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ABSTRACT
Background: Negative postoperative behaviour changes (NPOBC) are known to occur after general anaesthesia in children. A 
significantly increased risk of NPOBC has been reported in children who exhibited a reduction in cerebral regional oxygen sat-
uration (crSO2) of as little as 5% below baseline levels. These results were unexpected, and we therefore aimed to investigate the 
association between degrees of regional cerebral desaturation and NPOBC after routine surgery in young children.
Methods: In this prospective cohort study, 180 healthy children between 2 and 6 years old undergoing routine surgery were 
enrolled. The primary outcome was NPOBC, assessed using the Post Hospitalization Behavior Questionnaire (PHBQ), reported 
by parents and evaluated on Postoperative Day 7. The results were stratified according to decreases in crSO2 from baseline of at 
least 5, 10, 15 or 20 percentage points sustained for a minimum duration of 2 min. The χ2 or Fisher's exact test was used to analyse 
differences in categorical variables. Using logistic regression, outcome data were expressed as odds ratios with 95% confidence 
intervals.
Results: The incidence of NPOBC was 13% on Day 7, and 15% on Day 30, respectively. No significant differences were found 
between children with or without NPOBC for any of the thresholds of crSO2 reduction (≥ 5%: 2 [11%] vs. 2 [1.8%] cases, p = 0.09; 
≥ 10%: 1 [5.6%] vs. 2 [1.8%] cases, p = 0.36; ≥ 15% and ≥ 20%: 0 vs. 0 cases). The rate of NPOBC was not associated with intraop-
erative reduction in crSO2 (OR 1.25, CI 0.71–2.20, p = 0.46). Older age was associated with lower odds of NPOBCs (OR 0.39, CI 
0.15–0.99, p = 0.048). Using the area under the curve for quantifying crSO2 changes did not result in a statistically significant 
correlation between crSO2 and NPBOCs (r = 0.11).
Conclusion: Regional cerebral desaturation and negative postoperative behaviour may be less common than previously reported 
in young children undergoing uneventful general anaesthesia. We could not corroborate the strong association between these 
entities reported previously. Studies investigating the effects of cerebral desaturation on patient-centred outcomes will need large 
sample sizes.
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medium, provided the original work is properly cited and is not used for commercial purposes.
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Editorial Comment: This prospective observational study describes a low incidence and magnitude of NIRS desaturation in 
healthy children. In contrast to previous reporting, there was no association with new negative postoperative behaviours in chil-
dren in this cohort.
Trial Registration: ISCRTN11799594

1   |   Introduction

The association between various aspects of general anaesthesia 
and negative postoperative behaviour changes (NPOBC) in chil-
dren has been explored since the 1950s [1]. The most common 
instrument for evaluating postoperative behavioural changes is 
the Post Hospitalization Behavior Questionnaire, introduced by 
Vernon et  al. [2]. The incidence varies widely between differ-
ent studies, ranging from 24% to 80% during the first few days 
at home following surgery, decreasing to 29%–54% at 2 weeks 
[3–5]. Neither the mechanisms behind nor the significance of 
NPOBCs have been fully elucidated.

In a single centre prospective observational study, Gómez-
Pesquera et  al. used near-infrared spectroscopy (NIRS) to 
monitor regional cerebral oxygen saturation (crSO2) during 
routine non-cardiac surgery [6]. They hypothesised that a de-
crease of 20% from baseline would be associated with NPOBC, 
because previous studies in adults and children indicated 
worse outcomes at this degree of cerebral desaturation [7]. 
Surprisingly, the authors found a significantly increased risk 
of NPOBCs in children who displayed a reduction in crSO2 
as low as 5% below the baseline value, and they reported an 
odds ratio (OR) of 1.2 of NPOBC for every 1% change in crSO2 
below the above threshold value [6]. The above study can be 
criticised for drawing conclusions based on deviations that 
are within the measurement precision of the NIRS device. 
Nevertheless, their results were alarming, possibly suggest-
ing that even subtle changes in cerebral oxygenation during 
general anaesthesia could have detrimental effects on cere-
bral function. Since the results are unique to date, we found 
reason to replicate the study. Therefore, this study aimed to 
investigate the association between regional cerebral desat-
uration and NPOBC after routine surgery. Based on the pre-
vious study, we explored the association of crSO2 changes of 
at least 5%–20% from the baseline value with the occurrence 
of NPOBC [6]. We hypothesised that reductions in crSO2 of 
5%–20% from baseline would be associated with NPOBC on 
Postoperative Day 7. Secondary objectives were to determine 
whether any observed behavioural changes persisted after 
30 days, and to identify other potential predictive factors for 
NPOBC based on routine perioperative monitoring—such as 
hypotension, hypoxaemia and perioperative anxiety.

