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Objectives

• Review the updated guidelines for pediatric 
patients undergoing tonsillectomy

• Present discussion perspectives regarding NPO 
guidelines in pediatric patients

• Refresh recommendations regarding 
neuromuscular blockade in pediatric patients
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Introduction
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Starting at the End
• Population based 

retrospective cohort 
• Patients <18 years of age
• Ontario 2014-2018
• 3 days post surgery

• 83,468 surgeries
• 2588 (3.1%) ED visit
• 608 (0.7%) hospital 

admission

1Sawhney M, et al. BMJ Paediatrics Open 2021;5:e001188. doi:10.1136/bmjpo-2021-001188
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ABSTRACT
Introduction Paediatric ambulatory surgery (same 
day surgery and planned same day discharge) is more 
frequently being performed more in Canada and around 
the world; however, after surgery children may return to 
hospital, either through the emergency department (ED) or 
through a hospital admission (HA). The aim of this study 
was to determine the patient characteristics associated 
with ED visits and HA in the 3 days following paediatric 
ambulatory surgery.
Methods This population- based retrospective cohort 
study used de- identi"ed health administrative database 
housed at ICES and included residents of Ontario, younger 
than 18 years of age, who underwent ambulatory surgery 
between 2014 and 2018. Patients were not involved in the 
design of this study. The proportion of ED visit and HA were 
calculated for the total cohort, and the type of surgery. The 
ORs and 95% CIs were calculated for each outcome using 
logistic regression.
Results 83 468 children underwent select ambulatory 
surgeries. 2588 (3.1%) had an ED visit and 608 (0.7%) 
had a HA in the 3 days following surgery. The most 
common reasons for ED visits included pain (17.2%) 
and haemorrhage (10.5%). Reasons for HA included 
haemorrhage (24.8%), dehydration (21.9%), and pain 
(9.1%).
Conclusions Our "ndings suggest that pain, bleeding 
and dehydration symptoms are associated with a return 
visit to the hospital. Implementing approaches to prevent, 
identify and manage these symptoms may be helpful in 
reducing ED visits or hospital admissions.

INTRODUCTION
Paediatric ambulatory surgery (same day 
surgery and planned same day discharge) is 
being performed more frequently in Canada 
and around the world. When surgeries 
are performed on an ambulatory basis, it 
precludes the need for the patient to remain 
in hospital, the number of surgeries can 
be increased and costs are decreased.1 2 By 
minimising the time spent in the hospital, 
ambulatory surgery decreases the impact on 
families and risk of nosocomial infection. 

However, if children experience uncon-
trolled adverse effects following surgery, it 
can lead to an emergency department (ED) 
visit or hospital admission (HA). In Ontario, 
Canada, 1 334 972 people between the ages of 
0 and 19 years had an ED visit in 2018–2019.3 
It is unclear how many of these ED visits were 
related to ambulatory paediatric surgery.

Following tonsillectomy, cholecystectomy 
and orthopaedic surgery in children, the 
reported rates of return to hospital between 
24 hours and 30 days after ambulatory surgery 
range from 1.1% to 14%.4–10 Children were 
more likely to have an ED visit or HA if they 
had comorbidities including developmental 
delay, Down syndrome, attention deficit 
hyperactivity disorder, asthma, diabetes, 
obesity or cardiac disease.2 4 6 11 They were 
also more likely to return to hospital if they 

What is known about the subject?

 Ź Paediatric ambulatory surgery (same day surgery 
and same day discharge) is being performed more 
frequently.

 Ź After discharge to home, children and parents do 
return to the emergency department (ED) or are ad-
mitted to hospital (HA).

 Ź Children were more likely to have an ED visit or HA if 
they have comorbidities.

What this study adds?

 Ź Just under 4% of children had an ED visit or HA 
following elective ambulatory surgery in Ontario, 
Canada.

 Ź Findings suggest that pain, bleeding and dehydra-
tion symptoms are associated with a return visit to 
the hospital.

 Ź Providing parents and caregivers with strategies re-
garding managing pain and hydration at home may 
prevent ED or HA.
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Starting at the End

• Majority of ED visits for 
• pain and bleeding

• Majority of hospital admissions for 
• bleeding, dehydration, pain

• Most common surgeries
• Tonsillectomy and cholecystectomy

Sawhney M, VanDenKerkhof EG, Goldstein DH, Wei X, Pare G, Mayne I, Tranmer J. Emergency department use and hospital admission in children following ambulatory 
surgery: a retrospective population-based cohort study. BMJ Paediatr Open. 2021 Nov 23;5(1):e001188. doi: 10.1136/bmjpo-2021-001188. PMID: 34901470; PMCID: 
PMC8611446.
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Predictors of Unanticipated Admission

RESEARCH REPORT

Predictors of unanticipated admission following
ambulatory surgery in the pediatric population:
a retrospective case–control study
Amanda Whippey, Gregory Kostandoff, Heung K. Ma, Ji Cheng, Lehana Thabane & James Paul

Department of Anesthesia, McMaster University, Hamilton, ON, Canada

What is already known

• The rate of unanticipated admission following adult ambulatory surgery is almost 2% and can be used as a mar-
ker of patient safety, quality of care, and to identify appropriate patients for ambulatory surgery.

• Little is known about the incidence of and potential risk factors for unanticipated admission in the pediatric
population.

What this article adds

• The incidence of pediatric unanticipated admission is low (0.97%) but significant.

• Anesthesia-related causes accounted for the majority of admissions.

• Predictive factors include age, ASA 3 class, type, duration, and time to completion of surgery as well as presence
of OSA.
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unanticipated admission; pediatric;

obstructive sleep apnea; perioperative
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procedures
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Summary

Background: Ambulatory surgery plays an important role in pediatric anes-
thesia. However, it is difficult to predict which patients will experience
complications. Age >80, ASA class 3 or 4, duration of surgery >3 h, and BMI
30–35 are independent predictors of unanticipated admission in adults. In this
study, we retrospectively evaluate risk factors for unanticipated admission,
following ambulatory surgery in children.
Methods: All ambulatory patients requiring unanticipated admission between
2005 and 2013 were compared to a random sample of patients not requiring
admission in this case–control study. Demographic data, surgical informa-
tion, medications, intraoperative events, and patient comorbidities were col-
lected from both groups. The reason for admission was classified according
to five subtypes. Multiple conditional logistic regression was used to assess
factors associated with unanticipated admissions.
Results: The incidence of unanticipated admission was 0.97% (213). Of these,
47% (98) was anesthesia related. Age <2 years (odds ratio [OR] 4.26 95% CI
1.19–15.25), ASA 3 class (OR 3.77 95% CI 1.46–9.71), duration of surgery
>1 h (OR 6.54 95% CI 3.47–12.33), completion of surgery >3 pm (OR 2.17
95% CI 1.05–4.51), orthopedic (OR 2.52 95% CI 1.03–6.20), dental (OR 0.21
95% CI 0.06–0.81), ENT (OR 6.47 95% CI 2.99–14.03) surgery, intraopera-
tive events (OR 4.45 95% CI 1.35–18.12), and OSA (OR 6.32 95% CI 1.54–
25.94) were factors associated with unanticipated admission.
Conclusion: The incidence of unanticipated admission in children following
ambulatory surgery is low. Age, ASA class, duration, and time of completion
of surgery are predictors common to pediatrics and adults. Interestingly,

© 2016 John Wiley & Sons Ltd

Pediatric Anesthesia 26 (2016) 831–837
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Predictors of Unanticipated Admission

• Case control study  of ambulatory patients requiring 
unanticipated admission between 2005 and 2013

• Incidence of unanticipated admission was 0.97%
• 47% (98) was anesthesia related
• Hypoxia, pain, PONV

• Factors associated with unanticipated admission
• Age <2 years
• ASA 3 class 
• duration of surgery >1 h 
• completion of surgery >3 pm 
• orthopedic, dental, ENT 
• Intraoperative events
• OSA

Whippey A, Kostandoff G, Ma HK, Cheng J, Thabane L, Paul J. Predictors of unanticipated admission following ambulatory surgery in the pediatric population: 
a retrospective case-control study. Paediatr Anaesth. 2016 Aug;26(8):831-7. doi: 10.1111/pan.12937. Epub 2016 Jun 1. PMID: 27247224.

