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Abstract

Background It is believed that negative postoperative behavioral changes (NPOBC) is associated with negative
perioperative outcomes in children. The importance of development of a predictive model of NPOBC was noted. This
study aims to identify potential risk factors develop a nomogram to predict NPOBC on postoperative day 3 based

on a prospective cohort.

Methods A prospective observational study was conducted on children(American Society of Anesthesiologists | ~1l)
aged 2~ 12 years who underwent selective surgery under general anesthesia between September 2022 and February
2023.The patient’s clinical data were analyzed. The method of measuring NPOBC is with the The Posthospital Behav-
iour Questionnaire (PHBQ), and all of children remained hospitalized at the time of assessment. The enrolled patients
were categorized into the NPOBC group and the non-NPOBC group according to if children developed NPOBC

on postoperative day 3. Univariate and multivariate logistic regression analyses were performed to identify independ-
ent risk factors and develop the nomogram to predict NPOBC. Internal validation was performed using the parametric
bootstrapping method.

Results One hundred ninety-two patients were enrolled in the study, 44.8% (86/192 patients) of children developed
NPOBC on postoperative day 3. Univariate and multivariate logistic regression analysis demonstrated that the Pedi-
atric Anesthesia Behavior (PAB) score (OR: 1.23, 95%Cl: 1.14-1.33), cerebral desaturation (OR: 1.16, 95%Cl: 1.02-1.32),
and postoperative pain score (OR: 1.07, 95%Cl: 1.02—-1.13) were independent predictors for NPOBC on postopera-
tive day 3 (P<0.05). They were used to develop the prediction model. The calibration curve demonstrated satis-

fied discrimination and calibration of the prediction model. The model presented with good discriminative ability
(area under the receiver operating characteristic curve: 0.762 [95%Cl: 0.691—0.833]). The decision curve analysis

also revealed the great clinical utility of the nomogram.

Conclusion Based on our prospective observational study, pre-anesthesia patients with higher PAB scores, presence
of cerebral desaturation, and higher postoperative pain score were more likely to develop NPOBC on postoperative
day 3. We established and validated a nomogram for predicting NPOBC, which could help assess patients individually,
identify high-risk groups of NPOBC and improve patient prognosis.

Trial registration Chinese Clinical Trial Registry, ChiCTR-2,200,059,776. Registered 11 May 2022.
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Introduction

Based on the principle of personalized medicine, pro-
tecting children’s perioperative mental health is gradu-
ally being emphasized [1]. The perioperative period is
a stressful process for children, complex processes are
involved in predicting critical events during the perio-
perative period and are frequently followed by nega-
tive postoperative behavioral changes (NPOBC) [2].
The Posthospital Behaviour Questionnaire (PHBQ) is
currently used as the standard measure for detecting
NPOBC [3, 4]. NPOBC include general anxiety, night-
mares, eating disorders, temper tantrums, and enure-
sis, with the prevalence ranging from 29.8% to 43% on
postoperative day 14 and from 16 to 32% on postopera-
tive day 30 [5-8]. Although previous studies demon-
strated that risk factors such as younger age, female sex,
type of surgery, ethnic variations, preoperative anxiety,
and intraoperative decrease in cerebral regional oxygen
saturation (rScO,) had been associated with NPOBC,
its etiology remains unclear [9-12]. It is believed that
NPOBC is associated with negative prognosis, which
could affect children’s emotional and cognitive develop-
ment [2]. As not all children will need routine pharma-
cological or behavioral intervention, it is important to
develop a predictive model of NPOBC [11].

In the present study, we prospectively collected
patients’ data, analyzed the characteristics of patients
who developed NPOBC on postoperative day 3, sought
independent risk factors, and developed a predictive
model. We expect the nomogram can help clinicians
assess patients individually, identify high-risk patients
of NPOBC, give early intervention to decrease adverse
effects, and improve patient prognosis.

Methods

Participants

This prospective observational study was conducted
at the National Center for Children’s Health, Beijing
Children’s Hospital, China, over 6 months between
September 2022 and February 2023. The study
was registered at the Chinese clinical trial registry
(ChiCTR-2,200,059,776). The Ethics Committee of Bei-
jing Children’s Hospital, Capital Medical University has
approved the use of fully anonymized cohort data for
research (ID: 2021-E-114-Y). All children’s guardians
provided written informed consent.