2   |   Methods

This prospective, single-centre, cohort study was conducted 
at a tertiary level university hospital. It was approved by 
the Swedish Ethics Review Authority (application 2021-
02927, date of approval: 15 June 2021, chairperson G. Bodin). 
Written informed consent was obtained from both parents. 
The study was registered prior to the start of data collection at 

ISRCTN.​org (registration number 11799594; 26 August 2021). 
The Strengthening of the Reporting of Observational Studies 
in Epidemiology (STROBE) criteria were followed for report-
ing the results [8]. Data were collected between September 
2021 and November 2022. Children aged 2–6 years scheduled 
for elective surgery requiring general anaesthesia were eligible 
for inclusion. The exclusion criteria were planned anaesthesia 
duration < 30 min, children with developmental delay, signs of 
increased intracranial pressure, autism or other severe neu-
ropsychiatric disease, children undergoing chemotherapy or 
radiotherapy, and if postoperative intensive care or other hospi-
talisation > 3 days was planned.

2.1   |   Anaesthesia and Monitoring

The patients were premedicated with oral midazolam 
0.3 mg kg−1 or clonidine (3–4 μg kg−1) if indicated. All chil-
dren received EMLA at two sites. Anaesthesia was induced 
with sevoflurane, propofol and fentanyl, depending on pa-
tient preference and availability of veins for atraumatic 
intravenous access. Routine monitoring including SpO2, non-
invasive blood pressure, electrocardiogram (ECG) and tem-
perature was performed. Sevoflurane at MAC 1–1.3 was used 
for maintenance, supplemented with intravenous clonidine 
1 μg kg−1, regional anaesthesia or repeated doses of fentanyl 
0.5 μg kg−1. Most cases were managed with a laryngeal mask 
airway (LMA) and spontaneous ventilation with pressure 
support. Patients requiring endotracheal intubation received 
atracurium or rocuronium and controlled mechanical ven-
tilation, but were likewise switched to spontaneous ventila-
tion after reaching a TOF ratio of 0.9 spontaneously or after 
reversal with neostigmine-glycopyrrolate. Sevoflurane was 
washed out at the end of surgery and repeated doses of propo-
fol 0.5–1 mg kg−1 were administered until the end-tidal sevo-
flurane reached ≤ 0.04, and the child was extubated deeply. 
After approximately 5 min, the NIRS optode was removed and 
the patient was transferred to the post anaesthesia care unit 
(PACU), marking the end of the study protocol.

The INVOS model 5100C was used to monitor the crSO2. A 
paediatric optode (SPFB < 40 kg; Covidien, Mansfield, MA, 
USA) was placed on the left forehead before anaesthesia in-
duction, and after a few minutes for stabilisation, the baseline 
value was recorded. The anaesthesia team was not blinded to 
the NIRS display, but the display was placed out of view be-
hind the ventilator and the anaesthesia team was instructed 
to manage the case based on routine monitoring rather than 
changes in crSO2. NIRS data were saved on the INVOS de-
vice at a sampling rate varying from one in 14–30 s, and trans-
ferred to a server for analysis. Regional desaturation (below 
any of the thresholds) lasting less than 2 min were excluded 
from the analysis.
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2.2   |   Outcome Measures