8

Case presentation

• 14-year-old girl presents for 
adenotonsillectomy
• 5’ 3”     75 kg      BMI 29
• sleep disordered breathing
• PMH for mild asthma
• Meds- albuterol prn, oral 

contraceptives
• Clear nasal discharge for past 1 day
• Younger brother at home just 

recovered from URI
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Abstract

Objective. This update of a 2011 guideline developed by the
American Academy of Otolaryngology–Head and Neck
Surgery Foundation provides evidence-based recommenda-
tions on the pre-, intra-, and postoperative care and
management of children 1 to 18 years of age under consider-
ation for tonsillectomy. Tonsillectomy is defined as a surgical
procedure performed with or without adenoidectomy that
completely removes the tonsil, including its capsule, by dis-
secting the peritonsillar space between the tonsil capsule and
the muscular wall. Tonsillectomy is one of the most common
surgical procedures in the United States, with 289,000 ambu-
latory procedures performed annually in children \15 years
of age, based on the most recent published data. This guide-
line is intended for all clinicians in any setting who interact
with children who may be candidates for tonsillectomy.

Purpose. The purpose of this multidisciplinary guideline is to
identify quality improvement opportunities in managing children
under consideration for tonsillectomy and to create explicit and
actionable recommendations to implement these opportunities
in clinical practice. Specifically, the goals are to educate clinicians,
patients, and/or caregivers regarding the indications for tonsil-
lectomy and the natural history of recurrent throat infections.
Additional goals include the following: optimizing the periopera-
tive management of children undergoing tonsillectomy, empha-
sizing the need for evaluation and intervention in special
populations, improving the counseling and education of families
who are considering tonsillectomy for their children, highlighting
the management options for patients with modifying factors,
and reducing inappropriate or unnecessary variations in care.
Children aged 1 to 18 years under consideration for tonsillect-
omy are the target patient for the guideline.

For this guideline update, the American Academy of
Otolaryngology–Head and Neck Surgery Foundation
selected a panel representing the fields of nursing, anesthe-
siology, consumers, family medicine, infectious disease,
otolaryngology–head and neck surgery, pediatrics, and sleep
medicine.

Key Action Statements. The guideline update group made
strong recommendations for the following key action state-
ments (KASs): (1) Clinicians should recommend watchful
waiting for recurrent throat infection if there have been \7
episodes in the past year, \5 episodes per year in the past
2 years, or \3 episodes per year in the past 3 years. (2)
Clinicians should administer a single intraoperative dose of
intravenous dexamethasone to children undergoing tonsil-
lectomy. (3) Clinicians should recommend ibuprofen, aceta-
minophen, or both for pain control after tonsillectomy.

The guideline update group made recommendations for the
following KASs: (1) Clinicians should assess the child with
recurrent throat infection who does not meet criteria in
KAS 2 for modifying factors that may nonetheless favor ton-
sillectomy, which may include but are not limited to multiple
antibiotic allergies/intolerance, PFAPA (periodic fever,
aphthous stomatitis, pharyngitis, and adenitis), or history of
.1 peritonsillar abscess. (2) Clinicians should ask caregivers
of children with obstructive sleep-disordered breathing and
tonsillar hypertrophy about comorbid conditions that may
improve after tonsillectomy, including growth retardation,
poor school performance, enuresis, asthma, and behavioral
problems. (3) Before performing tonsillectomy, the clinician
should refer children with obstructive sleep-disordered
breathing for polysomnography if they are \2 years of age
or if they exhibit any of the following: obesity, Down syn-
drome, craniofacial abnormalities, neuromuscular disorders,
sickle cell disease, or mucopolysaccharidoses. (4) The clini-
cian should advocate for polysomnography prior to
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Table 4. Summary of Evidence-Based Statements.

Statement Action Strength

1. Watchful waiting for

recurrent throat infection

Clinicians should recommend watchful waiting for recurrent throat

infection if there have been \7 episodes in the past year, \5

episodes per year in the past 2 years, or \3 episodes per year in

the past 3 years.

Strong recommendation

2. Recurrent throat infection

with documentation

Clinicians may recommend tonsillectomy for recurrent throat

infection with a frequency of at least 7 episodes in the past year, at

least 5 episodes per year for 2 years, or at least 3 episodes per

year for 3 years with documentation in the medical record for

each episode of sore throat and !1 of the following: temperature

.38.3!C (101!F), cervical adenopathy, tonsillar exudate, or

positive test for group A beta-hemolytic streptococcus.

Option

3. Tonsillectomy for recurrent

infection with modifying

factors

Clinicians should assess the child with recurrent throat infection

who does not meet criteria in Key Action Statement 2 for

modifying factors that may nonetheless favor tonsillectomy, which

may include but are not limited to: multiple antibiotic allergies/

intolerance, PFAPA (periodic fever, aphthous stomatitis,

pharyngitis, and adenitis), or history of .1 peritonsillar abscess.

Recommendation

4. Tonsillectomy for

obstructive sleep-disordered

breathing

Clinicians should ask caregivers of children with obstructive sleep-

disordered breathing (oSDB) and tonsillar hypertrophy about

comorbid conditions that may improve after tonsillectomy,

including growth retardation, poor school performance, enuresis,

asthma, and behavioral problems.

Recommendation

5. Indications for

polysomnography

Before performing tonsillectomy, the clinician should refer children

with obstructive sleep-disordered breathing (oSDB) for

polysomnography (PSG) if they are \2 years of age or if they

exhibit any of the following: obesity, Down syndrome, craniofacial

abnormalities, neuromuscular disorders, sickle cell disease, or

mucopolysaccharidoses.

Recommendation

6. Additional recommendations

for polysomnography

The clinician should advocate for polysomnography (PSG) prior to

tonsillectomy for obstructive sleep-disordered breathing (oSDB) in

children without any of the comorbidities listed in Key Action

Statement 5 for whom the need for tonsillectomy is uncertain or

when there is discordance between the physical examination and

the reported severity of oSDB.

Recommendation

7. Tonsillectomy for

obstructive sleep apnea

Clinicians should recommend tonsillectomy for children with

obstructive sleep apnea (OSA) documented by overnight

polysomnography (PSG).

Recommendation

8. Education regarding

persistent or recurrent

obstructive sleep-disordered

breathing

Clinicians should counsel patients and caregivers and explain that

obstructive sleep-disordered breathing (oSDB) may persist or

recur after tonsillectomy and may require further management.

Recommendation

9. Perioperative pain

counseling

The clinician should counsel patients and caregivers regarding the

importance of managing posttonsillectomy pain as part of the

perioperative education process and should reinforce this

counseling at the time of surgery with reminders about the need

to anticipate, reassess, and adequately treat pain after surgery.

Recommendation

10. Perioperative antibiotics Clinicians should not administer or prescribe perioperative

antibiotics to children undergoing tonsillectomy.

Strong recommendation against

11. Intraoperative steroids Clinicians should administer a single intraoperative dose of

intravenous dexamethasone to children undergoing tonsillectomy

Strong recommendation

12. Inpatient monitoring for

children after tonsillectomy

Clinicians should arrange for overnight, inpatient monitoring of

children after tonsillectomy if they are \3 years old or have severe

obstructive sleep apnea (OSA; apnea-hypopnea index [AHI] !10

obstructive events/hour, oxygen saturation nadir \80%, or both).