Patients between the ages of 2 and 12 years, with
American Society of Anesthesiologists (ASA) physi-
cal status I to III and scheduled for elective noncardiac
surgery under general anesthesia for more than 60 min,
with mechanical respiratory assistance, were included
in the study. The exclusion criteria were: a. Children
with previous neuropsychiatric disorders; b. Emer-
gency surgery; c. Monitoring site with skin lesions or
rash; d. Children who need to be transferred to Inten-
sive Care Unit (ICU) for further treatment after sur-
gery, e. Refusal by the parents to participate.

Assessment
The primary outcome was the presence of NPOBC on
postoperative day 3. NPOBC was assessed by the PHBQ
(Supplemental Table 1), the five options, much less,
less, same, more, and much more, were awarded scores
of—2,—-1, 0, 1, and 2, respectively. The total scores were
obtained by summing the score of each item. we identi-
fied PHBQ scores>7 as substantial behavioral changes
and defined to NPOBC [5]. Children’s behavior and
mood state before the induction of anesthesia was evalu-
ated by the Pediatric Anesthesia Behavior (PAB) score
(Supplemental Table 2); the higher the score, the higher
the level of anxiety [13]. The Pediatric Anesthesia Emer-
gence Delirium (PAED) score was used to assess whether
a child was experiencing delirium after general anesthesia
(Supplemental Table 3); the onset of emergence delirium
(ED) was defined as the first evaluation for each patient
with a PAED score>10 [1, 14]. The face, legs, activity,
crying, and consolability (FLACC) behavioral scale was
used to quantify the pain behavior of children <7-year-
old. (Supplemental Table 4) [15]. The visual analog scale
(VAS) was used for children older than 8-year-old. Chil-
dren were asked to score their pain on a slide rule of
10 cm in length,.and the extreme O indicates ‘no pain,
10 cm indicates the worst pain imaginable (Supplemental
Table 5) [16]. Both postoperative pain scale score greater
than 4 pts indicates the presence of pain [1]. We followed
up the postoperative pain twice on the first and second
days after surgery, and recorded the scores separately.
The average score of the two days was taken for analysis.
Parents completed the PHBQ on postoperative day
3 in order to avoid the influence of first two days agi-
tation, significant pain or nausea on questionnaire
response. In addition, all of children remained hospital-
ized at the time of assessment, and the doctor visits the
ward for postoperative follow-up, which can explain to
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parents how to fill out the questionnaire and discover
adverse behavior in hospitalized children.

Anesthesia management

All patients will be hospitalized the day before surgery
and undergo routine preoperative examinations. One
day preoperatively, patients were identified through
hospital surgical schedules. The routine preoperative
checkup was performed, and written informed consent
was obtained from the guardians of the patients. The
standardized anesthesia protocol was provided by pro-
fessional pediatric anesthesiologists. All children are
fasted from solid food for six hours and from water two
hours before surgery, and intravenous access was estab-
lished in the ward.

The preoperative anxiety of children was measured
upon entrance into the operation room and during
induction by a trained pediatric anesthesiologist using
the PAB Score. The medium sensor (FORE-SIGHT
ELITE Cerebral Oxygen Saturation Monitor; NIRS,
CAS Medical Systems Inc, Branford, CT) was attached
to the clean and dry forehead above the eyebrows of
the child before induction of anesthesia to get the base-
line value of rScO,. The heart rate (HR), mean arterial
pressure (MAP), rScO,, body temperature, and bispec-
tral index (BIS) values of the children were continu-
ously monitored. Anesthesia induction was performed
with propofol 2 to 3 mg/kg, sufentanil 0.3 to 0.5 pg /
kg, and cisatracurium 0.1 mg/kg to facilitate endotra-
cheal intubation. After tracheal intubation, an anesthe-
sia machine was connected to control the breathing.
The tidal volume was 6 to 8 mL/kg, and the respiratory
rate was 16 to 24 times/min. The above parameters
were adjusted according to end-tidal carbon dioxide
(PetCO,) at 35-45 mmHg during the operation, with
an inhaled oxygen concentration of 50 to 70%. During
the operation, the BIS value was controlled within 40 to
60 to ensure an appropriate depth of anesthesia. Propo-
fol (6 to 10 mg/kg/h) and remifentanil (0.2 to 0.4 pg/kg/
min) were used for anesthesia maintenance, with the
dose adjusted to depth of anesthesia requirements (HR
and systolic blood pressure [SBP] changed within 20%
of baseline values). The body temperature was moni-
tored using a nasopharynx thermometer and was kept
between 36.0 and 37.5°C using a warm air blanket. Sur-
gical and anesthesia duration and adverse events were
documented.

