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Abstract 

Background: Obstructive sleep apnea syndrome (OSAS) in children often necessitates adenotonsillectomy as a 
primary intervention. However, postoperative respiratory complications (PORC) pose significant concerns in 
this population, warranting careful management and monitoring.
Objective: This narrative review aims to explore the prevalence, types, and risk factors associated with PORC 
in children undergoing adenotonsillectomy for OSAS. Additionally, current practices and guidelines for 
postoperative monitoring and management in this vulnerable population were investigated.
Methods: A comprehensive search of PubMed and the Cochrane Library was conducted from January till 
March 2024 to identify relevant studies. In addition, most recent guidelines of the American Academy of 
Otolaryngology–Head and Neck Surgery (AAO-HNS), the American Academy of Pediatrics (AAP), the European 
Respiratory Society (ERS), French Oto-Rhino-Laryngology – Head and Neck Surgery Society (SFORL) and the 
German guidelines regarding pediatric adenotonsillectomy were included. 
Results: Twenty-nine studies addressing risk factors for PORC and 12 studies focusing on postoperative 
monitoring were included. PORC prevalence ranged from 1.4% to 30%, with desaturation being the most 
common. Identified risk factors included young age, presence and severity of OSAS, polysomnographic 
parameters, comorbidities, race, timing of surgery, and red cell width distribution. Guidelines varied in 
recommendations for inpatient admission and monitoring post-adenotonsillectomy. Notably, recent evidence 
suggests potential for monitoring in high-care wards or post-anesthesia care units, with selective use of pediatric 
intensive care units.
Conclusion: Various risk factors have been identified in predicting PORC following (adeno)tonsillectomy in 
children with OSAS such as age < 3 years, the presence of OSAS, presence of associated comorbidities, and PSG 
parameters. Recent guidelines suggest inpatient admission in the presence of specific risk factors. High-care 
wards or Post Anesthetic Care Units (PACUs) may suffice, avoiding unnecessary pediatric intensive care (PICU) 
admissions. A “grey zone” approach before deciding on further care is promising, but its optimal duration 
needs more research. Prospective studies are needed to refine and validate current guidelines, focusing on safely 
increasing the number of ambulatory (adeno)tonsillectomies.

Keywords: Pediatric obstructive sleep apnea syndrome, pediatric adenotonsillectomy, postoperative respiratory 
complications, pediatric patients, risk factors, postoperative monitoring. 

Introduction

Obstructive sleep apnea syndrome (OSAS) in 
children is characterized by partial or complete 
upper airway obstruction during sleep, leading to 
recurrent episodes of hypopnea/hypoxemia and 

a fragmented sleep pattern1. The prevalence of 
childhood OSAS is estimated to affect 1.0% to 5.7% 
of the pediatric population2–5. Among the various 
treatment modalities available, adenotonsillectomy 
stands as a primary intervention for alleviating 
upper airway obstruction in pediatric OSAS.
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in Title Abstract Keyword. This strategy yielded 
a total of 170 articles. Duplicate articles were 
subsequently removed, resulting in 147 unique 
articles. These were screened based on title and 
abstract, leaving 54 articles for further review. 
Full texts were then sought for these 54 articles, 
with 10 articles unavailable for access. After 
screening for eligibility 29 articles were included 
regarding the objective ‘risk factors predicting 
PORC’ and 12 articles were included regarding 
‘postoperative monitoring’, including 4 articles 
that covered both objectives. The Guidelines of 
the American Academy of Otolaryngology–Head 
and Neck Surgery (AAO-HNS), the American 
Academy of Pediatrics (AAP), the European 
Respiratory Society (ERS), French Oto-Rhino-
Laryngology – Head and Neck Surgery Society 
(SFORL) and the German guidelines were also 
collected and selected for inclusion. Figure 1 
displays a schematic overview of the selection 
process.

Results

Prevalence and types of postoperative respiratory 
complications 

Twenty-nine studies were selected regarding the 
risk factors for developing PORC. An overview 
of the included studies, regarding the prevalence 
and risk factors of PORC is presented in Table I. 
Among these studies there were 21 retrospective 
studies, 4 prospective studies, 3 systematic 
reviews and 1 meta-analysis. 