Recommendation

(continued)
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those achieved in randomized controlled trials. (2)
Engage patients and families in shared decision
making about tonsillectomy (National Quality
Strategy Domains: Patient Safety, Effective
Communication and Care Coordination)
! Aggregate evidence quality: Grade B, systematic

review of randomized controlled trials with limita-
tions in the consistency with the randomization pro-
cess regarding recruitment and follow-up; some
Grade C observational studies
! Level of confidence in evidence: Medium
! Benefits: Patients who proceed with the option of

tonsillectomy will achieve a modest reduction in
the frequency and severity of recurrent throat infec-
tion for 1 year after surgery and a modest reduction
in frequency of group A streptococcal infection for
1 year after surgery
! Risks, harms, costs: Risk and morbidity of tonsil-

lectomy, including but not limited to persistence of
throat infection, pain and missed activity after sur-
gery, bleeding, dehydration, injury, and anesthetic
complications; direct cost of tonsillectomy, direct
nonsurgical costs (antibiotics, clinician visit), and
indirect costs (caregiver time, time missed from
school) associated with recurrent infections
! Benefits-harm assessment: Balance between benefit

and harm
! Value judgments: Importance of balancing the

modest short-term benefits of tonsillectomy in care-
fully selected children with recurrent throat infec-
tion against the favorable natural history seen in
control groups and the potential for harm or adverse
events, which, although infrequent, may be severe
or life-threatening
! Intentional vagueness: None
! Role of patient preferences: Large role for shared

decision making, given favorable natural history of
recurrent throat infections and modest short-term
improvement associated with tonsillectomy

! Exclusions: None
! Policy level: Option
! Differences of opinions: There was near consensus

among the guideline update group that tonsillect-
omy should be an option for children who meet the
eligibility criteria in this statement, but 1 member
of the group felt that tonsillectomy should not be
recommended, even with appropriate documenta-
tion. Also, a minority of group members felt that
the statement should list both tonsillectomy and
watchful waiting as options for management,
instead of just including tonsillectomy in the state-
ment and discussing watchful waiting in the sup-
porting text

STATEMENT 3. TONSILLECTOMY FOR RECUR-
RENT INFECTION WITH MODIFYING FACTORS:
Clinicians should assess the child with recurrent throat
infection who does not meet criteria in Key Action
Statement 2 for modifying factors that may nonetheless
favor tonsillectomy, which may include but are not limited
to: multiple antibiotic allergies/intolerance, PFAPA (peri-
odic fever, aphthous stomatitis, pharyngitis, and adenitis), or
history of .1 peritonsillar abscess. Recommendation based
on randomized controlled trials and observational studies
with a preponderance of benefit over harm.

Action Statement Profile 3

! Quality improvement opportunity: To raise aware-
ness about children with modifying factors who
may still benefit from tonsillectomy, even though
they do not meet the criteria in Statement 2 regard-
ing documentation, frequency, or clinical features
(National Quality Strategy Domains: Patient Safety,
Effective Communication and Care Coordination)

! Aggregate evidence quality: Grade A, systematic
review of randomized controlled trials with

Table 4. (continued)

Statement Action Strength

13. Postoperative ibuprofen

and acetaminophen

Clinicians should recommend ibuprofen, acetaminophen, or both for

pain control after tonsillectomy.

Strong recommendation

14. Postoperative codeine Clinicians must not administer or prescribe codeine, or any

medication containing codeine, after tonsillectomy in children

younger than 12 years.

Strong recommendation against

15a. Outcome assessment for

bleeding

Clinicians should follow up with patients and/or caregivers after

tonsillectomy and document in the medical record the presence

or absence of bleeding within 24 hours of surgery (primary

bleeding) and bleeding occurring later than 24 hours after surgery

(secondary bleeding).

Recommendation

15b. Posttonsillectomy bleeding

rate

Clinicians should determine their rate of primary and secondary

posttonsillectomy bleeding at least annually.

Recommendation
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Table 4. Summary of Evidence-Based Statements.

Statement Action Strength

1. Watchful waiting for

recurrent throat infection

Clinicians should recommend watchful waiting for recurrent throat

infection if there have been \7 episodes in the past year, \5

episodes per year in the past 2 years, or \3 episodes per year in

the past 3 years.

Strong recommendation

2. Recurrent throat infection

with documentation

Clinicians may recommend tonsillectomy for recurrent throat

infection with a frequency of at least 7 episodes in the past year, at

least 5 episodes per year for 2 years, or at least 3 episodes per

year for 3 years with documentation in the medical record for

each episode of sore throat and !1 of the following: temperature

.38.3!C (101!F), cervical adenopathy, tonsillar exudate, or

positive test for group A beta-hemolytic streptococcus.

Option

3. Tonsillectomy for recurrent

infection with modifying

factors

Clinicians should assess the child with recurrent throat infection

who does not meet criteria in Key Action Statement 2 for

modifying factors that may nonetheless favor tonsillectomy, which

may include but are not limited to: multiple antibiotic allergies/

intolerance, PFAPA (periodic fever, aphthous stomatitis,

pharyngitis, and adenitis), or history of .1 peritonsillar abscess.

Recommendation

4. Tonsillectomy for

obstructive sleep-disordered

breathing

Clinicians should ask caregivers of children with obstructive sleep-

disordered breathing (oSDB) and tonsillar hypertrophy about

comorbid conditions that may improve after tonsillectomy,

including growth retardation, poor school performance, enuresis,

asthma, and behavioral problems.

Recommendation

5. Indications for

polysomnography

Before performing tonsillectomy, the clinician should refer children

with obstructive sleep-disordered breathing (oSDB) for

polysomnography (PSG) if they are \2 years of age or if they

exhibit any of the following: obesity, Down syndrome, craniofacial

abnormalities, neuromuscular disorders, sickle cell disease, or

mucopolysaccharidoses.

Recommendation

6. Additional recommendations

for polysomnography

The clinician should advocate for polysomnography (PSG) prior to

tonsillectomy for obstructive sleep-disordered breathing (oSDB) in

children without any of the comorbidities listed in Key Action

Statement 5 for whom the need for tonsillectomy is uncertain or

when there is discordance between the physical examination and

the reported severity of oSDB.

Recommendation

7. Tonsillectomy for

obstructive sleep apnea

Clinicians should recommend tonsillectomy for children with

obstructive sleep apnea (OSA) documented by overnight

polysomnography (PSG).

Recommendation

8. Education regarding

persistent or recurrent

obstructive sleep-disordered

breathing

Clinicians should counsel patients and caregivers and explain that

obstructive sleep-disordered breathing (oSDB) may persist or

recur after tonsillectomy and may require further management.

Recommendation

9. Perioperative pain

counseling

The clinician should counsel patients and caregivers regarding the

importance of managing posttonsillectomy pain as part of the

perioperative education process and should reinforce this

counseling at the time of surgery with reminders about the need

to anticipate, reassess, and adequately treat pain after surgery.

Recommendation

10. Perioperative antibiotics Clinicians should not administer or prescribe perioperative

antibiotics to children undergoing tonsillectomy.

Strong recommendation against

11. Intraoperative steroids Clinicians should administer a single intraoperative dose of

intravenous dexamethasone to children undergoing tonsillectomy

Strong recommendation

12. Inpatient monitoring for

children after tonsillectomy

Clinicians should arrange for overnight, inpatient monitoring of

children after tonsillectomy if they are \3 years old or have severe

obstructive sleep apnea (OSA; apnea-hypopnea index [AHI] !10

obstructive events/hour, oxygen saturation nadir \80%, or both).

Recommendation

(continued)
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Opioid sparing anesthetics

• Codeine no longer routinely used
• Patients often sensitive to narcotics
• More opioid sparing approaches in literature
• Ketorolac, dexmedetomidine, ketamine
• However, some intraoperative narcotic use

• Peritonsillar local anesthetic injection

1) Aldamluji, N., Burgess, A., Pogatzki-Zahn, E., Raeder, J., Beloeil, H. and (2021), PROSPECT guideline for tonsillectomy: systematic review and procedure-specific 
postoperative pain management recommendations. Anaesthesia, 76: 947-961. https://doi-org.ezproxy.fau.edu/10.1111/anae.15299
2) Franz, AM, Dahl, JP, Huang, H, et al. The development of an opioid sparing anesthesia protocol for pediatric ambulatory tonsillectomy and adenotonsillectomy 
surgery—A quality improvement project. Pediatr Anesth. 2019; 29: 682– 689. https://doi-org.ezproxy.fau.edu/10.1111/pan.13662
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ERAS in Adenotonsillectomy

Clinical Otolaryngology. 2021;46:249–255. wileyonlinelibrary.com/journal/coa  Պ|Պ�ƑƓƖ© 2020 John Wiley & Sons Ltd
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Enhanced recovery after surgery (ERAS) theory was first reported 

by the Danish surgeon Kehlet et al1,2 This theory proposes that a se-

ries of optimisation measures such as preoperative education, pre-

operative nutritional support therapy and postoperative analgesia 

can be used to attenuate responses to psychological and physical 

stress and thereby reduce surgical complications, shorten hospitali-

sation times, reduce the risks for readmission and mortality, and re-

duce hospitalisation costs during the perioperative period. Though 

ERAS theory has become widely accepted and gradually extended to 

elective surgical treatments, there are only a few reports concern-

ing the application of ERAS theory around head and neck cancer in 

the field of otolaryngology, head and neck surgery, probably due to 
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�0v|u-1|
�0f;1|b�;Ĺ�To explore the effects of an enhanced recovery after surgery (ERAS) pro-

gramme on postoperative rehabilitation in children with obstructive sleep apnoea 

(OSA) during the perioperative period of adenotonsillectomy.

