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Abstract
Obstructive sleep apnea syndrome is a major cause of morbidity in the Down syndrome population and is commonly treated with 
adenoidectomy and/or tonsillectomy (AT). However, these children are at increased risk for perioperative respiratory adverse 
events (PRAEs). The objective of this study was to examine risk factors for major PRAEs requiring intervention in children with 
Down syndrome undergoing AT and to describe their postoperative monitoring environment. This retrospective study included 
all children with Down syndrome aged 0–18 years who underwent a preoperative polysomnogram followed by AT at a tertiary 
pediatric institution. Descriptive statistics were used to summarize baseline demographic and clinical characteristics. A multivari-
able model for prediction of PRAEs was constructed. A priori, it was decided that minimum oxygen saturation, apnea–hypopnea 
index, and average oxygen saturation asleep would be included, along with medical comorbidities associated with PRAEs at 
p < 0.2 in univariable analyses. Fifty-eight children were included in this study; twelve had a PRAE. Cardiac disease was associated 
with PRAEs on univariable analysis (p = 0.03). In multivariable analysis, average oxygen saturation asleep was associated with 
PRAEs (OR 1.50; 95% confidence interval 1.00, 2.41; p = 0.05). For all of the remaining variables, p > 0.15. Fifty-six children 
were admitted for monitoring overnight; four were admitted to the intensive care unit and fifty-two were admitted to the ward.

Conclusions: A multivariable model found evidence that lower average oxygen saturation while asleep was associated with 
PRAEs requiring intervention in children with Down syndrome. This study highlights the difficulty in predicting complications 
in this population.

What is known:
• Obstructive sleep apnea syndrome is a major cause of morbidity in the Down syndrome population and is commonly treated with  

adenoidectomy and/or tonsillectomy.
• However, children with Down syndrome are at increased risk for perioperative respiratory adverse events (PRAEs) following adenoidectomy 

and/or tonsillectomy.
What is new:
• We found that a lower average oxygen saturation asleep is associated with increased odds of PRAEs, adjusting for age, total apnea–hypopnea 

index, cardiac comorbidity, and minimum oxygen saturation.
• This study highlights the difficulty in predicting complications in this population.
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PACU​	� Post-anesthetic care unit
PaO2	� Partial pressure of oxygen
PICU	� Pediatric intensive care unit
PRAE	� Perioperative respiratory adverse event
PSG	� Polysomnogram
OSAS	� Obstructive sleep apnea syndrome

Introduction

Down syndrome is a common genetic condition occurring 
in 13 in 10,000 live births [1]. Obstructive sleep apnea syn-
drome (OSAS) is a major cause of morbidity in the Down 
syndrome population and is diagnosed in up to 75% of chil-
dren with Down syndrome [2] compared to 1–5% in the 
general population [3]. Children with Down syndrome are 
at increased risk of OSAS due to multiple anatomical and 
functional factors including midfacial hypoplasia, a narrow 
nasopharynx, relative macroglossia, adenotonsillar hyper-
trophy, hypotonia, obesity, and gastroesophageal reflux [4]. 
Treatment of OSAS is essential as it may be associated with 
neurodevelopment disorders [5], behavioral issues [5], and 
cardiovascular risk [6].

The first line treatment for OSAS with adenotonsillar 
hypertrophy is adenoidectomy and/or tonsillectomy (AT). 
AT improves OSAS severity but is curative in only 18–33% 
of children with Down syndrome [4, 7, 8]. Although rela-
tively safe, AT is not without risks. Perioperative respiratory 
adverse events (PRAEs) range from major complications 
requiring intervention such as hypoxemia, upper airway 
obstruction, and pulmonary edema to minor complications 
such as transient, self-resolving desaturations. Children with 
Down syndrome are at increased risk of PRAEs, especially 
after AT, compared to the general population. Major PRAEs 
following AT occur in children with Down syndrome at a 
rate of 17–25% [9–11] as compared to a rate of 9.4% in 
the general population [12]. Severe OSAS (defined as an 
obstructive apnea–hypopnea index [AHI] > 10 events/h and 
minimum oxygen saturation < 80%), American Society of 
Anesthesiologists (ASA) physical status classification, pre-
operative pediatric intensive care unit (PICU) admission, 
and aerodigestive comorbidities have been described as risk 
factors for respiratory complications occurring overnight or 
on postoperative day one following AT [9]. However, predic-
tive risk factors for PRAEs immediately after AT in children 
with Down syndrome are not well elucidated. The ability 
to accurately identify children with Down syndrome at 
increased risk for PRAEs immediately following AT would 
have significant benefits for healthcare resource utilization 
and perioperative planning.

