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Abstract

Background: Studies on cognition and brain networks after various forms of brain injury mainly involve traumatic
brain injury, neurological disease, tumours, and mental disease. There are few related studies on surgical injury and
even fewer pediatric studies. This study aimed to preliminarily explore the cognitive and brain network changes in
children with focal, unilateral, well-bounded intracranial space-occupying lesions (ISOLs) in the short term period after
surgery.

Methods: We enrolled 15 patients (6—14 years old) with ISOLs admitted to the Department of Pediatric Neurosurgery
of the Beijing Tiantan Hospital between July 2020 and August 2021. Cognitive assessment and resting-state functional
magnetic resonance imaging (rs-fMRI) were performed. Regional homogeneity (Reho), seed-based analysis (SBA) and
graph theory analysis (GTA) were performed. Paired T-test was used for statistical analysis of cognitive assessment and
rs-fMRI. Gaussian random-field theory correction (voxel p-value <0.001, cluster p-value < 0.05) was used for Reho and
SBA. False discovery rate correction (corrected p value < 0.05) for GTA.

Results: Our results showed that psychomotor speed decreased within three months after surgery. Further, rs-fMRI
data analysis suggested that sensorimotor and occipital network activation decreased with low information transmis-
sion efficiency.

Conclusion: We prudently concluded that the changes in cognitive function and brain network within three months
after surgery may be similar to ageing and that the brain is vulnerable during this period.
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Background

Pediatric brain tumours are the most common solid
tumours in children [1]. The prognosis of many child-
hood brain tumours has improved steadily in recent
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decades [2]. Currently, the average 5-year survival rate
is close to 75%. For low-grade gliomas, such as pilocytic
astrocytoma, the average 20-year survival rate is close to
90% [3, 4]. At present, surgery is still the primary treat-
ment for intracranial space-occupying lesions (ISOLs),
such as brain tumours, focal brain degeneration, etc.
Neurosurgical operations can cause damage to the brain
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tissue while treating the disease. One of these manifesta-
tions is cognitive impairment [5].

Resting state fuctional magnetic resonance imaging (rs-
fMRI) is an essential tool in neuroscience because it can
non-invasively reveal the activities inside the brain and
construct a functional network of the resting state. It can
show the mechanism of the brain network level behind
cognitive impairment and neurological deficits [6].

Many studies have used rs-fMRI in clinical practice.
It involves a variety of fields, such as mental and psy-
chological diseases, neurodegenerative diseases, cer-
ebral tumours, and even changes in the brain network
in Crohn’s disease [7-10]. At present, rs-fMRI studies
on human brain injury mainly focus on brain network
changes in patients with stroke, traumatic brain injury,
and brain tumours after multidisciplinary treatments
[11-13]. However, rs-fMRI studies on injuries caused by
surgery alone are rare, especially in the pediatric popula-
tion. Our study aimed to investigate changes in the brain
network in children with low-grade or non-neoplastic
ISOLs before and after surgery. Patients with low-grade
or non-neoplastic ISOLs do not require adjuvant treat-
ment after surgery. Therefore, the effect of the surgery
itself on the brain network and cognition can be well
studied. According to our observations, the cognitive
impairment in children after surgery-only treatment is
not statistically evident, and our study may provide some
hints for the principle behind the phenomenon.

Methods

Participants

Twenty ISOL patients who were admitted to the Depart-
ment of Pediatric Neurosurgery of Beijing Tiantan Hos-
pital from July 2020 to August 2021 were included.
Preoperative cognitive assessment and rs-fMRI scan were
performed. The same flow would perform again within
three months after surgery.

Inclusion Criteria: (a) Age: 6-16 years; (b) Disease:
Primary ISOLs; (c) Brain surgery is required.

Exclusion Criteria: (a) Children or their parents did
not agree to participate in our study; (b) Children were
diagnoised with hydrocephalus (Evan index>0.3); (c) The
children are unable to finish the rs-fMRI scan for any
reasons; (d) The quality of imaging data is low, such as
excessive head movement or awful normalization; (e) The
patients had a history of craniocerebral trauma, crani-
ocerebral surgery, mental and psychological diseases,
genetic metabolic diseases, endocrine system diseases,
etc.; (f) Pathological grade is above WHO 3; (g) The chil-
dren have contraindications of general anesthesia; (h)
The children are unable to follow-up.

Poor normalization was found in one child during data
preprocessing, and the other four children were excluded
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due to excessive head movement during scanning. Finally,
a total of 15 children were enrolled.

Imaging data acquisition

The imaging protocol included a three-dimensional
T1-weighted (3D-T1) imaging sequence and an echo-pla-
nar imaging (EPI) sequence sensitive to blood oxygena-
tion level dependent (BOLD) signal. All imaging data
were obtained using the Siemens Prisma 3.0 Tesla MR
system in Beijing Tiantan Hospital. A standard 64-chan-
nel head coil was used for signal reception. Every child
lay supine with the head snugly secured by a belt and
foam pads.

