuracy. Again, any disagreement in
either phase was resolved by
discussion and mutual agreement
between the 3 reviewers (Drs De
Luca Canto, Pachéco-Pereira, and
Aydinoz). The fourth author was
involved as required, to enable
formulation of the final decision
(Dr Gozal).

Data Iltems

The following information was
recorded: author(s), year of
publication, country, study design,
recruitment method, follow-up
length, sample size, participant’s age,
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complication type, surgery type,
results, and main conclusion. If the
required data were not complete,
attempts were made to contact the
authors to retrieve the missing
information.

Risk of Bias in Individual Studies

The methodology of selected studies
was evaluated by using the Meta-
Analysis of Statistics Assessment and
Review Instrument.2® Two reviewers
(Drs De Luca Canto and Pachéco-
Pereira) scored each item with “yes,”
“no,” “unclear,” or “not applicable,”
and assessed independently the
quality of each included study.
Disagreements between both
reviewers were resolved by a third
reviewer (Dr Aydinoz).

Summary Measures

Early (within 3 weeks) postoperative
complications after AT were
considered as the main outcome. Any
type of outcome measurement was
considered (categorical and
continuous variables).

Synthesis of Results

Studies that revealed postoperative
prevalence but did not directly
compare OSA and non-OSA groups
were analyzed through a meta-
analysis performed with MedCalc
(MedCalc Software, Ostend, Belgium).
Studies that directly compared
children with OSA and children
without OSA were analyzed through
a meta-analysis by using Review
Manager 5.2 (RevMan, The Nordic
Cochrane Centre, Copenhagen,
Denmark).

Risk of Bias Across Studies

We assessed the clinical
heterogeneity (by comparing
variability among the participant’s
characteristics, type of interventions
and outcomes studied),
methodological heterogeneity (by
comparing the variability in study
design and risk of bias), and
statistical heterogeneity (by
comparing variability in the

intervention effects in the different
included studies).

RESULTS

Study Selection

During the initial search (phase 1),
1254 different citations were
identified across the 6 electronic
databases. Then, after

a comprehensive evaluation of the
abstracts, only 92 articles were
deemed potentially relevant, and
were selected for phase 2 assessment.
An additional 60 citations from
Google Scholar, and another 48
citations from content experts were
also considered. Of these 108 articles
(not initially included among those
from the electronic databases), only
10 were deemed appropriate for
phase 2 assessments. No additional
study that might have been
inadvertently missed by the search
procedures was identified after
further reviewing the reference list of
the 102 studies. From these
remaining studies, 79 were
subsequently excluded (Supplemental
Table 5). Thus, only 23 studies were
retained for the final meta-analysis
aimed at answering the first question.
From these 23 studies, only 4 studies
differentiated between OSA and non-
OSA groups, and were used in the
meta-analysis aiming to answer the
second question. All of these articles
were identified from the main
electronic search. A flowchart of the
process of identification, inclusion,
and exclusion of studies is shown in
Fig 1.

Study Characteristics

The 23 studies that were retained to
address question 1 revealed the
following postoperative
complications: respiratory
complications,12:13.16,19,21-33
hemorrhage,152125.26,28,30,34-38
pain,27-28 nausea,27-34 vomiting,27-35
refuse to drink,35 inadequate oral
intake,21 dehydratation,2829,34
fever,2429 dysphagia,28-34 and cardiac
complications.35
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TABLE 2 Continued

710

Results Main Conclusion

Surgery Procedure/
Complication Assessment

0SA, n Non-0SA With Mean Age

Follow Up

Place of Recruitment

Country

Source

or Range

Tonsillitis, n

Location

Children with OSA are at risk

AT by electrocautery dissection 0SA group had more

61 21 2-16

Until discharge of

Pediatric

Mexico

Sanders

for respiratory

respiratory complications
than non-0SA (5.7 vs 2.9,

P
Supraglottic obstruction,

recovery room

otolaryngology
service from

et al 200612

complications after AT. These
complications do not
prolong the time to

discharge.

.0001).

university’s hospital

breath holding, and

desaturation on anesthetic
induction and emergence
were the most common

complications.
Increased severity of 0SA, low

Recovery room

weight, and young age are

correlated with an increased

rate of complications.
Medical intervention was more

necessary in 0SA group

during recovery and

emergence than in the non-

0SA group (17/61 vs 1/21,

P

.05).

