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ABSTRACT

Background: Sedative agents such as dexmedetomidine have been found to transiently exacerbate or unmask
limb motor dysfunction in patients with eloquent area brain gliomas. The present study aims to investigate
whether dexmedetomidine can inhibit motor plasticity in patients with glioma via fMRI.

Methods: 21 patients with brain glioma were prospectively recruited between September 2017 and
December 2018. Patients were classified into pre-M1 (primary motor cortex) group (n=9), post-M1 group
(n=6), and non-eloquent group (control group) (n=6) according to the tumor position related to M1. The
hand movement task-fMRI and resting state fMRI (rs-fMRI) were performed before and after sedation
using dexmedetomidine. The lateralization index (LI) of activation voxels and magnitude and the
functional connectivity (FC) of motor network were compared before and after sedation and among
different groups.

Results: Permanent postoperative motor deficit of the upper limb was found in 5 of 6 patients in the pre-M1
group, and none in other groups (P < .01). Task-fMRI showed the LI of activation volume and activation
magnitude at M1 significantly increased only in the pre-M1 group after sedation (P < .05). Rs-fMRI showed
60.0% (27 of 45) FCs of motor network decreased in pre-M1 group after sedation (p[FDR] < .05); whereas there
was no FC reduction in post-M1 and control groups (p[FDR] > .05).

Conclusions: In patients with eloquent area gliomas, dexmedetomidine can inhibit the unstable compensative
motor plasticity on both task- and rs-fMRI. fMRI may be a promising method for elucidating the effect of
sedative agents on motor plasticity.

www.aging-us.com 15139 AGING


mailto:linsong2005@126.com
https://orcid.org/0000-0001-5721-274X
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

INTRODUCTION

For patients with tumors near eloguent regions, repeated
neurologic function assessments are needed after
surgery to monitor neurologic performance. These
patients often show transient contralesional limb
weakness when they were sedated in the operating
room, the postanesthesia care unit, and the intensive
care unit [1, 2]. Lin et al. reported transient limb
weakness caused by dexmedetomidine in 23% patients
with frontal-parietal tumors [1]. It was supposed that
motor plasticity was temporarily suppressed by the
sedation drugs, and thus the limb dysfunction was
unmasked or exacerbated [1, 2], but validation evidence
is lacking [3].

It is well known that anesthetic agents widespread
decrease brain metabolism and cerebral activation [4,
5]. Dexmedetomidine has been proved to cause a
significant drop in the capacity for efficient information
transmission at both the local and global levels [6].
Furthermore, dexmedetomidine doesn’t suppress FCs of
the motor network in a healthy volunteer [5], but its
influence on the motor network in the pathological state
remains uninvestigated. As a commonly used sedative
drug, dexmedetomidine is a highly selective agonist of
a2- adrenoceptors and can inhibit the secretion of
norepinephrine [7], which is an important neuro-
transmitter in the process of functional remodeling [8].
We suppose dexmedetomidine can induce the instability
of motor network if tumors significantly invade the
motor area.

Brain tumors can lead to brain motor function
remodeling or functional plasticity to maintain motor
function, especially for those invading primary motor
cortex (M1) [9, 10]. The task-based functional MRI
(task-fMRI) has been a useful tool for locating the
critical functional areas and grading the extent of motor
plasticity [11, 12]. Resting-state fMRI (rs-fMRI) was
also used to locate functional areas and evaluate motor
execution networks [13-15]. For patients with gliomas
involving motor areas, the activation areas on task-
fMRI and FCs within motor network can reflect the
local compensations and remote recruitments [16, 17].
Thus, we use fMRI as a tool and try to find out whether
motor plasticity is influenced by sedation in these
patients.

In this study, patients with motor eloquent glioma were
divided into different groups according to tumor
locations relative to the rolandic area. We presume that
pre-central gyrus glioma causes the most significant and
unstable motor plasticity. Patients were sedated using
dexmedetomidine and underwent task- and rs-fMRI
before and after sedation. We aimed to investigate

whether the motor plasticity is unstable and can be
altered by dexmedetomidine and try to explain why the
patient experiences transient limb weakness after
sedation.