After surgery, the children were transferred to the post
anesthesia care unit (PACU). The child was scored by
the same trained observer using the PAED form and was
escorted back to the ward for further observation after
the child’s status stabilized.
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Data collection

Data were routinely collected using a standardized elec-
tronic anesthesia system (Docare, MedicalSystem Com-
pany). Information collected included demographic data
including age, sex, weight, operation time, and opera-
tion type (scoliosis, fracture, abdominal tumor, hypo-
spadias, hydronephrosis, and biliary tract). Preoperative
data including the PAB score, pre-anesthesia HR, pre-
anesthesia SBP, pre-anesthesia diastolic blood pressure
(DBP), pre-anesthesia MAP, and pre-anesthesia rScO,.
Intraoperative data including hemorrhage, intraopera-
tive urine, intraoperative input, mean PetCO,, anesthesia
duration and extubation duration, and cerebral satura-
tion value. Postoperative data including the PAED score
(the incidence of ED), the FLACC behavioral scale or
VAS score (degree and incidence of postoperative pain).
The rScO, values of the right and left frontal monitors
were recorded. The pooled value of rScO, (mean value
of the left and right sides) was used for analysis. Cerebral
desaturation was defined as a decrease in rScO, of 10% or
more from the basal value for at least 3 min in children
[17]. The PHBQ was completed by parents on postopera-
tive day 3. Patients were divided into the NPOBC group
and the non-NPOBC group according to if children
developed NPOBC on postoperative day 3.

Construction and validation of the nomogram

The primary outcome of the study is the presence of
NPOBC on postoperative day 3. The risk factors for the
presence of NPOBC on postoperative day 3 were identi-
fied using univariate logistic regression, and varibles with
P <0.05 were included in the multivariate logistic analy-
sis. A total score was calculated by analyzing the scores
corresponding to each predictor variable in the nomo-
gram, and a probability of NPOBC was calculated. Dif-
ferent methods were used to evaluate and validate the
poformance of the prediction model. The calibration
curve were drawn to reveal the reliability of the predic-
tion model [18]. Nomograms were internally validated
using parametric bootstrapping (B=2000). A receiver
operating characteristic (ROC) curve analysis was used
to evaluate discrimination. The decision curve analysis
(DCA) was used to assess the clinical utility of the nomo-
gram [19].

Statistical analyses

The sample size was estimated using PASS software (ver-
sion 15.0). We assumed three or four independent risk
factors would be used to predict NPOBC, and each fac-
tor requires at least 10 to 15 cases of primary outcomes
to ensure the reliability of the estimation. Based on our
previous results, assuming the incidence of NPOBC is
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between 22 and 52%. We accepted an « error of 0.05 and
a p error of 0.2 in a bilateral contrast, and the sample size
of 136 (30/0.22) was targeted. Assuming a 15% of possible
withdrawals and loss of follow-up, the calculated sample
size was 170.

Statistical analyses in the present study were performed
using R software (version 4.0.3, http://www.r-proje
ct.org). The normality was assessed by Kolmogorov—
Smirnov test. Continuous variables are expressed as the
mean * standard deviation or median [interquartile inter-
val, IQR]. The t-test was used for normally distributed
continuous variables to assess the differences between the
two groups, and the Wilcoxon rank-sum test was used for
continuous variables with non-normal distribution. For
categorical variables, Fisher’s exact test and x2 test were
used. The regression analysis results were presented as
odd ratios (OR) with 95% confidence intervals (CI). All
statistical results were reported as two-tailed P-values,
and < 0.05 was considered statistically significant.

