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ABSTRACT
Background: Most common anesthetic agents have been implicated in 
causing neurodegeneration in the developing animal brain, leading to warn-
ings regarding their use in children. The hypothesis of this study was that 
exposure to general anesthesia and surgery before 4 yr would associate with 
adverse neurodevelopmental outcomes at age 7 to 16 yr.

Methods: This cohort study comprised 13,433 children enrolled in the Avon 
Longitudinal Study of Parents and Children, a prospective, population-based 
birth cohort born between 1991 and 1993 in southwest England. Children 
were grouped by none, single, or multiple exposures to general anesthe-
sia and surgery by 4 yr. Motor, cognitive, linguistic, educational, social, and 
behavioral developmental outcomes were evaluated at 7 to 16 yr using school 
examination results, validated parent/teacher questionnaires, or clinic assess-
ments. Continuous outcomes were z-scored. P-value thresholds were cor-
rected using false discovery rate procedures.

Results: This study compared 46 neurodevelopmental outcomes in 13,433 
children: 8.3% (1,110) exposed singly and 1.6% (212) exposed multiply to 
general anesthesia and surgery. Of these, the following reached predefined 
levels of statistical significance (corrected P < 0.00652): dynamic balance 
scores were 0.3 SD (95% CI, 0.1, 0.5; P < 0.001) lower in multiply exposed 
children; manual dexterity performance was 0.1 SD (95% CI, 0.0, 0.2;  
P = 0.006) lower in singly and 0.3 SD (95% CI, 0.1, 0.4; P < 0.001) lower 
in multiply exposed children; and social communication scores were 0.1 SD 
(95% CI, 0.0, 0.2; P = 0.001) and 0.4 SD (95% CI, 0.3, 0.5; P < 0.001) 
lower in singly and multiply exposed children, respectively. General anesthesia 
and surgery were not associated with impairments in the remaining neurode-
velopmental measures including: general cognitive ability; attention; working 
memory; reading, spelling, verbal comprehension and expression; behav-
ioral difficulties; or national English, mathematics, and science assessments  
(all ≤0.1 SD; corrected P ≥ 0.00652).

Conclusions: Early childhood general anesthesia and surgery were not 
associated with a global picture of clinically and statistically significant neuro-
degenerative effects, providing reassurance about the neurotoxic potential of 
general anesthesia. Exposure to anesthesia and surgery was associated with 
significantly lower motor and social linguistic performance.

(ANESTHESIOLOGY 2020; 133:1007–20)
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic

•	 In preclinical studies many general anesthetic agents cause accel-
erated neuronal apoptosis after extended periods of exposure in 
early development

•	 In most human studies, there is good evidence that brief exposure 
to general anesthesia in infancy does not result in poorer neurocog-
nitive outcome when tested in early childhood

•	 There is mixed but generally poor evidence for an association 
between exposure in early childhood and a range of other neurode-
velopmental or behavioral outcomes

What This Article Tells Us That Is New

•	 In a large longitudinal human birth cohort comparing children who 
were exposed or not to anesthesia and surgery before 4 yr, there 
was no evidence for a global picture of clinically and statistically 
significant long-term neurotoxic effects in a comprehensive array of 
neurodevelopmental measures between 7 and 16 yr of age

•	 However, among the 46 neurodevelopmental outcomes assessed, there 
was evidence of an increased risk of poorer motor function measured 
by dynamic balance in multiply exposed children and lower manual dex-
terity in multiply and singly exposed children, whereas social commu-
nication scores were also lower in multiply and singly exposed children

ALL commonly used intravenous and inhalational 
anesthetic agents have been shown to increase neu-

ronal apoptosis in immature animals, including nonhuman 

primates, with some drugs adversely affecting long-term 
learning and behavior.1,2 Although long-term neuro-
toxic risks in humans remain uncertain, the U.S. Food and 
Drug Administration recently cautioned against lengthy or 
repeated general anesthesia or sedation in the third trimester 
of pregnancy and children aged less than 3 yr.3 Defining the 
risk of anesthetic-induced neurotoxicity is a pressing public 
health issue because 5% of children aged less than 6 yr in 
the United Kingdom undergo general anesthesia annually.4,5

Concerns that fetuses, babies, and young children exposed 
to general anesthesia may experience long-lasting neurotoxic 

10.1097/ALN.0000000000003522

http://creativecommons.org/licenses/by/4.0/


1008	 Anesthesiology 2020; 133:1007–20	

PERIOPERATIVE MEDICINE

Walkden et al.

effects has motivated a number of clinical studies, predom-
inantly in Europe, North America, and Australia, over the 
last decade.6 Most have employed retrospective study designs 
because of ethical and practical challenges associated with 
randomization to omit general anesthesia and the need for 
lengthy follow-up. These observational studies are heteroge-
neous in their methodologies, limited by residual confound-
ing and often analyze small samples. Although some studies 
have offered reassurance,7–10 others have reported long-term 
neurodevelopmental deficits after single exposures11–18 and 
larger deficits after multiple exposures.18–22 Pooled effect 
estimates from observational studies indicate at least a mod-
est risk of impaired neurodevelopment after general anes-
thesia and surgery in childhood.23,24 To date, one randomized 
controlled trial of 722 children undergoing spinal versus gen-
eral anesthesia for herniorrhaphy before 60 weeks postmen-
strual age has reported equivalent cognitive scores at age 225 
and 5 yr.26 However, the authors caution that more com-
prehensive cognitive assessment, possible in later childhood, 
may yet detect latent neurotoxic effects and that repeated or 
prolonged exposures remain concerning.

We hypothesized that exposure to general anesthesia 
(single or multiple) and any surgery before 4 yr of age would 
associate with adverse neurodevelopmental outcomes at 
age 7 to 16 yr. We tested this hypothesis in a large, popu-
lation-based, representative birth cohort from the United 
Kingdom that contains a rich description of confounding 
factors and detailed, prospective assessment of multiple neu-
rodevelopmental domains into adolescence.

Materials and Methods

Avon Longitudinal Study of Parents and Children

The Avon Longitudinal Study of Parents and Children is 
a prospective population-based birth cohort that invited 
enrollment of all pregnant women in the Avon area of 

southwest England with estimated delivery dates between 
April 1, 1991, and December 31, 1992 (participation rate, 
75.3%).27,28 Informed consent for the use of data collected 
via questionnaires/clinics was obtained from participants 
following the recommendations of the Avon Longitudinal 
Study of Parents and Children Ethics and Law Committee 
at the time. Ethical approval for the current study was 
obtained from the Avon Longitudinal Study of Parents and 
Children Ethics and Law Committee and local Research 
Ethics Committees (proposal B3105). A data-processing 
and statistical-analysis plan was written and filed with the 
Avon Longitudinal Study of Parents and Children Ethics 
and Law Committee and approved on May 1, 2018, before 
the data were accessed. The study website contains full 
details of approved proposals (http://proposals.epi.bristol.
ac.uk; accessed September 11, 2019), and all data are avail-
able through a fully searchable data dictionary and variable 
search tool (http://bristol.ac.uk/alspac/researchers/our-
data/; accessed September 11, 2019).

No statistical power calculation was conducted before the 
study. The sample size was based on the available data. The 
final data set comprised 13,433 children, as shown in figure 1.  
From an initial sample of 15,643 fetuses ever enrolled in 
the Avon Longitudinal Study of Parents and Children, we 
excluded withdrawn children, pregnancies that miscarried, 
children who died before 1 yr of age, children of indeter-
minate anesthetic exposure status, and children with inde-
pendent risk factors for poor neurodevelopmental outcome 
(birth asphyxia,29 neurologic or neuromuscular,15,30 or com-
plex cardiac30–32 or genetic disorders).

General Anesthetic Exposure

The brain is thought to be particularly vulnerable to anes-
thetic-induced neurotoxicity during a period of peak 
synaptogenesis that is important for later cognitive develop-
ment including use of language and social behavior.1,13 This 
period of vulnerability is poorly defined in humans, which 
may explain why exposure to anesthesia has been hetero-
geneously defined in the literature. We defined the expo-
sure as general anesthesia and surgery before 4 yr of age in 
line with a number of large observational studies.12,14,20,33 
Exposure was coded from questionnaire/clinic responses 
as none, one, or multiple general anesthetics and surgery 
by age 4 yr in a three-level categorical exposure variable. 
Age at exposure was determined from questionnaire/clinic 
responses or the time of questionnaire/clinic completion 
where not specified (Supplemental Digital Content, table 1, 
http://links.lww.com/ALN/C468).

Neurodevelopmental Outcomes

Neurodevelopmental outcomes (table  1; Supplemental 
Digital Content, methods, http://links.lww.com/ALN/
C468) were selected a priori if they used validated tools and 
methods and were assessed after 6 yr of age, to distinguish 

This article is featured in “This Month in Anesthesiology,” page 1A. This article is 
accompanied by an editorial on p. 967. Supplemental Digital Content is available for 
this article. Direct URL citations appear in the printed text and are available in both 
the HTML and PDF versions of this article. Links to the digital files are provided in the 
HTML text of this article on the Journal’s Web site (www.anesthesiology.org). This 
article has an audio podcast. This article has a visual abstract available in the online 
version. Part of the work presented in this article has been presented at the Anesthetic 
Research Society and British Journal of Anesthesia Research Forum, Royal College of 
Anaesthetists in London, United Kingdom, May 9, 2019.

