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Abstract

Background: Whether exposure to a single general anaesthetic (GA) in early childhood causes
long-term neurodevelopmental problems remains unclear.
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Methods: PubMed/MEDLINE, EMBASE, CINAHL, Web of Science, and the Cochrane Library
were searched from inception to October 2019. Studies evaluating neurodevelopmental outcomes
and prospectively enrolling children exposed to a single GA procedure compared to unexposed
children were identified. Outcomes common to at least three studies were evaluated using random
effects meta-analyses.

Results: Full-scale intelligence quotient (FSIQ), the parentally-reported Child Behavior
Checklist (CBCL) Total, Externalizing, and Internalizing Problems scores, and Behavior Rating
Inventory of Executive Function (BRIEF) scores were assessed. Of 1644 children identified, 841
who had a single exposure to GA were evaluated. CBCL problem scores were significantly higher
(i.e. worse) in exposed children: mean score difference (CBCL Total: 2.3 [95% CI 1.0 - 3.7]
p=0.001, CBCL Externalizing: 1.9 [95% CI 0.7 — 3.1] p=0.003, and CBCL Internalizing
Problems: 2.2 [95% CI 0.9 — 3.5] p=0.001. Differences in BRIEF were not significant after
multiple comparisons adjustment. FSIQ was not affected by GA exposure. Secondary analyses
evaluating the risk of these scores exceeding predetermined clinical thresholds found that GA
exposure was associated with increased risk of CBCL Internalizing behavioural deficit (risk ratio
[RR], 1.47; 95% CI, 1.08 — 2.02, p=0.016) and impaired BRIEF executive function (RR, 1.68;
95% ClI, 1.23 — 2.30, p=0.001).

Conclusion: Combining results of studies utilizing prospectively collected outcomes showed
that a single GA exposure was associated with statistically significant increases in parent reports
of behavioural problems with no difference in general intelligence.

Keywords

anaesthetic neurotoxicity; paediatric anaesthesia; meta-analysis; neurodevelopment; systematic
review

Exposure of young animals to clinically-utilized general anaesthetic drugs produces
neurodegeneration and later problems with learning, memory, and behaviour. Clinical
studies have also evaluated long-term neurodevelopmental outcomes in children exposed to
anaesthesia.2~8 However, there is significant variation in the studies with regard to study
design, patient populations, and neurodevelopmental outcomes assessed, hampering their
interpretation. This heterogeneity stems from challenges including inability to randomise
children needing surgery to a non-anaesthetic control group, difficulty in accounting for
underlying comorbid conditions in children needing surgery, and the need to assess
outcomes many years after the exposure. As a result, most studies of anaesthetic
neurotoxicity are observational and use pre-existing datasets.2= Prior meta-analyses of these
retrospective studies have reported increased neurodevelopmental deficits in anaesthetic-
exposed children.®10 However, the underlying studies included outcomes that may not be
the most sensitive for evaluating neurodevelopment after anaesthetic exposure and often
lacked clinical data regarding pre-exposure and peri-operative factors that could affect
neurodevelopment. This lack of clinical data is problematic as children with major
congenital anomalies or intraoperative complications may be included in the anaesthetic
exposed group, potentially biasing the results and complicating interpretation of these
studies.
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This systematic review and meta-analysis compares long-term neurodevelopmental
outcomes of children with and without exposure to a single episode of general anaesthesia
during a predefined study period. While well-conducted randomised controlled trials (RCT)
typically provide effect estimates that are less susceptible to bias than non-randomised
studies, the inclusion of observational studies that appropriately control for confounding
may be beneficial.11 In order to address the limitations of previously published meta-
analyses, only RCTs and non-randomised studies of children who were prospectively
enrolled and tested were included. This was done because these studies were designed to
include the most sensitive outcomes for evaluating neurodevelopment after anaesthesia
exposure and also allowed for review of clinical data in an attempt to minimise confounding.

This study was approved by the Institutional Review Board at Columbia University Vagelos
Medical Center (New York, NY, USA) as exempt from requiring written/informed consent.
A systematic review with a meta-analysis was performed adhering to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) and Meta-analysis of
Observational Studies in Epidemiology (MOOSE) Checklists.12 The review protocol was
not registered in an online database.