Results

We assessed 200 children for eligibility and enrolled 192
children for our study. Reasons for exclusion were: Lost
contact with parents during follow-up (n=2), and par-
ents could not understand the scale (#=6). Finally, 192
children included the study. Table 1 summarizes the
enrollment data and demographic characteristics of the
192 patients. The incidence of NPOBC on postoperative
day 3 was 44.8% (86 cases). There were no significant sta-
tistical differences in age, gender, weight, operation time,
operation type between the two groups. Patients in the
NPOBC group have the higher PAB score than the non-
NPOBC group (P<0.001). For pre-anesthesia variables,
there were no significant statistical differences in HR,
SBP, DBP, MAP, and rScO, (P>0.05). As for intraopera-
tive variables, there were no significant statistical differ-
ences in intraoperative urine, intraoperative input, mean
PetCO,, anesthesia duration, and extubation duration
(P>0.05). However, the incidence of cerebral desatura-
tion in the NPOBC group was 58.1% (50 cases), signifi-
cantly higher than in the non-NPOBC group (38 cases,
35.8%, P=0.003). Postoperatively, the higher PAED
scores in the NPOBC group were observed than that in
the non-NPOBC group, but there was no statistical sig-
nificance (7.00 [3.00;10.0] vs. 6.00 [3.00;8.00], P=0.105).
The incidence of emergence delirium in the NPOBC
group was higher than in the non-NPOBC group (39.5%
vs. 23.6%, P=0.026). The higher postoperative pain
score was shown in the NPOBC group than that in the
non-NPOBC group (3.50 [2.00;4.00] vs. 2.50 [1.50;3.00],
P<0.001), and the incidence of postoperative pain in the
NPOBC group was higher than the non-NPOBC group
(44.2% vs. 18.9%, P<0.001).
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Development and validation of the prediction
model for NPOBC on postoperative day 3

The characteristics of patients were used to fit the uni-
variate logistic regression model, and the variables with
P<0.05 were identified: gender (male/female), PAB score
(1pts/2pts/3pts), cerebral desaturation (N/Y), postopera-
tive pain score (pts) (Table 2). The multivariate logistic
regression model included these four variables. As shown
in Table 2 and Fig. 1, PAB score (OR: 1.23, 95%CI: 1.14—
1.33), cerebral desaturation (OR: 1.16, 95%CI: 1.02—-1.32),
postoperative pain score (OR: 1.07, 95%CI: 1.02-1.13)
were independent predictors (P<0.05) for NPOBC on
postoperative day 3. Furthermore, these three predictors
were used for developing the prediction model and for
constructing the nomogram (Fig. 2A).

The prediction model was validated by the 2000 repeti-
tions of bootstrap sample corrections. According to the
calibration curve of the nomogram, the predicted and
observed probabilities of NPOBC are highly consistent
(Fig. 2B). The AUC of the nomogram was 0.762 (95%CI:
0.691—0.833) for the prediction of NPOBC (Fig. 2C),
indicating great discrimination of the prediction model.
Furthermore, the DCA curve of the nomogram illus-
trated the strong clinical utility of the predictive model
(Fig. 2D).

Discussion

Children in critical stages of development are particularly
vulnerable. Surgical stress response, intraoperative blood
transfusion, a decrease in rScO, and other factors may
cause negative changes in the perioperative period [20].
According to previous research, the incidence of NPOBC
in the early postoperative period has been reported
to vary from 24 to 80% [21]. The heterogeneity of the
NPOBC incidence is perhaps due to the limited sample
size, different diagnostic methods of NPOBC, or varia-
tions in the time that the behavior was assessed [7, 22].
A prospective study involving 198 children indicated that
38.8% children developed NPOBC on postoperative day
7 [9]. In Kain et al’s study, 67%, 45%, and 23% of patients
showed NPOBC on day 1, day 2, and two weeks after sur-
gery [22]. The current study was conducted on a more
general pediatric population, including children with
ASA I and II undergoing non outpatient operations such
as scoliosis, fractures, abdominal tumors, etc. In accord-
ance with previous research, 44.8% of the children diag-
nosed with NPOBC during the third postoperative day
used the 27-item validated PHBQ to diagnose the disease.
NPOBC is detrimental to the treatment and recovery of
the disease and can affect the emotional and cognitive
development of the child, causing depression and anxiety
in severe cases and threatening life and health [23]. Since
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Table 1 Characteristics of participants with or without NPOBC on postoperative day 3
Variable Non-NPOBC group (n=106) NPOBC group (n=86) P-value
Age (years) 5.00 [3.00;8.00] 4.10[3.00;7.00] 0417
Gender, n (%): 0.051

male 48 (45.3%) 52 (60.5%)

female 58 (54.7%) 34 (39.5%)
Weight (kg) 19.0[14.9;28.8] 18.0[14.8;24.5] 0.132
Operation type, n (%): 0917

scoliosis 34 (32.1%) 30 (34.9%)

fracture 15 (14.2%) 14 (16.3%)

abdominal tumor 20 (18.9%) 14 (16.3%)

hypospadias 9 (8.49%) 8 (9.30%)

hydronephrosis 19 (17.9%) 11 (12.8%)

biliary tract 9 (8.49%) 9 (10.5%)
PAB score, n (%): <0.001

1 pts 67 (63.2%) 24 (27.9%)