	;vb]mĹ�A retrospective historical control study.

";||bm]Ĺ�Service improvement project.

�-u|b1br-m|vĹ�$_;�v|�7��bm1Ѵ�7;7�ƒƖƓ�1_bѴ7u;m��b|_��"��ŐƑƏƕ�l-Ѵ;vķ�ƐѶƕ�=;l-Ѵ;vĸ�-];�
range, 2.5 years to 14 years) who underwent adenotonsillectomy.

�-bm�o�|1ol;�l;-v�u;vĹ�The children who had undergone adenoidal ablation and 

bilateral tonsillectomy were divided into an ERAS group (208 patients) treated with 

the combined optimisation measures and a control group (186 patients) treated with 

traditional measures during the perioperative period. The postoperative incidence of 

complications, pain scores, anxiety scores and postoperative diets in the two groups 

were assessed.

!;v�Ѵ|vĹ�Patients in the ERAS group had significantly a lower overall complication 

rate and incidence of fever for 2 weeks of follow-up when compared to patients in 

the control group through the application of perioperative optimisation measures. 

Furthermore, patients in the ERAS group had less post-surgical pain, had better die-

|-u��bm|-h;�-|�7-�v�Ɛķ�ƒ�-m7�ƕ�-=|;u�v�u];u��-m7�_-7�Ѵo�;u�ru;or;u-|b�;�-m�b;|��v1ou;v�
after admission education and while waiting in the operation room.

�om1Ѵ�vbomĹ�The ERAS programme consisting of combined optimisation measures 

can reduce physical and psychological trauma during the perioperative period of ad-

enotonsillectomy performed for children with OSA.
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ERAS in Adenotonsillectomy

• 294 children with OSA
• 208 in ERAS group, 186 controls

• ERAS protocol included
• ERAS education, nutritional assessment,
• Periop anxiety management,
• Standardized anesthetic, multimodal pain management
• Drink 10% glucose (5 mL/kg) 2 hrs before surgery

• ERAS patients had less pain, anxiety, complications

Zhang, Y, Liu, D, Chen, X, Ma, J, Song, X. An enhanced recovery programme improves the comfort and outcomes in children with obstructive sleep 
apnoea undergoing adenotonsillectomy: A retrospective historical control study. Clin Otolaryngol. 2021; 46: 249– 255. https://doi-
org.ezproxy.fau.edu/10.1111/coa.13655
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NPO guidelines

15

ASA current guidelines

• 2 hrs for clears
• 4 hrs for breast milk
• 6 hrs for formula, light meal
• 8 hrs for heavy meal

16

NPO concerns in children

• Instruction standardization
• Poor compliance
• Surgical case shuffling
• Aspiration risk
• Dehydration
• Patient and parent satisfaction
• Difficult IV access
• New studies related to gastric emptying

17

1 hour fast for clears?
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Pro-Con Debate: 1- vs 2-Hour Fast for Clear Liquids 
Before Anesthesia in Children
Nicola Disma, MD,* Peter Frykholm, MD,† Scott D. Cook-Sather, MD, FCPP,‡  
and Jerrold Lerman, MD, FRCPC, FANZCA§    

Perioperative fasting guidelines are designed to minimize the risk of pulmonary aspiration of gastro-
intestinal contents. The current recommendations from the American Society of Anesthesiologists 
(ASA) and the European Society of Anaesthesiology and Intensive Care (ESAIC) are for a minimum 
2-hour fast after ingestion of clear liquids before general anesthesia, regional anesthesia, or 
procedural sedation and analgesia. Nonetheless, in children, fasting guidelines also have conse-
quences as regards to child and parent satisfaction, hemodynamic stability, the ability to achieve 
vascular access, and perioperative energy balance. Despite the fact that current guidelines recom-
mend a relatively short fasting time for clear !uids of 2 hours, the actual duration of fasting time 
can be signi"cantly longer. This may be the result of de"ciencies in communication regarding the 
duration of the ongoing fasting interval as the schedule changes in a busy operating room as well 
as to poor parent and patient adherence to the 2-hour guidelines. Prolonged fasting can result in 
children arriving in the operating room for an elective procedure being thirsty, hungry, and generally 
in an uncomfortable state. Furthermore, prolonged fasting may adversely affect hemodynamic sta-
bility and can result in parental dissatisfaction with the perioperative experience. In this PRO and 
CON presentation, the authors debate the premise that reducing the nominal minimum fasting 
time from 2 hours to 1 hour can reduce the incidence of prolonged fasting and provide signi"cant 
bene"ts to children, with no increased risks. (Anesth Analg 2021;133:581–91)

GLOSSARY
APRICOT = Anaesthesia PRactice In Children Observational Trial; ASA = American Society of 
Anesthesiologists; ESAIC = European Society of Anaesthesiology and Intensive Care; GFV = gastric 
!uid volume; GFVw = residual gastric volume; IQR = interquartile range; MAC = minimum alveolar 
concentration; MAP = mean arterial pressure; MRI = magnetic resonance imaging; OR = odds ratio

PRO
Current fasting guidelines recommend that children 
must stop drinking clear !uids 2 hours before induc-
tion of general anesthesia. In this regard, both the lat-
est published guidelines from the American Society of 

Anesthesiologists (ASA)1 and the European Society of 
Anaesthesiology2 and Intensive Care (ESAIC) guide-
line are homogeneous in recommending the very 
same fasting time for children undergoing anesthe-
sia.3,4 The guiding purpose of these guidelines was to 
“provide direction for clinical practice related to pre-
operative fasting to minimize the risk of pulmonary 
aspiration and to reduce the severity of complications 
related to perioperative pulmonary aspiration.”

The 2 underlying concepts of fasting before anes-
thesia are ensuring “safety” regarding the risk of 
aspiration and the need of a smooth and comfortable 
perioperative experience. A guideline or institutional 
protocol will, thus, balance a fasting rule short enough 
to avoid the side effects of prolonged fasting against 
the goal of a safe induction without increased risk of 
regurgitation. However, despite the fact that current 
almost universally adopted guidelines recommend a 
relatively short fasting time for clear !uids, the reality 
is signi"cantly different from what is recommended. 
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1 hour fast for clears: Pro
• Underlying concepts of 

preoperative fasting
• ensure “safety” from aspiration
• smooth and comfortable 

perioperative experience

• Often fasting times exceed 
recommended times
• Incidence of pulmonary 

aspiration is 0.6-9 cases/10,000 
children undergoing anesthesia

Disma, Nicola MD*; Frykholm, Peter MD†; Cook-Sather, Scott D. MD, FCPP‡; Lerman, Jerrold MD, FRCPC, FANZCA§ Pro-Con Debate: 1- vs 2-Hour Fast for Clear 
Liquids Before Anesthesia in Children, Anesthesia & Analgesia: September 2021 - Volume 133 - Issue 3 - p 581-591 doi: 10.1213/ANE.0000000000005589
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1 hour fast for clears: Pro
• During a fasting period 

of 1 hour, the greater 
part of any ingested 
fluid will empty from 
the stomach in healthy 
children
• Is endorsed and 

implemented already 
by some institutions 
and societies

Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
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Clear Liquids Fasting in Children

unlimited !uids until the time of premedication, 
with a median (interquartile range [IQR]) fast of 48 
minutes (33–92 minutes) and ingested !uid volumes 
up to 32 mL/kg 45 minutes preoperatively, resultant 
GFVs were >2 mL/kg in 15% and >4 mL/kg in 5% 
of children, demonstrating a skewed distribution tail 
profoundly exceeding historical norms.19

Advocates for a 1-hour fast after clears have 
asserted that there is only a “weak association 
between fasting interval and residual GFV.”21 While 
this assertion holds true for clear fasts >2 hours, it 
does not for shorter intervals. Indeed, for clear fasts 
<2 hours, residual GFV increases exponentially as 
the fasting interval decreases, yielding an extraor-
dinarily tight relationship (r2 = 0.90) (Figure  4).59 
Unlimited volumes of unspeci#ed clears have been 
offered to children 2 hours preoperatively, safely 
exploiting the exponential rate of gastric !uid emp-
tying over that interval and yielding small residual 
GFVs at induction of anesthesia. However, these 
#rst-order kinetics do not allow suf#cient time to 
empty large GFVs at 1 hour.