The primary outcome was NPOBCs assessed using the PHBQ, 
evaluated on Postoperative Day 7. The results were stratified ac-
cording to decreases in crSO2 from baseline of at least 5, 10, 15 
or 20 percentage points sustained for a minimum duration of 
2 min. The post-hospitalisation behavioural changes were mea-
sured with the relative version of the PHBQ on postoperative 
day seven and 30. In this version, parents are asked to compare 
the behaviour of their child before and after hospitalisation on 
a 5-point scale in retrospect [2]. In the validation of the Swedish 
version used in the present study, two items were excluded from 
the questionnaire [9]. The cut-off for NPOBCs was set to seven 
(out of 25) or more negative behaviour changes. The participants' 
PHBQ score was the number of questions they answered with 
more or much more (4 or 5 points on the 5-point Likert scale). 
After the surgery, the parents were either given a form with a QR 
code linking to an online form of the PHBQ or two copies of the 
PHBQ together with pre-stamped return envelopes. They were 
asked to fill out the forms on days 7 and 30. The phone number 
of one of the parents was obtained, and they received up to two 
text messages or a phone call on the date they were supposed 
to fill in the form. If a question was left unanswered in the re-
turned questionnaire form, the response was interpreted as no 
change, the central point of the scale.

Secondary outcomes were hypotension, peripheral desatu-
ration and perioperative anxiety levels. In addition, we tested 
an alternative definition of NPOBC, in which the total PHBQ 
score for each individual was used to create a continuous 
variable reflecting the number of behavioural changes [3, 6]. 
Hypotension was defined as any episode of mean arterial blood 
pressure (MAP) < −1 SD in the age-appropriate nomograms 
for blood pressure in children reported by De Graaff et al. [10] 
Perioperative anxiety was recorded preoperatively by the an-
aesthesia nurse using the paediatric anesthesia behavior (PAB) 
score, as part of the local routine [11]. A score of 2 or more (sad 
or mad) was defined as preoperative anxiety. Postoperative de-
lirium was recorded by the PACU nurses using the post anes-
thesia delirium score (PAED), also as part of the local routine 
[12]. All the secondary outcomes were obtained from the patient 
data management system (Metavision), providing a resolution 
of 1 min for saved data. The criteria for artifacts were MAP = 0 
or > 140 mmHg, single MAP values below the threshold value 
and single SpO2 values under the threshold value. In a post hoc 
analysis, we explored whether incorporating the duration of 
crSO2 reduction by using the area under the curve (AUC) would 
enhance the ability to detect an association between cerebral de-
saturation and NPOBC.

2.3   |   Statistical Methods

The sample size calculation was based on an OR of 3.8 for 
NPOBC in children with crSO2 reductions ≥ 5% of baseline 
reported by Gomez-Pesquera, but we chose a more conserva-
tive expected OR of 2.5, also excluding children above the age 
of 6 to increase power, which yielded a sample size of 180 to 
achieve a power of 80% with a significance level of 0.05 [6]. 
Nominal data were expressed as absolute numbers and per-
centages. Continuous demographic data were expressed as 

means (±SD) or medians (IQR) according to the Kolmogorov–
Smirnov test of normality. Student's t test or Mann–Whitney 
U test was used for inter-group comparisons as appropriate. 
Outcome data were expressed as ORs with 95% confidence 
intervals. The Chi-square or Fisher's exact test was used to 
analyse differences in categorical variables between the two 
groups (non-NPOBC and NPOBC). To assess the relationship 
between crSO2 and the occurrence of NPOBC, a logistic re-
gression was performed, including age, duration of surgery 
and anxiety level according to PAB for secondary analyses. 
These variables were chosen because they were found to be 
associated with NPOBC in the study by Gomez-Pesquera et al. 
and because their p values were the lowest in the initial χ2 
test of the present study [6]. The post hoc correlation between 
AUC and PHBQ score was calculated using Spearman's rank 
correlation coefficient.