2 pts 27 (25.5%) 26 (30.2%)

3 pts 12 (11.3%) 36 (41.9%)
Pre-anesthesia HR (mmHg) 103 (13.3) 105 (11.8) 0.313
Pre-anesthesia SBP (mmHg) 100 [96.0;110] 100 [95.0;107] 0.655
Pre-anesthesia DBP (mmHg) 60.0 [55.0;70.0] 61.0 [55.0:68.0] 0.438
Pre-anesthesia MAP (mmHg) 73.0 (70.0;80.0] 74.0 (69.2,80.8] 0.644
Pre-anesthesia rScO, (mmHg) 84.0 [80.6;87.0] 84.2 [80.5:87.4] 0611
Hemorrhage (ml) 10.0 [5.00;185] 17.5 [5.00;140] 0372
Intraoperative urine (ml) 200 [57.5;385] 250 [60.0;450] 0.341
Intraoperative input (ml) 650 [300;1050] 750 [362;1100] 0.381
Mean PetCO, (mmHg) 34.0(32.0;36.0] 33.0(32.0;35.0] 0.276
Anesthesia duration (min) 178 [125;250] 198 [126;269] 0358
Extubation duration (min) 19.0 [15.0;23.0] 16.0 [13.0;21.0] 0.080
PAED score (pts) 6.00 [3.00;8.00] 7.00 [3.00;10.0] 0.105
Emergence delirium, n (%): 0.026

no 81 (76.4%) 52 (60.5%)

yes 25 (23.6%) 34 (39.5%)
Postoperative pain score (pts) 2.50[1.50;3.00] 3.50[2.00;4.00] <0.001
Postoperative pain, n (%): <0.001

no 86 (81.1%) 48 (55.8%)

yes 20 (18.9%) 38 (44.2%)
Cerebral desaturation, n (%): 0.003

no 68 (64.2%) 36 (41.9%)

yes 38 (35.8%) 50 (58.1%)

Bold values indicate statistical significance

NPOBC negative postoperative behavioral changes, PAB pediatric anesthesia behavior, HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MAP
mean arterial pressure, PetCO, endtidal carbon dioxide, rScO, regional cerebral oxygen saturation, PAED pediatric anesthesia emergence delirium score

the neurological system of pediatric patients is not well
developed, they are more vulnerable to external influ-
ences. Therefore, it is important to establish an accurate
and effective prediction model in pediatric patients to
predict the occurrence of NPOBC individually.

NPOBC is associated with multiple risk factors,
including young age, type of surgery, preoperative and

induction anxiety in the preoperative periods, and
method of inhalation anesthetic agent used [12, 24, 25].
In the current study, patients who developed NPOBC
on postoperative day 3 have a higher PAB score, higher
incidence of cerebral desaturation, higher incidence of
emergence delirium, and higher incidence of postopera-
tive pain than those in the non-NPOBC group (P<0.05).
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Table 2 Logistic regression analysis on variables for the prediction of NPOBC on postoperative day 3
Variable Univariate analysis Multivariate analysis
OR (95%Cl) P-value OR (95%Cl) P-value

Age (years) 0.99 (0.97-1.01) 0416
Gender (male/female) 0.86 (0.75-0.99) 0.036 0.89 (0.79-1.01) 0.081
Weight (kg) 0.99 (0.99-1.00) 0.066
Operation type: scoliosis Ref Ref