MATERIALS AND METHODS
Participants characteristics

The study prospectively recruited 21 patients (12 males,
age = 42+12 (meanzSD) years) who were diagnosed as
brain frontal-parietal gliomas between September 2017
and December 2018. The study was approved by the
appropriate Institutional Review Board (IRB), and
written informed consent was obtained from all
subjects. Sixteen patients received surgical treatments.
Inclusion criterion: patients with supratentorial mass
lesion; aged 18 to 75; ASA I-1I; MRI compatible.
Exclusion criteria:unable to comprehend and cooperate
with the behavioral and fMRI examination; impaired
mental status; taking sedative drugs in the past 24
hours; taking pain reliever in the past 24 hours; drug
and/or alcohol abuse; pregnant and/or lactation period
woman. All patients accomplished the task-fMRI and
resting-state fMRI (rs-fMRI) examinations. The patients
were divided into three groups according to the spatial
location of tumor and M1: the tumor was located in
SMA, PMd and M1 (pre-M1 group, 9 patients), in
postcentral gyrus (post-M1 group, 6 patients) and
midline postcentral gyrus (control group, 6 patients).

The work-flow of experiment and sedation protocol

The work-flow of experiment before and after sedation
is showed in Figure 1A. Subjects fasted for at least 6h
from solids and 2h from liquids before sedation. During
the study and the recovery period, an anesthesiologist
monitored electrocardiogram, blood pressure, pulse
oximetry (SpO), and breathing frequency (Monitor:
MAGLIFE C PLUS; Schiller Medical; Germany). After
the first several tests, dexmedetomidine (Jiangsu
Hengrui Medicine Co., Ltd., China) was infused
through an intravenous catheter placed into a vein of the
right hand or forearm. Dexmedetomidine was
administered as a 1pg/kg loading bolus over 10min,
followed by a 0.7ug/kg/h infusion. The sedation states
were judged by the anesthesiologist who adjusted the
drug administration as the study needed. The patients’
sedation level was evaluated by Observer’s Assessment
of Alertness/Sedation (OAA/S) scale that was
developed to measure the level of alertness in subjects
who are sedated [18]. The OAA/S is scored from 1 to 5,
indicating deep sleep to fully alert (5 = alert, 4 =
lethargic, 3 = aroused by voice, 2 = aroused by shaking,
1 = deep sleep). The titrated sedative doses were guided
by OAA/S, targeting a score < 3. Once achieved a score
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of 3, the second rs-fMRI and task-fMRI was performed.
At last the second muscle power test was performed and
then the drug infusion was stopped. Throughout the
study, the subjects breathed spontaneously. The vital
signs were stable, and no study was interrupted because
of the drug administration.

fMRI data acquisition

MRI data were performed at a Siemens Verio 3.0 Tesla
MRI scanner (Siemens Healthineers, Erlangen,
Germany). A three-plane localizer image was initially
obtained to identify anatomic landmarks and to allow
positioning of the transverse sections parallel to the
anterior commissure—posterior commissure line. The
head of each participant was snugly fixed by foam pads
to reduce head movements and scanner noise. The
structural images were obtained in a sagittal orientation
employing a magnetization prepared rapid gradient echo
(MPRAGE) sequence over the whole brain: 192 slices,
TI/TR/TE = 900/2,300/3.25msec, flip angle: 8°, slice
thickness 1.0 mm, field of view = 256 x 256 mm?
matrix = 256 x 256.
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Structural T1 image
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Figure 1. Work flow of physiological test, fMRI data
acquisition and sedation protocol. (A) Study work flow. (B)
Paradigm of task-fMRI.

The brain task-fMRI (Figure 1B) was performed during
alternating left and right four finger-to-thumb
opposition movements by using T2*-weighted blood
oxygen level-dependent based Echo-planar MR imaging
(36 slices, repetition time/echo time = 3,000/30 ms, flip
angle = 90°, field of view = 192 x 192 mm?, matrix=64
x 64, slice thickness 3.0 mm, 0.75mm intersection gap,
in plane resolution: 3mm x 3mm). The task instructions
were auditory-cued using a digital audiotape. All
subjects were visually monitored during the experiment
to ensure compliance with the protocol. After drug was
infused, if the patient stopped moving because of
drowsiness, he/she would be verbally reminded to
continue immediately through speaker. If there were
more than 2 stops in one task block, the task would be
aborted and repeated.