3   |   Results

During a period of 15 months (September 2021 to November 
2022), 180 children were included. Four cases were excluded 
because they met the exclusion criteria or had inadequate 
baseline NIRS registrations. In 39 of the remaining cases, no 
PHBQ forms were obtained on Day 7, and in 5 cases, there 
were missing data due to technical problems with the INVOS 
device, leaving 132 complete datasets for analysis of the pri-
mary outcome and 137 for the secondary outcomes (Figure 1). 
In one case, the parents preferred the English version of 
the PHBQ, which was abbreviated according to Swedish 
validation.

The clinical characteristics of 137 patients included in the final 
analysis are presented in Table  1. The mean age was 3.4 (1.5) 
years, and the children in the NPOBC were 1.2 years younger 
than those in the non-NPOBC group. Approximately one third 
were female. Premedication was used in 70% of the cases, with 
midazolam being the most common agent. Urologic or gastro-
intestinal surgery accounted for 46% of the procedures, and the 
average duration of anaesthesia and surgery was 141 (65) and 61 
(48) min, respectively.

The incidence of NPOBC reported by parents was 13% on Day 7 
and 15% on Day 30, respectively. Reductions in crSO2 from base-
line ≥ 5% units of at least 2 min duration were observed in a total 
of four patients (3.0%), ≥ 10% in three cases (2.3%) and ≥ 15% 
or ≥ 20% in 0 cases (0%), respectively (Table 2). The number of 
patients with reductions in crSO2 ≥ 5%, ≥ 10%, ≥ 15% or ≥ 20% 
was not significantly different between children with or without 
NPBOC after 7 days (Table 2). Logistic regression showed an OR 
of 1.25 (95% CI 0.71–2.20), p = 0.46 for NPOBC in children with 
intraoperative reduction in crSO2.

Age, duration of surgery and anxiety score at induction were in-
cluded in the regression model. Of these variables, only younger 
age was associated with NPOBC (OR, 0.39, CI 0.15–0.99; 
p = 0.048). The physiological variables extracted from the pa-
tient data-management system are listed in Table 3. Brief desat-
uration < 80% (never exceeding 2 min duration) occurred in both 
groups in approximately 5% of cases. Mean arterial pressure was 
in the normal range at 55 (4.8) mm Hg, but brief episodes of 
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MAP < −1 SD of the age-appropriate reference values occurred 
in 33% and 21% of cases in the NOPBC and non-NOPBC groups, 
respectively.

No statistically significant association could be observed be-
tween the AUC of a reduction of at least 5% units from baseline 
and increased total score in the PHBQ at 7 days (r = 0.11).

4   |   Discussion

In this prospective observational study, the main finding was 
that in a population of young children without significant co-
morbidity undergoing uneventful elective surgery under general 
anaesthesia, crSO2 reduction more than 5% points below base-
line was observed in only four children (2.9%) and there was 
no significant association between reductions in crSO2 and the 
occurrence of NPOBC for any of the crSO2 thresholds. This was 
in stark contrast to the replicated study in which deviations in 
crSO2 ≥ 5% points from the baseline value were common and 
strongly associated with negative postoperative behavioural 
changes on Postoperative Day 7 [6].

4.1   |   Regional Cerebral Oxygenation

NIRS is increasingly used in paediatric cardiac surgery and 
neonatal intensive care, and there is low grade evidence sug-
gesting that neurological complications may be reduced if val-
ues less than 20% below baseline are acted upon [13]. There 
is a lack of randomised controlled trials, and the threshold of 
20% is arbitrary even if it is frequently used [13–15]. We were 
therefore concerned by the report of Gomez-Pesquera et  al., 
indicating that even a threshold as small as 5% below the base-
line may be associated with NPOBC [6]. In their regression 
analysis, they found that every 1% decrease in crSO2 increased 
the OR for NPOBC by 1.2. In essence, our study is a replica 
of the latter study, aiming to provide further evidence for the 
effects of mild changes in crSO2 on postoperative changes in 
non-cardiac surgery. Gomez-Pesquera et  al. reported crSO2 
changes in 167 out of 198 cases (84%), of which 17 were re-
duced by more than 15 percentage points and 4 by more than 
20 percentage points from the baseline values respectively. 
In contrast, the total frequency was much lower (3.0%) in the 
present study, and there were no cases with crSO2 lower than 
15 percentage points from baseline.

