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Summary
Up to 1% of pregnant women undergo anaesthesia for non-obstetric surgery. This study investigated
neurodevelopmental outcomes after prenatal anaesthesia for maternal surgery. A bidirectional cohort study of
children born between 2001 and 2018 was performed: neurodevelopmental outcomes of children who had
received prenatal anaesthesia for maternal surgery were prospectively compared with unexposed children,
with exposure status being assessed retrospectively. Children exposed to anaesthesia for obstetric and fetal
surgery were excluded. The primary outcome was the global executive composite of the behaviour rating
inventory of executive function score. Our secondary outcomes were: total problems; internalising problems
and externalising problems derived from the child behaviour checklist; psychiatric diagnoses; and learning
disorders. In 90% of exposed children, there was a single mean (SD) antenatal anaesthesia exposure lasting 91
(94) min. There was a broad spectrum of indications, with abdominal surgery being most frequent. Parents of
129 exposed (response rate 68%) and 453 unexposed (response rate 63%) children participated. There were no
arguments for non-response bias. After propensity weighting, there were no statistically signiﬁcant differences
in primary outcome, with a weighted mean difference (95%CI) of exposed minus unexposed children of 1.9
( 0.4–4.2), p = 0.10; or any of the secondary outcomes. Sensitivity analyses conﬁrmed the robustness.
Exploratory analyses, however, showed signiﬁcant differences in certain subgroups for the primary outcome,
(e.g. for intra-abdominal surgery, exposure duration > 1 h) and some cognitive subdomains (e.g. working
memory and attention). This bidirectional cohort study, the largest investigation on the subject to date, has
found no evidence in the general population for an association between prenatal exposure to anaesthesia and
impaired neurodevelopmental outcomes.
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Introduction

A computer algorithm screened the hospital database

Up to 1% of pregnant women require anaesthesia during

for mothers who had undergone anaesthesia within

pregnancy for non-obstetric surgery [1, 2]. Surgery

280 days of delivery [1]. Retrieved data were veriﬁed

performed during pregnancy is usually undertaken as an

manually. For each exposed child, four unexposed children

emergency, e.g. appendicectomy and surgery for adnexal

[6] were identiﬁed who were born at the closest date of birth

pathology [1].

to the exposed child and born to women of the same birth

A recent meta-analysis of animal studies demonstrated

year and parity as the mother of the exposed child [1]. In

that general anaesthesia during pregnancy can induce

both groups, in cases of twins/triplets, one sibling was

neuronal injury in the fetus and impair learning and memory

selected by using a computer random number generator.

[3]. However, it is still uncertain whether these ﬁndings can be

Therefore, in all numbers mentioned in this article, twins/

translated to the clinical setting [3]. Despite the limitations of

triplets were counted as one observation.

this evidence, the US Food and Drug Administration

On 29 April 2020, an invitation letter and questionnaire

published a warning in 2016 that repeated or prolonged use

were sent by post to the parents. The parents from whom no

of general anaesthesia in pregnant women during their third

response was obtained were reminded by telephone calls

trimester may result in impaired neurodevelopmental

or emails up to eight times with intervals of ≥ 1 month until

outcomes for the exposed children [4].

they completed the questionnaire or decided not to

We hypothesised that in-utero exposure to anaesthesia
would

be

associated

with

impairment

in

participate. The last contact with participants was on 4
August

2021

(see

online

Supporting

Information,

neurodevelopmental outcomes in children. To test our

Figure S1). Parents could choose to complete the

hypothesis, we performed a bidirectional cohort study, with

questionnaires online or return them by mail.

retrospective identiﬁcation of children who were prenatally

Four questionnaires were used (see online Supporting

exposed to anaesthesia for maternal non-obstetric surgery.