Study design and search strategy

The systematic review was performed identifying all published studies evaluating cognitive
function after exposure to general anaesthesia or surgery in children <18 yr old. The criteria
and search strategy searching PubMed/MEDLINE, EMBASE, CINAHL, Web of Science,
and the Cochrane Library was published by Clausen and colleagues identifying 67 English
language studies published prior to June 16, 2017.13 In the present study, an update using
the same search criteria save for minor differences in formatting of search terms was
performed to identify any additional studies published from June 17", 2017 until October
16™, 2019 (Appendix1 in Supplement). This methodology of utilizing results from a
previously published systematic review was performed to allow for a more efficient review
of new evidence.1

Study selection and data extraction

The population of interest was children exposed to a single general anaesthetic during a
predefined study period using contemporary general anaesthetic medications and
monitoring. Studies with children exposed predominantly to halothane were excluded as that
medication is no longer available in most anaesthetic practices. After broadly identifying all
studies evaluating cognitive function after exposure to general anaesthesia or surgery in
children, additional criteria were applied in order to focus on relevant RCTs and non-
randomizsed studies with prospectively collected neurodevelopmental outcomes:

Inclusion criteria:

1. Studies must evaluate neurodevelopmental outcomes in children exposed to a
single general anaesthetic during a defined study period compared to children
unexposed to general anaesthesia.
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2. Neurodevelopmental outcomes must be prospectively assessed in exposed and
unexposed children who are at least school-aged, defined in this study as 5 yr of
age or older, in order to allow for more accurate cognitive assessment.

Exclusion criteria:

1. Studies that only evaluated short-term perioperative cognitive outcomes such as
delirium or anxiety.

2. Studies focusing specifically on children with major chronic conditions
(congenital cardiac or other major congenital condition, extreme prematurity,
etc.). Children in these studies have significant clinical heterogeneity and may
have severe baseline medical issues, complicating interpretation of these studies.

Studies that met these additional criteria were reviewed, and all primary and secondary
outcome data were considered. Any prospectively assessed neurodevelopmental outcome
that was measured by the same instruments and common to at least three studies were
included in the meta-analysis. While there is no lower limit of studies needed for a meta-
analysis, when only two studies are included, there is a potential for increased risk of Type |
error in the setting of heterogeneity between studies.1> Two reviewers (CI, WJ),
independently assessed title, abstract and full text for eligibility using Covidence software
(Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia).
Conflicts were resolved through consensus, and if necessary, consultation with a third
reviewer (DOW). The same reviewers extracted the data from these studies.

Quality assessment and risk of bias

Critical appraisals were conducted using the Cochrane risk of bias tool for RCTs and the
ROBINS-I for non-randomised studies.16-18 Response options for the Cochrane risk of bias
instrument was “low” or “high”, while response options for the ROBINS-1 were “low”,
“moderate”, “serious”, or “critical”. Two reviewers (Cl, WJ), independently assessed each
study, with conflicts resolved through consensus or, if necessary, discussion with a third
reviewer (GL).

Statistical analysis

The primary analysis evaluated all eligible neurodevelopmental outcome scores as
continuous variables. The consistency of outcome scores between studies were evaluated by
calculating Cochrane’s Q and 12 statistics for each outcome. Each of the outcome scores
were then evaluated using random-effects models. An overall meta-analysis for each
outcome was performed by pooling summary data from any outcome used in three or more
studies. Publication bias could not be evaluated due to the limited number of available
studies.1® All analyses were performed using Comprehensive Meta-Analysis software,
version 3 (Biostat, Englewood, NJ, USA) and figures generated using GraphPad Prism
version 8.1.0 (GraphPad Software, San Diego, CA, USA). For the primary analysis, Holm-
Bonferroni adjustment was used for multiple comparisons.2°
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Secondary analysis

A secondary analysis was performed evaluating the parentally reported outcomes after
dichotomizing the scores using pre-specified clinical cut-offs. For CBCL or BRIEF, scores
surpassing a threshold of >60 were >1 standard deviation from the standardized mean score
and considered to be a clinically significant deficit, as used in prior studies.”8 Additional
data were requested from study authors as necessary to perform this analysis.