The sample size ranged widely from
1023 to 9023 subjects.!> A summary
of the study descriptive
characteristics can be found in

Table 1. The characteristics from the
4 studies selected to answer question
2 can be found in Table 2.

Risk of Bias Within Studies

The studies selected to answer
question 1 were very heterogeneous,
6 of them had high risk of bias, 6 had
moderate risk, and only 7 had low
risk of bias. None of the studies
fulfilled all methodological quality
criteria. The studies selected to
answer question 2 were more
homogeneous, 2 had moderate risk of
bias and 1 had low risk. More
information about the risk of bias of
included studies can be found in
Table 3 (summarized assessment)
and Supplemental Tables 6 and 7
(detailed assessment).

Results of Individual Studies

The results of studies selected to

answer question 1 are reported in
Table 1. The results of the studies
selected to answer question 2 are

TABLE 3 Risk of Bias Summarized

Assessment
Source Risk of Bias
Ahmad et al%® Moderate
Baguley et al5" Moderate
Brown23 Low
Del-Rio Camacho et al'® Moderate
Hadden et al?” Low
Hamada et al3’ Low
Lalakea et al?! Low
Ma et al52 Low
Muninnobpamasa et al28 Moderate
Nixon et al?2 Moderate
Onotai and Lilly-Tariah30 High
Perkins et al'® Low
Rakover et al3® High
Riaz et al'® Moderate
Ruboyianes'? High
Sanders et al'? Low
Shakeel et al%8 Low
Shott et al4 High
Spencer and Jones2® Moderate
Vlastos et al%8 Low
Wang et al?4 High
Wong et al36 High
Ye et al5% Moderate
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synthesized below (with additional
information in Table 2).

Riaz et al!3 reported that at the time
of extubation, desaturation was
significantly more frequent in the OSA
group (43.3% vs 6.6%, P =.002, odds
ratio [OR] = 10.70). Other
complications at extubation (ie,
cough, laryngospasm, and
postoperative nausea and vomiting)
were also more frequent in the OSA
group, but were not statistically
significant (P = .999). In the
postanesthesia care unit, the
frequency of complications and
medical interventions was also higher
in OSA group. More patients in the

A

Ahmad et al 2010”

Baguley et al 2014*'

Brown 2006

Del-Rio Camacho et al 2014
Hadden et al 20117

Hamada et al 2015”

Lalakea et al 1999°'

Ma et al*

Muninnobpamasa et al 2012
Nixon et al 2005%

Onotai and Lilly-Tariah 2013%
Perkins et al 2012"

Rakover et al 1997

Riaz et al 2009"

Ruboyianes 1996

Sanders et al 2006

Shakeel et al 2012%

Shott et al 1987

Spencer and Jones 2012
Vlastos et al 2010%°

Wang et al 2009°°

Wong et al 2007*

Ye et al 2009

Total (fixed effects)
Total (random effects)

Meta-analysis:

OSA group required oxygen
supplementation (63.3% vs 10%,

P <.001, OR = 15.54). They concluded
that children with OSA undergoing AT
are at significant risk of certain life-
threatening perioperative anesthetic
complications.

Similarly, Sanders et al12 evaluated the
rate of complications experienced by
children who undergo AT for OSA, the
safety of a standard anesthetic
protocol for these children, and
preoperative predictors of
complications. They found that
children with OSA had more
respiratory complications than
children without OSA (5.7 vs 2.9,

Meta-analysis
-
P S—

-
-
-

P <.0001). Supraglottic obstruction,
breath holding, and desaturation on
anesthetic induction and emergence
from anesthesia were the most
common complications. Increased
severity of OSA, low body weight, and
young age were associated with an
increased rate of complications.
Medical intervention was necessary in
a higher proportion of children with
OSA during recovery and emergence
from anesthesia than in the non-OSA
group (17/61 vs 1/21, P < .05).
However, both groups of children had
similar opioid requirements, and the
time to discharge from the recovery
room was also similar. They concluded

0.0 0.2 0.4 0.6

Proportion

proportion

0.8 1.0

Meta-analysis

Sample size Proportion

(%)