The prevalence of PORC varied from 1.4-30%6-

30, to even 60% in urgent cases31. Postoperative 
respiratory complications included desaturation, 
hypoxemia, bronchospasm, laryngospasm, apnea, 
increased respiratory effort, and postoperative 
pulmonary edema. The most common respiratory 
complication was desaturation <95% in 28.4-
40.7%9,31, <92% in 10.4%32, <90% varying between 
0.9-20%7,8,10,11,20,22,33. Broncho- or laryngospasm was 
reported in 0.6-6.6%13,16,18,22,24,29. 

The most common intervention was the 
administration of oxygen 0.9-28.4%7–12,15,19–21,27,31,33. 
A nasopharyngeal airway was used in 0.2-2.3% 
of cases7–11,20. Noninvasive ventilation (continuous 
positive airway pressure (CPAP) , bilevel positive 
airway pressure (BIPAP) or bag mask ventilation) 
was needed in 0.3-5.6%8,9,11,12,18,20,21,33. Re-intubation 
rates were overall rather low, occurring in 0-3.6% 
of cases7–12,18–21,24,33 except for Brown et al. reporting 
a higher re-intubation rate of 11.1%31. It must 
be noted that in the latter study, the indication 
for urgent adenotonsillectomy was based on 
overnight desaturation <80%. However, this not 

However, despite its efficacy, adenotonsillectomy 
is not without risk, and postoperative respiratory 
complications (PORC) are a well-recognized 
concern in this population1,4. These complications 
encompass a spectrum of issues ranging from 
mild desaturation to more severe events such as 
hypoxemia, broncho- and laryngospasm, apnea, 
increased respiratory effort, and even postoperative 
pulmonary edema6.

Of particular note is the heightened vulnerability 
of children with OSAS to such respiratory 
complications following adenotonsillectomy6. 
Given the already compromised respiratory 
function in these individuals, the postoperative 
period presents a critical window where careful 
monitoring and management are paramount. 
Understanding the prevalence and nature of 
postoperative respiratory complications in this 
population is crucial for optimizing clinical 
outcomes and ensuring the safety of pediatric 
patients undergoing adenotonsillectomy for OSAS.

This narrative review aimed to explore the 
prevalence and types of PORC encountered in 
children undergoing adenotonsillectomy for OSAS. 
Additionally, the existing evidence regarding the 
identification of risk factors predictive of such 
complications and discuss current guidelines and 
recommendations for postoperative monitoring 
and management in this vulnerable population will 
be examined.

Objectives

1.	Risk factors predicting the development of 
postoperative respiratory complications in 
children with OSAS after (adeno)tonsillectomy. 

2.	Postoperative monitoring regarding (adeno)
tonsillectomy in children with OSAS.

Methods

A comprehensive search was conducted on 
PubMed and the Cochrane Library from January 
till March 2024 to identify relevant studies. The 
Pubmed search strategy utilized a combination of 
keywords and Medical Subject Headings (MeSH) 
terms to ensure inclusivity and relevance. For 
an overview of the included studies see Table 
I. The following search string was employed: 
((Postoperative respiratory complications) AND 
(obstructive sleep apnea[MeSH Terms])) AND 
(children[MeSH Terms]). For the Cochrane 
Library search, the following search string was 
employed: postoperative respiratory complications 
in Title Abstract Keyword AND “obstructive sleep 
apnea” in Title Abstract Keyword AND children 
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only represents the severity of OSAS since other 
underlying conditions such as asthma, respiratory 
infections and pulmonary hypertension may lead 
to lower overnight saturations and also impose a 
higher risk of developing PORC. 