Pulmonary Aspiration of Gastrointestinal 
Contents
Advocates for a 1-hour fast after clears have argued 
that it does not increase the frequency of aspiration 
above baseline 1 to 10:10,000.14–16,40–45 However, the 
mounting published evidence of aspiration after 
recent implementation of 1-hour fasting guidelines 
suggests otherwise. In a retrospective study of 10,015 
anesthetics where children ingested unlimited !u-
ids up to the time of surgery, pulmonary aspira-
tion occurred in 3 children and was suspected in 
an additional 14 cases, yielding a total incidence of 
17:10,000.29 A prospective audit of 3324 children in 
Germany identi#ed 2 cases of con#rmed and 4 cases 
of suspected aspiration, yielding a combined inci-
dence of 18:10,000.30 In a continuation of this study, 
pulmonary aspiration was con#rmed in 4 and sus-
pected in another 10 cases in 12,093 children, yield-
ing a combined incidence of 12:10,000.18 A subgroup 
analysis revealed an increased incidence of overall 
adverse events (regurgitation and suspected/con-
#rmed aspiration) that was greater (64:10,000) in 

Figure 2. Changes in calculated gastric !uid 
volumes over time following ingestion of iso-
caloric clear liquids. Gastric !uid volumes were 
derived using ultrasound imaging and antral 
cross-sectional areas. Values are expressed as 
mean ± standard deviation. In this adult study, 
total ingested volumes were approximately 3 
mL/kg (200-mL 25% glucose solution), 7 mL/kg 
(400-mL 12.5% glucose solution), and 10 mL/kg 
(600-mL 8.3% glucose solution). Signi"cant differ-
ences between groups continue through 70 min. 
Reproduced with permission from Okabe et al.54
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1 hour fast for clears: Con

• Often fasting times exceed recommended times
• Gastric emptying is complex
• In context of 1-hour fast pulmonary aspiration has 

increased to 12-18:10,000

Disma, Nicola MD*; Frykholm, Peter MD†; Cook-Sather, Scott D. MD, FCPP‡; Lerman, Jerrold MD, FRCPC, FANZCA§ Pro-Con Debate: 1- vs 2-Hour Fast for Clear 
Liquids Before Anesthesia in Children, Anesthesia & Analgesia: September 2021 - Volume 133 - Issue 3 - p 581-591 doi: 10.1213/ANE.0000000000005589
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1 hr fast for clears: Con
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children who fasted <1 hour when compared with 
those who fasted for longer periods. Finally, authors 
of the large prospective observational APRICOT 
study reported that the frequency of pulmonary 
aspiration ranged from 10 to 40:10,000 by country, up 
to 4-fold greater than the upper limit of the historical 

rate.15 Although individual events were not directly 
linked to abbreviated fasting times, the study was 
conducted contemporaneously with the shift in 
European praxis to reduce the fasting interval after 
clears.

Undertaking studies to investigate rare events is 
expensive and time-consuming. In the case of aspira-
tion pneumonitis, if we were to design a prospective, 
randomized study to determine whether a shift in 
fasting from 2 to 1 hour after clears doubled the fre-
quency of aspiration from 10 to 20:10,000, we would 
require 23,500 children in EACH group, a daunting 
challenge for even the most accomplished clinical 
investigators.

Child and Parent Satisfaction
Our opponents want readers to believe that children 
who fast 1 hour after clears are more satis!ed than 
those who fasted 2 hours, but there is no evidence to 
support this notion. Thirty years ago, parents over-
whelmingly favored the more dramatic reduction in 
fasting after clears from 6 to 8 hours to 2 hours.35,36,60,61 
While advocates for 1-hour fasts also claim that chil-
dren who fast 2 hours may be distressed, most chil-
dren cope easily with fasting ≥2 hours (in this study, 
average 6.9 hours) and are neither dissatis!ed nor 
unruly.62 In a survey of 1350 children between 2 and 
16 years who fasted 8 hours after clears, only 27% 
were “very thirsty,” and the severity of the “thirst” 
was unrelated to the fasting duration after clears.6 
Those favoring a 1-hour fast claim that, in their study, 
only half as many children who fasted a median of 
48 minutes reported feeling thirsty compared with 
those who fasted 4 hours.19 However, this small study 
that depended on a single question to assess thirst in 
the face of >25 pairwise comparisons did not accom-
modate for type I statistical error, and thus holds 
limited credibility. Finally, the composition of those 
clear #uids ingested has been shown to directly affect 
whether the child is thirsty: high-energy-density #u-
ids may increase thirst scores notwithstanding fasting 
duration.52 These studies debunk the notion that chil-
dren are unhappy, distraught, or upset if they fast for 
2 hours after clears, as long as clears are available to 
drink until then.

Hemodynamics
Although advocates suggest that a 1-hour fast after 
clears improves physiologic conditions and reduces 
medical interventions, this is yet another canard for 
which there is no evidence. In a cohort study of 100 
children <3 years old, mean arterial pressure (MAP) 
after induction of anesthesia was less, 50 vs 55 mm 
Hg, and the incidence of hypotension (MAP <40 mm 
Hg) was more, 10% vs 0%, in those who fasted 8.5 
hours as opposed to 6 hours after oral #uids.62 More 

Figure 3. Variability of residual gastric !uid volume in children 
randomized to 1- vs 2-h fasts following clear liquids. Gastric !uid 
volumes were determined by blind aspiration of gastric contents. 
Median (IQR) fasting times were 76 min (73–79 min) for the 
intended 1-h fast cohort and 136 min (133–140 min) for the 2-h 
cohort. Note that none of the children actually fasted for the pre-
scribed times. Volumes of the unde"ned clear liquids ingested were 
5 mL/kg to a maximum of 150 mL. A disproportionate percentage 
(12%) of subjects fasting <2 h had residual gastric !uid volumes 
>1.25 mL/kg, the historical 95th percentile. GFVw indicates gastric 
residual volume. Reproduced with permission from Schmidt et al.20

Figure 4. The relationship between the residual gastric !uid volume 
and the fasting interval. A tight exponential relationship was iden-
ti"ed. Aggregate data plotted are that cited by Andersson et al.21 
Reproduced with permission from Lerman.59
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children who fasted <1 hour when compared with 
those who fasted for longer periods. Finally, authors 
of the large prospective observational APRICOT 
study reported that the frequency of pulmonary 
aspiration ranged from 10 to 40:10,000 by country, up 
to 4-fold greater than the upper limit of the historical 

rate.15 Although individual events were not directly 
linked to abbreviated fasting times, the study was 
conducted contemporaneously with the shift in 
European praxis to reduce the fasting interval after 
clears.

Undertaking studies to investigate rare events is 
expensive and time-consuming. In the case of aspira-
tion pneumonitis, if we were to design a prospective, 
randomized study to determine whether a shift in 
fasting from 2 to 1 hour after clears doubled the fre-
quency of aspiration from 10 to 20:10,000, we would 
require 23,500 children in EACH group, a daunting 
challenge for even the most accomplished clinical 
investigators.