Submitted for publication September 11, 2019. Accepted for publication July 27, 
2020. Published online first on September 4, 2020. From the School of Physiology, 
Pharmacology and Neuroscience (G.J.W., H.G., A.E. Peters, A.E. Pickering), the Medical 
Research Council Integrative Epidemiology Unit (N.M.D.), the Department of Population 
Health Sciences (N.M.D.), and the School of Psychological Science (I.W.), University of 
Bristol, Bristol, United Kingdom; the Department of Anaesthesia, Pain and Critical Care 
Sciences, Translational Health Sciences, Bristol Medical School, Bristol Royal Infirmary, 
Bristol, United Kingdom (G.J.W., H.G., A.E. Peters, A.E. Pickering); the Department of 
Paediatric Anaesthesia, Bristol Royal Hospital for Children, Bristol, United Kingdom (H.G.); 
and the K.G. Jebsen Center for Genetic Epidemiology, Department of Public Health and 
Nursing, Norwegian University of Science and Technology, Trondheim, Norway (N.M.D.).
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long-term neurotoxic effects from short-term postopera-
tive cognitive–behavioral changes. Only those tests that had 
data for more than 6,000 children were included. A number 

of sensitivity analyses were performed in cognitive and lin-
guistic domains on further outcomes (containing 6,000 
observations or less), as detailed in table 1 and Supplemental 

Fig. 1.  Flowchart of study participants. The 15,643 fetuses enrolled in the Avon Longitudinal Study of Parents and Children (ALSPAC) includes 
14,541 initially enrolled in phase I, as well as enrichment at phases II (at age 7 yr) and III (at age 8 yr). The 1,377 excluded with indeterminate expo-
sure status comprised those who (1) identified as having undergone general anesthesia for gynecological (8), urological (81), ophthalmic surgery 
(1,021), appendectomy (177), or fracture fixation (90) at some point in the Avon Longitudinal Study of Parents and Children timeline but (2) under-
went no other general anesthesia and surgery by 4 yr of age. This is because questionnaire/clinic data sources for these operations all date from a 
time point after 4 yr of age, and age of exposure was not sought (see Supplemental Digital Content, table 1, http://links.lww.com/ALN/C468). Had 
we retained these children with their age of exposure set to the clinic or questionnaire completion age, then we would have misclassified exposed 
children as unexposed and null-biased estimates of neurotoxic effect. The 72 excluded with independent risk factors for poor neurodevelopmental 
outcome suffered birth asphyxia,29 neurologic or neuromuscular,15,30 complex cardiac,30–32 or genetic disorders.

http://links.lww.com/ALN/C468
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Table 1.  Summary of Neurodevelopmental Outcomes 

Neurodevelopmental 
Outcome

Variable  
Type

Domain  
Measured

Age (Median), yr  
(IQR, range) Assessment Dichotomization

Educational outcomes      
Key stage 2 English, mathematics, 

and science
Continuous scores Educational performance 11.2 (10.9, 11.4; 10.7, 11.7) Standardized national test -

Nonentry to key stage 2 exams* Binary variable Educational performance 11.2 (10.9, 11.4; 10.7, 11.7) Standardized national test -
Key stage 3 English, mathematics, 

and science
Continuous scores Educational performance 14.1 (13.8, 14.4; 13.6, 14.7) Standardized national test -

Nonentry to key stage 3 exams* Binary variable Educational performance 14.1 (13.8, 14.4; 13.6, 14.7) Standardized national test -
Key stage 4 total points score Continuous score Educational performance 15.4 (15.2, 15.8; 15.0, 16.9) Standardized national test -
Number of key stage 4 exam 

entries*
Continuous score Educational performance 15.4 (15.2, 15.8; 15.0, 16.9) Standardized national test -

Key stage 4 English and mathe-
matics A*, A, B, or C grade

Binary variables Educational performance 15.4 (15.2, 15.8; 15.0, 16.9) Standardized national test -

Key stage 4 science 2 “good” 
passes (C grade or above)

Binary variable Educational performance 15.4 (15.2, 15.8; 15.0, 16.9) Standardized national test -

Cognitive function      
Wechsler Intelligence Scale for 

Children global intelligence 
quotient

Continuous score General cognitive ability 8.6 (8.5, 8.7; 7.4, 10.5) Psychology team in clinics -

Wechsler Intelligence Scale for 
Children verbal intelligence 
quotient*

Continuous score Linguistic ability 8.6 (8.5, 8.7; 7.4, 10.5) Psychology team in clinics -

Sky search task Continuous score Attention 8.6 (8.5, 8.7; 7.4, 10.6) Psychologists in clinics -
Opposite worlds task Continuous score Attention 8.6 (8.5, 8.7; 7.4, 10.6) Psychologists in clinics -
Counting span task Continuous score Working memory 10.6 (10.5, 10.8; 9.8, 12.3) Psychologists in clinics -
Wechsler Abbreviated Scale of 

Intelligence global intelligence 
quotient*

Continuous score General cognitive ability 15.3 (15.3, 15.5; 14.3, 17.1) Psychology team in clinics -

Motor ability      
Heel-to-toe walking task Continuous score Dynamic balance 7.5 (7.4, 7.5; 6.8, 9.4) Trained assessors in 

clinics
Fail: <15 successful 

steps47

Preferred hand peg placing Continuous score Manual dexterity 7.5 (7.4, 7.5; 6.8, 9.4) Trained assessors in 
clinics

Fail: ≥23 seconds (below 
median average)47

Nonpreferred hand peg placing Continuous score Manual dexterity 7.5 (7.4, 7.5; 6.8, 9.4) Trained assessors in 
clinics

Fail: ≥26 seconds (below 
median average)47

Bean bag throwing task Continuous score Ball skills 7.5 (7.4, 7.5; 6.8, 9.4) Trained assessors in 
clinics

Fail: 0–3 accurate 
throws (less than 1 
SD from the mean)47

Social and behavioral outcomes      
Strengths and Difficulties 

Questionnaire score
Continuous scores Behavioral problems 6.8 (6.8, 6.8; 6.7, 8.4) 8.6 

(8.5, 8.7; 7.4, 10.6) 11.2 
(11.2, 11.7; 10.4, 13.5)

Maternal and teacher 
questionnaires

Most difficulties: highest 
tertile48

Skuse sociocognitive dysfunction 
score

Continuous score Sociocognitive 
dysfunction

7.6 (7.6, 7.7; 7.5, 9.3) Maternal questionnaire -

Child’s Communication Checklist 
score

Continuous score Social communication 9.6 (9.6, 9.7; 9.5, 11.0) Maternal questionnaire Impairment: ≤134 points 
(at least 2 SD below 
the mean average)49

Reading and language skills      
Basic reading test Continuous score Word recognition 7.5 (7.4, 7.5; 6.8, 9.4) Psychologists and speech 

therapists
-

Spelling test Continuous score Spelling ability 7.5 (7.4, 7.5; 6.8, 9.4) Psychologists and speech 
therapists

-

Phoneme deletion task Continuous score Phonological awareness 7.5 (7.4, 7.5; 6.8, 9.4) Psychologists and speech 
therapists

-

Wechsler Objective Language 
Dimensions comprehension task

Continuous score Verbal comprehension 8.6 (8.5, 8.7; 7.4, 10.6) Psychologists and speech 
therapists

-

Wechsler Objective Language 
Dimensions verbal expression 
task

Continuous score Verbal expression 8.6 (8.5, 8.7; 7.4, 10.6) Psychologists and speech 
therapists

-

Real-word reading test Continuous score Word recognition 9.8 (9.7, 10.0; 8.8, 11.7) Psychologists and speech 
therapists

-

Non–real-word reading test Continuous score Decoding ability 9.8 (9.7, 10.0; 8.8, 11.7) Psychologists and speech 
therapists

-

(Continued )
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Digital Content, methods (http://links.lww.com/ALN/
C468), after identifying associations in those domains in 
age-adjusted and complete case analyses.

Potential Confounders

The data were obtained from the Avon Longitudinal Study 
of Parents and Children concerning a rich pool of covariates 
based on a priori consideration of potential confounders.6 
These potential confounders included demographic vari-
ables, socioeconomic status, childhood health status, adverse 
childhood experiences, school cohort, neurotoxic exposures, 
maternal factors in childhood, maternal health in pregnancy, 
neonatal condition, and course and complications of labor 
and delivery. They were coded as presented in table 2 and 
Supplemental Digital Content, table 2 (http://links.lww.
com/ALN/C468). Depression symptoms, being bullied, 
and number of hospital admissions in childhood were not 
included as they were measured after exposure and consid-
ered potential mediators of the relationship between general 
anesthesia and surgery and neurodevelopmental outcome.

Statistical Analyses

Parametric descriptive statistics are reported where histo-
grams and standardized normal probability plots demon-
strated a normal distribution. Two-tailed hypothesis testing 
was used for all statistical tests. Analyses were performed 
using STATA, version 15.1 (StataCorp, USA).

Missing data rates are shown in Supplemental Digital 
Content, table 2 (http://links.lww.com/ALN/C468). Across 
the 79 variables used in our analyses, 635 (4.7%) children had 
no missing values, 3,387 (25.2%) had 1 to 10 missing values, 
3,117 (23.2%) had 11 to 20 missing values, and 6,294 (46.9%) 
had more than 20 missing values. Therefore, multivariate 
multiple imputation was used to impute missing values in 
100 stacked data sets with the aim of reducing the bias and 
imprecision in neurotoxic effect estimates, which may specif-
ically arise from missing data (Supplemental Digital Content, 
methods, table 3, http://links.lww.com/ALN/C468).

Neurodevelopmental outcomes were expressed using a 
variety of different units or scores. Continuous outcomes were 
z-scored (i.e. standardized to a mean of 0 and SD of 1) based 
on the mean and SD of all the individuals in the study sam-
ple. Linear regression coefficients (β) then represent a change 
of β × 1 SD in outcome score in the single or multiple 
general anesthesia and surgery group versus the unexposed 
group. Removing the unit of measurement and presenting 
effect estimates in multiples of SD simplifies interpretation 
and permits comparison of effect sizes across multiple hetero-
geneous outcome measures. Where possible, outcome scores 
were also dichotomized into clinically meaningful categories 
as described above and analyzed in parallel in logistic regres-
sion models to further aid interpretation. Dichotomized or 
binary outcomes are presented as odds ratios. Minimum clin-
ically meaningful effect sizes were not defined before data 
access. For each outcome, neurotoxic effects were (1) adjusted 
for age of outcome assessment and (2) fully adjusted for all 
confounders in complete case and multiply imputed data sets. 
Potential confounders selected from Supplemental Digital 
Content, table 2 (http://links.lww.com/ALN/C468) for 
inclusion in multivariable confounder-adjusted models were 
age of outcome assessment and those significant at the 5% 
level in univariate analyses (Supplemental Digital Content, 
table 4, http://links.lww.com/ALN/C468).