Identified risk factors

Age

In 10 studies young age was found to be a risk factor 
for PORC after adenotonsillectomy7,8,11,12,18,20,21,23,24,32. 
Even though there are a few research groups that 
set the limit at 2 years8,11, most agree that children 
up to 3 years of age have a higher perioperative 
risk7,17,18,20,21,24. Statham et al. stated that children 
younger than 3 years have a nearly 2-fold 
increased risk for respiratory complications 
after adenotonsillectomy. The highest risk of 
developing PORC exist in children under 1 
year of age. From the age of 1 year, the risk of 

Table I. — There were no differences in demographic 
characteristics between pediatric subjects who received 
midazolam, dexmedetomidine (2µg/kg) or dexmedetomidine 
(4µg/kg) premedications.

developing PORC annually decreases with 78%7. 
A prospective study was not able to identify an 
age-related risk, but their population consisted 
of older children (aged 5-9 years)10. Two other 
research groups were also unable to demonstrate 
an age-related risk, about which one already stated 
that the group aged under 3 years was very small. 

OSAS

Despite being a major indication for 
adenotonsillectomy, OSAS is an established risk 
factor for the development of PORC. A meta-
analysis of 3,148 children found that children 
with OSAS have nearly 5 times more respiratory 
complications after adenotonsillectomy  than 
children without OSAS6. Not only the presence 
but also the severity of OSAS is linked with the 
risk of developing PORC8,12,17,19,20,24,26,29.
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Fig. 1 —  Schematic overview of the search strategy adapted from Page et al. (PRISMA 2020) 43
* Five studies were used to analyze both topics making the total number of included studies 36 instead of 41.
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surgery were less likely to develop postoperative 
desaturations9. The literature search found no other 
studies investigating the effect of timing. 

Red cell width distribution (RWD) 

Red cell width distribution (RWD) has emerged as 
a potential marker for assessing the risk of PORC in 
pediatric patients undergoing adenotonsillectomy 
for OSAS. Although RWD has been linked with 
OSAS severity in adults, its applicability in the 
pediatric population warrants further investigation. 
A prospective study involving 287 children 
evaluated the utility of RWD as a predictor 
of PORC in pediatric OSAS22. Their findings 
suggested a potential association between elevated 
RWD and the risk of PORC, with a cut-off value 
of 14.7 for RWD . However, it is important to note 
that this study represents only one study in this 
area.

Postoperative monitoring 

Twelve articles (of which 10 retrospective 
studies, 1 prospective study and 1 systematic 
review) and 5 guidelines were included regarding 
the postoperative monitoring after (adeno)
tonsillectomy. 

Gowda et al. performed a systematic review 
including 15 studies containing 10,731 patients 
with OSAS. The proportion of children considered 
for planned day-case surgery ranged from 28.7%–
100%. The overall successful same-day discharge 
rate was 96.1%. Suggested day-case discharge 
criteria, split into preoperative and postoperative 
criteria. Preoperative patient factors including age 
above 2–3 years, mild-to-moderate OSAS (AHI 
<10, pulse oximetry >80%, ETCO2 <50 mmHg), 
no significant medical comorbidities, reliable 
caregiver and live within 30 minutes of hospital. The 
postoperative factors including: 6-h observation 
period, early warning score 0 on discharge, pain 
controlled with non-opiate analgesia, tolerating 
oral intake, no active vomiting, no active bleeding 
and caregiver confidence to continue observations 
at home35. 

Guidelines provide different recommendations 
for inpatient admission. European guidelines 
recommend inpatient monitoring if a child 
presents with one or more risk factors such as 
age, severity of OSAS or comorbidity2, while 
American guidelines primarily emphasize age and 
the severity of OSAS1,5. The American Academy 
of Otolaryngology–Head and Neck Surgery 
(AAOHNS) is rather cautious mentioning an 
AHI ≥10 as severe OSAS in need for inpatient 
management5 whereas the American Academy of 
Pediatrics (AAP) rather uses a higher AHI of >241 

Polysomnographic (PSG) results

A PSG is not always preformed but several 
studies suggest a predictive value of AHI, lowest 
saturation during PSG (SpO2nadir), total sleep 
time with saturation <90% (TST<90%) and oxygen 
desaturation index (ODI)8,12,19,20,24,27,32–34. While some 
studies found a significant increase in PORC risk 
at an AHI of >10 or >12.712, others only describe 
increase in PORC risk around an AHI of >2417 
or even only around >4024,27. SpO2nadir proved 
to be a significant predictor of PORC in several 
studies8,9,12,20,31–33. Most describe a SpO2nadir <80% 
as significant predictor8,9,20,31–33, however one study 
suggested SpO2nadir onlyl to be significant when 
its <72.5%12. TST <90% is also found to be a 
significant factor for predicting PORC20,25,32,33. One 
retrospective study could not find a significance 
of PSG parameters other than AHI27. Three other 
studies were all unable to demonstrate a link 
between the PSG results and the occurrence of 
PORC10,15,21.