The parameter information of 3D-T1 series is: rep-
etition time (TR)=1560 ms, echo time (TE)=1.65 ms,
acquisition  matrix=256 x 256 x 176,  slice  thick-
ness =1 mm, flip angle=8.

In EPI scans, children were instructed to close
their eyes but remain asleep,. The scanning param-
eters were as follows: TR=2000 ms; TE=35 ms; voxel
size =2.2 x 2.2 x 2.2 mm; field-of-view (FOV) =256 mm;
slice thickness=2.2 mm; the number of slices=69;
and total scanning time is 8 min and 240 volumes were
acquired.

Preprocessing data

Data Processing and Analysis of Brain Imaging (DPABI
v6.0,http://rfmri.org/dpabi) and Statistical Paramet-
ric Mapping (SPMS8, http://www.fli.ion.ucl.ac.uk/spm),
implemented in MATLAB (Matlab Release 2020b, Math-
works Inc., Natick, MA), were used to preprocess rs-
fMRI images [14, 15]. Before preprocessing, the mask of
every individual lesion was drawn and deleted from the
corresponding individual 3D-T1 image using MRIcron
by an experienced neurosurgeon for better normaliza-
tion [16, 17]. The lesion masks were checked by another
experienced neurosurgeon. The preprocessing steps were
as follows: (a) Discard the first 10 images; (b) Slice-tim-
ing correction and head motion correction. Exclude the
subjects whose head movement translation is greater
than 3 mm or rotation greater than 3°. Four children
were excluded due to excessive head movement during
the MRI scan. (c) Redirect the functional image to the
standard space, Montreal Institute of Neurology space
(MNI space), by DARTEL [18], and then resample to
3 mm cube; (d) The linear trend, cerebrospinal fluid sig-
nal, white matter, and Friston 24-parameter head motion
model were regressed as cumulative covariates from
BOLD signal [19]. Covariate regression of global signals
was not used during preprocessing [20, 21]; (e) Smooth-
ing the images with full width at half maximum 4 x 4 x 4;
(f) Band-pass filtering (0.01 Hz-0.10 Hz).
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Brain network analysis

Rs-fMRI data analysis methods can be generally divided
into two categories: functional separation method, such
as regional hemogeneity (Reho) analysis, the ampli-
tude of low-frequency fluctuations (ALFF), fractional
ALFF, etc. and functional integration method for exam-
ple seed-based analysis (SBA), graph theory analysis
(GTA), etc. [22].

We used the DPABI toolbox to calculate Reho, one
of the methods of functional separation. For the func-
tional integration method, we used DPABI to perform
seed-based analysis with Dosenbach atlas, and Dpabi-
Net to conduct global GTA (clustering coefficient, local
efficiency, global efficiency, small-worldness, modular-
ity, and characteristic shortest path length) [23]. The
whole correlation method and Z transform were used
to construct the network matrix. GTA used a weighted
network, with the sparsity range using the default 0.1-
0.34. Random times were set to 100 as default.

Cognitive assessment

The chilidren’s cognitive functions were assessed using
the CNS Vital Signs (CNS VS) battery [24]. The assess-
ment was performed preoperatively and an rs-fMRI
scan was performed within one week after the assess-
ment. The same procedure would perform within three
months postoperatively. We obtained cognitive data
from 12 patients because of the other three’s poor
cooperation.

Table 1 Clinical characteristics of pediatric patients
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Statistical analysis and result display

For rs-fMRI imaging data that have converted to Z values
by Fisher’s z transformation, paired T-test was performed
with gaussian random-field theory (GRF) correction
(voxel p-value<0.001, cluster p-value<0.05) for Reho
and SBA, with false discovery rate (FDR) correction (cor-
rected p value <0.05), DpabiNet default option, for GTA.
The cluster whose size is over 30 voxels are considered
as an effective cluster [25]. Cognitive test data were per-
formed paired T-test by SPSS (IBM SPSS Statistics ver-
sion 24, IBM Corporation). The results were displayed by
BrainNet Viewer [26].

Results

Clinical characteristics of pediatric patients

Twenty patients were supposed to be enrolled but five
patients were excluded. One for poor normalization and
four for excessive head motion. Finally, 15 patients were
enrolled. The clinical characteristics of the patients have
been listed in Table 1. The mean age of patients was 10.40
(£2.60) years, ranging from 6 to 14 years. The number
of male is nine (9/15). The onset symptoms were mainly
epileptic seizure (12 cases), followed by headache (two
cases). There was one case asymptomatic. Five cases
(5/10) had taken antiepileptic drugs before operation.
Two of them received levetiracetam and three received
valproate. Among the 15 enrolled patients, two cases
were non-neoplastic lesions (one was degeneration of
brain tissue, the other was inflammatory lesions). The
other 13 cases were neoplastic lesions. The details of

Value/Ratio Percentage

Age(mean = SD)(years) 10404260
Gender(male:female) 9:6 60.00%:40.00%
Initial Symptom (Seizure:Headache: Asymptomatic) 12:2:1 80.00%:13.33%:6.67%
Antiepileptic drugs (Taken:Not taken)* 510 33.33%:66.67%
Disease (Tumor:Not Tumor) 13:2 86.67%:13.33%
Lesion Location and Lateralization (Left:Right) 10:5 66.67%:33.33%
Location of lesions

Frontal (Left: right) 9 (5:4) 60.00%

Parietal (Left: right) 2 (2:0) 13.33%

Temporal (Left: right) 3(2:1) 20.00%

Occipital (Left: right) 1(1:0) 6.67%

Lesion size(mean = SD)(mm?)'