This study performed hypothesis testing on 46 neurode-
velopmental outcomes. As the number of hypotheses tested 
increases, the proportion of type I errors (false positives) can 
be expected to increase.34 One can define a “false discovery 
rate” as the ratio of the number of false-positive results to 
the number of total positive results arising from multiple 
hypothesis testing. False discovery rate procedures calculate 
corrected critical P-value thresholds (that account for mul-
tiple hypothesis testing), which replace the standard (uncor-
rected) critical P-value thresholds of P < 0.05, P < 0.01,  
and P < 0.001. We compared the P values generated by 
individual hypothesis tests with these corrected criti-
cal P-value thresholds: individual null hypotheses can be 
rejected where their P values are greater than the corrected 
critical P-value threshold. A corrected P-value threshold 

Table 1.  (Continued)

Neurodevelopmental 
Outcome

Variable  
Type

Domain  
Measured

Age (Median), yr  
(IQR, range) Assessment Dichotomization

Spelling test Continuous score Spelling ability 9.8 (9.7, 10.0; 8.8, 11.7) Psychologists and speech 
therapists

-

Test of Word Reading Efficiency 
word-reading test*

Continuous score Word recognition 13.8 (13.8, 13.9; 8.8, 11.7) Psychologists and speech 
therapists

-

Test of Word Reading Efficiency 
non-word–reading test*

Continuous score Decoding ability 13.8 (13.8, 13.9; 8.8, 11.7) Psychologists and speech 
therapists

-

A full description of neurodevelopmental outcomes is available in Supplemental Digital Content, methods (http://links.lww.com/ALN/C468).
*Sensitivity analyses.
IQR, interquartile range.

http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
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of P < 0.00652 (corresponding to P < 0.05, uncorrected) 
was the threshold for statistical significance in this study. 
This approach to mitigating against false-positive results is 
less conservative than the Bonferroni method but does not 
reduce statistical power to the same extent. A post hoc anal-
ysis to investigate the potential effects of confounding by 
indication within children undergoing otorhinolaryngeal 
procedures is explained in eMethods.

Results
Of the 13,433 children in the sample, 1,322 (9.8%) were 
exposed to general anesthesia and surgery by 4 yr of age; 
1,110 (8.3%) were exposed once, and 212 (1.6%) were 
exposed multiple times. The cumulative frequency of child-
hood exposure to general anesthesia by surgical indication 
is shown in figure 2.

Table 2.  Characteristics of Children with No, One, or Multiple General Anesthetic Exposures by Age 4 yr

Covariates

No General Anesthesia/
Surgery (N = 12,111)

Single General Anesthesia/
Surgery (N = 1,110)

Multiple General 
Anesthesia/Surgery  

(N = 212)

N Statistic N Statistic N Statistic

Female sex, %* 6,154 50.8 424 38.2 58 27.4
Maternal education, %*       
  None/certificate of secondary education 2,320 19.2 180 16.2 32 15.1
  Vocational 1,076 8.9 99 8.9 13 6.1
  O level 5,301 43.8 402 36.2 99 46.7
  A level 2,185 18 272 24.5 49 23.1
  Degree+ 1,229 10.1 157 14.1 19 9.0
Paternal education, %*       
  None/certificate of secondary education 4,736 39.1 320 28.8 60 28.3
  Vocational 906 7.5 73 6.6 16 7.5
  O level 2,123 17.5 239 21.5 55 25.9
  A level 2,687 22.2 260 23.4 55 25.9
  Degree+ 1,659 13.7 218 19.6 26 12.3
Nonfebrile convulsions, %* 795 6.6 142 12.8 30 14.2
Traumatic life events, median (interquartile range)* 9,228 2 (1–3) 1,057 3 (2–3) 193 3 (2–3)
Maternal age at delivery, %*       
  <24 yr 2,928 24.2 218 19.6 38 17.9
  25–29 yr 4,946 40.8 425 38.3 89 42.0
  30–34 yr 3,080 25.4 364 32.8 67 31.6
  35+ yr 1,157 9.6 103 9.3 18 8.5
Maternal self-rated health in pregnancy, %*       
  Always well 758 6.3 64 5.8 14 6.6
 R arely or sometimes unwell 7,789 64.3 641 57.7 120 56.6
  Often or always unwell 3,564 29.4 405 36.5 78 36.8
Maternal hospitalization in pregnancy, %** 8,094 66.8 736 66.3 158 74.5
Nonroutine screening for fetal abnormalities, %***       
  No tests 2,878 23.8 240 21.6 50 23.6
  Tested 8,415 69.5 755 68.0 137 64.6
  Abnormal test 818 6.8 115 10.4 25 11.8
Gestation (median), weeks (IQR)* 12,111 40 (39–41) 1,110 40 (38–40) 212 40 (39–40)
Birthweight (median), g (IQR)* 12,111 3,400 (3,120–3,710) 1,110 3,400 (3,030–3,720) 212 3,400 (3,040–3,760)
Apgar score at 5 min, median (IQR)** 6,289 10 (9–10) 628 10 (9–10) 120 10 (9–10)
Postnatal course, %*       
  Normal 10,373 85.6 891 80.3 158 74.5
  Prolonged stay or transitional care ward 952 7.9 79 7.1 18 8.5
  Same/other hospital special care baby unit 786 6.5 140 12.6 36 17.0
Abnormal placenta or cord, %*** 1,537 24.4 135 21.4 16 13.2
Non–breast/bottle fed at 24 h, %* 527 8.4 91 14.6 27 22.5
Neonatal jaundice, %* 4,625 38.2 516 46.5 102 48.1
Multiple gestation, %* 327 2.7 44 4.0 13 6.1
Induction of labor, %***       
  No labor 514 7.8 84 12.6 11 8.3
  Spontaneous 4,785 72.6 461 68.9 83 62.4
Artificial rupture of membranes or pharmacologic 1,291 19.6 124 18.5 39 29.3

Statistically significant differences between groups: *P < 0.05; **P < 0.01; ***P < 0.001.
IQR, interquartile range.
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As anticipated for the surgical population, there were 
significant differences in the demographics between unex-
posed and exposed groups (table  2; Supplemental Digital 
Content, table 2, http://links.lww.com/ALN/C468). 
Children undergoing general anesthesia and surgery were 
predominantly male, carried in multiple gestation preg-
nancies, and born at lower gestational age and birthweight. 
Mothers of exposed children reported worse health status 
and more hospital admissions in pregnancy, underwent 
more nonroutine fetal anomaly screening, were more often 
artificially induced into labor, and were older at delivery. 
Exposed children experienced a more complicated post-
natal course in hospital with more frequent jaundice and 
artificial feeding. In childhood, these exposed children were 
admitted to the hospital more frequently, had more nonfe-
brile convulsions, had a greater burden of depressive symp-
toms, and were more often bullied. Exposed children were 
generally born to mothers of higher occupational status and 
parents of higher educational achievement.

Example univariate associations between general anes-
thesia and surgery and potential confounders tested in the 
models are shown in Supplemental Digital Content table 
4 (http://links.lww.com/ALN/C468). In general, female 
sex, having more educated parents, and older maternal age 
at delivery were associated with improved neurodevelop-
mental outcome. Neurodevelopmental outcomes were 
generally worse in children who experienced a complex 
postnatal course and more traumatic life events in child-
hood and whose mothers reported worse health status in 
pregnancy.

The key findings from the fully adjusted and multiply 
imputed analyses are summarized in figure 3. We did not 
find that general anesthesia and surgery were associated 
with a picture of clinically and statistically significant global 
deficits in general cognitive ability; attention; sociocogni-
tive function; working memory; reading and spelling per-
formance; phonological awareness; verbal comprehension 
or expression; behavioral difficulties; or national assessments 
of English, mathematics, and science ability at key stages 2 

Fig. 2.  Anesthetic exposures throughout childhood. Shown are the cumulative numbers of exposures to general anesthesia and surgery for 
herniorrhaphy; circumcision; dental; strabismus; ear, nose, and throat; or other undefined procedures. The majority of otorhinolaryngology 
procedures were grommet insertions (70.7%) or adenoidectomy and/or tonsillectomy procedures (27.8%). Superimposed diamonds indicate 
the time points at which questionnaires/clinics provided information regarding particular operations. Children undergoing any general anes-
thesia and surgery by 4 yr of age were classified as exposed. The cumulative number of children undergoing any procedure is shown by the 
thick black line (1,322 exposures by 4 yr of age: 1,110 singly exposed and 212 multiply exposed).

http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
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and 3. The longitudinal picture across neurodevelopmen-
tal domains is therefore one of reassuringly limited impact. 
Nonetheless, we found some evidence of impairments in 
several specific neurodevelopmental subdomains. The evi-
dence for and against an association in each domain is 
described in detail below.

Educational Outcomes

We did not find that general anesthesia and surgery were 
associated with meaningful and statistically significant low-
ering of performance in standardized educational tests of 
English, mathematics, and science ability across the entire 
age range of the study. Lower CI limits on the key stage 4 
results suggest that early childhood general anesthesia and 
surgery are unlikely to be associated with anything greater 
than a 30% increase in the odds of impaired educational 

outcome. Exam nonentry, a proxy of whether children were 
below testing level, was similar between exposure groups at 
all ages in sensitivity analyses. However, lower confidence 
limits likely exceeded maximum clinically acceptable dif-
ferences in exam nonentry. In addition, 23.1 and 28.8% of 
children who were exposed to single or multiple general 
anesthetics and surgery, respectively, received special educa-
tional needs provision in school as compared with 20.3% of 
those unexposed (P = 0.001).