Presence of other associated comorbidities

A very large retrospective study conducted by 
Kou et al. containing 30,617 children identified 
obesity, prematurity, epilepsy, congenital heart 
disease, Down syndrome and asthma as significant 
comorbidities18. Other high-risk comorbidities 
include respiratory drive disorders, chronic 
lung disease, mucopolyssaccharidoses (MPS), 
neuromuscular diseases, Prader-Willi syndrome 
and sickle cell anemia8,11,14,19,21,23,25,31. The mean age in 
the down syndrome group was higher than the rest 
of the study population. A retrospective analysis 
of the Down syndrome population undergoing 
adenotonsillectomy showed no difference in the 
prevalence of PORC compared to the non-Down 
syndrome group28. Where Kou et al. identified 
obesity as a risk factor18, a smaller retrospective 
study claimed there is no association between BMI 
and the risk of PORC27.

Race

Two studies  concluded that African American 
or black race children had a higher risk of 
developing respiratory complications after (adeno)
tonsillectomy18,20. Whereas another concluded that 
African American children did not develop more 
PORC, but that children at increased risk were 
more likely to be in the collective group of ‘other 
origins’15.

Timing of surgery

The difference in postoperative respiratory 
complications on terms of AM- or PM-surgery were 
analyzed in one study. Children undergoing AM 
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and the European guidelines even use an AHI of 
>262. For a comprehensive overview of the different 
guidelines see Table III.

When inpatient admission is indicated, in most 
cases there is no need for Pediatric Intensive Care 
Unit (PICU) admission13,19,36,37. The use of a high 
acuity unit to help reduce intensive care admissions 
was suggested by a retrospective study conducted 
amongst children with moderate to severe OSA38. 
A couple studies suggested using a 2-4 hour period 
on Post Anesthetic Care Unit (PACU) as a ‘grey 
zone’ determining the rest of the postoperative 
course assuming the absence of PORC in the first 
few hours postop exclude events needing ICU 
care13,19,36,37. A retrospective study of 165 high risk 
children (under 3 years of age, diagnosis of severe 
OSAS or comorbidities) finding need for respiratory 
support at 2 hours may be a useful criterion for need 
for ICU level care in this population39.

Some research groups go even further and claim 
that PSG alone in pediatric patients with no AAO-
HNS risk factors should not influence postoperative 
disposition. These patients should be monitored for 3 
h post-(adeno)tonsillectomy and discharged home in 
the absence of complications40. However, this must 
be interpreted with caution since a retrospective 
study among high-risk children undergoing (adeno)
tonsillectomy found that the absence of adverse 
events in PACU during a 2-hour observation period 
does not predict the absence of subsequent adverse 
events in the PICU41. Another retrospective study 
also described 1.5% of patients needing escalation of 
care after late developing respiratory compromise37.
     
Discussion

Our review provided widely varying prevalence’s 
of PORC. This may be attributed to the widespread 
variability in the definition of PORC, which remains 
a challenge in the literature. While some studies 
define PORC as mild desaturations below 95%9 
or 92%32, others adopt stricter criteria, such as 
desaturations below 90%7,8,10,11,20,22 or the need for 
intervention12,21. There is also variation between 
different study populations. While some studies 
include all children undergoing tonsillectomy, 
others include specific age groups, or only children 
with OSAS or even only with severe OSAS, or only 
urgent cases. 