Degree of excision (Gross total:Subtotal)
Follow-up interval(mean = SD)(days)°

6661.9047392.71
13:2
79.20£51.49

86.67%:13.33%

* Ranging from 6 to 14 years

# Two patients levetiracetam and three valproate

IThe minimum of 153.90 mm? and the maximum of 23,487.20 mm?

$ From the first postoperative day to the follow-up day, ranging from 5 to 154 days
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pathological results of enrolled patients were shown in
Fig. 1. Ten (10/15) had lesions on the left side. The spe-
cific locations of the lesions were shown in Table 1.
The mean follow-up interval was 79.20 (+51.49) days,
ranging from 5 to 154 days. Lesion volume could be
approximately calculatedusing the formula for spheroid:
V=4/3nxa/2xb/2xc/2 (a and b=maximum perpen-
dicular diameters on the axial images; c=diameter in
the coronal direction on the sagittal or coronal images)
[27, 28]. The mean volume was 6661.90 (+7392.71)
mm?, with a minimum of 153.90 mm?® and a maximum
of 23,487.20 mm?. All lesions were unilateral, focal, well
bounded and did not cross the brain lobes. The surgical
damage was confined to the lesion and its periphery. The
damage is focal and minimal. All patients were unevent-
ful after the surgery. All patients were instructed to have
levetiracetam twice a day after surgery based on body
weight.

Brain network analysis

The AAL3 atlas was used to label statistically significant
areas in the result reporting. All coordinates belong to
MNI space.

Reho changes
The post-operation showed one Reho cluster (38 vox-
els, peak MNI (-9, -72, 9)) significantly lower than the
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pre-operation (t=—7.63). In the AAL3 atlas, the clus-
ter covered left calcarine, left cuneus, and left lingual
(Fig. 2). Detailed information regarding brain areas
covered by the cluster is in Table 2.

SBA

We used Dosenbach atlas as seed points to calculate
the functional connectivity between each seed point
and the whole brain and compared the differences of
every seed to whole-brain connectivity between pre-
operation and post-operation. We calculated a total of
160 regions of interest (ROIs) and finally found that
ROI 52 (-54, -9, 23), ROI 66 (-55, -22, 38), ROI 82 (-41,
-37, 16), ROI 139 (29, -73, 29), ROI 145 (-16, -76, 33)
and ROI 152 (-5, -80, 9), for a total of six seeds showed
significant differences (Fig. 3 and Fig. 4). The details
about peak t value, peak coordinates, voxel size, ana-
tomical label, etc. are given in Table 3. We found that
the six seeds all belong to the sensorimotor and occipi-
tal network of Dosenbach. We figured that these statis-
tically significant decreased brain regions connected
with these seeds are also roughly distributed in the sen-
sorimotor network and occipital network according to
their anatomical locations. We speculated that maybe
the sensorimotor network and occipital network were
injured. Therefore, we conducted the followed GTA.

Fig. 1 Pathological results of 15 enrolled patients. The pathological results of the 15 enrolled patients are ISOLs

Pathology

M Epidermoidcyst

M Mixed Neuronal-glial Tumor

M Ganglioglioma

M Pilomyxiod Astrocytoma
Astrocytoma

M Angiocentric Glioma
Dysembryoplastic
Neuroepithelial Tumor

M Degeneration

W Inflammatory disease
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-7.6283

atlas was left calcarine, belonging to occipital network of Dosenbach

7.4067

Fig. 2 Reho changes. Postoperative Reho decreased significantly, with peak coordinates of (-9, -72, 9), and the anatomical location based on AAL3

Table 2 Reho changes

Labels Voxel number and Peak label
percentage n (%)
AAL3 Calcarine(L) 36(94.70%) Calcarine_L
Cuneus(L) 1(2.60%)
Lingual(L) 1(2.60%)
L left

Fig. 3 The seed points decreased significantly after surgery

GTA
Nodes of the Dosenbach sensorimotor network and
occipital network were extracted for GTA, and only

global indicators were analyzed. We found that local effi-
ciency (t=-2.69, p=0.02), global efficiency (t=-2.70,
p=0.02) and characteristic shortest path length (t=2.51,
p=0.03) are statistically significant differences. We spec-
ulated that the three topological properties indicated that
the information transfer efficiency of the two networks
was damaged.