Cognitive Function

Measures of intelligence quotient including the Wechsler 
Intelligence Scale for Children and, in a sensitivity analysis, 
the Wechsler Abbreviated Scale of Intelligence were similar 
between exposure groups. Measures of attention and work-
ing memory were also similar between exposure groups.

Fig. 3.  Confounder-adjusted associations between general anesthesia and surgery by age 4 yr and neurodevelopmental outcomes in older 
childhood. Effect sizes derived from the multiply imputed data set (N = 13,433). (Upper) Mean differences ± 95% CI in SD units for continuous 
outcomes. (Lower) Odds ratios ± 95% CI for dichotomized outcomes. Statistical significance after correcting for type I errors associated with 
multiple testing is indicated by asterisks: *P < 0.05; **P < 0.01; and ***P < 0.001. Outcomes are assessed at median ages as indicated in 
the legend.
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Motor Ability

Children who were singly exposed had scores for heel-to-
toe walking35 (dynamic balance) and peg-placing tasks35 
(manual dexterity) that were in the order of 0.1 SD (95% 
CI, 0.0, 0.2) lower, and children who were multiply exposed 
had scores that were 0.3 SD (95% CI, 0.1, 0.5) lower (fig. 3). 
These differences were statistically significant and present 
after confounder-adjustment and correction for multiple 
outcome testing (Supplemental Digital Content, table 5, 
http://links.lww.com/ALN/C468). To illustrate the real-
world magnitude of effects, the standardized differences 
were back-transformed into original units (Supplemental 
Digital Content, figure 2, http://links.lww.com/ALN/
C468). This corresponded to a difference of at most one 
step in the heel-to-toe walking test (median score, 15 cor-
rect steps; interquartile range, 13, 15). In the peg-placing 
tasks (preferred hand median time taken, 22 s; interquartile 
range, 20, 24; nonpreferred hand median time taken, 25 s; 
interquartile range, 22, 28), this corresponds to at most a 2-s 
increase in the time required to complete a task. No differ-
ences were detected in bean bag throwing.

Social and Behavioral Outcomes

There was evidence for a lowering in pragmatic communi-
cation scores (tested at median age 9.6 yr) using the Child’s 
Communication Checklist,36 which remained after con-
founder adjustment and correction for multiple outcome 
testing (Supplemental Digital Content, table 5, http://links.
lww.com/ALN/C468). This manifested as a 0.1 SD (95% 
CI, 0.0, 0.2) lower score after single exposure and a 0.4 SD 
(95% CI, 0.3, 0.5) lower score after multiple exposures. This 
corresponds to a 50% (95% CI, 10, 110) increase in the like-
lihood of meaningful impairment for singly exposed chil-
dren and a 260% (95% CI, 130, 480) increase for multiply 
exposed children. Repeating the analysis after restricting 
the exposed children to those who underwent (1) nono-
torhinolaryngology procedures or (2) otorhinolaryngology 
procedures did not appreciably alter associations between 
general anesthesia and surgery and lower the Child’s 
Communication Checklist scores (Supplemental Digital 
Content, table 6, methods, http://links.lww.com/ALN/
C468). This did not provide evidence that confounding by 
indication could explain this result.

Multiply exposed children had 0.2 SD (95% CI, 0.1, 
0.4) more behavioral difficulties at median age 8.6 yr. This 
corresponds to a potential increase of two behavioral diffi-
culties (median recorded difficulties, 2; interquartile range, 
2, 9). Behavioral difficulties at median ages of 6.8 and 11.2 
yr were not increased by exposure to general anesthesia and 
surgery early in childhood. No intergroup differences were 
detected in sociocognitive dysfunction.

Reading and Language Skills

In a sensitivity analysis, the Test of Word Reading Efficiency 
score was 0.1 SD (95% CI, 0.0, 0.2) lower at median age 
13.8 yr in singly exposed children (fig.  3). This statisti-
cally significant difference corresponded at most to a two-
word difference in performance (median words read, 84; 
interquartile range, 77, 89). Multiple general anesthetic 
exposures and surgery were not associated with clinically 
and statistically significant differences in the Test of Word 
Reading Efficiency among multiply exposed children or in 
performance in the other nine linguistic outcomes.

Discussion
We have taken advantage of the deep phenotyping under-
taken on the Avon Longitudinal Study of Parents and 
Children to examine the impact of early childhood general 
anesthesia and surgery on long-term neurodevelopment, 
correcting for multiple confounding factors that can hinder 
the interpretation of cohort studies. This large cohort study 
employs detailed, prospective assessment of multiple neu-
rodevelopmental domains into adolescence and is the only 
such study based in the United Kingdom. Reassuringly, 
we did not find that general anesthesia and surgery were 
associated with a global picture of clinically and statistically 
significant long-term neurotoxic effects in a comprehensive 
array of neurodevelopmental measures between 7 and 16 yr 
of age. However, there was evidence of lower motor func-
tion (corroborated by multiple neurodevelopmental met-
rics) and, uniquely, lower pragmatic communication ability.

After confounder adjustment, we found that general 
anesthesia and surgery were not associated with clinically 
and statistically significant neurodevelopmental impair-
ments in general cognitive ability; attention; sociocognitive 
function; working memory; reading and spelling perfor-
mance; phonological awareness; verbal comprehension or 
expression; behavioral difficulties; or national assessments 
of English, mathematics, and science ability at key stages 
2 and 3. Lower confidence limits on these null results sug-
gest that neurodevelopmental metrics are unlikely to be 
lowered by more than 0.3 SD after general anesthesia and 
surgery. Associations for academic performance at key stage 
4 were not statistically significant, with lower confidence 
limits suggesting that anything greater than a 30% increase 
in the odds of impaired educational outcome was unlikely. 
Lower confidence limits likely exceeded maximum clini-
cally acceptable differences in exam nonentry at key stages 
2 and 3.

The General Anesthesia versus Spinal trial, an interna-
tional equivalence trial of children undergoing inguinal 
herniorrhaphy before 60 weeks of age, randomized 363 to 
spinal anesthesia and 359 to relatively short duration gen-
eral anesthesia with sevoflurane. Participants in the two 
arms of the trial had similar cognitive scores at ages 225 
and 5 yr.26 However, measures of neurocognitive function 

http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
http://links.lww.com/ALN/C468
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are unreliable in young children37 and follow-up into later 
childhood, as in the present study, is required for more reli-
able assessment.

A number of large observational studies have investi-
gated altered neurodevelopment after surgery and anesthe-
sia in early childhood.7–22,33 Schneuer et al.33 determined that 
children exposed to general anesthesia by 4 yr of age had 
poorer development at school entry (sample size, 82,156) 
and poorer reading and numeracy test performance at 8 
to 9 yr old (sample size, 153,025). Effects on development 
and reading ability, but not numeracy, were attenuated in 
a subgroup analysis that sought to minimize confounding 
by indication by restricting to children undergoing single 
general anesthesia without subsequent hospitalizations. Ing 
et al.11 used Medicaid data to construct a cohort containing 
38,493 children exposed to a single general anesthetic for 
one minor surgery before 5 yr of age and 192,465 pro-
pensity-matched controls. It reported a small increased 
risk of childhood mental disorder diagnosis after expo-
sure. However, there was no way to ascertain the source 
or accuracy of mental disorder diagnoses, and associations 
with major surgery or multiple exposures were not studied. 
Other retrospective cohort studies that have considered the 
role of early childhood general anesthesia in the diagnosis of 
mental disorders such as autism and attention deficit hyper-
activity disorder have reported contradictory findings.7,8,11

Two large observational studies have followed chil-
dren into adolescence. The Pediatric Anesthesia and 
NeuroDevelopment Assessment study comprised 105 sib-
ling pairs, where one sibling received single general anes-
thesia for inguinal herniorrhaphy by age  3 yr.10 It found 
little evidence of differences in intelligence quotient 
between sibling pairs (the primary outcome), as well as 
memory, motor or processing speed, visuospatial function, 
attention, executive function, language, or behavior (sec-
ondary outcomes), by ages 8 to 15 yr. The Mayo Anesthesia 
Safety in Kids observational study comprised a matched 
cohort of 997 children, 586 of whom underwent one or 
more general anesthetics before 3 yr of age.22 It found no 
evidence that general anesthesia and intelligence quotient 
(the primary outcome) were associated at age 8 to 20 yr 
but reported tentative associations in some secondary out-
comes including processing speed, fine motor function, 
and parentally reported executive function, behavior, and 
reading for multiply exposed children (as will be discussed 
later). A recent analysis of the Mayo Anesthesia Safety in 
Kids data found no evidence that general anesthesia was 
associated with impaired performance in the Operant Test 
Battery,38 which measures aspects of motivation, visual dis-
crimination, attention, response speed, time perception, 
learning, and memory and is analogous to tests in which 
infant macaques exposed to ketamine have demonstrated 
poor performance. The results of the present study are sup-
portive of associations between general anesthesia and fine 
motor and linguistic development but not of those relating 

to executive function or behavior identified in the Mayo 
Anesthesia Safety in Kids study.

Standardized national tests of educational achievement 
are of interest to parents/guardians and permit whole-pop-
ulation data linkage studies. Performance reflects cognitive 
ability as well as the influence of multiple other factors,39 
including the intensity of educational support.40 Although 
some large, retrospective anesthetic-induced neurotox-
icity studies have provided reassurance concerning aca-
demic achievement,9 others offer contrary evidence.12,15,17 
Although we did not find that general anesthesia and sur-
gery were associated with any meaningful and statistically 
significant lowering of educational achievement, we found 
evidence that the number of children with special educa-
tional needs provision in schools increased with increas-
ing exposure to general anesthesia and surgery. It therefore 
remains possible that any neurotoxic influence was com-
pensated for by interventions from the education system.