Sensitivity analysis

Following review of all published paediatric studies prospectively evaluating cognitive
function after exposure to general anaesthesia, one identified study using included outcomes
did not independently report scores for children with single vs multiple anaesthetic
exposures.2 The authors were contacted to obtain scores for the children with single
exposures, but the data could not be retrieved. The results from this study however were
included in a separate sensitivity analysis.

Subgroup analysis of parent reported outcomes based on blinding status

Results

A criticism of studies using parentally reported outcome measures is that knowledge of their
child’s exposure to general anaesthesia could bias parents to give their children worse scores
if parents believe that general anaesthesia is detrimental. A subgroup analysis was therefore
performed using data from the GAS trial in which about half the parents reported being
blinded from knowing whether their child received general anaesthesia or regional
anaesthesia.® In this analysis, the parentally reported outcome scores were stratified by
blinding status to determine if group differences based on type of anaesthetic used were
primarily reported by unblinded parents, with blinded parents reporting no difference. This
data was evaluated in multiple ways including as per protocol or intention to treat, and also
used multiple imputation as per the original GAS trial analysis.

The systematic review identified 5,293 studies published between June 17, 2017 and
October 16, 2019 after removal of duplicates. Of these, 22 studies evaluated
neurodevelopmental outcomes after exposure to general anaesthesia or surgery in children.
Clausen and colleagues'f performed an extensive review which excluded all animal studies.
As a result, one notable study by Stratmann and colleagues?! was missed, likely because it
included data from animals as well as humans. With inclusion of that additional study, there
were a total of 68 studies of neurodevelopmental outcomes after exposure to general
anaesthesia or surgery in children prior to June 16, 2017 and 22 studies from June 17, 2017
until October 16, 2019, for a total of 90 studies of anaesthetic neurotoxicity (Figure 1). After
applying additional inclusion and exclusion criteria to identify studies that assessed
prospectively collected neurodevelopmental outcomes in children exposed to a
contemporary general anaesthetic, a total of eight studies remained’:8:21-27 (Supplemental
Tablel).
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Outcomes evaluated

In reviewing the eight eligible studies, five outcome scores were identified that were
reported in at least three studies: Child Behavior Checklist (CBCL) Total Problems,
Externalizing Problems, and Internalizing Problems scores, the Behavior Rating Inventory of
Executive Function (BRIEF) Global Executive Composite score, and Full-scale intelligence
quotient (FSIQ)(Table 1). For the FSIQ, two of the studies used the Wechsler Abbreviated
Scale of Intelligence (WASI) to assess FSIQ,”-8 while one study used the Wechsler
Preschool and Primary Scale of Intelligence, third edition (WPPSI-111).8 For the Behavior
Rating Inventory of Executive Function (BRIEF) Global Executive Composite, one of the
studies used the preschool version.® For FSIQ and BRIEF, the scores used were appropriate
for the age of the study population. Given the similarities between the FSIQ as measured by
the WASI vs. the WPPSI-1II, and Global Executive Composite score as measured by the
BRIEF vs. the BRIEF preschool version, they were considered to be the same instruments
for the purposes of the meta-analysis. In interpreting the parentally reported outcome scores,
higher scores represent worse behaviour (CBCL Externalizing Problems), increased
emotional distress (CBCL Internalizing Problems) and more impaired executive function
(BRIEF Global Executive Composite).