Rs-fMRI was also performed before and after
dexmedetomidine was administered, with blood oxygen
level-dependent (BOLD) gradient-echo T2*-weighted
echo-planar imaging (32 slices, repetition time/echo
time = 2,220/30 ms, flip angle = 90°, field of view =
192 x 192 mm?, matrix= 64 x 64, slice thickness 3 mm,
Imm intersection gap, in plane resolution: 3mm x
3mm). During the echo-planar imaging data acquisition,
subjects were instructed to keep relaxed with their eyes
closed and remain motionless as much as possible. Each
scan lasted for 9 min 6 secs and 246 volumes were
obtained.

Regions-of-interest (ROI) creation in the motor
network of rs-fMRI

Ten ROIs were selected to detect the functional
connectivity (FC) of the hand motor network. We
focused on the dynamic changes in the organization of
the motor execution network controlling for the
movement of the contralesional hand. First, because the
M1 may be damaged or significantly shifted from the
original site, we define the ROI of M1 individually. We
used the voxels of task-evoked activation to create an
individual mask of M1, and then the mask was
normalized using the non-linear transformation to MNI
space. For supplementary motor area (SMA), because
in all cases there was activation during task-fMRI, for
the sake of simplicity we used an individual spherical
region (radius = 5.0 mm) centered at the peak
activation point of SMA. The ipsilesional dorsal
premotor area (PMd) was damaged in pre-M1 group, so
in all cases we only used contralesional PMd spherical
ROI with 5.0 mm radius and defined it in MNI space
(left -22, -13, 57; right 28, -10, 54) [15, 19]. For other
ROIs, we also used MNI coordinates from previous
reports including bilateral thalamus (ventral lateral
nucleus), superior cerebellum (lobule VI), and dentate
nucleus (Table 1) [19].
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Table 1. Common sites of ROIs constituting hand motor execution

network (Radius: 5mm)*.

Region of interest

Abbreviation MNI coordinates

Superior cerebellum (lobule V1)
Dentate nucleus

Thalamus (Ventral Lateral)

X Y z
SCh -18 -54 -22
16 -52 -22
Den -28 -55 -33
19 -55 -30
Th -11 -15 8
13 -15 8

*The ROIs of bilateral M1, SMA, PMd were constructed individually, which was

described in detail in the text.

Data pre-processing and analysis of task-fMRI and
rs-fMRI

The task-fMRI images were preprocessed using DPABI
standard pipeline including slice timing, realignment,
structural images co-registration to functional images,
segment (DARTEL) and smoothing [20]. Statistical
analyses of functional images were performed in
MATLAB 2015b (Mathworks, Natick, MA. USA) with
SPM12 (Wellcome Centre of Human Neuroimaging,
London, UK) using the general linear model. For each
subject, images were corrected for subject motion with
the first volume of each study used as a reference.
Volumes affected by excessive motion (10 mm
displacements) were discarded. The EPI images were
co-registered with anatomic images. Tumor seg-
mentation was performed based on the high resolution
T1 anatomical dataset. The resulting images were
smoothed with a Gaussian spatial filter to a final
smoothness of 5 mm. The results of individual analyses
were thresholded at the p < 0.05 level of significance
corrected for family wise error (FWE). For less
conservative assessment, if there was no activation or
cluster size < 10, the uncorrected threshold of p < 0.001
was used. The functional image was then overlaid on a
high resolution T1 structural image in order to have the
anatomic localization of the functional foci.

The rs-fMRI data were also preprocessed using DPABI
standard pipeline. The first 10 volumes were discarded
to allow for magnetization equilibrium effects and the
adaptation of the subjects to the circumstances, leaving
236 volumes for further analysis. The processing steps
included slice timing, realignment and structural images
co-registered to functional images. Structural images
were normalized with new segment and DARTEL. The
nuisance covariates were regressed out with Friston 24
(6 head motion parameters), CSF and white matter.
Then the functional images were normalized, detrended,
smoothed (Gaussian kernel full width half maximum =
4 mm), and temporal band pass filter (0.01-0.1 Hz) was

used to reduce low-frequency drift and high-frequency
physiological noise. Rs-fMRI time courses of each ROI
were extracted, and ROI-to-ROlI FC values were
calculated using Pearson correlation and transformed to
Fisher z.

Maximum grip strength test

The maximum grip strength was measured before and
after sedation using a digital dynamometer (Zhongshan
Camry Electronic Co. Ltd, Guangdong, China) as
motor ability. Lateralization index (LI) of maximum
grip strength was defined as (C-1)/(C+1) where C and |
mean the contralateral and ipsilateral maximum grip
strength.