An important finding of the present study is an associa-
tion between general anesthesia and surgery and pragmatic 
ability in social communication, assessed by parents using the 
Child’s Communication Checklist at the age 9.6 yr. Singly 
and multiply exposed children had graded 50 and 260% 
increases in the odds of clinically significant impairment 
in pragmatic communication ability. Similar impairments 
were evident in complete case, multiply imputed, age- and 
confounder-adjusted analyses. The Child’s Communication 
Checklist highlights reported traits in social and pragmatic 
aspects of communication.36 Although relying on parental 
report, the observed differences in Child’s Communication 
Checklist score are unlikely to represent a reporting bias by 
hypervigilant parents (who may have a heightened aware-
ness of communication/social function) in the anesthetic 
exposed groups because other parentally assessed metrics 
(i.e. Strengths and Difficulties Questionnaire scores) offered 
discordant results. To date, no other studies have considered 
the neurotoxic potential of general anesthesia on social 
aspects of communication, which are not readily assessed 
by conventional tests.

At median age 7.5 yr, we detected lower clinic-assessed 
dynamic balance and manual dexterity scores, primarily in 
multiply exposed children. However, the magnitude of the 
differences in motor scores in the present study are smaller 
than the definitions of moderate fine motor impairment (at 
least 1 SD below mean) used in prenatal alcohol exposure 
literature.41 Anesthetic-induced neurotoxicity studies that 
have examined motor outcomes offer conflicting evidence. 
The Mayo Anesthesia Safety in Kids study reported that a 
fine motor composite score used as a secondary outcome 
was lower in multiply but not singly exposed children.22 
Subsequent reanalysis of the Mayo Anesthesia Safety in 
Kids study, this time accounting for multiple testing, sup-
ported this conclusion: a factor representing motor skills, 
visual–motor integration, and processing speed was 0.35 
(95% CI, 0.13, 0.57) SD units lower in multiply exposed 
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children,42 in keeping with the findings of the present study. 
In contrast, general anesthesia was not found to be asso-
ciated with impaired motor development in the Pediatric 
Anesthesia and NeuroDevelopment Assessment study10 or 
the General Anesthesia versus Spinal trial.25 However, the 
differences in motor scores found in our study are compa-
rable with the clinical equivalence margin of 0.3 SD units, 
which was selected as being clinically meaningful for the 
primary outcome of the General Anesthesia versus Spinal 
trial.25 These effects merit further investigation, ideally using 
an experimental design with assessment in this domain as a 
key outcome.

Strengths and Limitations

This is a large cohort study based on 13,433 children, which 
provides the statistical power to detect potentially subtle 
neurotoxic effects. The study benefits from a diverse battery 
of sensitive, validated neurodevelopmental outcomes that 
were assessed prospectively by trained assessors or parents/
teachers, as well as linkage to standardized national academic 
test results. Follow-up extended through adolescence.

An inherent criticism of observational studies of anes-
thetic-induced neurotoxicity is the inability to delineate 
the neurodevelopmental effects of anesthesia from those 
of surgery. “Confounding by indication” can occur where 
the disease or the surgery itself is an independent risk fac-
tor for poor neurodevelopmental outcome. In the pres-
ent study, children with middle ear effusions who were 
referred for grommet insertion were at risk of delayed 
speech/language development, either because they may 
have prolonged bilateral hearing loss43 or because they 
have craniofacial abnormalities associated with impaired 
neurodevelopment.44 Children referred for adenotonsil-
lectomy for obstructive sleep apnea are also at risk of 
impaired neurodevelopment.45 This source of bias tends to 
cause false-positive findings, i.e. if surgery were harmful, 
we would misattribute these effects to anesthesia. Although 
post hoc analyses that (1) excluded or (2) restricted chil-
dren undergoing otorhinolaryngology procedures did not 
seem to alter associations for the Child’s Communication 
Checklist, associations that we detect between general 
anesthesia and surgery and lowered performance in motor 
and social communication outcomes may still be explained 
by confounding by indication. In contrast, the generally 
negative findings of our study are unlikely to be under-
mined by this source of bias.

Confounding in the analysis was addressed by excluding 
children with independent risk factors for impaired neuro-
development and by adjusting for multiple factors through-
out the life course. More educated parents were more likely 
to have children that (1) underwent general anesthesia and 
surgery and (2) had better neurodevelopmental outcomes. 
More educated parents are also more likely to successfully 
pursue special educational needs provision for their chil-
dren.46 Residual confounding through either mechanism 

may mask a harmful effect of general anesthesia and surgery 
if parental education is not adequately controlled for. Data 
concerning preexisting health conditions and perioperative 
factors (e.g., child distress, coadministered drugs, duration, 
oxygenation, cardiovascular status, complications, postop-
erative pain scores) were unavailable in the present study. 
Confounding by such factors could in part explain the 
consistent pattern toward lowered performance in neuro-
development outcomes after general anesthesia and surgery 
(evident in number of previous cohort studies18–21), as well 
as our findings concerning motor function and pragmatic 
communication ability.

Another limitation of our work is insufficient detail in 
the ascertainment of exposure in a birth cohort that was not 
designed for this specific purpose. First, the exact timing 
of general anesthesia and surgery was frequently unknown, 
being set to the timing of the later questionnaire or clinic, 
and therefore a minority of children exposed before the age 
of 4 yr may have been misclassified as undergoing general 
anesthesia and surgery after age 4 yr (unexposed) in the 
final data set. Second, except for otorhinolaryngology pro-
cedures, it was not possible to determine whether children 
had one or multiple procedures within each surgical spe-
cialty. The definition of exposure may thus have underesti-
mated the number of multiply exposed children, potentially 
biasing the neurotoxic effect estimates. This may result in an 
overestimate of the effects of single exposure and underes-
timate the effects of multiple exposures. Third, we have no 
estimate of dose or duration of anesthetic exposure, limiting 
our ability to make inferences about dose-response.

Finally, children in this cohort would have undergone 
general anesthesia and surgery between 1991 and 1997. 
Since then there have been widespread changes in the anes-
thetic techniques and the level of monitoring and training 
of the clinicians providing care. Such changes are likely to 
have improved pediatric anesthetic care, so the generally 
reassuring conclusions from the present study probably 
remain generalizable to current pediatric anesthetic practice 
in developed countries.

Conclusions

This study provides a further degree of reassurance to par-
ents/guardians and to all care providers, especially surgeons 
and anesthesiologists, that pediatric anesthesia and surgery 
is unlikely to be associated with long-term neurodegen-
erative effects in a developed world setting. However, we 
provide evidence of association between general anesthesia 
and surgery and impaired motor development and complex 
linguistic development. We suggest that researchers study-
ing possible anesthetic harms examine motor and complex 
linguistic outcomes a priori in addition to the intelligence 
quotient and educational outcomes, which have been the 
primary focus of previous studies. Our results do not pro-
vide a clear phenotype of anesthetic-induced neurodevel-
opmental impairment and do not warrant a change in care 
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but do provide target outcomes for future trials concern-
ing this most pressing issue in modern pediatric anesthetic 
practice.
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Section A: Are the results valid? 

1. Was there a clear
statement of the aims of
the research?

Yes HINT: Consider 
• what was the goal of the research

• why it was thought important
• its relevance

Can’t Tell 

No 

Comments: 

2. Is a qualitative
methodology
appropriate?

Yes HINT: Consider 

• If the research seeks to interpret or
illuminate the actions and/or subjective 

experiences of research participants 

• Is qualitative research the right

methodology for addressing the

research goal 

Can’t Tell 

No 

Comments: 

Is it worth continuing? 

3. Was the research
design appropriate to
address the aims of the
research?

Yes HINT: Consider 

• if the researcher has justified the
research design (e.g. have they

discussed how they decided which 
method to use) 

Can’t Tell 

No 

Comments: 
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4. Was the recruitment 
strategy appropriate to 
the aims of the 
research? 

Yes  
 

HINT: Consider 

• If the researcher has explained how the 
participants were selected 

• If they explained why the participants 
they selected were the most 

appropriate to provide access to the 
type of knowledge sought by the study 

• If there are any discussions around 
recruitment (e.g. why some people 

chose not to take part) 

Can’t Tell  
 

No  
 

 

 
Comments: 

 

5. Was the data collected in 
a way that addressed the 
research issue? 

Yes  
 

HINT: Consider  

• If the setting for the data collection was 
justified 

• If it is clear how data were collected (e.g. 
focus group, semi-structured interview 

etc.) 

• If the researcher has justified the methods 
chosen 

• If the researcher has made the methods 
explicit (e.g. for interview method, is there 

an indication of how interviews are 
conducted, or did they use a topic guide) 

• If methods were modified during the 
study. If so, has the researcher 

explained how and why 
• If the form of data is clear (e.g. tape 
recordings, video material, notes etc.) 

• If the researcher has discussed 
saturation of data 

Can’t Tell  
 

No  
 
 

 
Comments:  
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6. Has the relationship 
between researcher and 
participants been 
adequately considered? 

Yes   HINT: Consider 

• If the researcher critically 
examined their own role, 

potential bias and influence 
during (a) formulation of the 

research questions (b) data 
collection, including sample 

recruitment and choice of 
location 

• How the researcher responded to 
events during the study and 

whether they considered the 
implications of any changes in the 

research design 

Can’t Tell  

No  

  

 

Comments: 
 
 
 

 
Section B: What are the results? 

 

7. Have ethical issues been 
taken into consideration? 
 

Yes  
 

HINT: Consider 

• If there are sufficient details of how the 
research was explained to participants for 

the reader to assess whether ethical 
standards were maintained 

• If the researcher has discussed issues 
raised by the study (e.g. issues around 

informed consent or confidentiality or how 
they have handled the effects of the study 

on the participants during and after the 
study) 

• If approval has been sought from 
the ethics committee  

Can’t Tell  
 

No  
 

  

 

Comments: 
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8. Was the data analysis 
sufficiently rigorous? 