fracture 1.01 (0.81-1.27) 0.901

abdominal tumor 0.94 (0.77-1.17) 0.595

hypospadias 1.00 (0.75-1.33) 0.989

hydronephrosis 0.93(0.74-1.16) 0.508

biliary tract 1.03 (0.79-1.34) 0.817
PAB score (1pts/2pts/3pts) 1.27 (1.18-1.38) <0.001 1.23(1.14-1.33) <0.001°
Pre-anesthesia rScO, (mmHg) 1.00 (0.99-1.02) 0.643
Pre-anesthesia HR (mmHg) 1.00 (1.00-1.01) 0.399
Pre-anesthesia SBP (mmHg) 1.00 (0.99-1.01) 0.581
Pre-anesthesia DBP (mmHg) 1.00 (0.99-1.01) 0.627
Pre-anesthesia MAP (mmHg) 1.00 (0.99-1.01) 0.929
Hemorrhage (ml) 1.00 (1.00-1.00) 0.399
Intraoperative urine (ml) 1.00 (1.00-1.00) 0.642
Intraoperative input (ml) 1.00 (1.00-1.00) 0.526
Mean PetCO, (mmHg) 0.98 (0.96-1.01) 0.197
Anesthesia duration (min) 1.00 (1.00-1.00) 0.156
Extubation duration (min) 0.99 (0.98-1.00) 0.162
Cerebral desaturation (N/Y) 1.25(1.09-143) 0.002 1.16(1.02-1.32) 0.022°
PAED score (pts) 1.02 (1.00-1.04) 0.080
Postoperative pain score (pts) 1.10(1.04-1.16) <0.001 1.07(1.02-1.13) 0.004°

Bold values indicate statistical significance. °Factors included in the nomogram

NPOBC negative postoperative behavioral changes, PAB pediatric anesthesia behavior, HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MAP
mean arterial pressure, PetCO, endtidal carbon dioxide, rScO, regional cerebral oxygen saturation, PAED pediatric anesthesia emergence delirium score, OR odd ratios,

Cl confidence intervals

After univariate and multivariate logistic regression anal-
yses, the PAB score (OR: 1.23, 95%CI: 1.14—1.33), cere-
bral desaturation (OR: 1.16, 95%CI: 1.02—1.32), and The
postoperative pain score (OR: 1.07, 95%CIL: 1.02-1.13)
were independent predictors for NPOBC on postopera-
tive day 3 (P<0.05), which are consistent with the previ-
ous studies [7, 26, 27].

NPOBC has previously been associated with preop-
erative anxiety in children [28, 29]. A prospective obser-
vational study was conducted by Beringer et al. on 102
children undergoing elective dental extractions under
general anesthesia, demonstrating that distress during
anesthesia induction was associated with NPOBC on
postoperative days 1 and 7 [28]. In the present study, pre-
anesthesia behavior and mood of the children were eval-
uated by the PAB score. Patients in the NPOBC group
have a higher PAB score than the non-NPOBC group
(P<0.001). After univariate and multivariate logistic
regression analyses, the PAB score was the independent
risk factor for NPOBC on postoperative day 3(OR: 1.23,

95%ClI: 1.14—-1.33). Besides, patients in the NPOBC group
have a higher postoperative pain score than that in the
non-NPOBC group (3.50 [2.00;4.00] vs. 2.50 [1.50;3.00],
P<0.001), and higher incidence of postoperative pain was
observed than those in the non-NPOBC group (P <0.05),
accordingly. Univariate and multivariate logistic regres-
sion analyses demonstrated that the The postoperative
pain score (OR: 1.07, 95%CI: 1.02—1.13) was independent
predictor for NPOBC on postoperative day 3 (P<0.05).
Our results are consistent with the findings of Luo et al.
[10], Kain et al. [7], and Stargatt et al. [27], but inconsist-
ent with the research of Kotiniemi et al. [30] and Power
et al. [5]. According to Luo et al., the inconsistent results
may be caused by the different pain assessment measures
and different assessment times. For example, by using
the FLACC scale, researchers may overestimate the pain
severity due to the difficulty in distinguishing between
pain [10].

Another independent risk factor for NPOBC on post-
operative day 3 is the presence of cerebral desaturation
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OR ( 95%CI , p value)
Cerebral desaturation 1,25 (1.09-1.43, p=.002)
(yes/no) 1.16 (1.02-1.32, p=.022)
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Fig. 1 Logistic regression analysis on variables for the prediction of NPOBC on postoperative day 3. NPOBC, negative postoperative behavioral
changes; PAB, pediatric anesthesia behavior; OR, odd ratios; Cl confidence intervals