Information, Appendix S1). First, general information and

The neurodevelopmental outcomes of these children were

demographic variables were collected. Second, executive

compared, using parental questionnaires, with that of

function was assessed using the behaviour rating inventory

unexposed children through a prospective assessment of

of executive function parent questionnaire (BRIEF), further

executive function, psychosocial problems, diagnoses listed

referred to as the `executive function questionnaire´) [7].

in the 5th edition of the Diagnostic and Statistical Manual of

Third, psychosocial problems were evaluated using the

Mental Disorders (DSM-5) [5] and learning disorders, in

child behaviour checklist parent questionnaire (CBC) further

children aged 2–18 y.

referred to as the `psychosocial problem questionnaire´ [8].
Both questionnaires provide normative t-scores. In a

Methods

representative population for Dutch-speaking children, the

Ethical committee approval was obtained for the study.

average (SD) t-score is 50 (10). A t-score ≥ 60 suggests a

Informed consent was obtained from parents in writing or

child at risk or a clinically-relevant problem [7, 8]. Fourth, for

online.

children aged ≥ 6 y, parents were asked whether their child
(retrospective

had ever been diagnosed (by a family doctor, psychologist

assessment of the exposure status and prospective

or psychiatrist) with one of the following disorders

assessment

was

described in the DSM-5 [5]: attention-deﬁcit/hyperactivity

performed at University Hospitals Leuven, a tertiary referral

disorder; autistic spectrum disorder; anxiety disorders;

centre offering services for both low- and high-risk patients.

schizophrenia; bipolar disorder; depressive disorders; or

This

bidirectional
of

cohort

study

neurodevelopmental

outcomes)

In the present study, the cohort of our previous
publication reporting on pregnancy outcomes after non-

personality disorders and learning disorders including
dyslexia, dysgraphia and dyscalculia.

obstetric surgery was updated [1]. Children aged between 2

The primary outcome was the t-score of the global

and 18 y on 1 June 2020, were eligible. Participants were

executive composite (further referred to as the `composite

deﬁned as `exposed´ when their mothers had undergone

score´) of the executive function questionnaire. This

general or regional anaesthesia during pregnancy for

composite score is the sum of all items of the executive

maternal non-obstetric surgery [1]. Mothers of unexposed

function questionnaire and represents a child’s overall

children did not have such an exposure [1]. Exclusion

executive function. Secondary outcomes included the t-

criteria for both groups were fetal interventions/surgery,

scores of the psychosocial problem questionnaire total

obstetric surgery and deceased children [1].

problems,

2

internalising

problems

and

externalising
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problems, and the risks for DSM-5 [5] diagnoses, and

compared using Fisher’s exact test. No correction for

learning disorders.

multiple testing was used.

All data were obtained from the questionnaires and the

Sensitivity and exploratory analyses (see online

hospital database (see online Supporting Information,

Supporting Information, Appendix S1) were performed

Appendix S1) and SAS System for Windows (version 9.4,

using inverse probability of treatment weighting unless

SAS Institute Inc, Cary, NC, USA) was used. The signiﬁcance

stated otherwise. No correction for multiple testing was

level was a priori set at 0.05, and all tests were two-sided.

used, so the exploratory analyses need to be considered as

We estimated a priori whether a clinically-relevant

merely hypothesis-generating. To illustrate the practical

difference could be detected for the primary outcome in our

interpretation of the effect size of the primary outcome, the

cohort. Based on our previous study [1] and assuming a

effect size of in utero exposure to anaesthesia was

response rate of 50%, we estimated we would receive

compared with the effect sizes of all 15 confounders taken

completed questionnaires from at least 90 exposed and 360

into account by inverse probability of treatment weighting.

unexposed children. Assuming that the standard deviation

When investigating the effect of these 15 confounders on

for the t-scores would be comparable to that of a normative

the neurodevelopmental outcomes of the children, weights

population of children (i.e. 10), a two-sided unpaired t-test

were calculated using all other 14 confounders and in utero

with an a of 0.05 showed that there is at least 80% power to

exposure

detect a difference for the primary outcome equal to 3.3.

Information, Appendix S1 for details).

to

anaesthesia

(see

online

Supporting

This effect size is comparable with the observations of
prospective studies assessing postnatal exposure to

Results

anaesthesia [9, 10].