Yes  
 

HINT: Consider  

• If there is an in-depth description of the 
analysis process 

• If thematic analysis is used. If so, is it clear 
how the categories/themes were derived 

from the data 

• Whether the researcher explains how the 
data presented were selected from the 

original sample to demonstrate the analysis 
process 

• If sufficient data are presented to support 
the findings 

• To what extent contradictory data are 
taken into account 

• Whether the researcher critically examined 
their own role, potential bias and influence 

during analysis and selection of data for 
presentation 

 

Can’t Tell  
 

No  
 

 

 

Comments: 

 

9. Is there a clear statement 
of findings? 

Yes  
 

HINT: Consider whether 

• If the findings are explicit 

• If there is adequate discussion of the 
evidence both for and against the 

researcher’s arguments 

• If the researcher has discussed the 
credibility of their findings (e.g. 

triangulation, respondent validation, more 
than one analyst) 

• If the findings are discussed in relation to 
the original research question 

Can’t Tell  
 

No  
 

 

 

Comments: 
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Section C: Will the results help locally? 
 

10. How valuable is the 
research? 

  
 
 
 

HINT: Consider 

• If the researcher discusses the 
contribution the study makes to existing 

knowledge or understanding (e.g. do they 
consider the findings in relation to current 

practice or policy, or relevant research-
based literature 

• If they identify new areas where research 
is necessary  

• If the researchers have discussed whether 
or how the findings can be transferred to 

other populations or considered other 
ways the research may be used 
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BACKGROUND: Assessing the postoperative recovery of pediatric patients is challenging as 
there is no validated comprehensive patient-centered recovery assessment tool for this popu-
lation. A qualitative investigative approach with in-depth stakeholder interviews can provide 
insight into the recovery process and inform the development of a comprehensive patient-
centered postoperative assessment tool for children.
METHODS: We conducted open-ended, semistructured interviews with children 6–12 years 
old undergoing elective surgery (n = 35), their parents (n = 37), and clinicians (n = 23) who 
commonly care for this population (nurses, anesthesiologists, and surgeons). A codebook was 
developed and analyzed using NVivo 12 Plus. The codebook was iteratively developed using a 
qualitative content analysis approach with modifications made throughout to refine codes. We 
report the results of this thematic analysis of patient, parent, and clinician transcripts.
RESULTS: Postoperative recovery priorities/concerns overlapped and also diverged across the 3 
groups. Topics prioritized by children included mobility and self-care, as well as access to a strong 
social support network following surgery. The majority of children reported feeling anxious about the 
surgery and separating from their parents, as well as sadness about their inability to participate in 
activities while recovering. Although children highly valued familial support during recovery, there was 
variable awareness of the impact of surgery on family members and support network. In contrast, 
parents focused on the importance of clear and open communication among themselves and the 
health care team and being equipped with appropriate knowledge and resources on discharge. The 
immediate repercussions of the child’s surgery, such as pain, confusion, and nausea, appeared to be 
a primary focus of both parents and clinicians when describing recovery. Clinicians had a comprehen-
sive awareness of the possible psychological impacts of surgery in children, while parents reported 
varying degrees of awareness or concern regarding longer-term or more latent impacts of surgery and 
anesthesia (eg, anxiety and depression). Prior experience with pediatric surgery emerged as a distin-
guishing characteristic for parents and clinicians as parents without prior experience expressed less 
understanding of or comfort with managing a child’s recovery following surgery.
CONCLUSIONS: A patient-centered qualitative investigative approach yielded insights regarding 
the importance of various aspects of recovery in pediatric patients, their parents, and members 
of the health care team. Specifically, this investigation highlighted the importance of clear com-
munication providing anticipatory guidance for families presenting for elective surgery in an 
effort to optimize patient recovery. This information will be used in the development of a patient-
centered recovery assessment tool.   (Anesth Analg 2021;132:1067–74)
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KEY POINTS
•	 Question: What do children, parents, and health care providers think is important when as-

sessing a child’s recovery following elective surgery?
•	 Findings: Our qualitative interviews revealed that priorities are similar among children, parents, and 

healthcare providers when it comes to acute somatic recovery but concerns about patient/family 
preparation and long-term issues (postoperative anxiety symptoms) differed among the groups.

•	 Meaning: Assessing pediatric recovery is challenging, and efforts to develop generalizable compre-
hensive recovery assessment tool will require significant patient and parent input to ensure validity.

http://www.anesthesia-analgesia.org
mailto:muhlyw@email.chop.edu
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Perspectives on Pediatric Surgical Recovery

GLOSSARY
ENT = ear, nose, and throat; EQUATOR = Enhancing the QUAlity and Transparency Of healthcare 
Research; MMRL = Mixed Methods Research Lab; PACU = postanesthesia care unit; QoR = quality 
of recovery; RN = registered nurse

Historically, assessment of postoperative 
recovery has been dependent on measure-
ment of patient morbidity (pain, nausea/

vomiting, etc), care escalation, complications, read-
mission, and other measures to characterize patient 
recovery. While these variables are important, they 
often do not provide a comprehensive assessment of 
the patient’s functional recovery following anesthe-
sia/surgery. Patient-centered outcome measures are 
vital when assessing health care quality. Quality of 
recovery (QoR) measurement tools have been devel-
oped for adults undergoing anesthesia and surgery.1–4 
These recovery scores, which assess multiple domains 
including physical, functional, and psychological sta-
tus, have been extensively validated5,6 and they have 
been used in large clinical trials.7,8

Currently, there are no comprehensive measure-
ment tools for assessing QoR in the pediatric surgi-
cal population. Recovery goals might be different 
for children when compared to adults, as a child’s 
emotional and physical development result in differ-
ent challenges during recovery. In addition, postop-
erative assessment of children undergoing surgery is 
complicated by the need for increasing input from 
parents/guardians with decreasing age and cogni-
tive maturity. Incorporation of parents’ perspec-
tives is important but can be challenging if recovery 
goals differ between children and their parents. As a 
result, adapting adult tools for pediatric populations 
is problematic, and development of a validated pedi-
atric-focused recovery assessment tool is needed.

To address this, we are working to develop 
patient-centered pediatric QoR assessment tools. 
The first of these will be for use in school-age chil-
dren (6–12 years of age). In the present study, we 
performed a qualitative investigation to characterize 
child, parent, and clinician perspectives on pre- and 
postoperative care in this age group. The aim of the 
study was to identify the domains of perioperative 
care that are important to stakeholder groups, with 
the intention of using identified domains to inform 
subsequent development, piloting, and validation of 
a QoR assessment tool for this pediatric population.

METHODS
Ethics
The study was approved by the Institutional Review 
Board at the Children’s Hospital of Philadelphia, and 
written informed consent or assent was obtained. The 
study was conducted in compliance with the Enhancing 

the QUAlity and Transparency Of healthcare Research 
(EQUATOR) network’s standards for reporting quali-
tative research9 (Supplemental Digital Content 1, 
Appendix A, http://links.lww.com/AA/D100).

Study Overview
We conducted a qualitative study with pediatric 
patients, their parents, and clinicians to better under-
stand the components of the pediatric postoperative 
recovery process. We completed 95 open-ended semis-
tructured interviews, which were analyzed in conjunc-
tion with the Mixed Methods Research Lab (MMRL) at 
the University of Pennsylvania. We conducted a con-
tent analysis to categorize data and extract themes that 
were consistently endorsed by interviewees.

Study Personnel
Interviews were conducted by research staff that 
included 4 clinicians (MD or registered nurse [RN]) 
and 2 research assistants. Interviewers were required 
to complete a training module provided by the MMRL.

Child and Parent Participants
Pediatric patients aged 6–12 years old, American Society 
of Anesthesiology physical status I–II, presenting for day 
surgery, surgery with overnight admission, or extended 
stay were considered for enrollment. Enrollment was not 
limited to a specific surgical population in an effort to 
capture a wide breadth of recovery profiles. Enrollment 
was structured to ensure a mix of participants with 
respect to age and length of hospital stay. We divided 
age into 2 clusters (6–9, 10–12), and aimed to purposively 
sample an equal number of participants from each clus-
ter. With the expectation that less painful or complicated 
surgeries would go home earlier than those requiring 
a longer hospitalization, we also aimed to purposively 
sample an equal number of day surgery and admitted 
participants. Parents/guardians were enrolled if they 
served as the primary caregiver to the patient. Exclusion 
criteria included non–English-speaking patients or par-
ents/guardians, urgent or emergency surgery, children 
with developmental delay, and participants who would 
not be available for uninterrupted interviews.

Candidates were identified by review of the daily 
surgery schedule. They were approached in the pre-
anesthesia care unit before surgery for informed con-
sent. A majority of parents were interviewed in person 
during their child’s surgery. We elected to interview 
parents at this point, given the challenges associated 
with conducting interviews in the postoperative time 

http://links.lww.com/AA/D100
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period and to capture the parents’ general impres-
sions regarding surgery. Patients were interviewed 
via telephone within 14 days of their surgery.

Clinician Participants
We enrolled anesthesiologists, surgeons, postanesthe-
sia care unit (PACU) RNs, and postoperative ward 
RN. Clinicians were purposively recruited based on 
level of experience (1–5, >5 years), and were recruited 
in equal number to assure a breadth of experience. 
PACU and ward RNs were recruited from the PACU 
and inpatient floors, respectively. Clinicians were 
interviewed in person.

Data Collection
We developed and pilot-tested open-ended semis-
tructured interview guides for each interview popula-
tion (Supplemental Digital Content 2–4, Appendices 
B–D, http://links.lww.com/AA/D101, http://links.
lww.com/AA/D102, http://links.lww.com/AA/
D103). The domains in the interview guides were 
derived from an adult instrument measuring post-
operative QoR,1,2,4 clinical expertise, and a review of 
the literature. Question topics are listed in Table  1. 
To enhance consistency across interviews, guides 
included specific questions to be covered in each 
topic. Interviewers were also trained to use standard-
ized probes and follow-up with clarifying questions 
as appropriate. Interview templates for children, 
parents, and clinicians were consistent across top-
ics and questions; however, child interview guides 
were adjusted to include age-appropriate language. 
Interviews were audiorecorded, transcribed, and dei-
dentified by a third-party transcription company.