Surgery strategy and clinical results

Participant sociodemographic and medical variables
(Table 2) were archived in a purpose-made database for
later analysis. Surgery was performed by one senior
neurosurgeon with intraoperative neurophysiological
monitoring (appendix). All the participants were
evaluated on preoperative day 1, postoperative day 7,
and at follow-up after 1 month regarding their motor
function.

Statistical analysis

Lateralization index (LI) of M1 was defined as (C—
1)/(C+l) where C and | mean the contralateral and
ipsilateral sensorimotor area to the ipsilesional
hemisphere. Magnitude LI (LI-M) using the maximum
T-value and volumetric LI (LI-V) using the number of
activated voxels within the sensorimotor area was
calculated. Statistical analyses were conducted using
SPSS (IBM Corp., Chicago, IL, USA). The significance
level was set at P < .05. The false discovery rate (FDR)
correction was applied to control false positives from
multiple comparisons. FDR adjusted P value (p[FDR])
less than 0.05 was considered significant.
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Table 2. Demographic data and surgical results of the 21 patients.

Characteristics Pre-M1group  Post-M1group Control group Total p
Number of patients 9 6 6 21
Age (years, MeanSD) 44+12 38+13 43+13 42412
Sex (Male/Female) 5/4 2/4 5/1 12/9
Tumour Volume (mean, cm?®) 33.4426.9 36.0£15.5 9.5+5.7 27.3£22.2
Tumour invasion (mainly)
postcentral gyrus or midline 0 6 6 12 falale
SMA or PMA 9 0 0 9 falele
precentral gyrus 9 0 0 9 falele
Tumour side (L/R) 5/4 3/3 2/4 10/11
Surgery 6 5 5 16
Extent of resection
Total resection 4 3 4 11
Subtotal resection 2 2 1 5
Partial resection 0 0
Pathological report
WHO I glioma 1 0 0 1
WHO Il glioma 2 2 2 6
WHO 1l glioma 0 1 2 3
WHO 1V glioma 3 2 1 6
Post-op muscle power?
\Y 1 5 5 11 *x
v 3 0 0 3
1| 2 0 0 2
Follow-up®
muscle power improvement 2 0 0 2
Recurrence or progression 1 0 0 1
Mortality 0 0 0 0

3indicates muscle power of upper limb.

bFollow-up time ranged from 1 to 10 months (mean, 6.8 months).

**% < 0.001.
*#p < 0.01.

RESULTS
Clinical characteristics and grouping of patients

The imaging and clinical data of the 21 patients are
summarized in Table 2. All the patients underwent fMRI
examinations before and after sedation successfully
without any observed side effects. 16 patients received
surgical treatments. After the operation, new motor
deficits of upper-limb occurred in five of six patients in
the pre-M1 group, and none in other groups (P < .01).
Probability maps of lesion distribution of the three groups
were shown in Figure 2A.

Behavioral test

We found no significant difference of the motion
counts among the three groups and no significant

difference of the motion counts or maximum grip
strength laterality between pre- and post-administration
of dexmedetomidine within each group.

Task-fMRI: sedation alters lateralization of hand
motor areas

Figure 2B showed typical activation maps before and
after sedation. In pre-M1 group, we found no statistical
significance of either activation volume or activation
magnitude between the lesional and healthy
hemispheres before sedation; however, after sedation,
both activation volume (P < .02) and activation
magnitude (P < .02) in the lesional hemisphere was
significantly lower than that in the healthy hemisphere,
which were not observed in other groups. The LI-M
and LI-V of M1 were strongly correlated both before
(r = 0.901; P < .001) and after sedation (r = 0.908;
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P < .001). Both LI-V (P < .03) and LI-M (P < .02)
increased significantly after sedation in pre-M1 group
(Figure 2C). Surprisingly, in post-M1 group and control
group, we found no significant differences for either LI-
V (P =.173 versus .173) or LI-M (P = .344 versus .917)
after sedation.