Cognitive assessment scores

The CNS VS battery is a complex assessment battery with
various cognitive domain, which is a computer admin-
istered neuropsychological assessment tool [24]. The
battery can provide a subject with a quick (30—40 min)
evaluation and generate a report with age-adjusted
standard scores for 15 domains, which are derived by 10
subtests. The 15 domains include Composite memory,
Verbal memory, Visual Memory, Psychomotor Speed,
and Reaction Time, Complex Attention, Cognitive Flex-
ibility, Processing Speed, and Executive Function, Social
acuity, Reasoning, Working memory, and Sustained
attention, Simple Attention, and Motor Speed. Accord-
ing to all the 15 scores, a neurocognition index (NCI), a
general assessments of the overall neurocognitive status
of the patient, will be generated. The CNS VS standard
scores have a mean of 100 and a standard deviation of 15.
We focused on the 16 scores because they correspond to
the clinical domain and are better understood. Based on
our data from 12 patients, we found no statistical differ-
ence between preoperative and postoperative scores in
these 16 domain scores (Table 4).
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Fig. 4 SBA results. The SBA results. (a)-(f) reveals the SBA results of the six seeds. After SBA on 160 seed points of Dosenbach atlas, six seed points
were detected decreased significantly after surgery. The serial number and MNI coordinates of seed points have been marked in the figure. The
anatomical position of each seed based on AAL3 is shown in Table 2. All of the seeds in the figure above and the regions of SBA results belong to

sensorimotor network and occipital network of Dosenbach

Table 3 Seed-based analysis significant changes

Seeds location Peak cluster location (AAL3) Most overlapped areas (AAL3) Peak Peak t value Total
coordinates Voxel
(MNI space) number

ROI 52 (-54,-9,23) ( Postcentral_L) Postcentral (L) (41 vox) Postcentral (L) (41 vox) (-60, -6, 33) -7.72 46

ROI 66 (-55,-22,38) (Parietal_Inf_L) Calcarine (L) (10 vox) Cuneus (L) (23 vox) (-15,-66, 18) -8.39 41

ROI'82 (-41,-37,16) (Temporal_Sup_L) Postcentral (L) (23 vox) Postcentral (L) (23 vox) (-30, -45, 66) -6.46 37

ROI' 139 (29,-73,29) (Occipital_Mid_R)  Occipital Mid (L) (30 vox) Occipital Mid (L) (30 vox) (-36,-81, 6) -7.16 30

ROI' 145 (-16,-76,33) (Cuneus_L) Cuneus (R) (25 vox) Cuneus (R) (25 vox) (12,-84,21) -847 36

ROI 145 (-16,-76,33)" (Cuneus_L) Postcentral (L) (32 vox) Postcentral (L) (32 vox) (-51,24,57) -6.29 34

ROI'152 (-5,-80,9) (Calcarine_L) Calcarine (L) (33 vox) Calcarine (L) (33 vox) (-18,-69, 6) -6.82 41

# ROI 145 has two clusters significant
L left, R right, Sup superior, Inf inferior, Mid middle

Discussion

Research on cognitive function and brain network
changes after various forms of brain injury is primar-
ily focused on traumatic brain injury (TBI), stroke, neu-
rological diseases, tumour effects, and mental diseases
[29-31]; and the participants are most adults. Few stud-
ies have focused on the impact of surgery-only on brain
networks and cognitive function. Additionally, there have
been few studies on children. Our study preliminarily
focused on cognitive function and brain network changes
in children after brain surgery in short term period.

All enrolled patients were children (6-14 years old).
The surgical lesions were unilateral and focal and did not
involve deep brain structures. Under these conditions,
we found that all the 16 scores of the CNS VS battery did
not reach the level of statistical significance. However,
the p-value of psychomotor speed (p =0.09) was the low-
est among all the scores, which was closest to the level
of statistical significance. The t-value of psychomotor
speed (t=-1.87) decreased most among all the 16 scores.
According to the results, we assumed that the patients’
psychomotor speed was probably decreased after



Guan et al. BMC Pediatrics (2022) 22:321

Table 4 Cognitive assessment scores comparison

Clinical Domain mean sD T value P value
NCI -0.82 19.34 -0.14 0.89
Composite Memory 7.82 26.11 0.99 0.34
Verbal Memory 15.27 31.91 1.59 0.14
Visual Memory -1.27 16.92 -0.25 0.81
Psychomotor Speed -5.64 10.02 -1.87 0.09
Reaction Time -9.82 21.77 -1.50 0.17
Complex Attention -1.46 3049 -0.16 0.88
Cognitive Flexibility 473 26.87 0.58 0.57
Processing Speed -4.73 16.08 -0.98 0.35
Executive Function 3.00 26.68 037 0.72
Simple Attention 8.82 2226 131 0.22
Motor Speed 2.09 15.17 0.46 0.66
Social Acuity -2.55 11.56 -0.73 048
Reasoning 0.91 8.98 0.34 0.74
Sustained Attention -25.73 73.66 -1.16 0.27
Working Memory 1.18 21.18 0.19 0.86

surgery, despite it was not statistically significant. For rs-
fMRI, Reho and SBA indicated that activation of senso-
rimotor network and occipital network were decreased.
The GTA implied the low efficiency of the two networks
post-operatively.