Participants were recruited until thematic saturation 
was reached. Thematic saturation is defined as the point 
when additional interviews fail to provide novel opin-
ions or perspectives. In our experience, thematic satura-
tion can be achieved with 15–20 interviews per group; 
these estimates are supported by the literature.10,11

Data Management and Analysis
Transcripts were imported into NVivo 12 Plus (QSR 
International, Melbourne, Australia), a qualitative analy-
sis software. A codebook was developed (Supplemental 
Digital Content 5, Appendix E, http://links.lww.com/
AA/D104) that included major ideas that emerged from 

a thorough reading of patient, parent, and clinician tran-
scripts. Transcript coding was completed by 2 research-
ers, and intercoder reliability was checked periodically. 
Regular meetings were held to discuss and resolve cod-
ing discrepancies. Coding was compared among the 
transcripts of patients, parents, and clinicians to identify 
similarities and differences among these populations.

RESULTS
A total of 95 interviews were conducted across the 3 
participant populations: pediatric patients undergo-
ing elective surgery (N = 35), parents of these patients 
(N = 37), and clinicians involved in pediatric surgi-
cal care (N = 23). Demographics of participants are 
detailed in Table 2. Key themes for each participant 
group can be found in Table 3.

Child Interviews
A common theme expressed among children was the 
presence of anxiety before surgery. Some patients in the 
6–9 age group expressed anxiety about “waking up dur-
ing surgery,” while another patient said they were wor-
ried about “what they were going to put in my mouth to 
get my tonsils out.” In addition, children were nervous 
and hesitant about resuming normal activities because 
“I’ve tripped a few times in the classroom and outside 
by accident” (patient, 6–9). Other children expressed 

Table 1.   Topics Covered in Semistructured 
Interviews
Topics
Pain
Nausea and vomiting
Health care support throughout surgery process
Activities of daily living
Emotional impact of surgery

Table 2.   Demographics of Participants
Patients No. (%)
Total 35
Age, y  
  6–9 18 (51)
  10–12 17 (49)
Length of stay  
 
Day surgery

19 (54)

  Admitted after surgery 16 (46)
Surgery service  
  ENT 12 (34)
  General surgery 4 (11)
  Orthopedics 9 (26)
  Plastic surgery 3 (9)
  Urology 7 (20)
Parents No. (%)

Total 37
Clinicians No. (%)

Total 23
Type of health care provider  
  Ward nurses 6 (26)
  PACU nurses 8 (35)
  Anesthesiologists 5 (22)
  Surgeons 4 (17)
Type of surgeon  
  Ophthalmology 1
  Orthopedics 2
  Urology 1
Years of clinical experience among providers  
  <5 10 (43)
  >5 13 (57)

Abbreviations: ENT, ear, nose, and throat; PACU, postanesthesia care unit.

http://links.lww.com/AA/D101
http://links.lww.com/AA/D102
http://links.lww.com/AA/D102
http://links.lww.com/AA/D103
http://links.lww.com/AA/D103
http://links.lww.com/AA/D104
http://links.lww.com/AA/D104


Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
1070     www.anesthesia-analgesia.org� ANESTHESIA & ANALGESIA

Perspectives on Pediatric Surgical Recovery

frustration about not being able resume activities with 
peers after the surgery, not because of their own fears, 
but instead based on parental restrictions: “[mom] was 
worried that I was going to fall and she wouldn’t be 
there” (patient, 10–12). While most children reported 
some adverse physical symptoms following surgery 
with pain and limited mobility being most common, 
complaints about postoperative nausea, vomiting, sleep 
disruption, changes in cognition, or reduced appetite 
were less commonly highlighted in this sample.

Most children acknowledged that their parents 
were their primary resource for support when deal-
ing with the emotional and physical repercussions of 
surgery. They recognized parents for their assistance 
with managing pain and making special arrange-
ments with teachers. Younger patients drew less from 
the reassurance of clinicians, but some patients did 
acknowledge being relieved knowing that their sur-
geon had been “doing this for 50 years” (patient, 6–9) 
and several acknowledged the role that nurses played 
in making them feel better after surgery.

Finally, children demonstrated variable awareness 
about the impact of their surgery on their family and 
support systems. As an example, when asked about 
how their surgery might have impacted their family, a 
patient reported, “It really didn’t affect them, but they 
just were really being nice and helping me because 
they knew I didn’t feel so great” (patient, 6–9). This 
lack of insight is clearly different from the perspec-
tives of parents and clinicians who stressed the famil-
ial impacts of surgery.

Parent Interviews
Parents were more focused on the immediate impact 
of surgery (pain, confusion, and nausea) as opposed 
to the longer-term impacts that might emerge long 
after discharge. One parent noted that a good recov-
ery would include “being able play and things like 
that and just being herself.” To assess for pain in their 
child, parents reported using facial expressions, cry-
ing, or verbalization. Many parents expressed some 

hesitancy about using opioids for treating pain, often 
preferring to exhaust alternative methods of pain con-
trol. Parents did acknowledge that the perioperative 
experience could be associated with some height-
ened anxiety levels but relatively few were concerned 
about long-term emotional impacts related to elective 
surgery, with 1 parent responding, “I don’t see any 
emotional impact…I’m figuring you go to sleep, you 
wake up, and you don’t even realize it’s happening, 
so emotionally, you should be okay.”

When asked to consider their comfort with caring 
for their child postoperatively, many parents stated 
that they would rely on their own experience as a par-
ent to assess their child’s signs and symptoms with a 
focus on how their behavior deviates from baseline. 
Parents expressed comfort in seeking help from clini-
cians (surgery team) for immediate concerns, and if 
persistent postoperative behavior changes developed, 
they would likely turn to a pediatrician for support. 
In addition to self-reliance, parents also discussed 
the importance of having extended social support for 
assistance in caring for the child during the recovery 
process. One parent noted they would “call some 
family members….and they take a shift and I take a 
shift, but we’ll get through it.”

Regarding expectations of clinicians, parents over-
whelmingly stated that clear and consistent com-
munication was of utmost importance. However, 
parents’ expectations varied for each provider type. 
Nurses were expected to “help with any questions 
that I have and keep [my child] as comfortable as 
possible” (parent). On the other hand, anesthesiolo-
gists and surgeons were expected to communicate 
higher-level, procedural details before and after the 
surgery. In addition, parents frequently referenced 
their satisfaction with interactions provided by child 
life specialists. Certified child life specialists are pro-
fessionals trained in working with hospitalized chil-
dren and understand the unique stressors that can 
accompany a hospital encounter. Parents found child 
life was a valuable resource that helped the patient 
remain calm and comfortable throughout the periop-
erative experience.

Regarding perioperative education, parents again 
stressed the importance of clear communication from 
the clinical team. Parents consistently voiced the 
desire for resources to help them care for their child 
pre- and postoperatively, including information about 
scheduling, preparing for surgery, postoperative edu-
cation, and follow-up contacts.

When asked how their child’s surgery could impact 
their family unit, parents shared a range of concerns. 
Some shared the sentiment of patients and assumed 
the surgery would have minimal impact, while oth-
ers were concerned the surgery would be disruptive, 
and several parents were completely unsure of what 

Table 3.   Qualitative Themes by Participant Group
Participant 
Group Themes
Patients •  Presurgery anxiety

•  Need for social support postsurgery
•  Understanding of family impact

Parents •  Concern for immediate postoperative symptoms
•  Views on the use of opioids for pain treatment
•  Reliance on parental expertise
•  Desire for clear communication from clinical team
•  Understanding of family impact

Providers •  Concern for postoperative symptoms
•  Assessing pain
•  Emotional impact
•  Reliance on clinical team as resource
•  Perception of parent and patient expectations
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to expect: “I don’t think I have a full extent of under-
standing of it…I don’t know honestly” (parent). Prior 
experience with pediatric surgery emerged as a distin-
guishing characteristic in parents’ ability to articulate 
the familial impact of surgery. Those without prior 
experiences had less understanding of the demands 
of recovery, while those with experience understood 
the importance of having a support structure in place 
for discharge. In addition, prior experience informed 
parents’ ability to anticipate their child’s needs, con-
trol pain, and understand what medical information 
was needed on discharge. As 1 parent expressed: “Oh, 
I’m a pro now. If you asked me that a couple years 
ago, I would’ve been devastated but now I know the 
routine.”

Clinician Interviews
In the immediate postoperative period, clinicians 
were most concerned with symptoms such as pain, 
nausea, vomiting, appetite changes, and emotional 
distress. Several clinicians stressed the complexity 
of assessing a child’s pain: “[it] can be a little tricky. 
It’s not like asking an adult what hurts, how it hurts, 
and how much” (anesthesiologist). Although many 
participants preferred to “maximize all nonnarcotic 
pain management strategies” (surgeon), the major-
ity acknowledged that in many cases, opioids were 
necessary. Assessing nausea and vomiting in the 
postoperative period was straightforward for most 
clinicians: “[patients] will complain of needing to, 
or feeling sick or dizzy and then retching and then 
throwing up” (anesthesiologist).

Clinicians reported a wide variety of possible 
emotional impacts on patients. Concerns included 
possible separation anxiety, traumatic associations 
with surgery, and feelings of sadness or depression 
during the recovery period. Some felt that patients’ 
preoperative anxiety presented the health care team 
with an opportunity for improvement: “…if anything, 
[anxiety] is often underappreciated…if we could con-
trol the anxiety over [surgical] experiences better, we 
could dramatically change the patient’s experience” 
(surgeon). Clinicians also mentioned that emotional 
consequences were dependent on the type of surgi-
cal intervention: “there’s some things that are traumas 
that change their lives forever. There are other [events] 
that may be a temporary change” (nurse).

When asked how they proceed when managing 
escalating patient needs, clinicians most often ref-
erenced consulting their own colleagues (surgeon, 
nurse, anesthesiologist, pain team, behavioral health, 
social worker, or child life) in conjunction with par-
ents, as both held specific expertise in assessing 
and treating a child’s symptoms. A majority high-
lighted the value of including parents’ expertise as 
a component of a patient-centered approach to care: 

“[clinicians] have to remember that the family too are 
part of our team. And as we’re asking consults from 
people with expertise we should always remember 
that the experts about their children are the mother 
and father of those children” (nurse).