Study characteristics

Risk of bias

Three studies contributed data for the FSIQ, BRIEF, and CBCL outcome scores. The
General Anaesthesia or Awake-regional Anaesthesia in Infancy (GAS) trial enrolled children
scheduled for inguinal hernia repair (mean age ~70 days) and randomised them to receive
either general anaesthesia with sevoflurane, or regional anaesthesia with spinal or caudal
blocks with neurodevelopmental evaluation at 5 yr of age.5 The two other studies relied on
an “ambi-directional” observational approach, with children old enough to undergo
prospective neuropsychological testing retrospectively identified as having been exposed to
surgery and anaesthesia at <3 yr of age. The Pediatric Anesthesia NeuroDevelopment
Assessment (PANDA) study included siblings discordant for exposure to hernia surgery
with neurodevelopmental evaluation at 8 to 15 yr of age, and the Mayo Anesthesia Safety in
Kids (MASK) study® included children undergoing a variety of surgical procedures with
children singly or multiply exposed to general anaesthesia prior to age 3 yr propensity
matched to unexposed children with neurodevelopmental evaluation at 8 to 12 or 15 to 20 yr.

In all three studies, these outcomes were evaluated as continuous variables and presented in
each publication as mean differences between exposed and unexposed children with 95%
confidence intervals around those differences.5-8 For the GAS trial, the results were
evaluated in several different ways. For the purposes of this meta-analysis, the results from
the multiple imputation per protocol analysis were used.® For the MASK study, only data
from children singly-exposed to anaesthesia were included.8

All studies were at risk of bias with the GAS trial at risk due to incomplete blinding and loss
to follow-up, while the PANDA and MASK studies were at risk due to confounding and
selection bias (Supplemental Tables 2 and 3).
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Outcomes after general anaesthetic exposure

Of 1644 children were included, outcome data were available for 837 to 841 children
exposed to general anaesthesia and 799 to 803 children unexposed to general anaesthesia
depending on the outcome score (Figure 2). Regarding heterogeneity in the outcomes
between studies, FSIQ and CBCL scores were consistent between all three studies, with 12 =
0%, but substantial between-study heterogeneity among the BRIEF scores with 12 = 69%
was seen. After pooling summary data from all three studies, the difference in mean scores
between those exposed and unexposed to general anaesthesia was —0.2 (95% CI -1.7 — 1.3),
p=0.79 for FSIQ, 2.3 (95% CI 1.0 — 3.7), p=0.001 for CBCL Total Problems, 1.9 (95% ClI
0.7 — 3.1), p=0.003 for CBCL Externalizing Problems, 2.2 (95% CI 0.9 — 3.5), p=0.001 for
CBCL Internalizing Problems, and 2.6 (95% CI 0.1 — 5.0), p=0.036 for BRIEF scores. After
adjustment for multiple comparisons, the differences in all CBCL scores remained
statistically significant, but differences in BRIEF scores were no longer significant.

In the secondary analysis, the increased risk of the score exceeding a predetermined
threshold for clinical deficit was evaluated, with a single exposure associated with an
increased risk of subsequent CBCL internalizing behavioural deficit (risk ratio [RR], 1.47;
95% ClI, 1.08 — 2.02, p=0.016) and impaired executive function (RR, 1.68; 95% Cl, 1.23 -
2.30, p=0.001) (Figure 3).

In a sensitivity analysis, data from the Stratmann and colleagues article were added, which
included 28 exposed and 28 unexposed children.2! Of the exposed children, 64% (n=18)
received a single anaesthetic. Inclusion of the FSIQ and CBCL total scores from this study
did not substantially alter the primary results (Supplemental Figure 1).

Parent reported outcomes according to blinding status

In the GAS trial, blinding to treatment assignment was achieved in 51% (n=256) of parents,
while the remainder reported knowing the type of anaesthetic their child received. The
proportion of blinded parents in the regional and general anaesthesia groups were also
similar, with parental blinding in 51% (n=105) of children receiving regional anaesthesia,
and 49% (n=118) of children receiving general anaesthesia. In blinded parents, the general
anaesthetic exposed children had mean CBCL scores that were between 0.4 and 2.5 points
higher, and BRIEF scores that were 1.3 to 1.6 points higher than the mean scores of children
with a regional anaesthetic (Table 2). In unblinded parents, the general anaesthetic exposed
children had mean CBCL scores that were between 0.5 and 1.8 points higher, and BRIEF
scores that were 2.2 to 2.9 points higher than the mean scores of children with a regional
anaesthetic.