95% CI

Total (fixed effects) 13537

5.453

5.076-5.848

Total (random effects) 13537

18.514

9.390-29.865

Test for heterogeneity

Q 3099.8407

DF 22

Significance level | P <.0001

I? (inconsistency) | 99.29%

95% CI for I’ 99.19-99.38

FIGURE 2

Forest plot question 1. Frequency of complications after AT in children (question 1). Results from 2 types of meta-analysis: fixed and random effects. A,
Forest plot for all postoperative complications. Sample = 13 537. B, Forest plot for respiratory complications. Sample = 3148. C, Forest plot for primary
hemorrhage. Sample = 11 760. D, Forest plot for secondary hemorrhage. Sample = 11 090.
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that children with OSA are at risk for
respiratory complications after AT, but
that these complications do not appear
to prolong the time to discharge.

Del-Rio Camacho et al'® found that
when considering all children,
complications occurred in only 3.5%
of children, with 2.2% corresponding
to respiratory complications. Children
with mild to moderate OSA (3.23% vs
1.47%, P = .39) and children with
severe OSA (3.77% vs 1.70%, P = .32)
presented a higher incidence of
respiratory complications, which did
not achieve statistical significance. All
respiratory complications took place
in the immediate postoperative period.

In contrast, Perkins et al>
hypothesized that a diagnosis of OSA

B

may be protective against
postoperative hemorrhage. A total of
9023 tonsillectomy patients were
identified. Of these, only 2.4%

(n = 212) presented with hemorrhage.
There were 48 patients (22.6%) with
primary, and 164 patients (77.4%)
with secondary hemorrhage, with the
majority occurring among children
with recurrent tonsillitis. The authors
concluded that children with OSA
were half as likely to manifest
bleeding as a complication after AT
when compared with children with
chronic tonsillitis (P = .04).

Synthesis of Results

The meta-analysis was performed in
2 steps. To answer question 1, the 23

Meta-analysis

studies selected were grouped and
a meta-analysis was performed. The
heterogeneity between the studies
found in the meta-analysis was high;
therefore, a random model was
choosen.39 The results from this
meta-analysis revealed that the
overall frequency of postoperative
complications was ~19% (total
sample = 13 537; Fig 2A). The most
frequent postoperative complications
were respiratory compromise (9.4%
in sample = 3148 cases; Fig 2B)
followed by secondary hemorrhage
(2.6% in sample = 11 090 cases;

Fig 2D) and primary hemorrhage
(2.4% in sample = 11 760; Fig 2C).

To answer the question 2, the 4
studies!2:13.15,16 that directly

Ahmad et al 2010% B
Baguley et al 2014”' ——
Brown 2006% [ ]
Del-Rio Camacho et al 2014 |
Hadden et al 20117 -
Lalakea et al 1999%' B
Ma et al* ——
Muninnobpamasa et al 2012*° .
Nixon et al 2005 ]
Onotai and Lilly-Tariah 2013% -
Riaz et al 2009" L
Ruboyianes 1996 L
Sanders et al 2006 ——
Spencer and Jones 2012% —
Viastos et al 2010% B
Wang et al 2009” —_—
Ye et al 2009% -
Total (fixed effects) ®
Total (random effects) ~eo——
] ] ] ] . ]
0.0 02 04 06 0.8
Proportion
Meta-analysis: proportion
Meta-analysis Sample size | Proportion (%) 95% CI
Total (fixed effects) 3148 4.041 3.382-4.787
Total (random effects) | 3148 9.406 4.916-15.155
Test for heterogeneity
Q 357.2512
DF 16
Significance level | P <.0001
I” (inconsistency) | 95.52%
95% CI for I 94.03-96.64
FIGURE 2
Continued.
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compared an OSA and a non-OSA
group, as defined by nocturnal

PSG were grouped, and a meta-
analysis was performed. Only

a meta-analysis with a fixed effect
model was performed by using the
method of Mantel-Haenszel.39 In
this meta-analysis, only data relying
on PSG-confirmed OSA and non-OSA
were considered. Because of these
criteria, different sample sizes
emerge in Tables 1 and 2 for the
same studies. To perform this meta-
analysis, the studies were grouped
in 2 groups, A (respiratory
complications) and B (bleeding
complications). The heterogeneity
between the studies found in the
meta-analysis was 0% indicating
high homogeneity (confirming that