The generally low prevalence of PORC 
indicates that the absolute number of children in 
the complication group is low, and static analysis 
in terms of risk factors is often difficult and rather 
unreliable. Considering this, the study conducted 
by Kou et al, encompassing 30,617 participants, 
emerges as a highly influential contribution within 

this field of research. Key risk factors for developing 
PORC include young age (typically younger than 3 
years), the presence and severity of OSAS, and the 
presence of comorbidities. PSG data, including the 
AHI, SpO2 nadir, and the percentage of TST <90%, 
also appear to have predictive value for developing 
PORC. While PSG is the gold standard for assessing 
OSAS severity, its routine use is limited by factors 
such as cost and availability, and it is primarily 
recommended in high-risk groups such as young 
children and those with comorbidities or craniofacial 
abnormalities2–5.

Additional potential risk factors predicting PORC 
are RWD22 and PM surgery9. The latter presents a 
novel perspective on optimizing adenotonsillectomy 
surgery planning, suggesting a preference for 
morning operation room schedules to mitigate the 
risks associated with late afternoon surgeries. Both 
risk factors have been documented in only one 
study each, underscoring the necessity for further 
extensive research before definitive conclusions can 
be drawn.

Recently, various guidelines have been published 
regarding postoperative care after tonsillectomy. 
Highlighting risk factors that may increase the 
likelihood of PORC and require in patient admission. 
While guidelines acknowledge the importance of 
postoperative monitoring, there is a lack of clear 
consensus on the optimal location and intensity of 
monitoring. Recent evidence suggests that in many 
cases, PICU admission may not be necessary, with 
monitoring on a high-care ward or PACU equipped 
with oximetry being sufficient for early recognition 
and management of PORC. Considering that most 
PORC can be managed with repositioning and 
oxygen administration and the need for reintubation 
extremely rare.

In addition to current practices, studies have 
explored the concept of utilizing a “grey zone” 
within the PACU for observation following 
adenotonsillectomy. This approach involves 
monitoring patients for a defined period, typically 
ranging from 2 to 4 hours, to assess for the absence 
of immediate PORC before determining further 
care pathways. However, the optimal duration of 
observation in this “grey zone” remains a topic of 
ongoing discussion and investigation within the 
medical community. This strategy aims to balance 
the need for vigilant monitoring with the efficient 
allocation of healthcare resources, but its precise 
implementation and duration warrant further 
research and consensus-building. 
Limitations  
Retrospective studies are commonly utilized 
to investigate PORC in children undergoing 



392	 Acta Anaesth. Bel., 2024, 75 (4)

Table III. — Overview of different guidelines regarding PSG testing and postoperative monitoring .

Guidelines Pre-operative polysomnography 
recommended

Risk factors of PORC In patient admission recommended
1 or more of the following:

ERS2 In the presence of: 
- obesity 

- craniofacial deformities
- neuromuscular disorders

- complex abnormalities (e.g. Chiari 
malformation, Down syndrome and 

Prader–Willi syndrome)
Or when the need for treatment is 

unclear.

- AHI >26 episodes·h−1
- Oximetry recording with three or more 

clusters of desaturation (≥4%) events and at 
least three desaturations to <90%

- Age <3 years
- Obesity or low weight

- Neuromuscular, craniofacial, or genetic 
disorders.

- Presence of ≥1 risk factor

German S13 - Age <2 years 
- Obesity (>95th percentile)

- Trisomy 21 
- Craniofacial malformation

- Dysgnathia
- Neuromuscular disease
- Mucopolysaccharidosis
- Prader-Willi syndrome
- Chiari 2 malformation

- Achondroplasia
- Sickle cell anemia

- Age <3 years 
- Obesity

- Respiratory drive disorders 
- Chiari-2 malformation 
- Chronic lung diseases 

- Heart defects or cardiac involvement due to 
OSA (right heart failure) 

- Craniofacial malformations 
- Critical postoperative events in the recovery 

room within 2 hours 
- Mucopolysaccharidoses 
- Musculoskeletal diseases 
- Neuromuscular diseases 
- Prader-Willi syndrome 

- Sickle cell anemia 
- Trisomy 21

Pediatric unit
- Presence of ≥1 risk factor

Medium care or intensive care unit 
when:

- Severe OSAS
- Significant risk factor

- Need for intervention in recovery 
room (CPAP or mechanical 

ventilation)