We invited the parents of 189 exposed and 721 unexposed

Non-response bias was assessed by comparing all

children, and received responses from 129 exposed

known characteristics of respondents with those of non-

(response rate 68.3%) and 453 unexposed (response rate

respondents and by wave analysis [11, 12] (see online

62.8%) children that could be included in the analysis

Supporting Information, Appendix S1). If data were missing

(Fig. 1).

from questionnaires, we contacted the parents concerned;
Propensity scores were used in an inverse probability of
treatment

weighting

confounding

(see

approach
online

Respondents

and

non-respondents

differed

signiﬁcantly in only two out of the 24 baseline characteristics

thereafter, all data were complete.
to

Supporting

(see online Supporting Information, Table S1). According to

by

the wave analysis, the t-scores’ estimated bias (caused by

Information,

non-response) is 0.14 for the composite score of the

reduce

bias

Appendix S1). Brieﬂy, for every child, a weight was

executive

calculated to account for known confounders, i.e. birth

inventory of executive function, BRIEF) and 0.48 for the

function

questionnaire

(behaviour

rating

month of the child; maternal age at birth; sex of the child;

psychosocial problem questionnaire (child behaviour

parity of the mother; number of fetuses; maternal exposure

checklist, CBC) total problems (both expressed on the scale

during pregnancy to radiation; smoking and alcohol

of t-scores), that is, < 5% of the standard deviation of the

consumption; exposure of the child to anaesthesia after

normative t-score of our population.

birth; university level and income of the parents; owning vs.

At baseline, in the exposed group, there were

renting the family residence; geographic origin of the

signiﬁcantly more preterm births and children had a lower

parents; rural/urban residence; and marital status [9, 10, 13–

birth weight. There was a higher incidence of malignant

17]. These weights were taken into account when

pathology in the mother, and children were more frequently

comparing the outcomes of exposed vs. unexposed

exposed in utero to maternal chemotherapy, radiography,

children by linear (continuous variables) and Poisson

computer tomography scans and smoking. The university

(dichotomous variables) regression models.

level of the father and the combined income of both parents

Data are expressed as (weighted/unweighted mean

were signiﬁcantly lower, and the parental divorce rate was

difference of t-scores or weighted/unweighted absolute risk

signiﬁcantly

reduction, 95% conﬁdence interval; p-value). These

Table S2). There were no signiﬁcant differences for other

differences represent exposed minus unexposed children;

variables. Applying inverse probability of treatment

therefore, positive values indicate a worse outcome for

weighting made the baseline differences between the

exposed children. Continuous variables were compared

exposed and unexposed groups negligible (see online

with the Student’s t-test; categorical variables were

Supporting Information, Figure S2).
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All deliveries in the University Hospitals of Leuven from 6/2/2001 unl 6/1/2018
(i.e. children aged 2-18 y on 6/1/2020)
(n = 39 752)

Pregnant women exposed to
non-obstetric surgery during
pregnancy
(n = 194)

Unexposed women
(n = 39,558)

Women not analysed
(n = 38,817)

Exposed children
(n = 194)

Dead children
(n = 5)

Dead children
(n = 20)

Exposed children invited for
study parcipaon
(n = 189)
No response: n = 60
-Decided to not parcipate: n = 37
-Response lost by postal mail or technical problems: n = 3
-Promised at every contact to parcipate, but no response: n = 3
-No contact details (family doctor contacted): n = 13
-Other language: n = 4

For each exposed child, four unexposed children were idenﬁed who were
born at the closest date of birth to the exposed child and born to women
of the same birth year and parity as the mother of the exposed child.

Unexposed children
(n = 741)

Response rate: 68.3%

Exposed children included in analysis
(n = 129)
-All quesonnaires completed (n = 129)

Unexposed children invited for
study parcipaon
(n = 721)

Response rate: 62.8%

Unexposed children included in analysis
(n = 453)
-All quesonnaires completed (n = 447)
-Demographic quesonnaire AND
[execuve funcon quesonnaire OR
psychosocial problem quesonnaire]
completed (n = 6)

No response: n = 268
-Decided to not parcipate: n = 132
-Response lost by postal mail or technical problems: n = 12
-Promised at every contact to parcipate, but no response: n = 23
-No contact details (family doctor contacted): n = 40
-Did not pick up phone (10 aempts + family doctor contacted): n = 17
-Only demographic quesonnaire completed: n = 15
-Other language: n = 29