C

Ahmad et al 2010”
Del-Rio Camacho et al 2014
Hamada et al 2015%

Lalakea et al 1999”'

Muninnobpamasa et al 2012%

Onotai and Lilly-Tariah 2013%
Perkins et al 2012"
Rakover et al 1997%
Shakeel et al 2012%

Vlastos et al 2010%°

Total (fixed effects)

Total (random effects)

we can analyze these data with
fixed effect). The meta-analysis of
group A (respiratory complications)
included 371 patients (184 with
OSA and 187 without OSA) and
confirmed that children with OSA
appear to have more frequent
postoperative respiratory
complications after AT than children
without OSA (OR = 4.90; 95%
confidence interval (CI):
2.38-10.10). In group B (bleeding
complications), 360 children with
OSA and 294 children without OSA
were included. The meta-analysis
confirmed that bleeding is more
likely to occur among children
without OSA (OR = 0.41; 95% CI:
0.23-0.74; Fig 3).

Meta-analysis

R S—
R S
L
.
.

Risk of Bias Across Studies

Although the studies had different
study design (experimental and
descriptive), the main methodological
problem concerns the actual subject
sample. Most of the studies selected to
answer question 1 used a convenience
sample from a hospital. Even the
experimental studies did not randomly
assign participants. Besides this
particular issue, most of the
observational studies did not perform
appropriate statistical analyses.

DISCUSSION

AT is a relatively common procedure
in clinical otolaryngology practice and
usually follows referrals from

0.0 0.1
Proportion

Meta-analysis Sample size | Proportion (%) | 95% CI
Total (fixed effects) 11760 0.873 0.713-1.058
Total (random effects) | 11760 2.378 1.230-3.890
Test for heterogeneity
Q 82.9851
DF 9
Significance level | P <.0001
I” (inconsistency) | 89.15%
95% CI for I 82.17-93.40
FIGURE 2
Continued.

Meta-analysis: proportion

0.2
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primary care physicians.25 It is the
current treatment of choice for
treatment of OSA in children, when
indicated, due to its perceived efficacy
and cost effectiveness.40

Currently guidelines used by
clinicians to identify children who are
appropriate candidates for AT have
indications based primarily on
obstructive and infectious causes.41
Before 1995, the major indication for
AT was recurrent tonsillitis, with OSA
being a distant second. However, in
the past 10 years the number of
children referred for OSA-related AT
surgery has increased markedly,
reflecting an increased awareness and
improved diagnosis of OSA by

D

Ahmad et al 2010*

Muninnobpamasa et al 2012

Onotai and Lilly-Tariah 2013*

Perkins et al 2012"
Rakover et al 1997%°
Shakeel et al 2012%
Shott et al 1987*

Wong et al 2007

Total (fixed effects)

Total (random effects)

28

pediatricians and other primary care
physicians.36

This systematic review investigated
the available evidence about the most
frequent early postoperative
complications after AT, and also
evaluated potential differences in the
associated complications between
children with OSA and those without
OSA. Regarding the most frequent
early postoperative complications,
respiratory compromise and
hemorrhage were the most frequent,
followed by pain, fever, nausea and
vomiting, and dehydration. Infection
and cardiac complications were rare.
These results are in agreement with
the available literature.321,29.35,37

Meta-analysis

Mortality rates of AT have been
estimated between 1 in 16 000 and 1
in 35000 cases.*?

Nixon et al?2 demonstrated that
sleep-related airway obstruction is
a common postoperative
complication leading to significant
oxyhemoglobin desaturations after
AT in children with severe OSA.
Episodes of desaturation occurred
during the first postoperative night in
all 10 children studied, and these
desaturation episodes were
predominantly caused by upper
airway obstruction. Several
mechanisms may explain ongoing
upper airway obstruction after AT,
including copious nasal secretions

—a—
L

——

——
¢
<>

| . | |
0.0 0.1 0.2
Proportion

Meta-analysis: proportion

Meta -analysis Sample size | Proportion (%) | 95% CI
Total (fixed effects) 11090 1.993 1.741-2.270
Total (random effects) | 11090 2.564 1.829-3.419
Test for heterogeneity
Q 16.0921
DF 7
Significance level | P =.0243
I” (inconsistency) | 56.50%
95% CI for I’ 4.24-80.24
FIGURE 2
Continued.
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A OSA