SFORL4 - Doubt as to the efficacy of 
tonsillectomy:

   - Children with morbid obesity
   - Cranio-facial

   - Upper Airway malformation
   - Neuromuscular disease 

- Failure of clinical examination to 
explain respiratory disorder: absence of 

tonsillar or adenoid obstacle
- Elevated surgical risk: hemostasis 

disorder, cardiac abnormality

- Age <3 years
- Craniofacial or upper airway malformation

- Neuromuscular disease with pharyngeal 
hypotonia

- Signs of right heart failure and elevated 
pulmonary arterial pressure

- Morbid obesity
- Metabolic disease with UA submucosal 

conjunctive tissue infiltration
- Respiratory disease following recent upper or 

lower respiratory tract infection

- Clinical criteria for perioperative 
respiratory risk

- Hemostasis abnormality
- Respiratory difficulty on anesthesia 

induction or at awakening in the 
recovery room

≥1 Peri-operative respiratory risk 
factor 

→ Continuous pulse oximetry for 
24 hours

AAO-HNS5 - <2 years
- Obesity

- Down syndrome
- Craniofacial abnormalities
- Neuromuscular disorders

- Sickle cell disease
- Mucopolysaccharidoses

- <3 years
- Severe OSAS

    - AHI ≥10
    - Oxygen saturations nadir <80%

AAP1 - <3 years
- Severe OSAS

- Presence of cardiac complications
- Failure to thrive

- Obesity
- Presence of upper respiratory tract infection

- Medical comorbidities
   - Craniofacial anomalies

   - Genetic syndromes
   - Neuromuscular disease

- <3 years
- Severe OSAS

    - AHI ≥24
    - Oxygen saturation nadir <80%
    - Peak end tidal CO2 ≥60mmHg

AAP: American Academy of Pediatrics; AAO-HNS: American Academy of Otolaryngology–Head and Neck Surgery AHI: apnea hypo-apnea index; CO2: carbon 
dioxide; ERS: European Respiratory Society; OSAS: obstructive sleep apnea syndrome; PSG: polysomnography; SFORL: French Oto-Rhino-Laryngology Head and 
Neck Surgery Society.
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adenotonsillectomy. However, reliance on 
retrospective data may pose challenges due to 
variability in data quality and completeness. 
Inadequate documentation or inconsistencies in 
patient records can lead to missing or inaccurate 
data, potentially impacting the reliability and 
generalizability of study findings.

It is important to acknowledge the potential 
for bias introduced by the single-author selection 
process of the included studies. While every effort 
was made to conduct a thorough and comprehensive 
search, the reliance on a sole reviewer can impact 
the comprehensiveness and validity of the review’s 
findings.

Another limitation is that the majority of studies 
measure desaturation as outcome describing it as 
a complication. However, desaturation is more 
correctly described as a symptom of which the 
underlying etiology of desaturation can be various.

Finally, this review mainly encompasses mainly 
patient related risk factors for PORC. However, 
other potential risk factors have been identified, 
such as surgery methods. Since this is outside of 
the scope of this review, the reader is referred 
elsewhere42. 

Conclusion 

PORC in children after (adeno)tonsillectomy 
is a topic for which much of research has been 
conducted. Many retrospective studies have 
identified various risk factors in predicting PORC 
following (adeno)tonsillectomy in children with 
OSAS, such as age < 3 years, the presence of 
OSAS, presence of associated comorbidities, and 
PSG parameters of which AHI, SpO2nadir, and 
TST <90%. Recent guidelines suggest inpatient 
admission in the presence of specific risk factors. 
Monitoring in high-care wards or PACUs with 
oximetry may suffice, avoiding unnecessary 
pediatric intensive care admissions. A “grey zone” 
approach in PACUs monitors patients for a limited 
amount of time to detect immediate PORC before 
deciding on further care, but its optimal duration 
needs more research. The scientific landscape now 
needs prospective studies to refine and validate 
postoperative management guidelines, focusing on 
safely increasing the number of ambulatory (adeno)
tonsillectomies.
Declaration of interest: The authors declare no conflicts 
of interest.
Funding: No funding was received for conducting this 
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