Total response rate: 64.0%

Figure 1 Study ﬂow diagram. Twins/siblings are counted as one observation for all numbers.
In 90% of exposed children, there was a single mean

differences, regardless of the mode of analysis. For

(SD) antenatal anaesthesia exposure lasting 91(94) min

example, when methods other than inverse probability of

(online Supporting Information, Table S2). In 86% of these

treatment weighting were used to reduce bias by

children, the mothers were exposed to general anaesthesia

confounders, all conclusions persisted (Fig. 2b and c, online

and in 14% to regional anaesthesia. In almost all mothers

Supporting Information, Figures S3a and b). Likewise,

undergoing anaesthesia, propofol and/or sevoﬂurane with

groups did not differ when assessing the risk for t-scores

standard ASA monitoring were used. Mothers underwent a

≥ 60 (Fig. 4a–c), after exclusion of children with potential

broad spectrum of surgery, with abdominal procedures the

confounders (see online Supporting Information, Figure S4)

most frequent type (41.9%) and appendicectomy the most

and when additionally taking into account other potential

common surgical operation (22.5%).

confounders such as gestational age and birth weight

The primary outcome (t-score of the composite score of

(online Supporting Information, Figure S5). There was also

the executive function questionnaire, BRIEF) was not

no difference between groups when repeating the analyses

signiﬁcantly different between both groups, with the

separately for the age groups of 2–5 y and 6–18 y (online

weighted mean difference (95%CI) of t-scores being 1.9

Supporting Information, Figures S6 and S7) and when only

( 0.4–4.2), p = 0.10 (Fig. 2a). Likewise, groups did not

considering raw scores (online Supporting Information,

differ for the secondary outcomes from the psychosocial

Figures S6 and S7 and Appendix S2).

problem

questionnaire

(CBC).

The

weighted

mean

In the sensitivity analyses, exposure to anaesthesia was

difference (95%CI) of t-scores were: 0.4 ( 2.0–2.8), p = 0.74

only

for internalising problems; 0.4 ( 1.7–2.5), p = 0.68 for

confounders were not taken into account: t-scores were

associated

with

an

impaired

outcome

when

externalising problems; and 1.1( 1.2–3.3), p = 0.36 for total

signiﬁcantly higher in the exposed group for the composite

problems. There were no signiﬁcant differences in the risks

score of the executive function questionnaire, where the

for DSM-5 [5] diagnoses or for learning disorders (Fig. 3).

unweighted mean difference (95%CI) was 3.4 (1.2–5.7,

Several sensitivity analyses and additional analyses

p = 0.003), and in the externalising and total problem

were performed. When statistical methods to reduce bias

domains of the psychosocial problem questionnaire

by confounders were used, there were no signiﬁcant

(Fig. 2d). The risk for t-scores ≥ 60 was also signiﬁcantly

4
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(a) Inverse probability of treatment weighting
BRIEF global executive composite

Mean
Mean
exposed unexposed
53.3
51.4

CBC internalising problems

52.7

52.3

CBC externalising problems

48.4

48.0

CBC total problems

51.0

49.9

-3

-2

-1

0

1

2

3

4

5

6

Weighted mean difference
(Exposed-unexposed; t-score)

(b) Propensity score adjustment

Mean
Mean
exposed unexposed
55.6
53.7

BRIEF global executive composite
CBC internalising problems

55.0

54.4

CBC externalising problems

51.1

50.4

CBC total problems

53.9

52.6

-3

-2

-1

0

1

2

3

4

5

6

Adjusted mean difference
(Exposed-unexposed; t-score)

(c) Propensity score matching

Mean
Mean
exposed unexposed
54.6
51.8

BRIEF global executive composite
CBC internalising problems

54.3

53.3

CBC externalising problems

49.9

48.7

CBC total problems

52.6

50.8

-3

-2

-1

0

1

2

3

4

5

6

Mean difference after matching
(Exposed-unexposed; t-score)

(d) Unweighted/unadjusted analysis

Mean
Mean
exposed unexposed
54.6
51.2

BRIEF global executive composite
CBC internalising problems

53.9

51.7

CBC externalising problems

49.9

47.7

CBC total problems

52.6

49.4

-3

-2

-1

0

1

2

3

4

5

6

Unweighted mean difference
(Exposed-unexposed; t-score)