Discussion

We evaluated all prospectively assessed neurodevelopmental outcome data from
prospectively designed studies comparing general anaesthetic exposed children to children
not exposed to general anaesthesia up to October 2019. Studies included children exposed to
anaesthesia at under 1 yr of age® and under 3 yr of age’:8. Compared to children who did not
receive general anaesthesia, children exposed to a single general anaesthetic had mean score
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differences in CBCL and BRIEF from 1.9 to 2.6 points worse than those in unexposed
children, which in secondary analyses corresponded to a 47% increased risk of an
internalizing behavioural deficit and a 68% increased risk of impaired executive function.
No significant differences in FSIQ were found.

Parent reports of behaviour and executive function are standard and useful components of
clinical neuropsychological evaluations as behaviour or emotional issues may not manifest
in the structured setting of a neuropsychological assessment but are evident in other settings
such as home or school.28 The finding of more problems in children exposed to general
anaesthesia is consistent with studies of non-human primates exposed to anaesthetics that
reported behavioural problems after early anaesthetic exposure.2? It is also consistent with
some retrospective analyses suggesting that children exposed to anaesthesia may be more
likely to develop later behavioural problems such as attention deficit hyperactivity disorder.
3.30-32 Thys, measures of behaviour may be of particular interest in the search for a potential
phenotype associated with anaesthesia exposure. One criticism of parent reports is that if
parents know that their child was exposed to general anaesthesia, they may be biased
towards reporting more problems. The results of the GAS trial, an RCT with blinding to
treatment assignment maintained for about half of participants, provide insight into this
possibility. If bias was the factor causing more problems to be reported in anaesthetic
exposed children, worse scores might primarily be seen in unblinded parents, with blinded
parents reporting no difference. Although the small sample size precluded a formal analysis,
there was little evidence that blinding status was consistently associated with differences
between parent-reported scores in general and regional anaesthesia groups since similar
results were seen in both groups.

The clinical relevance of these score differences (~ 0.2 standard deviations or 2 points on
CBCL and BRIEF) identified in children undergoing short single procedures is unclear,
particularly on an individual level. However, on a broader scale, if these worse behavioural
scores are actually caused by anaesthesia, given that 500,000 to 1 million children are
exposed to anaesthesia in early childhood each year in the US alone, these differences may
have increased importance on a population level.3334 To further evaluate the clinical
significance of these score differences, we evaluated the percentage of children crossing a
predetermined clinical threshold for deficit. A single general anaesthetic exposure
significantly increased the risk of developing internalizing behavioural problems by 47%
and impaired executive function by 68%. Whether these score differences represent a shift
for the entire population of general anaesthetic exposed children or only a small group of
vulnerable children is unclear. If an entire normal distribution is shifted to the right by 0.2
standard deviations, the percentage of children with scores above 1 standard deviation from
the mean (equivalent to >60 on the CBCL or BRIEF) would increase by approximately 34%.
This is similar to the increased risk found in this study, and therefore could suggest that all
children were affected. However, given the uncertainty around these estimates, it is also
possible that this shift in scores represents a more severe impact on a vulnerable group of
children in combination with some children who were unaffected.

A limitation of this analysis is the heterogeneity amongst the included studies in design,
control condition examined, and analytic methods used. The age at evaluation also differed,
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with children from the GAS study evaluated at age 5 yr, while children from the MASK and
PANDA studies were evaluated at 8 to 20 yr of age. While meta-analyses commonly include
studies with methodological differences, heterogeneity poses a threat to the validity of
combining the results of these studies. Heterogeneity was also seen between studies in
BRIEF scores despite consistency in FSIQ and CBCL scores. Another limitation is that
children were characterized as being exposed to general anaesthesia based on exposure
during the assessment period defined in each study. While balanced between exposed and
unexposed groups, some children in all of these studies were exposed to general anaesthesia
after the study assessment period, which could bias against finding differences if these later
exposures affected neurodevelopment.