Child and Parent Satisfaction
Our opponents want readers to believe that children 
who fast 1 hour after clears are more satis!ed than 
those who fasted 2 hours, but there is no evidence to 
support this notion. Thirty years ago, parents over-
whelmingly favored the more dramatic reduction in 
fasting after clears from 6 to 8 hours to 2 hours.35,36,60,61 
While advocates for 1-hour fasts also claim that chil-
dren who fast 2 hours may be distressed, most chil-
dren cope easily with fasting ≥2 hours (in this study, 
average 6.9 hours) and are neither dissatis!ed nor 
unruly.62 In a survey of 1350 children between 2 and 
16 years who fasted 8 hours after clears, only 27% 
were “very thirsty,” and the severity of the “thirst” 
was unrelated to the fasting duration after clears.6 
Those favoring a 1-hour fast claim that, in their study, 
only half as many children who fasted a median of 
48 minutes reported feeling thirsty compared with 
those who fasted 4 hours.19 However, this small study 
that depended on a single question to assess thirst in 
the face of >25 pairwise comparisons did not accom-
modate for type I statistical error, and thus holds 
limited credibility. Finally, the composition of those 
clear #uids ingested has been shown to directly affect 
whether the child is thirsty: high-energy-density #u-
ids may increase thirst scores notwithstanding fasting 
duration.52 These studies debunk the notion that chil-
dren are unhappy, distraught, or upset if they fast for 
2 hours after clears, as long as clears are available to 
drink until then.

Hemodynamics
Although advocates suggest that a 1-hour fast after 
clears improves physiologic conditions and reduces 
medical interventions, this is yet another canard for 
which there is no evidence. In a cohort study of 100 
children <3 years old, mean arterial pressure (MAP) 
after induction of anesthesia was less, 50 vs 55 mm 
Hg, and the incidence of hypotension (MAP <40 mm 
Hg) was more, 10% vs 0%, in those who fasted 8.5 
hours as opposed to 6 hours after oral #uids.62 More 

Figure 3. Variability of residual gastric !uid volume in children 
randomized to 1- vs 2-h fasts following clear liquids. Gastric !uid 
volumes were determined by blind aspiration of gastric contents. 
Median (IQR) fasting times were 76 min (73–79 min) for the 
intended 1-h fast cohort and 136 min (133–140 min) for the 2-h 
cohort. Note that none of the children actually fasted for the pre-
scribed times. Volumes of the unde"ned clear liquids ingested were 
5 mL/kg to a maximum of 150 mL. A disproportionate percentage 
(12%) of subjects fasting <2 h had residual gastric !uid volumes 
>1.25 mL/kg, the historical 95th percentile. GFVw indicates gastric 
residual volume. Reproduced with permission from Schmidt et al.20

Figure 4. The relationship between the residual gastric !uid volume 
and the fasting interval. A tight exponential relationship was iden-
ti"ed. Aggregate data plotted are that cited by Andersson et al.21 
Reproduced with permission from Lerman.59
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1 hour fast for clears: Con

• Clear liquids of varying 
composition and unlimited 
volumes are INCONSISTENTLY 
and UNRELIABLY emptied from 
the stomach in 1 hr

• Focus on improving compliance 
of 2-hour fast

Disma, Nicola MD*; Frykholm, Peter MD†; Cook-Sather, Scott D. MD, FCPP‡; Lerman, Jerrold MD, FRCPC, FANZCA§ Pro-Con Debate: 1- vs 2-Hour Fast for Clear 
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Back to our case
• 14-year-old girl presents for 

adenotonsillectomy
• 5’ 3”     75 kg      BMI 29
• sleep disordered breathing
• PMH for mild asthma
• Meds- albuterol prn, oral 

contraceptives
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Reversal of Neuromuscular Blockade

• Current literature with more attention toward 
reversal of neuromuscular blockade
• Full reversal not always achieved
• Sugammadex FDA approved in children 
• Sugammadex vs Neostigmine
• Counseling patients on oral contraceptives who 

receive sugammadex about utilizing alternate form 
of contraception postoperatively
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Sugammadex in children
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Sugammadex for reversal of neuromuscular blockade in 
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Abstract
Background: Few randomized studies have assessed recovery from rocuronium-  or 

�;1�uomb�lŊ�bm7�1;7�lo7;u-|;�ou�7;;r�m;�uol�v1�Ѵ-u�0Ѵo1h-7;��b|_�v�]-ll-7;��bm�
pediatric participants.

Aim: $o� -vv;vv� v�]-ll-7;�� =ou� u;�;uv-Ѵ� o=� m;�uol�v1�Ѵ-u� 0Ѵo1h-7;� bm� r;7b-|ub1�
participants.

Methods: This was a randomized, phase IV, active comparator- controlled, double- 

blind study. Participants aged 2 to <17 years, under moderate or deep neuromuscu-

Ѵ-u�0Ѵo1h-7;ķ��;u;�-7lbmbv|;u;7�v�]-ll-7;��ŐƑ�ou�Ɠ�l]ņh]ő�ou�m;ov|b]lbm;�ŐƔƏ�µg/

h]ĸ�=ou�lo7;u-|;�m;�uol�v1�Ѵ-u�0Ѵo1h-7;�omѴ�őĺ��u;7;=bm;7�-7�;uv;�;�;m|v�o=�1Ѵbmb1-Ѵ�
bm|;u;v|ķ� bm1Ѵ�7bm]� 1Ѵbmb1-ѴѴ�� u;Ѵ;�-m|�0u-7�1-u7b-ķ� _�r;uv;mvb|b�b|�ķ� -m7� -m-r_�Ѵ-�bvķ�
were monitored. The primary efficacy endpoint was time to recovery to a train- of- 

=o�u�u-|bo�o=�ƾƏĺƖ�bm�r-u|b1br-m|v�u;1;b�bm]�v�]-ll-7;��Ƒ�l]ņh]��;uv�v�m;ov|b]lbm;�
for reversal of moderate neuromuscular blockade, analyzed by analysis of variance 

adjusted for neuromuscular blocking agent and age.

Results: Of 288 randomized participants, 272 completed the study and 276 were in-

1Ѵ�7;7�bm�|_;�-m-Ѵ�v;vĺ��Ѵbmb1-ѴѴ��u;Ѵ;�-m|�0u-7�1-u7b-��-v�;�r;ub;m1;7�0��ƑĺƏѷķ�Ɛĺѵѷķ�
-m7�ƔĺƖѷ�o=�r-u|b1br-m|v� bm� |_;� v�]-ll-7;��Ƒ�l]ņh]ķ� v�]-ll-7;��Ɠ�l]ņh]ķ� -m7�
m;ov|b]lbm;�]uo�rvķ�u;vr;1|b�;Ѵ�ĺ��o�_�r;uv;mvb|b�b|��ou�-m-r_�Ѵ-�bv�;�;m|v��;u;�o0-

v;u�;7ĺ�!;1o�;u��|o�-�|u-bmŊ�o=Ŋ�=o�u�u-|bo�o=�ƾƏĺƖ��b|_�v�]-ll-7;��Ƒ�l]ņh]��-v�=-v|;u�
|_-m�m;ov|b]lbm;�ŐƐĺѵ�lbmķ�ƖƔѷ����Ɛĺƒ�|o�ƑĺƏ��vĺ�ƕĺƔ�lbmķ�ƖƔѷ����Ɣĺѵ�|o�ƐƏĺƏĸ�p <�ĺƏƏƏƐő�
-m7��-v�1olr-u-0Ѵ;�|o�v�]-ll-7;��Ɠ�l]ņh]�ŐƑĺƏ�lbmķ�ƖƔѷ����ƐĺѶ�|o�Ƒĺƒőĺ
Conclusions: Pediatric participants recovered from rocuronium-  or vecuronium- 

bm7�1;7� lo7;u-|;� m;�uol�v1�Ѵ-u� 0Ѵo1h-7;� vb]mb=b1-m|Ѵ�� =-v|;u� �b|_� v�]-ll-7;��
2 mg/kg than with neostigmine. Time to reversal of deep neuromuscular blockade 

�b|_� v�]-ll-7;�� Ɠ� l]ņh]� �-v� 1omvbv|;m|� �b|_� |_-|� o=� lo7;u-|;� m;�uol�v1�Ѵ-u�
0Ѵo1h-7;�u;�;uv-Ѵĺ��o�l;-mbm]=�Ѵ�7b==;u;m1;v�bm�1Ѵbmb1-ѴѴ��u;Ѵ;�-m|�0u-7�1-u7b-ķ�_�r;u-
v;mvb|b�b|�ķ�ou�-m-r_�Ѵ-�bv��;u;�v;;m��b|_�v�]-ll-7;���v�m;ov|b]lbm;ĺ�$_;v;�u;v�Ѵ|v�
v�rrou|�|_;��v;�o=�v�]-ll-7;��=ou�u;�;uv-Ѵ�o=�lo7;u-|;�-m7�7;;r�uo1�uomb�lŊ��-m7�
vecuronium- induced neuromuscular blockade in patients aged 2 to <17 years.