The psychomotor speed of CNS VS is designed
to measure how well a subject perceives, attends,
responds to visual-perceptual information and per-
forms motor speed and fine motor coordination. It is
calculated based on the scores from the finger-tapping
test and the symbol digit coding test. In the current
study, children showed decreased psychomotor speed
after surgery. In a long-term study of patients with
temporal lobe epilepsy, researchers found substantial
reductions in attention and psychomotor speed, and
no significant changes in other domains of cognition
compared with normal subjects [32]. This type of dete-
rioration is mainly related to the duration of epilepsy,
age of onset, history of tonic—clonic seizures, and low
educational level. Frequent episodes could impair brain
function, and this study found that one manifestation
of this impairment is a decrease in psychomotor speed.
Era et al. [33] performed a psychomotor speed test on
a random sample of nearly 8,000 people aged 30 years
and older. They concluded that the decline in psycho-
motor speed during ageing occurs at a very young age.
This decline accelerates after the age of 70 years. The
psychomotor speed may be an indicator of ageing. The
study by Amieva et al. further proposed that psycho-
motor speed reduction is an indicator of normal age-
ing and is associated with an increased risk of various
brain outcomes such as dementia, Alzheimer’s disease,
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Parkinson’s disease, disability, and depression [34].
According to Amieva et al.,, low psychomotor speed
may not be specific to any neurocognitive syndrome.
Nevertheless, it may be a common feature of various
neurocognitive syndromes, making it a good candidate
for assessing an individual’s brain vulnerability as they
age [34]. Our findings of the cognitive test suggest that
surgical damage may lead to a low psychomotor speed,
similar to normal ageing. It further indicates that psy-
chomotor speed could reflect the brain’s vulnerability
to some extent. Our rs-fMRI results showed that, the
sensorimotor and occipital network intrinsic deactiva-
tion, and low efficiency could account for the low psy-
chomotor speed after surgery.

For rs-fMRI results, the statistically significant brain
regions of Reho and SBA included the left calcarine sul-
cus, left posterior central gyrus, left inferior parietal lob-
ule, left and right cuneus, left superior temporal gyrus,
and left middle occipital gyrus. In summary, these struc-
tures belong to the sensorimotor and occipital networks.
Anatomically, it is located in the posterior part of the
brain. In an animal model study of pediatric TBI, fMRI
scans were performed on piglets surgically modulated
into TBI models [35]. Compared to controls, the Pear-
son values and mean ratios of visual, executive control,
and sensorimotor networks were significantly reduced in
TBI piglets [35]. This finding is similar to our results and,
to some extent, supports our imaging results. In their
study, Cassady et al. compared the segregation of senso-
rimotor networks in young and old adults. They found
that the sensorimotor networks in older adults were less
segregated, and the older adults had worse sensorimotor
performance than the young. Calculating network segre-
gation aims to examine the within-network correlations
in relation to between-network correlations. Network
segregation is the ratio of the difference between the
average connectivity within the network and the average
connectivity between the networks to the average con-
nectivity within the network [36]. Specifically, reduced
network segregation means weak functional connections
in the same functional network but strong functional
connections between different networks. These find-
ings link network segregation to neural specificity and
suggest that segregation is a more sensitive predictor of
age-related decline in sensorimotor behaviour. Network
segregation was not calculated in our study. However,
based on SBA results, some reduced internal connec-
tions of the sensorimotor and occipital networks and no
significant change detected in connection with the whole
brain, we could estimate that the separation of the whole
of the two brain networks was reduced in postoperative
children. Thus, the difference from Cassady et al’s results
may be the particularity of the brain network in children.
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The occipital network of Dosenbach is located in the
occipital lobe, which mainly involves visual processing.
According to the results of our study, activation of the
occipital network was decreased, but no apparent visual
impairment occurred in any of the enrolled children after
surgery. Changes in the optical network also existed in
the study of the TBI model of piglets [35]. Perhaps our
results can be better explained and reach similar conclu-
sions to Cassady et al’s study by considering both occipi-
tal and sensorimotor networks as networks of interaction
with the outside world. In a study of interictal episodic
migraineurs without aura, researchers concluded that the
sensorimotor network was impaired and played a cru-
cial role in pain regulation and chronicity. Their results
also showed increased functional connectivity from
the primary visual cortex to the sensorimotor network.
Nonetheless, they cannot be explained by the syndrome
well [37]. To the best of our knowledge, this phenom-
enon cannot be fully explained, and further research is
required.