FIGURE 1    |    CONSORT diagram.
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The present study may have defined crSO2 change differently 
from Gomez-Pesquera et al. [6] The latter authors did not report 
if they used a cut-off for the duration of crSO2 reduction, while 
we included only desaturations of at least 2 min duration, which 
could partly explain the large difference in incidence. However, 
in a multicentre observational study of intra-operative cerebral 
desaturation in infants, the authors used a cut-off of 3 min and 
reported crSO2 reduction of at least 10 percentage points in 34% 
of cases, which still is much higher than the 2.3% in the pres-
ent study [16]. A possible explanation is the age difference in the 

studied populations; Gomez-Pesquera included children of ages 
2–12 years, the multicenter study focused on infants < 6 months, 
while we studied children 2–6 years of age.

How can we otherwise explain the striking differences in the 
incidence of cerebral desaturation? In theory, crSO2 is mainly 
influenced by the local cerebral blood flow, oxygen content and 
oxygen extraction. These, in turn, are dependent on cardiac out-
put, blood pressure, oxygen delivery, cerebral metabolism, and 
oxygen extraction.

TABLE 1    |    Baseline demographics and patient characteristics in relation to PHBQ results on Day 7 (NPOBC—negative postoperative behavior 
changes). Nominal data are expressed as absolute numbers (percentage) and were analyzed using χ2 test. Continuous data were analyzed using 
Student's t test and expressed as mean values (SD).

Total (n = 137) NPOBC (n = 18) Non-NPOBC (n = 119) p-value

Age (years) 3.4 (1.5) 2.3 (0.5) 3.5 (1.5) < 0.001

Toddler (2–3 years) 81 (59) 18 (100) 63 (53)

Preschool age (4–6 years) 56 (39) 0 (0.0) 56 (47)

Gender

Female 45 (33) 3 (17) 42 (35) 0.12

Male 92 (67) 15 (83) 77 (65)

Premedication

Midazolam 91 (66) 14 (78) 77 (65) 0.39

Clonidine 3 (2.2) 1 (5.6) 2 (1.7)

Dexmedetomidine 2 (1.5) 0 (0.0) 2 (1.7)

None 41 (30) 3 (17) 38 (32)

Induction

Intravenous propofol 102 (74) 14 (78) 88 (74) 0.73

Inhalation sevoflurane 35 (26) 4 (22) 31 (26)

Airway

Laryngeal 120 (89) 14 (78) 106 (89) 0.18

Tracheal 17 (12) 4 (22) 13 (11)

Anaesthesia

Intravenous propofol 7 (5.1) 2 (11.1) 5 (4.2) 0.21

Inhalation sevoflurane 130 (95) 16 (89) 114 (96)

Type of surgery

Urologic 42 (31) 4 (22) 38 (32) 0.32

Orthopaedic 18 (13) 1 (5.6) 17 (14)

General 35 (26) 7 (39) 28 (24)

Diagnostic 6 (4.4) 0 (0.0) 6 (5.0)

Gastro 6 (4.4) 2 (11) 4 (3.4)

Other 30 (22) 4 (22) 26 (22)

Duration of anaesthesia (min) 141 (65) 164 (13) 138 (6.1) 0.58

Duration of surgery (min) 61 (48) 60 (4.5) 72 (9.4) 0.58
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4.2   |   Variation in Physiological Variables

The Safetots (www.​safet​ots.​org) initiative suggests that devia-
tions from normal physiological conditions could lead to neg-
ative effects on the brain, perhaps more important than the 
neurotoxicity potentially caused by anaesthetic agents [17]. Body 
temperature, ECG, blood pressure, EtCO2 and SpO2 were part of 
the routine monitoring in both studies. Gomez-Pesquera et al. 
did not report these parameters, other than mentioning that they 
were not significantly different between the outcome groups. 
We report a small number of cases of transient desaturation, but 
hypotension defined according to a strict criterion of MAP < −1 
SD of the blood pressure in the study by De Graaff et al., which 
we applied in our unit, was not uncommon (29 cases, 22%) [18]. 
However, this frequency was within the expected range set in 
the latter study, and there was no difference in the incidence be-
tween the groups.