Rs-fMRI: sedation alters FCs within the motor
network

Before sedation, the FCs distribution of post-M1
(mean, 0.41; 95%CIl, 0.39-0.44) were lower than that of
pre-M1 group (mean, 0.44; 95%Cl, 0.42-0.47; P < .05)
and control group (mean, 0.47; 95%CIl, 0.44-0.51; P <
.05); however, we found no significant difference of
FCs between pre-M1 group and control group (P =
.376). After sedation, FCs distribution of pre-M1 group
(mean 0.24; 95%Cl, 0.22-0.26) was significantly lower
than that of post-M1 (mean 0.31, 95%Cl, 0.28-0.34, P
< .0001) and control group (mean 0.47, 95%ClI, 0.44-
0.50, P < .0001); FCs distribution of post-M1 group
were significantly lower than that of control group (P <
.0001). Distribution of FCs in pre-M1 group (P <
.0001) and post-M1 group (P < .0001) shifted to the
lower FCs obviously after sedation (Figure 3A, 3B),
which was not observed in control group (Figure 3C,
P =0.90).

Compared with pre-sedation, 27 of 45 FCs within
motor areas decreased significantly after sedation in
pre-M1 group (p[FDR] < .05, Figure 3D). However,

Pre-M1 Post-M1 Control B

0

b s
“ gt 2
oa st . e
-9 2

"-ﬂ
= .
4

I T
6 2 4 6

Z=48
C 1.5 mm Pre-sedation

mm Post-sedation
*

Volumetric LI Magnitude LI

none of these FCs decreased significantly in post-M1
group and control group (Figure 3E, 3F). Compared
with pre-sedation, FCs of the ipsilesional M1 with the
M1-H, PMd, SMA, Cere-L, Cere-H, Den-L and Den-H
were all significantly decreased after sedation in pre-
M1 group (p[FDR] < .05, Figure 4D); significantly
decreased FC was observed only between M1-L and
Den-L in post-M1 group (p[FDR] < .05, Figure 4E);
none of the FCs decreased significantly in control
group (Figure 4F).

We set FC threshold at 0.3 where maximal differences
were observed among the three groups (Figure 5). 34 of
45, 26 of 45 and 4 of 45 FCs were under threshold after
sedation in pre-M1, post-M1, and control group
respectively (Figure 4A-4C).

DISCUSSION

The present study used fMRI to evaluate the effect of
dexmedetomidine on these patients’ motor network and
motor function. We found the LI-V and LI-M at M1
significantly increased in task-fMRI and FCs of motor
network significantly decreased after sedation only in
the pre-M1 group, rather than in post-M1 and control

group.

A certain proportion of patients with tumors involving
the motor cortex can maintain normal motor function or
mild motor dysfunction even after tumor resection,
which is due to cortical compensation [21]. However,

Figure 2. Results of task-fMRI in M1 group. (A) Probability maps of lesion distribution for M1, post-M1 and control groups. The yellow
circle denoted location of anterior central gyrus. (B) Hand motor task-fMRI results of nine patients from M1 group. Axial individual
anatomical images with superimposed functional activation pre- and post-administration of dexmedetomidine were presented. In the
lesional hemisphere, activation of the hand task decreased significantly after sedation. Right (R) and left (L) hemispheres are marked.
*indicates locations of the lesions. (C) The bar graph showed both magnitude lateralization index (LI-M) and volumetric LI (LI-V) of M1
increased significantly after sedation in M1 group (mean with 95% Cl) (*P < .05).
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the compensatory pathways of the motor network in The motor function is tightly interwoven with the