Barulli et al. reviewed the concepts of brain reserve
(BR) and cognitive reserve (CR) [38]. BR refers to differ-
ences in brain size and other quantitative aspects (such
as the number of synapses) that can explain different
susceptibilities to functional impairment in the pres-
ence of pathological or other neurological impairments.
Functional impairment occurs when an injury exceeds
the BR threshold. CR refers to differences in cogni-
tive processes and is the functional manifestation of the
influence of lifelong intellectual activity and other envi-
ronmental factors, which can explain the different sus-
ceptibilities to functional impairment in the presence
of pathological or other neurological impairments. The
CR model argues that cognitive processes are crucial to
explaining the differences between functionally impaired
and non-functionally impaired people, despite having
the same brain changes or pathologies. These cognitive
processes include differences in cognitive efficiency, abil-
ity, and flexibility, shaped by life experiences. Thus, CR
is active in two ways: (a) it is more dependent than BR
on current neural activity to account for functional dif-
ferences, and (b) it suggests that current neural activ-
ity is shaped by different cognitive exposures/activities
throughout life. CR is usually estimated using proxy vari-
ables of lifetime exposure and cognitive activity: years of
education, measures of crystallized intelligence such as
vocabulary or knowledge, literacy level, number of intel-
lectually stimulating leisure activities, occupational com-
plexity, and socioeconomic status are all commonly used
to create estimates of the cognitive reserve [39]. As noted
above, the cognitive assessment of patients in the current
study is consistent with rs-fMRI results. Further, we cau-
tiously suggest that the brain network level and cognitive
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level mechanisms of focal surgical injury may be similar
to the normal ageing process. Combining the concepts of
BR and CR, we assume that surgical resection of lesions
consumes BR. Furthermore, children do not show sta-
tistically significant cognitive abnormalities, which may
be the consumption of CR. Because CR is related to
individual experience, children’s CR may not completely
compensate, as shown in rs-fMRI. Therefore, allowing
children to return to normal school life as soon as possi-
ble after surgery to promote the improvement of CR may
encourage rehabilitation.

The current study has some limitations. Parents’
unwillingness to cooperate with follow-up makes obtain-
ing more extended follow-up data challenging. Addition-
ally, children’s poor self-control makes it challenging to
minimise head movements in the long MRI scan, result-
ing in data loss. Further studies should re-do rs-fMRI
scan and re-test the assessment to understand network
changes after three months and expand the sample size
to reduce the effects of noise.

Conclusion

The psychomotor speed of children with unilateral, focal,
and well-bounded ISOLs might be sensitive to brain
damage within three months after surgery. The decreased
activation and low efficiency in the sensorimotor and
occipital networks support this theory. These findings
imply that the brain is in a vulnerable period within three
months after surgery. We cautiously suggest that the
damage caused by this kind of surgery to the pediatric
brain is similar to ageing.

Fundings

This research was funded by the National Natural Sci-
ence Foundation of China (No0.81870834) and the Special
project of peadiatrics of collaborative development cen-
tre of Beijing hospital administration (No. XTYB201817).

Abbreviations

3D-T1: Three-dimensional T1-weighted; ALFF: Amplitude of low-frequency
fluctuations; BOLD: Blood oxygenation level dependent; BR: Brain reserve;
CNSVS: CNS Vital Signs; CR: Cognitive reserve; EPI: Echo-planar imaging; FOV:
Field-of-view; GTA: Graph theory analysis; ISOLs: Intracranial space-occupying
lesions; MNI: Montreal Institute of Neurology; NCI: Neurocognition index;
Reho: Regional homogeneity; ROIs: Regions of interest; rs-fMRI: Resting state
fuctional magnetic resonance imaging; SBA: Seed-based analysis; TBI: Trau-
matic brain injury; TE: Echo time; TR: Repetition time.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512887-022-03348-5.

Additional file 1:
Additional file 2:



https://doi.org/10.1186/s12887-022-03348-5
https://doi.org/10.1186/s12887-022-03348-5

Guan et al. BMC Pediatrics (2022) 22:321

Acknowledgements

My effusive thanks to Shihao He for help and support during my studies. |
couldn’t have done the research without his guidance. Thanks to my mentor
and his team for their trust and support.

Authors’ contributions

XY Guan and WJ Zheng had full access to all of the study data and take
responsibility for the integrity of the data and the accuracy of the data
analysis. XY Guan and WJ Zheng were responsible for the study concept and
design. XY Guan, WJ Zheng, KY Fan, X Han, X Li, ZH Yan, Z Lu acquired the
MRl and clinical data. XY Guan anslyzed and interpreted the imaging data. XY
Guan performed the cognitive assessment and analyzed and interpreted the
data. XY Guan drafted the manuscript. WJ Zheng and J Gong critically revised
the manuscript for important intellectual content. XY Guan performed the
statistical analysis. J Gong supervised the study. All authors have read and
approved the manuscript.

Availability of data and materials

All data generated or analyzed during this study are included in the published
article. Some or all data, models, or code generated or used during the study
are available from the corresponding author by request.

Declarations

Ethics approval and consent to participate

Written informed consent was obtained from all enrolled children’s parents.
This research was performed in line with the principles of the Declaration of
Helsinki and was approved by the Institutional Review Board of Beijing Tiantan
Hospital, Capital Medical University (KY 2021-100-02).

Consent for publication
Not applicable.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Received: 18 January 2022 Accepted: 9 May 2022
Published online: 01 June 2022

References

1. Subramanian S, Ahmad T: Childhood Brain Tumors. In: StatPearls. edn.
Treasure Island (FL): StatPearls Publishing. Copyright © 2021, StatPearls
Publishing LLC,; 2021.