4.3   |   Negative Postoperative Behaviour Changes

Reversible negative postoperative behavioural changes are not 
uncommon after anaesthesia in children, and the incidence var-
ies widely between studies [3, 5, 6, 19–22].

In the present study, the incidence of NPOBC at 7 days was 
13%, which is in the lower range of the above-cited studies, 
while the incidence in the study by Gomez-Pesquera et al. was 
more than twice as high at 38.8% [6]. There were no obvious 
differences in the studied populations, except for the lower age 
of our cohort, which should theoretically have increased the 
incidence.

Previous studies have reported association of NPOBC with du-
ration of anaesthesia, parental anxiety, child anxiety, length of 
hospital admission, difficult previous anaesthesia experience, 

TABLE 3    |    Physiologic variables from routine monitoring in relation to PHBQ results on Day 7. Mean arterial blood pressure (MAP), heart rate 
and end-tidal CO2 expressed as mean values (SD). The occurrence of desaturation and hypotension expressed as absolute number (percent of total) 
of subjects with at least 1 min of SpO2 < 90% or 80% and hypotension as number of subjects with at least one reading of MAP < −1 SD of the age-
appropriate reference values in De Graaff et al. [10].

Total (n = 137) NPOBC (n = 18) Non NPOBC (n = 119) p-value

MAP (mmHg) 55 (4.8) 55 (5.5) 55 (4.8) 0.22

Heart rate (beats min−1) 114 (14) 123 (3.1) 113 (1.3) 0.42

Endtidal CO2 (kPa) 6.5 (0.7) 6.6 (0.2) 6.4 (0.1) 0.66

Body temperature (°C) 36.4 (0.5) 36.6 (0.5) 36.4 (0.5) 0.89

SpO2 < 90%, n (%)

No 128 (93) 17 (94) 111 (93) 0.85

Yes 9 (6.6) 1 (5.6) 8 (6.7)

SpO2 < 80%, n (%)

No 130 (95) 17 (94) 113 (95) 0.93

Yes 7 (5.1) 1 (5.6) 6 (5.0)

Hypotension, n (%)

No 106 (77) 12 (67) 94 (79) 0.24

Yes 31 (22) 6 (33) 25 (21)

TABLE 2    |    Cerebral regional oxygen saturation (CrSO2) measured by near infrared spectroscopy. Baseline median values in percentage units 
(IQR). Incidences of deviations below threshold values displayed as absolute numbers (%).

Total (n = 132) NPOBC (n = 18) Non NPOBC (n = 114) p-value

CrSO2 baseline (%) 78 (7.0) 79 (8.0) 78 (7.0)

Intraoperative crSO2, n (%)

Decrease ≥ 20% 0 (0) 0 (0) 0 (0) 0.36

Decrease ≥ 15% 0 (0) 0 (0) 0 (0) 0.090

Decrease ≥ 10% 3 (2.3) 1 (5.6) 2 (1.8)

Decrease ≥ 5% 4 (3.0) 2 (11) 2 (1.8)
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learning problems, emotional problems, behavioural problems 
and young age [3]. Gomez-Pesquera et  al. did not report the 
duration of anaesthesia, but found that the duration of surgery 
was associated with increased NPOBC. The type of surgery was 
similar to that in our cohort except that we did not include ENT-
surgery. The age range in the present study was lower, excluding 
children above the age of 6 y.