Conclusions

Combining the results of studies utilizing common prospectively collected outcomes shows
that a single exposure to general anaesthesia in early childhood was associated with
statistically significant increases in parent reports of behavioural problems, but no difference
in general intelligence. While there was heterogeneity in study methodology, interestingly
mean score differences for behavioural problems in the included studies were strikingly
similar. Further research is needed to evaluate the clinical significance of these differences
and to identify potentially vulnerable children. The limitations of this analysis mean that
these are provisional conclusions that require further research for confirmation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Editor’s key points

Whether exposure to a single exposure to general anaesthesia in early childhood causes
long-term neurodevelopmental problems is unclear despite incriminating animal
evidence.

A meta-analysis was performed of prospective studies evaluating neurodevelopmental
outcomes in children exposed to a single general anaesthetic compared to unexposed
children. Exposure to general anaesthesia was associated with increases in parental
reports of behavioural problems with no difference in general intelligence.

Further research is needed to evaluate the clinical significance of these differences and to
identify potentially vulnerable children.
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FSIQ and Parentally Assessed Outcomes
Study Exposed Unexposed Weight Difference

n n % (95% Cl)
WASVWPPSI-II Full Scale IQ
PANDA’ 105 105 30.5 0.2(-2.6-2.9 o
MASK?8 380 411 414 -05(-2.8-1.9 I
GAS22 356 287 28.2 -0.2(-2.6-3.1 o:
Overall 841 803 100 -0.2(-1.7-1.3 ——
Cochrane’s Q=0.15 df=2 p=0.93 12=0%
Test for overall difference z=-0.26 p=0.79
CBCL Total
PANDA’ 101 101 43.8 2.7(0.6-4.7 P ———
MASK® 380 411 232 21(-0.7-4.9 + .
GAS?2 356 287 33.0 2.0(04-43 —_——
Overall 837 799 100 23(1.0-3.7 D e——
Cochrane's Q=0.23 df=2 p=0.89 1%=0%
Test for overall difference z=3.39 p=0.001* :
CBCL Externalizing
PANDA’ 101 101 35.0 2.1(0.0-4.2 —_————
MASK?8 380 411 30.2 2.0 E-O.2 -43 e
GAS?2 356 287 347 1.6(-05-3.7 —_——
Overall 837 799 100 1.9(0.7 - 3.1 ——
Cochrane's Q=0.12 df=2 p=0.94 1°=0%
Test for overall difference z=3.01 p=0.003* :
CBCL Internalizing
PANDA’ 102 102 407 32(1.1-53 P
MASK?8 380 411 296 1.2(-1.3-3.6 e
GAS?2 356 287 296 1.9(-0.6-4.3 B Se—
Overall 838 800 100 2.2(09-3.5 D e——
Cochrane's Q=1.58 df=2 p=0.45 12=0%
Test for overall difference z=3.27 p=0.001*
BRIEF
PANDA’ 104 104 343 05(1.7-28 —_—F—
MASK?8 380 411 34.2 46(24-6.9 : —
GAS?2 356 287 31.6 2.7(0.1-5.2 : N
Overall 840 802 100 2.6 (0.1-5.0 : ¢
Cochrane's Q=6.45 df=2 p=0.04 1%=69% :
Test for overall difference z=2.10 p =0.036
*Significant values using P < 0.05 and Holm-Bonferroni -8 -6 -4 -2 0 2 4 6
adjustment for multiple comparisons Higher scores in Higher scores in

unexposed exposed

Figure 1:
Diagram of the Study Selection Process for the Systematic Review and Meta-analysis

Br J Anaesth. Author manuscript; available in PMC 2022 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ing et al. Page 14