We sought to determine the nocturnal gas exchange and 
comorbidity risk factors for PRAEs requiring intervention 
in children with Down syndrome undergoing AT or isolated 

adenoidectomy or tonsillectomy. Our secondary aim was to 
describe the postoperative monitoring environment for this 
population and to track hospital readmissions for respiratory 
complications within 30 days of AT.

Methods

Study population

This retrospective cohort study included all children with 
Down syndrome aged 0–18 years who underwent a preoper-
ative polysomnogram (PSG) followed by palatine tonsillec-
tomy, adenoidectomy, or adenoidectomy and tonsillectomy 
between March 2003 and January 2016 at the Children’s 
Hospital of Eastern Ontario, a tertiary academic referral 
center. All children with Down syndrome within the catch-
ment area of the hospital are routinely followed at our Down 
syndrome clinic and referred for PSG evaluation if there is 
clinical suspicion of sleep-disordered breathing.

Study design

This study was approved by the Children’s Hospital of East-
ern Ontario Research Ethics Board (14/113X). Due to the 
retrospective study design, individual informed consent was 
not required. The demographic and clinical features of chil-
dren were assembled into a Research Electronic Data Cap-
ture database. Lifetime concurrent diagnoses were obtained 
from paper medical charts. Body mass index (BMI) z-scores 
were calculated according to Down Syndrome growth charts 
[13] and obesity was defined as a BMI greater than the 95th 
percentile.

Two parameters for congenital heart disease (CHD) were 
analyzed including a history of cardiac disease and a vali-
dated risk stratification CHD score based on residual lesion 
burden and functional status on the most recent echocar-
diogram prior to AT [14]. The CHD classification score 
was utilized in recognition that the full spectrum of heart 
lesions may be found on screening echocardiograms in chil-
dren with Down syndrome, including many hemodynami-
cally insignificant cardiac lesions that may have otherwise 
remained undetected. Minor CHD included cardiac condi-
tions with or without medications as well as repaired CHD 
with normal cardiovascular function and no medications. 
Major CHD included repaired CHD with residual hemo-
dynamic abnormality with or without medications. Severe 
CHD included children with uncorrected cyanotic heart dis-
ease, documented pulmonary hypertension, ventricular dys-
function requiring medications, or listed for heart transplant 
[14]. Children with spontaneous resolution of CHD and no 
residual cardiac lesion were categorized as not having CHD.
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The data from each child’s most recent PSG prior to 
surgery was included in this study. Overnight, attended, in-
laboratory diagnostic PSGs were conducted with standard 
PSG montage employed (Natus Xltek) and scored by sleep 
technologists according to the American Academy of Sleep 
Medicine recommendations. All PSGs were interpreted by 
one of two pediatric sleep medicine physicians according to 
American Academy of Sleep Medicine criteria [15]. PSG 
parameters examined included the total AHI (obstructive 
AHI [total number of obstructive apneas and hypopneas/
hour] plus the central AHI [total number of central apneas 
and hypopneas/hour]), average oxygen saturation asleep 
(average oxygen saturation for the total sleep time, excluding 
oxygen saturation readings that are deemed to be artifact), 
minimum oxygen saturation during sleep (minimum oxygen 
saturation recorded during the total sleep time, excluding 
oxygen saturation readings that are deemed to be artifact), 
and sleep efficiency.

Medical records were reviewed for major PRAEs from 
the time of surgery for the duration of the child’s hospi-
talization. Major PRAEs included upper airway obstruc-
tion, hypoxemia, and pulmonary edema. Interventions that 
commonly occur for these PRAEs were selected based on 
the authors’ clinical experiences and included supplemental 
oxygen therapy, positive airway pressure therapy, intubation, 
jaw thrust, oral airway placement, frequent repositioning, 
and diuretics for pulmonary edema. Perioperative steroid 
administration was not considered an intervention as they 
were routinely given to reduce postoperative complications. 