Non-OSA OR OR
Study or Subgroup Events Total Events Total Weight% M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Del-Rio Camacho et al 2014° 3 93 2 136 24.8 2.23 (0.37-13.63) — T
Riaz et al 2009" 22 30 8 30 33.7 7.56 (2.41-23.75) ——
Sanders et al 2006™ 52 61 12 21 41.6 4.33(1.42-13.24) ——
Total (95% Cl) 184 187 100.0% 4.90 (2.38 -10.10) <D
Total events 5 77 1 22
Heterogeneity: X“ = 1.32,df = 2 (P =.52); 1°= 0% I t t {
Test for overall effect: Z= 4.30 (P <.0001) 0.0 ON'r.lm—OSA lOSA 10 400
B
OSA Non-OSA OR OR
Study or Subgroup Events Total Events Total Weight% M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Del-Rio Camacho et al 2014 1 93 2 136 4.7 0.73 (0.07 - 8.15)
Perkins et al 2012 21 267 28 158 953  0.40(0.22-0.73) B
Total (95% Cl) 360 294 100.0 0.41(0.23 -0.74) <P
Total events y 22 N 30
Heterogeneity: X“= 0.23, df = 1 (P=.63); I° = 0% D t ; |
Test for overall effect: Z = 2.96 (P =.003) D:02 clt.l‘c{n-OSA lOSA 300

FIGURE 3

Forest plot question 2. Postoperative respiratory and bleeding complications after AT in children with 0SA and children without OSA. Children with 0SA
were at significantly higher odds for respiratory complications (A), and conversely children without 0SA were at increased odds for hemorrhage after
surgery (B). A, Forest plot for post-AT respiratory complications. B, Forest plot for post-AT bleeding complications.

after surgery, and reactive,
postsurgical edema in the adenoid
and tonsillar beds. Thus, the first
night after AT will usually manifest
marked sleep disturbance, airway
obstruction, and desaturation.22

In this systematic review, we found
a very high frequency of pain as the
major complication of AT, with some
of the included studies revealing
exceedingly high rates of pain,12.27.28
such that the frequency of overall
postoperative complications when
pain was included in the meta-
analysis reached the vicinity of 20%,
even after random effects were
accounted for. Under these
circumstances, the frequency of
respiratory compromise after AT was
9.4% and primary and secondary
hemorrhage prevalence was 2.4%
and 2.6%, respectively. Of note,
although postoperative bleeding can
be a serious complication after AT,21
it rarely requires transfusion.3% Thus,
AT has substantial postoperative
morbidity, and identification of
children at risk for either respiratory
compromise or bleeding would be

PEDIATRICS Volume 136, number 4, October 2015

obviously important, particularly
because the majority of AT surgeries
are conducted in outpatient settings.

In this context, our meta-analysis
highlights 2 relevant clinical practice
points. The presence of OSA
significantly increases the odds

for postoperative respiratory
complications, with children with OSA
exhibiting a nearly fivefold increase in
the odds of developing respiratory
complications when compared with
children without OSA. These findings
concur with previous studies that
suggested that as the severity of
OSA increases, the probability of
respiratory complications after AT
increases as well.43-45 Children with
OSA not only had more frequent
complications during induction and
emergence from anesthesia, they
were also more likely to require
supplemental oxygen, oral or

nasal airway insertion, or assisted
ventilation in the immediate
postoperative period.1? Thus,
identification of children at higher
risk for respiratory complications
before AT can help in formulating

a safe anesthetic strategy for children
with OSA, and should be pursued in
future prospective large-scale
studies.!3 In contrast, our meta-
analysis indicated that the presence
of tonsillitis in children without OSA
increased the odds for hemorrhagic
complications. Children without OSA
with tonsillitis appear to have 2.5-fold
increases in the odds for bleeding
complications when compared with
children with OSA. Perkins et all>
suggested that either OSA is
protective against postoperative
hemorrhage or that recurrent tonsil
infection increases the risk for
bleeding through undefined
mechanisms, most likely involving
increased vascularity of tonsillar and
surrounding upper airway tissues.