Clinical Trial Registration:���$ƏƒƒƔƐѵƏѶņ��7u-�$�ƑƏƐƕŊ�ƏƏƏѵƖƑŊ�ƖƑĺ

• Randomized a total of 288 
pediatric participants aged 2 to 
<17 years
• sugammadex 2 mg/kg
• sugammadex 4 mg/kg
• neostigmine 50 µg/kg

• Recovery from rocuronium- or 
vecuronium-induced moderate 
neuromuscular blockade faster 
with sugammadex 2 mg/kg than 
with neostigmine

• Reversal of deep neuromuscular 
blockade with sugammadex
4 mg/kg was consistent with that 
of moderate neuromuscular 
blockade reversal

Voss, T, Wang, A, DeAngelis, M, et al. Sugammadex for reversal of neuromuscular blockade in pediatric patients: Results from a phase IV randomized study. Pediatr
Anesth. 2021; 00: 1– 10. doi:10.1111/pan.14370
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Residual neuromuscular block

• impaired regulation of ventilation during hypoxia 
• impaired pharyngeal function and airway protection
• is a risk factor for the development of postoperative 

pulmonary complications
• To assure normal vital muscle function and normal 

ventilatory regulation, an adductor pollicis TOF ratio of 0.90 
should ideally be achieved before a patient is allowed to 
breath spontaneously after tracheal extubation
• This can only be reliably detected using objective monitoring 

techniques of neuromuscular function, such as accelometry
or electromyography

Eriksson, Lars I. MD, PhD The Effects of Residual Neuromuscular Blockade and Volatile Anesthetics on the Control of Ventilation, Anesthesia & 
Analgesia: July 1999 - Volume 89 - Issue 1 - p 243-251 doi: 10.1213/00000539-199907000-00045
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Residual neuromuscular block

• Monocentric prospective observational cohort
• 291 patients ages >29 weeks and < 19 years

• Incidence of residual neuromuscular block
• 48.2% in OR
• 26.9% in PACU

• Pharmacological reversal of neuromuscular block was 
administered in 23.3% of patients 
• 41% of these after the TOF measurement in the OR (due to residual 

blockade)

• Quantitative monitoring of neuromuscular blockade should be 
implemented in all patients when NMBAs are administered 

Klucka J, Kosinova M, Krikava I, Stoudek R, Toukalkova M, Stourac P. Residual neuromuscular block in paediatric anaesthesia. Br J Anaesth 2019;122(01):e1–e2 
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Reversal Agents and Postoperative Pulmonary 
Complications in Children
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Association of Sugammadex or Neostigmine With Major 
Postoperative Pulmonary Complications in Children
Ralph J. Beltran, MD, Christian Mpody, MD, PhD, MBA, MPH, Olubukola O. Na!u, MD, FRCA, MS,  
and Joseph D. Tobias, MD

BACKGROUND: Recent data in adult patients indicate that the use of sugammadex compared 
to neostigmine for reversal of neuromuscular block (NMB) was associated with a signi!cant 
reduction in the risk of composite postoperative pulmonary complications. Despite the clinical 
signi!cance of pulmonary complications in children, studies exploring the role of NMB reversal 
in the risk of these complications are currently unavailable.
METHOD: We performed a propensity score-matched retrospective study using the Pediatric 
Health Information System (PHIS) dataset spanning the years 2016 and 2020. We studied chil-
dren <18 years who underwent elective, inpatient, noncardiac surgical procedures and received 
either neostigmine or sugammadex for reversal of NMB. Our primary outcome was major post-
operative pulmonary complication, which we de!ned as the occurrence of either postoperative 
pneumonia or respiratory failure.
RESULTS: Our study included a study population of 33,819 children, of whom 23,312 (68.9%) 
received neostigmine and 10,507 (31.1%) received sugammadex. After propensity score match-
ing (10,361 matched from each group), we found no evidence of a statistically signi!cant asso-
ciation between the NMB reversal agent and the incidence of pulmonary complications (3.1% vs 
3.1%; odds ratio [OR], 0.90; 95% con!dence interval [CI], 0.78–1.05; P = .19). The components 
of pulmonary complications, including respiratory failure and pneumonia, were not statistically 
associated with the choice of NMB reversal agent.
CONCLUSIONS: Choice of NMB reversal agent does not appear to impact the incidence of major 
postoperative pulmonary complications. Further research is needed to determine whether our 
results carry forth across subpopulations de!ned by surgical specialty, the presence of complex 
chronic conditions, and anesthesia technique. (Anesth Analg 2021;00:00–00)

KEY POINTS
• Question: What is the association between the choice of neuromuscular block reversal and 

incident postoperative pulmonary complications among children undergoing inpatient noncar-
diac surgery?

• Findings: In a large multi-institutional cohort of 33,819 children undergoing noncardiac 
surgery, there was no difference in the risk-adjusted incidence of postoperative pulmonary 
complications between children receiving sugammadex and those receiving neostigmine.

• Meaning: Compared to neuromuscular block reversal with neostigmine, the use of sugamma-
dex did not appear to be superior regarding prevention of postoperative pulmonary complica-
tions in children who underwent a wide variety of inpatient surgical procedures.

GLOSSARY
CI = con!dence interval; CTC = clinical transaction classi!cation; GEE = general estimating equa-
tion; ICD = International Classi!cation of Diseases; IQR = interquartile range; NMB = neuromuscu-
lar block; OR = odds ratio; PHIS = Pediatric Health Information System; TOF = trend of four

Despite unprecedented advances in contempo-
rary medical care in the United States,1 surgi-
cal procedures continue to carry the risk of 

postoperative complications, which may be severe, 
expensive, and may even lead to morbidity and 
mortality. One of the 3 most common postsurgical 

Pediatric Anesthesiology
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• Propensity score-matched 
retrospective study using the 
Pediatric Health Information 
System (PHIS) dataset spanning 
the years 2016 and 2020

• Studied children <18 years who 
underwent elective, inpatient, 
noncardiac surgical procedures 
and received either neostigmine 
or sugammadex for reversal of 
NMB

• Primary outcome was major 
postoperative pulmonary 
complication, which we defined 
as the occurrence of either 
postoperative pneumonia or 
respiratory failure
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Reversal Agents and Postoperative Pulmonary 
Complications in Children

• 33,819 children 
• 23,312 (68.9%) received neostigmine
• 10,507 (31.1%) received sugammadex

• No evidence of a statistically significant association 
between the NMB reversal agent and the incidence of 
pulmonary complications

• Choice of NMB reversal agent does not appear to impact 
the incidence of major postoperative pulmonary 
complications

Beltran, Ralph J. MD; Mpody, Christian MD, PhD, MBA, MPH; Nafiu, Olubukola O. MD, FRCA, MS; Tobias, Joseph D. MD Association of Sugammadex or Neostigmine 
With Major Postoperative Pulmonary Complications in Children, Anesthesia & Analgesia: January 12, 2022 - Volume - Issue - 10.1213/ANE.0000000000005872 doi: 
10.1213/ANE.0000000000005872
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Sugammadex and hormonal contraceptives

• According to the package insert from Merck & Co, Inc. 
• “5.6 Due to the administration of Bridion, certain drugs, 

including hormonal contraceptives, could become less 
effective due to a lowering of the (free) plasma 
concentrations.” 
• “7.3 In vitro binding studies indicate that Bridion may bind 

to progestogen, thereby decreasing progestogen exposure. 
Therefore, the administration of a bolus dose of Bridion is 
considered to be equivalent to missing dose(s) of oral 
contraceptives containing an estrogen or progestogen. 
• If an oral contraceptive is taken on the same day that 

Bridion is administered, the patient must use an 
additional, non-hormonal contraceptive method or back-
up method of contraception for the next 7 days.”