(OR: 1.16, 95%CI: 1.02—1.32). There is no standardized,
general absolute to define pathological brain region
desaturation in children, perhaps partially attributable
to the wide baseline variation of rScO, in children, the
presence of comorbidities, and the children’s immature,
vulnerable brain was more vulnerable to the effects of the
anesthetic [31, 32]. It is commonly acknowledged that
intraoperative decreases in basal rScO, values of 20% or
more are harmful and are associated with postoperative
cognitive dysfunction in adults [23]. However, children’s
regional cerebral oxygen saturation may reflect the bal-
ance between the consumption and the supply of oxygen
of not only a local area under the forehead but of most of
the brain due to a more immature self-regulating cerebral
system [33, 34]. Previous studies demonstrated that even
a decrease in rScO, of less than 20% from baseline values
might reflect high intraoperative bleeding or postopera-
tive behavioral changes in children [35]. We speculate the
reason is that the brain of children is immaturity and in
the development stage and has different tolerance and
regulation of hypoxia than adults. Thus, we referred to
the standard of previous studies on children and defined
rScO, desaturation as more than 10% below baseline val-
ues for at least 3 min in the present study [17]. The rScO,
is believed to be affected by cerebral perfusion index, sys-
temic oxygenation, and cerebral metabolism, which are
possibly influenced by anesthesia [32, 36]. In the present
study, patients were less likely to suffer from impaired
cerebral oxygen extraction because their underlying

physical condition was generally good, while they main-
tained sufficient oxygen saturation (SpO,>98%) and
adequate body temperature and hemodynamics during
general anesthesia.

Our nomogram included all three independent risk
factors described above. To the best of our knowledge,
this is the first study to build the nomogram with pre-
operative factors based on a prospective cohort of 192
patients and quantify the probability of NPONC indi-
vidually. Parametric bootstrapping internally validated
the established nomogram, which demonstrated good
generalization and predictive performance. According
to the calibration plot, the predicted and observed con-
sequences were in agreement. ROC analysis revealed
excellent discrimination between the nomogram and the
NPOBC on postoperative day 3 (AUC=0.762, 95%CI:
0.691—0.833). As the incidence of NPOBC in the early
postoperative period reported in previous studies ranged
from 24 to 80% [21]. In the present study, the incidence
of NPOBC on postoperative day 3 was 44.8% (86 cases),
DCA curves lay above none and all lines, demonstrating
that the predictive model was clinically useful. We believe
the nomogram is the first step toward an objective, indi-
vidualized prediction of NPOBC in the early postopera-
tive period. By identifying high-risk children of NPOBC,
clinicians can improve prognosis of children.

The prospective design of this study may exclude
some confounding factors. However, it is important to
note that our study has some limitations. First, PHBQ
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behavior

is designed for assessing children’s posthospitalization
and postoperative new onset behavioral changes and
has a good profile of reliability and validity [37]. PHBQ
used as the standard measure for detecting NPOBC,
but it is typically used to evaluate children who are
post-hospitalization, or have been discharged from the
hospital. In this study, the children are on the hospi-
tal ward during assessment, which may lead to a high
rate of NPOBC. NPOBC can prolong hospital stay [37],
and we also hope to establish a predictive model for
NPOBC during hospitalization in children to reduce
incidence and shorten hospital stay. However, we have
not found a more suitable evaluation method. Sec-
ond, we did not attempt to control anesthetic regimen

in this observational study, and this included a single
center regional database, and the selection bias and the
management of the perioperative period may likely be
associated with NPOBC. Third, in the present study,
we conducted on a more general pediatric population,
including scoliosis, fracture, abdominal tumor, hypo-
spadias, hydronephrosis, and biliary tract. Some of
these procedures may have produced more pain than
others. As postoperative pain has been demonstrated
as the predictor of NPOBC, we will focus on the spe-
cific surgery type in our future study. Last, patients
were unable to use self-assessment methods for postop-
erative pain assessment under 7 years old, we may have
overestimated the pain severity due to the difficulty in
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distinguishing between discomfort and pain, by using
the FLACC scale.

Conclusion

In our prospective observational study, 44.8% of children
(86/192 patients) developed NPOBC on postoperative
day 3. Patients with higher PAB scores, presence of cer-
ebral desaturation, and higher postoperative pain score
were more likely to develop NPOBC on postoperative
day 3. We innovatively established and validated a nom-
ogram for predicting NPOBC. By using the nomogram,
clinicians can make customized assessments of patients,
identify patients at higher risk of NPOBC early on, and
provide them with the care and support they need,
thereby minimizing the likelihood of negative outcomes
after surgery.
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