Despite the current guidelines from
the American Academy of Pediatrics,
several important obstacles have thus
far precluded widespread
implementation of PSG for OSA, such
as cost and reduced availability.3
However, a definitive diagnosis of
OSA requires a PSG, and our current
findings further suggest that among
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children with OSA, the risk of
postoperative respiratory
complications is high. Children

with OSA are clearly at higher
anesthetic risk than are patients
with normal upper airway function.
Anesthesiologists should routinely
screen patients for snoring, airway
dysfunction, airway anatomic
disorders, and other coexisting
diseases that can increase risk from
OSA in the postoperative period.
Despite the pressure to reduce costs,
both surgeons and anesthesiologists
should improve screening procedures,
perhaps develop alternate surgical
approaches, to decrease the risks.4¢

Thus, systematic implementation of
PSG-based OSA diagnosis could
potentially enable delineation of PSG-
based criteria that would inform ear;,
nose and throat (ENT) surgeons on
the presence of specific children with
higher respiratory risk, and thus
improve peri- and postoperative phase
planning, while ascertaining that high-
risk patients undergo surgery in

a medical center capable of monitoring
and treating more complex pediatric
patients postoperatively.3

Raman et al*” established guidelines
for patients undergoing AT resulting
in an overall reduction in
unanticipated admissions. The authors
emphasize that guidelines could be
universally applied in an outpatient
screening process for identification of
at risk surgical patients. This would
aid in identifying those patients who

may not be ideal candidates for
outpatient surgical facilities.

Future prospective studies may
address the development of screening
tools for patients in need of
additional education in normal and
abnormal postoperative
symptomatology or health care
support. This may ultimately lower
postoperative emergency department
visits and overall health care cost
associated with this procedure.48

Limitations

Most of the selected studies were
retrospective. Documentation of

a respiratory complication was
collected from medical charts. It is
likely that minor complications that
did not require sentinel event
reporting, hospital readmission, or
operative intervention were not taken
into account in the published
literature. In most studies, the criteria
used to establish the diagnosis and
severity of OSA relied on clinical
assessment, rather than PSG.
Therefore, accurate stratification of
OSA severity is not possible to enable
aforementioned OSA severity
stratification of postoperative risk.

Notwithstanding that our findings
emanate from a meta-analysis of the
pertinent published studies, caution
should be exercised because the
sample size was relatively small, and
thus does not enable irrefutable
evidence to unequivocally answer the
2 questions from this systematic

review. This is even more noticeable
for the second question.

CONCLUSIONS

The most frequent complications after
AT include respiratory compromise
and secondary hemorrhage. Based on
the current limited evidence, children
with OSA appear to have more
respiratory complications after AT
than children without OSA. In contrast,
hemorrhage appears to be more
frequent in children without OSA.
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BREAKING DARWIN'S RULES: My second son loves to fish. He mostly surfcasts in
salt water and fly fishes in fresh water. While he likes to catch bigger rather than
smaller fish, he is always happy just to be fishing. We do have one rule, however.
Regardless of the size of the fish we catch, unless the fish is badly hurt, we always
release the fish back to the water from which it came. We usually spend a bit of time
making sure the fish has the energy to swim away and not become game for a larger
fish. Our theory is that even big fish have the right to get bigger and lead productive
adult lives. Unfortunately, conservation policies and fishing practices of most
fishermen encourage keeping the largest fish caught.

Asreportedin The New York Times (Science: August 20, 2015), humans tend to hunt
and eat mature adult animals, those in their prime reproductive years. This is in
sharp distinction to what happens in the wild where the young, the small, and the
weak tend to be the ones killed by other animals. Humans, as amazing predators,
have changed the rules of some species from “survival of the fittest” to “survival of the
smallest”. This can be seen in the Atlantic cod population. Large female cod produce
far more eggs than smaller cod. As the cod population plummeted due to overfishing,
quotas were established so that only the largest cod could be kept. This led to
selection pressure favoring the survival of smaller cod and those that bred earlier
and hence, produced smaller numbers of eggs.

Unfortunately, fishing and hunting practices are unlikely to change as sport fish-
erman and hunters like to pose with larger fish and trophies. Still, I hope that some
will realize that the biggest is not always the best, and either return the fish to the
water or settle for smaller fish or game while hunting.
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