Figure 2 Primary and secondary outcomes. Diamonds and error bars represent the estimate for the mean difference of t-scores
(exposed minus unexposed) and their 95%CIs. Inverse probability of treatment weighting (panel a) was used to reduce bias by
confounders. In the sensitivity analyses, other methods to reduce bias by confounders were used (panels b and c). Data were
also analysed without taking confounders into account (panel d). BRIEF, Behavior Rating Inventory of Executive Function; CBC,
Child Behavior Checklist.
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Risk
exposed (%)
6.8

Risk
unexposed (%)
5.5

Autism spectrum disorder

7.1

5.7

Anxiety disorders

4.2

6.2

Schizophrenia*

0.0

0.6

Bipolar disorder*

0.0

0.3

Depressive disorders

0.8

1.2

Personality disorders

1.6

0.9

12.2

10.6

Dysgraphia

1.3

3.1

Dyscalculia

6.8

4.9

Attention deficit hyperactivity disorder

Dyslexia

-10

-5

0

5

10

Weighted absolute risk reduction
(Exposed-unexposed; %)

Figure 3 Weighted absolute risk reduction for DSM-5 diagnoses and learning disorders in 85 children exposed to anaesthesia
and 313 not exposed. Diamonds and error bars show the estimate for the weighted absolute risk reduction (exposed minus
unexposed) and their 95% CIs. *Only the unweighted absolute risk reduction without CI could be calculated, because the risk
was zero in the exposed group.
increased for the composite score of the executive function

Both signiﬁcantly increased t-scores and a signiﬁcantly

questionnaire (BRIEF), the unweighted absolute risk

increased risk for t-scores ≥ 60 were observed in children

reduction (95%CI) being 11.7 (0.9–22.5), p = 0.03 and the

aged 2–5 y for sleeping problems (online Supporting

psychosocial problem questionnaire (CBC) total problems

Information, Figure S6) and in children aged 6–18 y for

(Fig. 4d). In contrast, groups did not differ for the

working memory, plan/organise and attention problems

psychosocial problem questionnaire internalising problems

(online Supporting Information, Figure S7).

(Fig. 2d) nor for the incidence of DSM-5 [5] diagnoses and
learning disorders (see online Supporting Information,

Discussion

Figure S3c).

We suggest that, in the general population, prenatal

Several exploratory analyses were performed. For the

exposure to anaesthesia for non-obstetric surgery is not

composite score of the executive function questionnaire, but

associated with clinically meaningful impairments in

not for the psychosocial problem questionnaire total

neurodevelopmental outcomes. We make this assertion

problems, signiﬁcantly higher t-scores were obtained for

considering the observed effect size and make the following

children in the subgroups exposed to general anaesthesia,

comments to support this. First, the observed effect size was

intra-abdominal surgery, prolonged anaesthesia (>1 h) and

smaller than the standard deviation of t-scores (i.e. 10).

laparoscopic surgery. Estimates for the weighted mean

Second, the observed effect size was comparable with the

difference of t-scores in these subgroups ranged from 3.2 to

effect size of the parents’ university level, mother’s age and

4.5 (online Supporting Information, Figure S8).

family residence ownership. Third, comparable effect sizes

The effect size of t-score of the composite score of the

(adjusted mean difference of t-score from the composite of

executive function questionnaire and the psychosocial

the executive function questionnaire of 2.04) have been

problem questionnaire total problems associated with

reported for children exposed to > 2 h vs. ≤ 2 h of screen

exposure to anaesthesia was of a magnitude comparable

time per day [18]. Fourth, overall, we found no evidence for

with the effect size of parental university level, maternal age

an increased risk of having a t-score ≥ 60. Additionally, there

at birth and renting vs. owning the family residence (Fig. 5

were no signiﬁcant differences between children exposed

and online Supporting Information, Figure S9).

and unexposed in utero in any of our secondary outcomes.
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(a) Inverse probability treatment weighting

Anaesthesia 2022
Risk
exposed (%)
27.2

Risk
unexposed (%)
23.1

CBC internalising problems

33.5

27.8

CBC externalising problems

17.0

13.9

CBC total problems

26.4

20.9

BRIEF global executive composite

-10

0

10

20

30

Weighted absolute risk reduction
(Exposed-unexposed; %)

(b) Propensity score adjustment

Risk
exposed (%)
39.1

Risk
unexposed (%)
34.1

CBC internalising problems

40.8

33.2

CBC externalising problems

23.2

18.6

CBC total problems

38.7

32.6

BRIEF global executive composite

-10

0

10

20

30

Adjusted absolute risk reduction
(Exposed-unexposed; %)