The requirement for supplemental oxygen was defined as 
requiring oxygen for longer than one hour postoperatively 
or any requirement of supplemental oxygen thereafter dur-
ing the admission. It is standard practice at our institution 
to provide supplemental oxygen for sustained desaturation 
below 92% and for frequent intermittent desaturations. Con-
tinuous oxygen saturation monitoring is utilized immediately 
postoperatively in the post-anesthetic care unit (PACU) and 
then individualized to the need of the child based on the risk 
of decompensation.

Postoperative locations of care included the PACU, 
daycare surgery, the ward, and the PICU. Children were 
observed in the PACU for 30–60 min postoperatively and 
then transferred to either daycare surgery or the ward once 
they were deemed stable by the anesthesiologist. In cases of 
same day discharge, children were observed another 1–2 h 
in daycare surgery prior to discharge home. Children with 
planned admissions to the PICU were directly transferred 
there from the operating room. The decision to admit chil-
dren for postoperative monitoring was made on an individual 
basis rather than based on a protocol. Emergency department 
visits and admissions at the Children’s Hospital of Eastern 
Ontario within thirty days of AT were also tracked.

Statistical analysis

Descriptive statistics were used to summarize baseline 
demographic and clinical characteristics. Frequency of 
PRAEs by type were tabulated by presence or absence of 

Table 1   Baseline demographics

BMI body mass index, CO2 carbon dioxide, IQR interquartile range, SD standard deviation. Sleep efficiency 
is defined as the ratio of total sleep time to total recording time multiplied by 100 to form a percentage
a one missing value. Excludes the BMI of one child who was below 2 years of age at the time of surgery
b 19 missing values

Characteristic (N = 58) Median (IQR) Range

Sex
  Male, n (%) 31 (53.4)
  Female, n (%) 27 (46.6)

BMI Down syndrome z-score, mean (SD)a 0.2 (1.3) -2.1–5.1
Age at polysomnogram (year) 6.0 (3.4, 9.3) 0.9–16.4
Age at surgery (year) 6.6 (4.4, 10.1) 1.4–17.0
Time between polysomnogram and surgery (years) 0.5 (0.2, 0.9) 0–3.5
Apnea–Hypopnea index (events/h) 8.3 (5.3, 14.6) 0.4–60.5
Obstructive Apnea–Hypopnea Index (events/h) 6.1 (1.3, 12.3) 0.0–46.3
Obstructive Apnea Index (events/h) 0.1 (0, 0.8) 0.0–24.4
Obstructive Hypopnea Index (events/h) 3.9 (1.2, 9.6) 0.0–39.8
Minimum oxygen saturation (%) 87.0 (80.2, 89.0) 50.0–96.0
Average oxygen saturation awake (%) 97.0 (96.0, 98.0) 90.0–100.0
Average oxygen saturation asleep (%) 96.0 (95.0, 97.2) 90.0–98.5
Peak end-tidal or transcutaneous CO2 partial pressure 

(mmHg)b
56.0 (48.5, 59.0) 42.0–88.0

Sleep efficiency (%) 85.9 (77.2, 91.8) 48.7 – 98.9
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each type of comorbidity and Fisher’s exact test was used to 
test the association with PRAEs. Comorbidities with asso-
ciations for which p < 0.20 were included in a multivariable 
logistic regression model for PRAEs requiring an interven-
tion along with age at time of surgery, AHI, average oxy-
gen saturation asleep, and minimum oxygen saturation. To 
accommodate the presence of a zero cell, Firth’s penalized 
logistic regression was used. Sensitivity analyses were com-
pleted to assess the robustness of these findings. First, the 
analysis was repeated by exclusively examining non-obese 
children. Second, the analysis was repeated by exclusively 
examining children who underwent combined adenoidec-
tomy and tonsillectomy. All analyses were conducted using 
R version 3.6.2 [16].

Results

Baseline demographics

A total of 58 children were included (median [range] age 6.6 
[1.3–16] years at the time of surgery, mean BMI z-score 0.2) 
(Table 1). The median (interquartile range [IQR]) AHI was 
8.3 (5.3, 14.6) events/h. Five children underwent adenoidec-
tomy, eleven underwent tonsillectomy, and forty-two under-
went both adenoidectomy and tonsillectomy. The majority 
of children (54/58, 93.1%) received perioperative steroids.