patients with brain tumors are still under investigation correlations within the motor network [16, 21, 26, 27].
[21-23]. Compensation can take place either in adjacent In symptomatic patients, disrupted motor network or
or in remote brain areas after injury [15]. The motor reduced FCs were found to correlate with worse
plasticity is dynamic rather than static, and it can be postoperative outcomes [17]. The pattern of motor
rapidly changed by external factors such as surgical network alternation in asymptomatic patients remains
resection, sedation drugs, and TMS. Duffau et al. controversial. Otten et al. reported a similar motor
reported that the compensatory areas could shift during network between asymptomatic patients and healthy
resection of motor area gliomas, which was named controls [17]. Niu et al. found reduced FCs between the
“acute functional reorganization” [24]. Several previous bilateral M1 [10]. In our study, there was little difference
studies have found that the sedative drugs can in the distribution of functional connectivity strength of
temporarily reduce the motor capacity of patients with all edges within motor network among pre-M1, post-M1
motor area tumors [1-3, 25]. However, its mechanism is and control groups before sedation. The new connections
still unknown. These findings suggest that in contrast to have been established to compensate for impaired
the intrinsic motor plasticity, the reorganized motor pathways connecting vital nodes after the occurrence of
areas and functional connections were more easily to be tumor, which helps maintain the motor function.
affected by sedative agents. In this study, we compared However, the newly developed functional connections
the LI of task-fMRI and FCs of rs-fMRI before and don’t completely have the same characters as the intrinsic
after sedation using fMRI. In the task-fMRI, we found ones. We found the distribution of connection strength
that the LI of pre-M1 group rised after sedation, which was significantly weakened after sedation in the pre-M1
is consistent with our previous study [1]. The unstabled group. Therefore, dexmedetomidine can unmask or
new connections were temporarily suppressed by exaggerate the disruption of motor network for such
sedation, therefore hindering the compensation circuit. patients.
A Pre-M1 B Post-M1 C Control
0154 mm Pre-sedation 0.15+ B Pre-sedation 0.18+ mm Pre-sedation
? mm Post-sedation E‘ mm Post-sedation ,‘_:>,‘ s Post-sedation
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Figure 3. The stability and distribution of functional connectivity (FC) within motor network. Distribution of individual FCs in M1
group (A) and post-M1 group (B) shifted to the lower FCs after sedation (p < 0.0001), which was not observed in control group (C). (D—F) FCs
within brain motor networks before (lower part of each matrix) and after (upper part of each matrix) sedation in three groups. (D) Most FCs
within motor networks decreased significantly after sedation in M1 group (p[FDR] < 0.05) which was not observed in either post-M1 group
(E) or control group (F) (* P<.05, ** P<.01, *** P<.001).
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Cucchiara suggested that the reorganization and
compensative pathways only take effect in a completely
awake state and were more sensitive to sedation [25].
Dexmedetomidine is associated with a significant drop
in the capacity for efficient information transmission
[6]. Although the sensory-motor network was reported
not suppressed by sedatives in healthy volunteers [5],
we have found distinctive results among three groups
with brain tumors. Motor network was not inhibited by
dexmedetomidine in post-M1 and control groups, but
was significantly inhibited in pre-M1 group. Therefore,
the compensatory pathways of the motor network, at
least part of, were inhibited by sedation. The maximal
grip strength was not affected after sedation in most
patients, which may be due to dexmedetomidine’s mild
sedation effect [1].

The current study also showed the motor network’s
stability was closely related with the location of
gliomas. In post-M1 and control group, the FCs of

ipsilesional M1 and other nodes were stable and not
inhibited by sedation. Although in post-M1 group the
M1 was invaded by glioma, the motor function was well
compensated and was not easily inhibited. In contrast,
in pre-M1 group, the FCs of ipsilesional M1 and
contralesional M1, contralesional PMd, SMA, and SCb
significantly decreased after sedation. That suggested
deep involvement of PMd by glioma in pre-M1 group
could lead to obvious instability of the motor network.
Our findings complied with the previous reports
regarding topographical surgical risk for glioma, and
also verified the contralesional M1 and bilateral PMA
connections are the most important compensatory areas
and pathways [28, 29]. fMRI combined with sedation
may be a new way to evaluate the vulnerability of the
core nodes of the motor network against surgical
resection.

The a2-adrenergic agonist or antagonists could enhance
or decrease the plasticity in human motor cortex
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Figure 4. The functional connectivity (FC) alteration before and after sedation. Delineation of FCs after sedation for pre-M1
(A) post-M1 (B) and control (C) groups. Red line denoted FC > 0.3 while green line denoted FC < 0.3. (D—F) Changes of FCs between M1-L and
the other 9 nodes pre- and post-sedation in each group. 7 of 9, 1of 9 and 0 of 9 FCs decreased significantly (p[FDR] < .05) after sedation in
pre-M1 (D) post-M1 (E) and control (F) group respectively (¥** P <.01, **** p <.0001).
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[30, 31]. Dexmedetomidine is a highly selective agonist
of a2-adrenoceptor [7, 32]. By reducing the activity of
the norepinephrine pathway, dexmedetomidine is often
used for sedation, hypnosis, anti-anxiety and analgesia
[7, 32]. Dexmedetomidine may decrease the receptor
sensitivity or synaptic connections which s
upregulated or newly generated in the motor cortex of
pre-M1 group. Another possible reason is that
dexmedetomidine can reduce BOLD response in the
sensory-motor areas [9, 24]. The reorganized motor
cortex of pre-M1 group is more sensitive to changes of
regional metabolism than normal one. In this study, the
inhibition effect of dexmedetomidine on the motor
network depends largely on the extent to which M1
was invaded by tumors. Therefore, the motor plasticity
significantly changed only in pre-M1 group rather than
the other two groups.