(c) Propensity score matching

Risk
exposed (%)
33.0

Risk
unexposed (%)
23.8

CBC internalising problems

41.0

29.3

CBC externalising problems

22.0

13.3

CBC total problems

32.0

21.8

BRIEF global executive composite

-10

0

10

20

30

Absolute risk reduction after matching
(Exposed-unexposed; %)

(d) Unweighted/unadjusted analysis

Risk
exposed (%)
33.3

Risk
unexposed (%)
21.6

CBC internalising problems

37.2

26.2

CBC externalising problems

20.2

12.5

CBC total problems

31.8

19.2

BRIEF global executive composite

-10

0

10

20

30

Unweighted absolute risk reduction
(Exposed-unexposed; %)

Figure 4 T-scores ≥ 60 on the executive function and psychosocial problem questionnaire (at risk/clinically elevated).
Diamonds and error bars show the estimate for the weighted absolute risk reduction (exposed minus unexposed) and their 95%
CIs. Inverse probability of treatment weighting (panel a) was used to reduce bias by confounders. In the sensitivity analysis,
other methods were used (panel b, c) to take confounders into account. Panel d shows the unweighted/unadjusted analysis.
BRIEF, Behavior Rating Inventory of Executive Function; CBC, Child Behavior Checklist.
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Composite score of the executive function questionnaire
NS

Alcohol consumption during pregnancy (Yes - No)

Estimate wMD (95% CI)
4.0
(-0.1 to 8.0)

Marital status (Divorced - Other)

S

2.8

(0.0 to 5.6)

Family residence (Rented - Owned)

NS

2.6

(-0.1 to 5.3)

Anaesthesia (Exposed - Unexposed)

1.9

(-0.4 to 4.2)

Smoking during pregnancy (Yes - No)
Radiography/CT during pregnancy (Yes - No)

1.9
1.9

(-1.7 to 5.5)
(-1.8 to 5.5)

University level (Other - Both parents bachelor/master)

1.7

(-0.1 to 3.6)

Age of mother at birth (< 30 y - ≥ 30 y)

1.3

(-0.6 to 3.1)

Birth month (July until December - January until June)

1.2

(-0.7 to 3.1)

Parity (0 - ≥ 1)

0.8

(-1.1 to 2.6)

Family residence (Urban - Rural)

0.7

(-1.4 to 2.7)

Postnatal anaesthesia exposure (Yes-No)

0.3

(-1.8 to 2.5)

Income (≤ €4000/month - > €4000/month)

-0.1

(-2.0 to 1.8)

Origin (Other - Both parents European)

-1.7

(-4.6 to 1.3)

Number of fetuses ( ≥ 2 - 1)

-3.7

(-7.7 to 0.2)

-10

-5

0

5

10

Weighted mean difference
(t-score)

Figure 5 Ranked comparison of the effect size (95%CI) of the primary outcomes with all weighted confounders. NS, not
signiﬁcant; S, signiﬁcant, wMD, weighted mean difference of t-scores.
A recent study reported that in-utero exposure to

consequences (e.g. social isolation). Some diseases can also

general anaesthesia was associated with more externalising

be related to socio-economic factors (e.g. low university

psychosocial problems, but not other impairments [17].

level). All these factors may affect the neurodevelopmental

However, this study has several limitations, including: an

outcomes of a child. In fact, socio-economic status and

uncertain exposure status; a small sample size (22 likely

other baseline characteristics in the present study were

exposed children); and anaesthesia exposure dating back

signiﬁcantly different between the parents of exposed and

to an era (1989–1992) that predates modern anaesthetic

unexposed children.

drugs and monitoring standards. Our study overcomes

To account for the confounders present at baseline,

these limitations: only children with a certain exposure

inverse probability of treatment weighting was used to

status receiving modern anaesthetics and standard ASA

analyse all primary and secondary outcomes to reduce

monitoring were included, and the sample size was

possible bias. Without addressing these confounders by

statistically justiﬁed.

this weighting method, several statistically signiﬁcant and

A systematic review of studies investigating the effects

clinically relevant differences (t-scores ≥ 60) were observed.