Risk of Clinical Deficit Following Single Exposure

Exposed Unexposed
Study Total Deficit Deficit Total Deficit  Deficit Weight Risk Ratio
n n % n n % % (95% Cl)
CBCL Total
PANDA’ 101 15 14.9 101 12 1.9 27.4 1.25(0.62 - 2.54) —
MASK® 380 43 1.3 411 30 7.3 21.7 1.55 (0.70 - 3.43) —_—————
GAS22 356 32 9.0 287 21 7.3 50.8  1.29(0.77 - 2.17) ——
Overall 837 90 10.8 799 63 7.9 100 1.33(0.92 - 1.93) ———
Cochrane's Q=0.19 df=2 p=091 1?=0%
Test for overall difference z=1.51 p=0.13
CBCL Externalizing
PANDA’ 101 11 10.9 101 8 79 23.3 1.38 (0.58 - 3.28) e —
MASK?8 380 45 1.8 411 13 3.2 29.0 3.74 (1.72- 8.14)
GAS22 356 24 6.7 287 16 5.6 47.7 1.27 (0.69 - 2.34) ———
Overall 837 80 9.6 799 37 4.6 100 1.84 (0.93 - 3.64) D e
Cochrane's Q=5.04 df=2 p=0.08 1%=60%
Test for overall difference z=1.75 p=0.08
CBCL Internalizing
PANDA’ 102 21 20.6 102 10 9.8 20.3 2.10 (1.04 - 4.23) —_——————
MASK® 380 61 16.1 411 48 1.7 27.4 1.38 (0.75 - 2.53) ——
GAS22 356 44 12.4 287 28 9.8 52.2 1.33 (0.86 - 2.06 e
Overall 838 126 15.0 800 86 10.8 100 1.47 (1.08 - 2.02 ——
Cochrane's Q=1.24 df=2 p=0.54 12=0%
Test for overall difference z=2.41 p=0.016
BRIEF
PANDA’ 104 16 15.4 104 10 9.6 17.7 1.60 (0.76 - 3.36) —_——
MASK® 380 78 20.5 41 41 10.0 24.6 2.08 (1.11 - 3.90) —_————
GAS? 356 53 14.9 287 29 10.1 57.7 1.56 (1.03 - 2.35) ———
Overall 840 147 17.5 802 80 10.0 100 1.68 (1.23 - 2.30) ——
Cochrane's Q =0.584 df=2 p=0.58 1%=0%
Test for overall difference z =3.26 p=0.001

Risk Ratio (95% Cl)

Figure 2:
FSIQ and parent reported outcome scores in children with a single exposure to general

anaesthesia vs. no exposure to general anaesthesia. Cl: confidence interval; FSIQ: Full-scale
intelligence quotient; CBCL: Child Behavior Checklist; BRIEF: Behavior Rating Inventory
of Executive Function

Br J Anaesth. Author manuscript; available in PMC 2022 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ing et al.

Studies published prior to

June 16™, 2017

68 studies reviewed:

67 studies from Clausen
et al. systematic review
as well as Stratmann et

al. study

64 studies excluded:

Did not have prospective
neurodevelopmental outcomes,
prospectively assessed controls,
long-term outcomes, a
contemporary anesthetic, or
primarily evaluated children with
major congenital or chronic
conditions

Figure 3:

Articles published from

June 17, 2017 to October

16", 2019

5973 articles identified:

680 from Pubmed

163 from Ovid

3550 from Embase

172 from CINHL

1066 from Web of Science

171 from Cochrane

A4

********* » 680 duplicates removed

[ 5293 articles screened ]

A 4

5262 articles excluded:

Animal studies, editorials,
reviews, or studies that
did not evaluate
neurodevelopmental
outcomes after exposure
to anesthesia

22 full-text articles
assessed for eligibility

,,,,,,,,,,,,,,,, >
v v
8 studies meeting criteria
for inclusion
,,,,,,,,,,,,,,,,,,,,, >

v

3 studies with outcome

scores included in
meta-analysis

18 studies excluded:

Did not have prospective
neurodevelopmental outcomes,
prospectively assessed controls,
long-term outcomes, a
contemporary anesthetic, or
primarily evaluated children with
major congenital or chronic
conditions

5 studies excluded:

Did not have outcomes that were
identical or directly comparable to
other studies

Page 15

Clinically significant deficit in parent reported outcome scores in children with a single
exposure to general anaesthesia vs. no exposure to general anaesthesia. Cl: confidence
interval; CBCL: Child Behavior Checklist; BRIEF: Behavior Rating Inventory of Executive