There were 48/58 children (82.7%) with a history of CHD 
including patent ductus arteriosus, septal defects, coarcta-
tion of the aorta, and tetralogy of Fallot. Three children had 
pulmonary hypertension and were classified as having severe 
CHD. Other comorbidities included gastrointestinal disease 
(29/58, 50.0%), endocrine disease (19/58, 32.8%), and lower 
respiratory disease (17/58, 29.3%).

PRAEs

There were 12/58 children (21%) who had one or more 
major PRAEs including desaturation requiring supplemen-
tal oxygen (n = 11), upper airway obstruction requiring a 
combination of frequent repositioning, an oral airway, or 
jaw thrust (n = 5), and post-obstructive pulmonary edema 
requiring furosemide (n = 2). No children required noninva-
sive positive pressure ventilation or reintubation.

Risk factors for PRAEs

Major PRAEs were more frequent in children with a lifetime 
history of CHD on univariate testing (p = 0.03) (Table 2). 
The CHD risk stratification score was not predictive of 

PRAEs (p = 0.40). No other comorbidities were significantly 
associated with PRAEs.

A multivariable logistic regression model was constructed 
for the a priori determined PSG variables and cardiac comor-
bidity (Table 3). A history of CHD was not associated with 
PRAEs on multivariable testing (p = 0.19). Average oxygen 
saturation asleep was associated with PRAEs (OR 1.50; 95% 
confidence interval 1.00, 2.41; p = 0.05). This estimated odds 
ratio corresponds to 50% increased odds of PRAE for every 
1% decrease in average oxygen saturation asleep. Although 
there is significant overlap in oxygen saturations between 
children with and without PRAEs, it is notable that the two 
children with the lowest average oxygen saturations asleep 
(90–92%) suffered from PRAEs (Fig. 1). Both children had 
oxygen saturations of 95% or greater while awake and had a 
historical patent ductus arteriosus that either spontaneously 
resolved or was ligated. Neither subject was obese. Age, 
cardiac comorbidity, AHI, and minimum oxygen saturation 
were not associated with PRAEs on multivariable analysis. 
The same multivariable model was tested in a subgroup of 
non-obese children as a sensitivity analysis and performed 
similarly. Although we did not have sufficient numbers of 
obese children in our sample to determine the effect of obe-
sity on PRAEs, it would be interesting to explore this in a 
future study. A sensitivity analysis exclusively examining 
children who underwent combined adenoidectomy and ton-
sillectomy also yielded similar results to the original model.

Postoperative monitoring environment

Figure 2 depicts the postoperative disposition of children 
included in our study. There were 56/58 children (97%) 
admitted postoperatively for monitoring for a length of 1 
to 8 days. The majority of children did not have a PRAE 
(46/58, 79%). There were 2/58 children discharged home on 
the same day as their surgery, although both were planned to 
have an admission for monitoring. Conversely, 2/58 children 
were planned to have day surgery but had unexpected admis-
sions to the ward due to PRAEs in the PACU.

Of the children with planned admissions, 4/56 (7%) were 
initially admitted to PICU and 50/56 (89%) were admitted to 
the ward. Of the PICU admissions, 3/4 were planned admis-
sions for the PICU. One admission was initially planned for 
the ward but was ultimately monitored in the PICU due to 
upper airway obstruction in the PACU.

There were 7/58 children (12%) who visited the emer-
gency department within 30 days of AT. Overall, 4/58 chil-
dren (7%) were readmitted for postoperative complications 
including pain, dehydration, and postoperative bleeding. 
None were readmitted for respiratory complications.
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Table 2   Perioperative 
respiratory adverse events by 
comorbidity

PRAE perioperative respiratory adverse event, UAO upper airway obstruction. Frequency of PRAE types 
tabulated by presence or absence of each comorbidity. P values were calculated using Fisher’s exact test 
to test the association of comorbidities with patients who had any PRAEs. No occurrence of noninvasive 
positive pressure ventilation, intubation, or tracheostomy
a Airway anomalies included laryngeal clefts, subglottic stenosis, and airway malacia
b Nasopharynx symptoms included chronic rhinitis and sinusitis
c Lower respiratory disease included asthma and recurrent lower respiratory tract infections. dNeurological 
conditions included seizures
e Gastrointestinal disease included constipation, Hirschsprung’s disease, gastroesophageal reflux, duodenal 
obstruction, celiac disease, omphalocele, and hepatitis
f Endocrine disease included hypothyroidism, type 1 diabetes mellitus and vitamin D deficiency
g Height and weight measurements closest to the time to surgery were included in the database. Obesity was 
defined as body mass index measured at the time of surgery greater than the 95th percentile on a Down 
syndrome growth chart
h One missing value. Excludes a child who was below 2 years of age at the time of surgery