of anaesthesia exposure after birth concluded that

However, in the subgroups of children whose mothers

anaesthesia seems to be a marker rather than a cause of

underwent laparoscopic and intra-abdominal surgery (both

impaired neurodevelopment [19]. The effect size for

probably reﬂecting more complex pathology and surgery),

anaesthesia exposure after birth has been reported to be

increased t-scores were observed even after weighting. It is

smaller than the effect size caused by gender, birth month of

tempting to speculate that these observations may suggest

the same year, maternal education and preterm birth [20,

that factors other than anaesthesia are more relevant to

21]. The observed effect sizes for the executive function and

neurodevelopmental outcomes.

psychosocial problem questionnaires in our study were

The present study examined exposures during a broad

comparable with those in studies prospectively assessing

spectrum of procedures (e.g. abscess incision vs. cardiac

neurodevelopmental outcomes after a single exposure of

surgery), using both general and regional anaesthesia, and

young children to anaesthesia [22].

the primary outcome was the sum of different cognitive

Differences between exposed and unexposed children

domains. Not observing a difference in the average of this

were not limited to the exposure to anaesthesia. Pregnant

sum does not preclude possibly larger impairments in

women receive anaesthesia almost exclusively to enable

vulnerable patients, for general anaesthesia or in speciﬁc

surgery [1] to treat an underlying condition (e.g. malignant

cognitive domains. Larger effect sizes were observed for

or infectious disease). The underlying pathology will also

speciﬁc subgroups, and increased risks for t-scores ≥ 60 were

require diagnostic intervention (e.g. CT scans), other non-

detected for speciﬁc cognitive subdomains. Also, for the

surgical treatments (e.g. chemotherapy) or can have other

subgroup of general anaesthesia, statistically signiﬁcant
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differences were observed, but the effect size does not

studies could focus on more homogenous patient groups,

represent clinically meaningful impairments. All these

e.g. intra-abdominal surgery. Fifth, it was impossible to

differences should be interpreted as hypothesis-generating

increase the response rate beyond 64%. However, it has

as the chance of type-1 errors is high. As 90% of children

been shown that the response rate and non-response bias

were exposed to a single anaesthetic with an average

are not correlated. Consequently, estimating a possible

duration of 91 min, it would be reasonable to state that the

non-response bias is more important than achieving a

primary outcome conclusions refer to this type of exposure

higher response rate [11, 12]. In this study, it can be

and cannot be extrapolated to repeated or longer exposures.

concluded that the non-response bias is negligible.

None of the maternal procedures performed in the

This study also has some strengths. It is the ﬁrst study to

exposed group could have been postponed until after

investigate the effects of in-utero exposure to modern

delivery. For example, delayed treatment of appendicitis

anaesthesia techniques and the sample size was statistically

could result in a fetal loss rate of 20–35% [23] and maternal

justiﬁed. Inverse probability of treatment weighting was

septic shock [24]. It is reassuring that the observed effect

used to reduce bias by confounders with multiple sensitivity

sizes for this study’s primary and secondary outcomes were

analyses conﬁrming the robustness of the conclusions. The

small and clinically insigniﬁcant. The results of our study do

executive

not change the recommendation that all urgent and

psychosocial problem questionnaire [9, 10, 13–15, 26],

essential procedures should be performed immediately

DSM-5 [5] diagnoses and the presence of learning disorders

during pregnancy [25].

[27–32] are established tools for the assessment of

function

questionnaire

[9,

10,

13],

the

We acknowledge that our study has several limitations.

neurodevelopmental outcomes in studies investigating

First, the executive function and the psychosocial problem

postnatal anaesthesia exposure. The validity of our study

questionnaires assess parentally reported changes in

design is illustrated to some degree by the fact that clinically

behaviour and are, therefore, theoretically incapable of

small differences could be detected with statistical

detecting smaller neurocognitive impairments not affecting

signiﬁcance when confounders were not considered. In

behaviour. Additionally, the answers of the parents may be

conclusion, we found no evidence in the general population

subjective.

for

However,

several

studies

prospectively

measuring the effects of anaesthesia exposure after birth

an

association

between

prenatal

exposure

to

anaesthesia and impaired neurodevelopmental outcomes.

used both the executive function and the psychosocial
problem questionnaires and more advanced direct
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