2. Ostrom QT, Gittleman H, Fulop J, Liu M, Blanda R, Kromer C, Wolinsky Y,
Kruchko C, Barnholtz-Sloan JS: CBTRUS Statistical Report: Primary Brain
and Central Nervous System Tumors Diagnosed in the United States in
2008-2012. Neuro-oncology 2015, 17 Suppl 4(Suppl 4):iv1-ive2.

3. Bandopadhayay P, Bergthold G, London WB, Goumnerova LC, Morales
La Madrid A, Marcus KJ, Guo D, Ullrich NJ, Robison NJ, Chi SN et al: Long-
term outcome of 4,040 children diagnosed with pediatric low-grade
gliomas: an analysis of the Surveillance Epidemiology and End Results
(SEER) database. Pediatric blood & cancer 2014, 61(7):1173-1179.

4. Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barnholtz-Sloan
JS: CBTRUS Statistical Report: Primary Brain and Other Central Nervous
System Tumors Diagnosed in the United States in 2011-2015. Neuro-
oncology 2018, 20(suppl_4):iv1-iv86.

5. Hendrix P, Hans E, Griessenauer CJ, Simgen A, Oertel J, Karbach J. Neu-
rocognitive Function Surrounding the Resection of Frontal WHO Grade
I Meningiomas: A Prospective Matched-Control Study. World Neurosur-
gery. 2017;98:203-10.

6. Stam CJ. Modern network science of neurological disorders. Nat Rev
Neurosci. 2014;15(10):683-95.

7. Bassett DS, Nelson BG, Mueller BA, Camchong J, Lim KO. Altered resting
state complexity in schizophrenia. Neuroimage. 2012;59(3):2196-207.

8. Chen G, Ward BD, Xie C, LiW, Wu Z, Jones JL, Franczak M, Antuono P, Li
SJ. Classification of Alzheimer disease, mild cognitive impairment, and

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 9 of 10

normal cognitive status with large-scale network analysis based on
resting-state functional MR imaging. Radiology. 2011;259(1):213-21.
Kocher M, Jockwitz C, Caspers S, Schreiber J, Farrher E, Stoffels G, Filss C,
Lohmann P, Tscherpel C, Ruge Ml et al: Role of the default mode resting-
state network for cognitive functioning in malignant glioma patients
following multimodal treatment. Neuroimage-Clinical 2020, 27.

. LvK, Fan YH, Xu L, Xu MS. Brain changes detected by functional magnetic

resonance imaging and spectroscopy in patients with Crohn'’s disease.
World J Gastroenterol. 2017;23(20):3607-14.

. Xiong H, Guo RJ, Shi HW. Altered Default Mode Network and Salience

Network Functional Connectivity in Patients with Generalized Anxiety
Disorders: An ICA-Based Resting-State fMRI Study. Evid Based Comple-
ment Alternat Med. 2020;2020:4048916.

. Tuerk C, Degeilh F, Catroppa C, Dooley JJ, Kean M, Anderson V, Beau-

champ MH. Altered resting-state functional connectivity within the
developing social brain after pediatric traumatic brain injury. Hum Brain
Mapp. 2020;41(2):561-76.

. Falcon M, Riley JD, Jirsa V, McIntosh AR, Elinor Chen E, Solodkin A: Func-

tional Mechanisms of Recovery after Chronic Stroke: Modeling with the
Virtual Brain. eneuro 2016, 3(2).

. Chao-GanY, Yu-Feng Z. DPARSF: A MATLAB Toolbox for “Pipeline” Data

Analysis of Resting-State fMRI. Front Syst Neurosci. 2010;4:13.

. Yan CG, Wang XD, Zuo XN, Zang YF. DPABI: Data Processing & Analysis for

(Resting-State) Brain Imaging. Neuroinformatics. 2016;14(3):339-51.

. Andersen SM, Rapcsak SZ, Beeson PM. Cost function masking during

normalization of brains with focal lesions: still a necessity? Neuroimage.
2010;53(1):78-84.

. Rorden C, Karnath HO, Bonilha L. Improving lesion-symptom mapping. J

Cogn Neurosci. 2007;19(7):1081-8.

. Ashburner J. A fast diffeomorphic image registration algorithm. Neuroim-

age. 2007;38(1):95-113.

. Friston KJ, Williams S, Howard R, Frackowiak RS, Turner R. Movement-

related effects in fMRI time-series. Magn Reson Med. 1996;35(3):346-55.
Saad ZS, Gotts SJ, Murphy K, Chen G, Jo HJ, Martin A, Cox RW. Trouble at
Rest: How Correlation Patterns and Group Differences Become Distorted
After Global Signal Regression. Brain connectivity. 2012;2(1):25-32.

He H, LiuTT. A geometric view of global signal confounds in resting-state
functional MRI. Neuroimage. 2012;59(3):2339-48.

Lv H,Wang Z, Tong E, Williams LM, Zaharchuk G, Zeineh M, Goldstein-
Piekarski AN, Ball TM, Liao C, Wintermark M. Resting-State Functional MRI:
Everything That Nonexperts Have Always Wanted to Know. AJNR Am J
Neuroradiol. 2018;39(8):1390-9.