32

Sugammadex and hormonal contraceptives

• Sugammadex may interfere with 
hormonal contraception

• Counsel patients about 
decreased effectiveness of 
hormonal contraceptives with 
use of sugammadex for reversal 
of  neuromuscular blockade

• Revise informed consent

• Documentation
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work!ows.3 Eagle et al’s1 approach currently takes 5–10 
seconds to read each syringe. Even if we accept that this is 
due to the current devices being prototypes and that this 
read time will reduce to something workable for the clini-
cian in the future, there remains the problem that reading 
the syringe after the contents have been administered will 
result in dose and substitutions errors being duly recorded 
rather than prevented. I would have liked to see some effort 
to make the new dose tracking system compatible with 
existing drug administration procedures in anesthesia in a 
way that considers how to preserve existing safeguards and 
also attempts to avoid potential unintended consequences 
of system change.

Craig S. Webster, MSc, PhD
Department of Anaesthesiology

Centre for Medical and Health Sciences Education
University of Auckland

Auckland, New Zealand
c.webster@auckland.ac.nz 
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technologies. In future design iterations, we would hope 
to shorten the read time, improve the ergonomics, and per-
haps also combine the dose logging function with a pread-
ministration identity check to prevent substitution error.

Benjamin Eagle, MBChB
Morriston Hospital

ABM University Health Board
Swansea, United Kingdom 

David J. Williams, MBChB
Welsh Centre for Burns

ABM University Health Board
Swansea, United Kingdom

Swansea University College of Medicine
Swansea, United Kingdom 

John Dingley, MD
ABM University Health Board

Swansea, United Kingdom
Swansea University College of Medicine

Swansea, United Kingdom
j.dingley@swan.ac.uk 
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Investigation of 2 Prototypes of 
Novel Noncontact Technologies for 
Automated Real-Time Capture of 
Incremental Drug Administration 
Data From Syringes

In Response

We share Dr Webster’s concerns regarding human 
factors and the high incidence of drug substitu-
tion error. Dr Webster correctly points out that 

our device is a record keeper rather than a drug identity 
check system, and therefore it is not designed to prevent 
drug substitution errors.

Prevention of substitution errors and drug dose logging 
are 2 different problems that occur at different stages of the 
work!ow. Patient identity must be con"rmed and dose cal-
culation made before the drug is administered; however, 
logging of the administered dose can only be performed 
after administration of the drug.

We do not suggest that use of our device should replace 
an identity check before drug administration and therefore 
disagree with the suggestion that our device would increase 
the risk of drug substitution errors or that it “solves 1 prob-
lem only to create another.”

Our device is an early proof of concept prototype to 
demonstrate that it is feasible to create an automated sys-
tem for logging administered drug doses using existing 

Sugammadex and Oral Contraceptives: 
Is It Time for a Revision of the 
Anesthesia Informed Consent?

To the Editor

Our institutions, along with many others across the 
country, have revised protocols to address poten-
tial issues for women on oral contraceptives who 

have received sugammadex in the perioperative period. 
According to the package insert from Merck & Co, Inc, “5.6 
Due to the administration of Bridion, certain drugs, includ-
ing hormonal contraceptives, could become less effective 
due to a lowering of the (free) plasma concentrations.” The 
insert also states, “7.3 In vitro binding studies indicate that 
Bridion may bind to progestogen, thereby decreasing pro-
gestogen exposure. Therefore, the administration of a bolus 
dose of Bridion is considered to be equivalent to missing 
dose(s) of oral contraceptives containing an estrogen or 
progestogen. If an oral contraceptive is taken on the same 
day that Bridion is administered, the patient must use an 
additional, non-hormonal contraceptive method or back-
up method of contraception for the next 7 days.” Due to 
these warnings, it is our understanding that many anesthe-
siologists and their institutions have gone to great lengths 
to notify patients of this potential risk by providing both 
counseling and additional discharge paperwork suggesting 
alternative contraceptive use for this patient subset.

Interestingly, a similar potential risk exists with the 
administration of common perioperative antibiotics. The 
package insert for a common oral contraceptive ORTHO-
NOVUM tablets (norethindrone/ethinyl estradiol) states, 
“Contraceptive effectiveness may be reduced when hor-
monal contraceptives are coadministered with antibiotics, 
anticonvulsants, and other drugs that increase the metabo-
lism of contraceptive steroids.” While some of the impli-
cated medications include antibiotics that are frequently 

Corda, David M. MD; Robards, Christopher B. MD Sugammadex and Oral Contraceptives: Is It Time for a Revision of the Anesthesia Informed Consent?, 
Anesthesia & Analgesia: February 2018 - Volume 126 - Issue 2 - p 730-731 doi: 10.1213/ANE.0000000000002677
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Sugammadex and hormonal contraceptives
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Informed Consent for Sugammadex 
and Oral Contraceptives: Through the 
Looking Glass

To the Editor

We read with interest Dr Corda and Robard’s1 recent 
letter to the editor regarding sugammadex and 
informed consent. While well intended, their asser-

tion “a similar potential risk exists with the administration of 
common perioperative antibiotics” in terms of effect on con-
traceptive effectiveness is a misconception held by too many 
physicians. In fact, rifampin and rifabutin are the only anti-
biotics demonstrated to affect the metabolism of combined 
hormonal or progestin-only contraceptives. This is evidenced 
by World Health Organization recommendations2 regarding 
broad-spectrum antibiotics and hormonal contraceptives, as 
well as recent reviews in the obstetrics literature.3 Luckily, nei-
ther rifampin nor rifabutin is in common use perioperatively.

The more salient issue at hand is the use of sugamma-
dex in women of childbearing age, many of whom take hor-
monal contraceptives. In vitro studies have demonstrated 
the ability of sugammadex to bind progestogen, and likely 
render that day’s dose of hormonal birth control ineffec-
tive. This is the equivalent of a missed contraceptive dose. 
This then necessitates our patients use a nonhormonal birth 
control method for the next 7 days, which in turn requires 
the documentation of said recommendation. Discussions on 
this topic have focused on informed consent and appropri-
ate documentation of this risk. What if we took a step back?

The approval of sugammadex has led to its widespread 
use—in our institution, I have encountered second-year 
anesthesia residents (CA-1s) who have never prepared 
a dose of neostigmine and glycopyrrolate. Admittedly, 
sugammadex is a highly effective and reliable agent. When 

used in the appropriate situation, it is fantastic, especially for 
emergency reversal of high doses of rocuronium. However, 
we must be cautious and not let sugammadex’s ubiquity 
and ease lull us into complacency. As female anesthesiolo-
gists who have utilized hormonal birth control, we try to do 
for our patients what we would appreciate someone doing 
for us—look at the big picture.

Women in their teens and 20s are about twice as likely 
as older women to have an unintended pregnancy while 
using birth control, usually due to forgetting or mistiming 
their oral contraceptives.4 These patients are the same ones 
we are most concerned about providing informed consent 
to regarding sugammadex and hormonal birth control. 
Realize that a teenager or young adult presenting for same 
day surgery with parents in tow is unlikely to be forthcom-
ing regarding contraceptive use. This lack of disclosure does 
not make us any less responsible to provide them with a 
safe and uncomplicated anesthetic. At the same time, the 
fact that they or their parents signed a consent form that 
frees us from litigation does not free us from the respon-
sibility to be wise clinicians. Why needlessly increase the 
potential for unplanned pregnancy?

So long as neostigmine and glycopyrrolate are available 
and not prohibitively expensive, we should make a point in 
our practice to not use sugammadex for rocuronium rever-
sal in women of childbearing age in situations where neo-
stigmine and glycopyrrolate will have equal effectiveness. 
Ask yourselves the question we put to our residents:

“Why complicate a patient’s life to simplify your own?”

Audra M. Webber, MD
Melissa Kreso, MD

Department of Anesthesiology and Perioperative Medicine
University of Rochester School of Medicine and Dentistry

Rochester, New York
Audra_webber@urmc.rochester.edu 
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• Women in their teens and 20s 
are about twice as likely as 
older women to have an 
unintended pregnancy while 
using birth control

• Adolescents with parents in 
tow may not be forthcoming 
regarding contraceptive use

• Consider using using 
neostigmine in lieu of 
sugammadex in these patients
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Summary

• Choose your patients 
wisely
• Keep them hydrated
• Keep them strong
• Keep them informed
• Stay thoughtful in how you 

care for them
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Questions
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