Function
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Comparison of general anaesthetic vs. regional anaesthetic groups stratified by blinding status

Table 2:

GA group RA group .
n mean (SD) n mean (SD) Difference in GA-RA (95% CI)
Blinded Parents
CBCL Total
PP multiple imputation 132 47 (12.6) 100 45.4(11.9) 21(-1.1-54)
PP complete case 129 46.9 (12.2) 97 454 (11.4) 2(-1.2-51)
ITT multiple imputation 132 47 (12.6) 124 45.7 (12.6) 1.8(-1.4-4.9)
ITT complete case 129  46.9(12.2) 120 457 (12) 1.6 (-1.5-4.6)
CBCL Externalizing
PP multiple imputation 132  45.6 (11.8) 100 45.1 (11.3) 0.8(-2.2-3.9)
PP complete case 129 455 (11.5) 97 45 (10.9) 0.7(-24-3.7)
ITT multiple imputation 132 45.6 (11.8) 124 452 (11.9) 0.5 (-2.4-3.5)
ITT complete case 129  455(11.5) 120 45.2(11.4) 0.4(-25-3.3)
CBCL Internalizing
PP multiple imputation 132 485 (12.8) 100 46.5 (12.4) 2.5 (-0.9 - 5.9)
PP complete case 129  48.4(124) 97  46.5(11.9) 2.4 (-0.9-5.7)
ITT multiple imputation 132 48,5 (12.8) 124  46.7 (12.8) 2.3(-0.9-55)
ITT complete case 129  48.4 (12.4) 120 46.7 (12.2) 22(-1-53)
BRIEF
PP multiple imputation 132  51.1 (14.4) 100 49.9 (14.4) 15(-2.3-53)
PP complete case 116 51 (12.5) 90 49.5(12.5) 16(-1.9-5.1)
ITT multiple imputation 132 51.1 (14.4) 124 50 (14.5) 1.3(-2.3-4.9)
ITT complete case 116 51 (12.5) 112 49.8(13) 13(-2.1-4.7)
Unblinded Parents
CBCL Total
PP multiple imputation 118 46 (12.7) 105 44.2(12.3) 11(-2.2-4.4)
PP complete case 116 45.9 (12.5) 104 44.1(12.2) 1(-2.3-4.3)
ITT multiple imputation 118 46 (12.7) 131 44.6 (12.5) 0.7 (-2.4-3.9)
ITT complete case 116 459 (12.5) 129 445 (12.3) 0.7 (-2.4-3.8)
CBCL Externalizing
PP multiple imputation 118  45.7 (12.5) 105 43.3(10.8) 1.8(-1.3-4.9)
PP complete case 116 45.6 (12.3) 104 43.3(10.7) 1.7(-1.4-48)
ITT multiple imputation 118  45.7 (125) 131 439 (11.8) 1.2(-1.8-42)
ITT complete case 116  45.6 (12.3) 129 43.9 (11.6) 1.1(-1.8-4.1)
CBCL Internalizing
PP multiple imputation 118  47.4 (12.6) 105 46.1 (12.9) 0.5 (-2.9 - 3.9)
PP complete case 116 47.3(12.4) 104 46.1(12.9) 05(-2.9-3.9)
ITT multiple imputation 118  47.4 (12.6) 131  46.1(12.9) 0.6 (-2.5-3.8)
ITT complete case 116  47.3(12.4) 129 46 (12.7) 0.7 (-2.5-3.8)

BRIEF
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GA group RA group .
Difference in GA-RA (95% CI)
n mean(SD) n mean (SD)

PP multiple imputation 118  50.5 (14.6) 105 47.3(13.5) 25(-1.2-6.3)

PP complete case 107 51 (14.1) 95 47.3 (13) 29(-0.9-6.7)

ITT multiple imputation 118  50.5 (14.6) 131  47.6 (13.3) 22(-1.3-5.7)

ITT complete case 107  51(14.1) 119 47.8(12.7) 26(-1-6.1)

*
Adjusted for gestational age at birth and country

PP: As per protocol analysis of data; ITT: Intention to treat analysis of data.
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