Dosenbach NU, Nardos B, Cohen AL, Fair DA, Power JD, Church JA, Nelson
SM, Wig GS, Vogel AC, Lessov-Schlaggar CN, et al. Prediction of individual
brain maturity using fMRI. Science. 2010;329(5997):1358-61.

Gualtieri C, Johnson L. Reliability and validity of a computerized
neurocognitive test battery, CNS Vital Signs. Arch Clin Neuropsychol.
2006;21(7):623-43.

Ou X, Andres A, Pivik RT, Cleves MA, Snow JH, Ding Z, Badger TM. Voxel-
Based Morphometry and fMRI Revealed Differences in Brain Gray Matter
in Breastfed and Milk Formula-Fed Children. AJNR Am J Neuroradiol.
2016;37(4):713-9.

Xia M, Wang J, He Y. BrainNet Viewer: a network visualization tool for
human brain connectomics. PLoS ONE. 2013;8(7): e68910.

Li H, Zhao M, Wang S, Cao Y, Zhao J. Prediction of pediatric menin-

gioma recurrence by preoperative MRI assessment. Neurosurg Rev.
2016;39(4):663-9.

Osawa T, Tosaka M, Nagaishi M, Yoshimoto Y. Factors affecting peritumoral
brain edema in meningioma: special histological subtypes with promi-
nently extensive edema. J Neurooncol. 2013;111(1):49-57.

Lee MH, Smyser CD, Shimony JS. Resting-State fMRI: A Review of Methods
and Clinical Applications. Am J Neuroradiol. 2013;34(10):1866-72.

Smitha KA, Akhil Raja K, Arun KM, Rajesh PG, Thomas B, Kapilamoorthy
TR, Kesavadas C. Resting state fMRI: A review on methods in resting

state connectivity analysis and resting state networks. Neuroradiol J.
2017,30(4):305-17.

Madhavan R, Joel SE, Mullick R, Cogsil T, Niogi SN, Tsiouris AJ, Mukherjee
P, Masdeu JC, Marinelli L, Shetty T. Longitudinal Resting State Functional
Connectivity Predicts Clinical Outcome in Mild Traumatic Brain Injury. J
Neurotrauma. 2019;36(5):650-60.



Guan et al. BMC Pediatrics (2022) 22:321 Page 10 of 10

32. Piazzini A, Turner K, Chifari R, Morabito A, Canger R, Canevini MP. Atten-
tion and psychomotor speed decline in patients with temporal lobe
epilepsy: a longitudinal study. Epilepsy Res. 2006;72(2-3):89-96.

33. Era P, Sainio P, Koskinen S, Ohlgren J, Harkanen T, Aromaa A. Psychomo-
tor speed in a random sample of 7,979 subjects aged 30 years and over.
Aging Clin Exp Res. 2011;23(2):135-44.

34. Amieva H, Meillon C, Proust-Lima C, Dartigues JF. Is Low Psychomotor
Speed a Marker of Brain Vulnerability in Late Life? Digit Symbol Substitu-
tion Test in the Prediction of Alzheimer, Parkinson, Stroke, Disability, and
Depression. Dement Geriatr Cogn Disord. 2019;47(4-6):297-305.

35, Simchick G, Scheulin KM, Sun WW, Sneed SE, Fagan MM, Cheek SR, West
FD, Zhao Q. Detecting functional connectivity disruptions in a transla-
tional pediatric traumatic brain injury porcine model using resting-state
and task-based fMRI. Sci Rep. 2021;11(1):19.

36. Chan MY, Park DC, Savalia NK, Petersen SE, Wig GS. Decreased segrega-
tion of brain systems across the healthy adult lifespan. Proc Natl Acad Sci
USA. 2014;111(46):E4997-5006.

37. WeiHL, Chen J, Chen YC, Yu YS, Guo X, Zhou GP, Zhou QQ, He ZZ, Yang L,
Yin X, et al. Impaired effective functional connectivity of the sensorimotor
network in interictal episodic migraineurs without aura. J Headache Pain.
2020;21(1):111.

38. Barulli D, Stern Y. Efficiency, capacity, compensation, maintenance,
plasticity: emerging concepts in cognitive reserve. Trends Cogn Sci.
2013;17(10):502-9.

39. SternY.What is cognitive reserve? Theory and research application of the
reserve concept. J Int Neuropsychol Soc. 2002;8(3):448-60.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Changes in a sensorimotor network, occipital network, and psychomotor speed within three months after focal surgical injury in pediatric patients with intracranial space-occupying lesions
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants
	Imaging data acquisition
	Preprocessing data
	Brain network analysis
	Cognitive assessment
	Statistical analysis and result display

	Results
	Clinical characteristics of pediatric patients
	Brain network analysis
	Reho changes
	SBA
	GTA​

	Cognitive assessment scores

	Discussion
	Conclusion
	Fundings
	Acknowledgements
	References