4.4   |   Perioperative Anxiety

Other studies have reported increased NPOBC if the child ex-
perienced pain or emergence delirium during their last medi-
cal visit [23–25]. We used the simplified Paediatric Anesthesia 
Behavior scale to assess anxiety during induction while Gomez-
Pesquera et al. used the Yale Preoperative Anxiety Scale (YPAS). 
This limits the accuracy of a comparison, but the number of chil-
dren with preoperative anxiety seems lower in the present study 
if a PAB score of two or three is considered equivalent to YPAS of 
> 30, which was the criterium used by Gomez-Pesquera et al. [6].

According to our local routine, all children received propofol at 
the end of the procedure. We believe that this may be the main 
reason for the very low incidence of emergence delirium in our 
unit, potentially reducing the PHBQ results [26].

4.5   |   Premedication

There is conflicting evidence regarding the influence of premed-
ication on NPOBC. A recent RCT comparing the incidence of 
postoperative behavioural changes in children randomised to 
midazolam, clonidine or dexmedetomidine found no associa-
tion between the type of anxiolytic agent and NPOBC [21]. In 
the present study, a low dose of midazolam was frequently used 
for premedication according to local routine for this age group. 
There are no data on the use of premedication in the study by 
Gomez-Pesquera et al., but a possible lack of use of midazolam 
would hardly explain the higher incidence of NPOBC compared 
with the present study [6].

4.6   |   Strengths and Limitations

The strength of this study was that crSO2 and standard monitor-
ing were measured in a relatively large cohort of young children, 
which at the planning stage was adequately powered to detect 
significant changes in NPBOC based on the study by Gomez-
Pesquera et al. [6].

The study was observational with inherent limitations. At the 
analysis stage, it became obvious that it was underpowered 
for two reasons. Firstly, because both crSO2 reductions and 
NPOBCs were much less common than in the replicated study. 
Secondly, in several cases, we had technical problems with the 
INVOS device, which shut down unexpectedly. When that hap-
pened, we excluded the case. Thirdly, in the Gomez Pesquera 
study, PHBQ data were obtained by a research nurse calling the 
parents. We chose to supply parents with a QR code and let them 
enter PHBQ data without the help of a researcher to avoid any 

bias from the interviewer. Unfortunately, this resulted in addi-
tional missing data in spite of text message reminders to parents. 
Future studies of the possible association between physiologic 
and behavioural outcomes would need a much larger sample 
size to be meaningful.

Furthermore, both NIRS and PHBQ have limitations. Various 
NIRS devices use different algorithms and combinations of 
wavelengths to produce optimal signals, and the extracranial 
component of the NIRS signal has been shown to be significant 
in swine models and human adults [27, 28]. However, it is likely 
that this limitation is less relevant in children who have less 
thick skulls. Furthermore, while the coefficient of variation of 
regional oximetry with the INVOS device is less than 5%, the 
validation studies are based on comparing measurements of jug-
ular venous and arterial saturation, which can at best provide 
an estimate of the true regional oxygen saturation. The overall 
uncertainty regarding the clinical relevance of minor changes 
in crSO2 suggests that future studies should be powered to in-
vestigate outcomes based on deeper regional desaturation as the 
primary outcome and consider AUC as an alternative outcome. 
Given the very low incidence of deep crSO2 reductions in the 
present study, a sample size in the thousands would be needed 
unless low-risk procedures are excluded.

Finally, postoperative behaviour changes do not necessarily rep-
resent (minimal) brain damage with lasting neurological deficits 
and can be caused by a range of events during the perioperative 
period, as outlined above. However, NIRS and PHBQ measure-
ments are non-invasive, which permits their use in large studies 
as well as in clinical practice.

To conclude, in uneventful surgery with an anaesthesia proto-
col designed to minimise physiological stress and physiologi-
cal changes during the perioperative period, regional cerebral 
desaturation and negative postoperative behaviour may be 
less common than previously reported in young children. We 
could not corroborate the strong association between these en-
tities reported previously. However, given the low incidence 
of both reductions in crSO2 and NPBOC in the present study, 
a potential association between deep intraoperative crSO2 
reduction and postoperative behaviour changes cannot be 
firmly dismissed.
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