Comorbidity Any complication
n (%)

p-value Supplemental 
oxygen only
n (%)

UAO only
n (%)

Supplemental 
oxygen and 
UAO
n (%)

Cardiac history 0.03
  Yes (N = 48) 12 (25.0) 7 (14.6) 2 (4.2) 3 (6.2)
  No (N = 10) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Congenital heart disease 0.40
  None (N = 27) 4 (14.8) 2 (7.4) 1 (3.7) 1 (3.7)
  Minor (N = 27) 7 (25.9) 4 (14.8) 1 (3.7) 2 (7.4)
  Major (N = 1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
  Severe (N = 3) 1 (33.3) 1 (33.3) 0 (0.0) 0 (0.0)

Airway anomalya 1.00
  Yes (N = 4) 1 (25.0) 0 (0.0) 0 (0.0) 1 (25.0)
  No (N = 54) 11 (20.4) 7 (13.0) 2 (3.7) 2 (3.7)

Nasopharynx symptomsb 0.74
  Yes (N = 14) 4 (28.6) 2 (14.3) 1 (7.1) 1 (7.1)
  No (N = 44) 8 (18.2) 5 (11.4) 1 (2.3) 2 (4.5)

Lower respiratory diseasec 0.75
  Yes (N = 17) 3 (17.6) 1 (5.9) 1 (5.9) 1 (5.9)
  No (N = 41) 9 (22.0) 6 (14.6) 1 (2.4) 2 (4.9)

Neurologicald 0.49
  Yes (N = 13) 3 (23.1) 2 (15.4) 1 (7.7) 0 (0.0)
  No (N = 45) 9 (20.0) 5 (11.1) 1 (2.2) 3 (6.7)

Gastrointestinale 0.56
  Yes (N = 29) 7 (24.1) 5 (17.2) 1 (3.4) 1 (3.4)
  No (N = 29) 5 (17.2) 2 (6.9) 1 (3.4) 2 (6.9)

Endocrinef 0.38
  Yes (N = 19) 3 (15.8) 3 (15.8) 0 (0.0) 0 (0.0)
  No (N = 39) 9 (23.1) 4 (10.3) 2 (5.1) 3 (7.7)

Allergy 0.20
  Yes (N = 3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
  No (N = 55) 12 (21.8) 7 (12.7) 2 (3.6) 3 (5.5)

Obesityg 0.63
  Yes (N = 5) 0 (0.0)h 0 (0.0) 0 (0.0) 0 (0.0)
  No (N = 52) 12 (23.1)h 7 (13.2) 2 (3.8) 3 (5.7)
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Discussion

Our study has confirmed that major PRAEs are common in 
children with Down syndrome following AT. In multivari-
able modeling, average oxygen saturation asleep was associ-
ated with PRAEs whereby a lower average oxygen saturation 
conferred a higher risk of PRAEs. There was no convincing 

evidence of an association between more traditionally used 
PSG metrics such as AHI and minimum oxygen saturation 
with PRAEs.

PRAEs and risk factors

Our study found a major PRAE rate of 21%, which is con-
sistent with existing literature [9, 10]. No children within our 
cohort required reintubation or noninvasive positive pressure 
ventilation as compared to previous studies that reported 
these interventions in 0 to 3% of children with Down syn-
drome following AT [11, 17, 18].

Although recent pediatric literature reports PSG measures 
of abnormal gas exchange to be better at predicting PRAEs 
compared with the AHI [19], to our knowledge, average oxy-
gen saturation asleep has not previously been studied as a 
predictor of PRAEs after AT. Children with lower average 
oxygen saturations are at higher risk for desaturation, result-
ing in higher rates of intervention. Physiologically, a low 
average oxygen saturation corresponds with a lower partial 
pressure of oxygen (PaO2) and is closer to the steep section 
of the oxyhemoglobin dissociation curve where even a small 
drop in PaO2 results in a large desaturation. We found that 
children with the lowest average oxygen saturations asleep 
had normal oxygen saturations awake; this highlights the 
importance of nocturnal oximetry for assessing PRAE risk 
following AT.