Childrens’ and parents’ expectations from the 
health care team largely aligned with the goals clini-
cians articulated. Clinicians stressed the importance 
of simple scheduling, clear and open communication 
with parents, and thorough education around treat-
ment and recovery. From the clinician perspective, 
families value ease in scheduling, limited wait times, 
and the overall care their child receives: “I think 
patients and families care a lot about the ease of mov-
ing through the system from start to finish…and then 
the care that their child receives” (anesthesiologist). 
Clinicians were also aware of parents’ desire for thor-
ough postoperative education, “…everybody learns 
in different ways…So being told it and having a writ-
ten copy of it, and also maybe going over the written 
copy so they don’t get confused about it” (anesthesiol-
ogist). Of particular importance for clinicians was the 
idea that all team members involved in surgical care 
are continuously communicating effectively to man-
age the expectations of patients and parents. Many 
felt that appropriate preoperative expectation setting 
could improve patients’ experiences and reduce out-
comes such as the one described by this participant, 
“we often hear in the PACU, ‘I didn’t know he was 
going be this uncomfortable’” (nurse).

Clinicians held a holistic understanding of the 
impact of surgery on the family; they consistently 
listed an array of possible impacts, including financial, 
social, and emotional factors. In terms of managing 
the recovery process at home, they noted prepared-
ness is highly dependent on the means and circum-
stances of the individual family: “I’d say probably 
70% to 80% are prepared and then you have the other 
20% that really struggle” (nurse). Clinicians echoed 
the observation of parents that prior experience with 
surgery was a strong determinant of preparedness.

DISCUSSION
The findings of this qualitative investigative offer 
insight into the common and divergent perspectives 
children, parents, and clinicians have about the recov-
ery process following elective pediatric surgery. These 
insights will aid in the development of a patient-cen-
tered QoR assessment tool for children. Recovery is 
both a physical experience (pain, nausea, sedation) 
for the child and emotional process (anxiety, fear, frus-
tration) for the child and their parents. While a recov-
ery tool should explore the somatic experiences of the 
patient during the recovery process, our analysis indi-
cates that the emotional preparation of the patient and 
their family is as important as the physical recovery. 
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As we move forward with the development of a pedi-
atric QoR assessment tool, it is clear that we will need 
to include items that assess emotional state/anxiety, 
return to normal function/activities, management of 
pain and side effects, and whether recovery is meet-
ing expectations.

Recovery Assessment Tools in Adults
The theoretical foundation of our effort to develop a 
QoR score for children comes from the scholarship 
of Dr Paul Myles and his group’s work to develop 
and validate a QoR score for adults. The dimensions 
assayed include pain, physical comfort, physical 
independence, psychological support, and emotional 
support. Myles et al1 started with a 9-question sur-
vey, which was subsequently expanded to the 40 item 
QoR-40.2 The QoR-40 has been translated into multi-
ple languages and used to assess recovery in a variety 
of clinical trials ranging from cardiac surgery7,12–15 to 
gynecological surgery.16 A shorter 15-item survey4 has 
been developed that captures the essence of the QoR-
40 but can be completed in a shorter period of time 
and might be more easily applied in clinical practice 
settings. Another recovery assessment tool by Royse 
et al3 is intended to be used pre- and postoperatively 
and also addresses cognitive recovery. These scales 
have been validated for assessment of recovery up to 
1 month following surgery.

Outcomes in Children
Despite the wealth of assessment tools available to 
measuring recovery in adults, little attention has been 
paid to the development of such tools for children. 
Childhood illness can have profound impacts that 
extend beyond the patient, including parents and 
siblings. Thus, assessing the impact of surgery and 
anesthesia on the child/family unit is potentially an 
important outcome.

Focusing on the impact of surgical and anesthetic 
encounters on children, the Yale Preoperative Anxiety 
Scale was developed to characterize and assess pediat-
ric anxiety at the time of surgery17 and it has been used 
to assess the impact of pediatric perioperative anxiety 
on postoperative behavior and recovery.18 In addi-
tion, the patient-centered Youth Acute Pain Functional 
Ability Questionnaire has been developed and vali-
dated for the assessment of pain and functional limita-
tions in sickle-cell and postsurgical populations.19,20

While these tools provide useful information about 
patient anxiety and pain preoperatively and postop-
eratively, they do not provide composite information 
about overall patient well-being following surgery. 
Recently, investigators reported on the development 
of the Postoperative Recovery in Children instru-
ment, a self-reported postoperative recovery score 
for children ages 4–12 undergoing tonsil surgery that 

contains modified elements of the QoR instrument 
used in adults.21 The authors found that a modified 
tool with visual representation of symptoms was 
effective in getting patient-specific insight into the 
recovery process but there was age-dependent child 
participation in the assessment, with older children 
(median age 8) being more likely to complete the 
survey themselves compared to younger children 
(median age 6). This assessment tool was focused on 
symptoms and complication related to tonsillectomy 
and requires modifications for broader applicability.

Patient-Centered Qualitative Research in 
Pediatric Patients
A key shortcoming of the above-referenced studies 
is that they are largely built from expert consensus 
and do not focus on the general perioperative expe-
rience of the patient/family. Within other areas of 
clinical care, investigators have turned to qualitative 
research techniques to better understand the patient 
perspective and generate a greater understanding 
of the impact that medical disease and management 
has on the family.22,23 However, to our knowledge, 
this type of fundamental patient-focused qualitative 
research has not been applied in pediatric patients 
and families undergoing anesthesia and surgery.

We applied this technique to obtain a deeper 
understanding of the domains of recovery prioritized 
by stakeholders. Our analysis has offered several 
insights. First, in this pediatric age group, parents 
can serve as a valuable proxy for their children’s 
experience. Interview engagement with this age 
group varied and appeared to be largely dependent 
on individual demeanor and personality. In crafting 
questions for the child interviews, we paid particular 
attention to the developmental stages of the children 
and included some “ice-breaker” conversation to 
help the child feel comfortable. We were sensitive to 
the concerns of interviewing children without being 
able to see their body language or facial expressions. 
We felt that it was appropriate to allow parents to be 
present with their child during the phone interview 
to increase comfort, but we paid special attention to 
elicit the child’s perspective during the interview. 
However, some children struggled to recount the 
details of their perioperative experience and were 
only able to provide vague descriptions of their 
recovery. When this occurred, parents listening to 
the interview often interjected to provide additional 
insights and recount what had already been forgot-
ten by the patient. This observation reinforces clini-
cians’ descriptions of the value of the parent as a key 
resource for understanding the child’s postoperative 
symptoms. Unlike the tools developed for adults, our 
assessment tool must capture the input of both the 
child and the parent.
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Second, interview participants prioritized peri-
operative outcomes differently. Patients’ main con-
cerns centered on returning to their normal activities, 
including restoration of mobility and participation 
in self-care. Children spent little time recounting the 
immediate postoperative somatic impacts of surgery, 
including pain, nausea, and vomiting. In contrast, 
parents were more concerned with the immediate 
postoperative period and managing their child’s 
pain, confusion, and nausea, rather than the longer-
term impacts prioritized by patients. Similarly, clini-
cians focused on patients’ immediate postoperative 
somatic symptoms. Pain, nausea, vomiting, appetite, 
and emotional state were all critical to clinicians’ 
assessments of patients’ postoperative status. These 
differences inform how the various aspects of the 
QoR could be prioritized differently by the various 
stakeholders.

Another significant finding was the value parents 
placed on communication between themselves and 
clinicians. Parents repeatedly stated that clear and 
consistent communication was vital. This expectation 
extended to discharge and postoperative care instruc-
tions. As the parent plays a critical role in the postop-
erative period, it is important to understand the impact 
communication and education can have not only on 
the actual recovery, but also on patients’ and parents’ 
perception of recovery. Parents who receive appro-
priate communication are better prepared to handle 
the repercussions of anesthesia and surgery, and thus 
might perceive a higher QoR than a parent who receives 
limited perioperative education. As 1 clinician noted, 
there is an opportunity to improve expectation setting 
in the preoperative setting, and this could significantly 
impact both the patient and parent recovery experi-
ence. Comments that families with previous surgery 
experience were often better prepared to handle recov-
ery reinforces the idea that within communication, 
education, and expectation setting lie opportunities 
to better manage recovery. As parents are occasionally 
serving as the voice for their children, the QoR can be 
influenced by their perception of their own prepared-
ness and anxiety around the recovery process. This is 
important to understand and account for when creat-
ing a tool to measure recovery in this population.

Strengths and Limitations
The use of semistructured interviewing techniques 
provided thorough qualitative data that enabled com-
prehensive analyses. By sampling participants across 
various surgical profiles, including varied surgical 
subspecialties, procedures, and lengths of stay, we 
gathered data that can be generalized across vari-
ous recovery experiences. Interview timing for both 
parents and patients was a challenge. Since it was 
most feasible to interview parents while their child 

was in the operating room, questions were focused 
on parents’ anticipated postoperative concerns and 
expectations. Several parents were interviewed 
postoperatively, which provided a small sample of 
postoperative experiences. However, more robust 
postoperative interviewing might provide a differ-
ent prioritization of concerns. Second, as mentioned 
previously, interview engagement with our pediatric 
population was variable and limited by respondent 
personality and comprehension. Finally, semistruc-
tured interviewing techniques provide themes pri-
oritized by each stakeholder group. However, we did 
not recruit based on race or socioeconomic factors, so 
it is possible that the findings of our interviews are 
not generalizable to all patient populations.

CONCLUSIONS
Through systematic engagement of all key periop-
erative stakeholder groups (children, parents, nurses, 
surgeons, and anesthesiologists), our qualitative 
investigative approach yielded valuable insights into 
various aspects of the pediatric recovery process. The 
results will serve as the foundation for the develop-
ment, testing, and validation of a patient-centered 
pediatric recovery assessment tool for the periopera-
tive setting. E
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