A low average oxygen saturation is characteristic of pul-
monary disease whereas OSAS is characterized by a pattern 
of intermittent desaturations. The association between aver-
age oxygen saturation and PRAEs suggests that pulmonary 
disease severity, as opposed to OSAS severity, is a stronger 
predictor of PRAEs following AT. Although lower respira-
tory disease was not associated with PRAEs (Table 2), we 
believe that pulmonary disease may be underdiagnosed in 
children with Down syndrome. Children with Down syn-
drome are at increased risk of aspiration and recurrent pul-
monary infections that can result in gas exchange abnormali-
ties over time. Additionally, Down syndrome is characterized 

Table 3   Multivariable logistic 
regression analysis of risk 
factors associated with PRAEs

AHI apnea–hypopnea index, CI confidence interval, OR odds ratio, PRAEs perioperative respiratory 
adverse event

PRAEs
n/N (%)

Adjusted OR
(95% CI)

p-value

Age at surgery (per year younger) 1.03 (0.86, 1.26) 0.75
Total AHI (per event/h) 1.01 (0.94, 1.06) 0.79
Cardiac history 0.19
  Yes 12/48 (25.0%) 5.10 (0.52, 688.73)
  No 0/10 (0.0%) 1.0 (reference)

Average oxygen saturation asleep (per % point lower) 1.50 (1.00, 2.41) 0.05
Minimum oxygen saturation (per % point lower) 0.96 (0.87, 1.03) 0.28

Fig. 1   Asleep average oxygen saturation by PRAEs. Each dot indi-
cates a patient’s average oxygen saturation during sleep obtained from 
preoperative polysomnography. The median (interquartile range) 
oxygen saturation among patients with PRAEs was 95.0 (94.0, 97.1) 
and among patients with no PRAEs was 96.4 (95.5, 97.2) (p = 0.13). 
PRAEs, perioperative respiratory adverse events; O2, oxygen
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by a myriad of lung development abnormalities including 
pulmonary hypoplasia [20], alveolar simplification [21], and 
reduced airway number [22]. These conditions may not have 
been captured in our database. Furthermore, children with 
Down syndrome have an increased incidence of pulmonary 
hypertension which may contribute to hypoxemia. This is 
multifactorial and may be secondary to abnormal pulmonary 
vascular development [21], reduced endothelial production 
of nitric oxide [23], and/or an impairment in the regulation 
of vascular tone [24].

Cottrell et al. recently reported that severe OSAS, defined 
as an obstructive AHI > 10 events/hour and minimum oxy-
gen saturation < 80%, is predictive of respiratory compli-
cations for children with Down syndrome undergoing AT 
[9]. Additional risk factors for respiratory issues following 
AT were ASA score, preoperative PICU admission, and aer-
odigestive comorbidities [9]. Their findings are similar to 
previous pediatric studies of general populations undergo-
ing AT where traditional metrics of OSAS such as AHI and 
minimum oxygen saturation were found to be significant 
predictors of PRAEs [25, 26]. In contrast, we found that 
AHI and minimum oxygen saturation were not significant 
predictors of PRAEs. Our group had a lower AHI (median 
8.3 events/hour; IQR 5.3, 16.6 events/h), higher minimum 
oxygen saturation (median 87.0%; IQR 80.2, 89.0%), and 
older average age at time of surgery (median 6.6 years; IQR 
4.4, 10.1 years) comparatively [9]. Our finding that a low 
average oxygen saturation during sleep is associated with 
PRAEs suggests that nocturnal hypoxemia is a more impor-
tant predictor of PRAEs in a population of children with 
Down syndrome and relatively mild to moderate OSAS. 

Another major difference between our study and the study 
completed by Cotrell et al. is the difference in timing of 
measured respiratory complications post AT. Cottrell et al. 
defined respiratory complications as supplemental oxygen 
therapy requirement on postoperative day one or a decrease 
in overnight saturation below preoperative baseline levels 
requiring an additional night of hospital monitoring [9]. 
Comparatively, our analysis captured PRAEs that occurred 
on the day of AT which better informs the safest postopera-
tive monitoring environment for these children.

Cardiac comorbidity has previously been reported as a 
predictor for PRAEs in general populations [25]. We may 
not have reproduced this in our multivariable analysis sec-
ondary to the heterogeneity of cardiac disease within our 
population and a relatively small sample size, although 
strong associations were not seen with PRAEs even when 
the most severe cardiac disease was considered based on the 
validated functional CHD risk stratification score. Faraoni 
et al. reported that major and severe CHD are risk factors 
for mortality and reintubation compared with children with 
minor or no CHD [27]. The risk stratification score has not 
been validated for less severe postoperative complications 
and this may have affected the ability of the stratification 
score to predict PRAEs in our study population.

Disposition

The vast majority of children in our cohort had pre-planned 
postoperative hospital admission (56/58, 97%), as this is a 
known population at high risk of postoperative complica-
tions. However, most children did not suffer PRAEs (46/58, 

Fig. 2   Postoperative monitoring environment and associated PRAEs. AT, adenoidectomy and/or tonsillectomy; PRAEs, perioperative respiratory 
adverse events; UAO, upper airway obstruction; PICU, pediatric intensive care unit
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79%) and theoretically many of these children may not have 
required postoperative overnight monitoring.

The reported postoperative PICU admission rate in chil-
dren with Down syndrome is highly variable from 3.3 to 25% 
[11, 17] and is heavily influenced by differences in monitor-
ing practices. Some institutions admit children electively to 
PICU for monitoring whereas others admit following PRAE 
occurrence. At our institution, the decision for admission to 
PICU is reserved for children deemed to be at high risk or 
those who have suffered perioperative complications. This is 
reflected in our PICU admission rate of 4/58 (7%).

We report a readmission rate of 7% (4/58), which is 
in keeping with previously reported readmission rates of 
6.5–10% [9, 17]. None of the readmissions in our study were 
due to respiratory complications.

Generalizability and limitations

Our institution serves as a large referral center and follows 
all children with Down syndrome within the catchment area 
of the hospital. As such, our study sample is representa-
tive of all children with Down syndrome in our region. The 
main limitation is the size of our cohort, which is similar 
in size to many previous studies on AT in children with 
Down syndrome. The size of our cohort resulted in wide 
confidence intervals in our multivariable analysis. Another 
limitation to the generalizability of our study is that studied 
children required formal PSG completion prior to AT and 
this is not routinely performed on all children prior to AT. 
Given the scarcity of access to PSGs in our region [28], our 
population likely includes a selection bias, whereby chil-
dren who are more complex or deemed to be at higher risk 
for OSAS undergo PSG. Despite this, the median AHI and 
PRAE rate was in the lower range of those reported for a 
tertiary care pediatric hospital population. We also chose 
to analyze PRAEs following a group of procedures includ-
ing adenoidectomy and tonsillectomy, isolated adenoidec-
tomy, and isolated tonsillectomy. Despite the heterogeneity 
of procedures, the results of a sensitivity analysis whereby 
the multivariable model was repeated exclusively examin-
ing children who underwent combined adenoidectomy and 
tonsillectomy yielded similar results to the original model. 
Future larger studies should consider the specific surgical 
procedure (adenoidectomy and tonsillectomy, adenoidec-
tomy, tonsillectomy) in addition to comorbidities, in the 
prediction of PRAEs. Also, we are unable to account for the 
level of provider expertise involved in the care of this surgi-
cal population which may have influenced our rate of PRAEs 
[29]. Finally, our study was limited in our ability to predict 
unplanned hospital admissions, as the vast majority of chil-
dren had pre-planned postoperative hospital admissions.

In summary, PRAEs requiring intervention following AT 
are relatively common in children with Down syndrome, 

the majority requiring supplemental oxygen and/or simple 
management of transient airway obstruction. We found that 
a lower average oxygen saturation asleep is associated with 
increased odds of PRAEs, adjusting for age, total AHI, car-
diac comorbidity, and minimum oxygen saturation. There 
are 50% increased odds of PRAE for every 1% decrease in 
average oxygen saturation asleep. Future studies should con-
sider alternative measures of nocturnal hypoxemic burden 
that incorporate frequency, duration, and depth of desatura-
tion, to predict PRAEs in these children. This may prove 
particularly useful to direct disposition planning in limited 
PSG access settings.
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