Our results will be conducive to enhancing the
functional connection of the brain motor network and
promoting the recovery of brain motor function through
electrical or magnetic stimulation of unstable
compensation regions. The small number of patients
and the lack of neuroelectrophysiological evidence are
the shortcomings of this study. In future research, we
will increase the number of patients and confirm these
results by intraoperative neuroelectrophysiology.

CONCLUSIONS

In patients with eloquent area gliomas, dex-
medetomidine can inhibit the unstable compensative
motor plasticity on both task- and rs-fMRI. This
explains why these patients may experience transient
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Figure 5. FC threshold and the corresponding individual
FC numbers in pre-M1, post-M1 and control groups. The
solid and dashed line indicated FC before and after sedation
separately.

limb weakness during sedation. fMRI may be a
promising method for elucidating the effect of sedative
agents on motor plasticity and the pattern of motor
reorganization in these patients.

Abbreviations

FC: functional connectivity; FDR: false discovery rate;
TR: repetition time; LI: lateralization index; LI-M:
magnitude lateralization index; LI-V: volumetric
lateralization index; M1: primary motor cortex; MNI:
Montreal Neurological Institute; PMA: premotor area;
PMd: dorsal premotor area; Rs-fMRI: resting state
fMRI; SMA: supplementary motor area.

AUTHOR CONTRIBUTIONS

Tao Yu: Conceptualization, Methodology, Investigation,
Software, Visualization, Writing - original draft, Writing
- review and editing. Songlin Yu: Methodology,
Investigation, Software, Visualization, Formal analysis,
Writing - original draft, Writing - review and editing.
Zhentao Zuo: Methodology, Software, Visualization,
Writing - original draft, Writing - review and editing.
Nan Lin: Investigation, Writing - review and editing. Jing
Wang: Investigation, Data Curation, Writing - review and
editing. Yuanli Zhao: Investigation, Writing - review and
editing. Song Lin: Conceptualization, Methodology,
Supervision, Writing - review and editing.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
FUNDING

This project was supported in part by the Ministry of
Science and Technology of China (2019YFAQ0707103),
the National Natural Science Foundation of China
(81571632, 81701140, 31730039), and the Strategic
Priority Research Program of Chinese Academy of
Science (XDB32010300).

REFERENCES

1. Lin N, Han R, Zhou J, Gelb AW. Mild Sedation
Exacerbates or Unmasks Focal Neurologic Dysfunction
in Neurosurgical Patients with Supratentorial Brain
Mass Lesions in a  Drug-specific  Manner.
Anesthesiology. 2016; 124:598-607.
https://doi.org/10.1097/ALN.0000000000000994
PMID:26756518

2. Thal GD, Szabo MD, Lopez-Bresnahan M, Crosby G.
Exacerbation or unmasking of focal neurologic deficits
by sedatives. Anesthesiology. 1996; 85:21-25.

WWWw.aging-us.com 15147

AGING


https://doi.org/10.1097/ALN.0000000000000994
https://pubmed.ncbi.nlm.nih.gov/26756518

10.

https://doi.org/10.1097/00000542-199607000-00004
PMID:8694368

Lin N, Han R, Hui X, Zhang K, Gelb AW. Midazolam
Sedation Induces Upper Limb Coordination Deficits
That Are Reversed by Flumazenil in Patients with
Eloquent Area Gliomas. Anesthesiology. 2019;
131:36-45.
https://doi.org/10.1097/ALN.0000000000002726
PMID:31094751

Campagna JA, Miller KW, Forman SA. Mechanisms of
actions of inhaled anesthetics. N Engl J Med. 2003;
348:2110-24.

https://doi.org/10.1056/NEJMra021261
PMID:12761368

Bonhomme V, Vanhaudenhuyse A, Demertzi A, Bruno
MA, Jaquet O, Bahri MA, Plenevaux A, Boly M,
Boveroux P, Soddu A, Brichant JF, Maquet P, Laureys S.
Resting-state ~ Network-specific =~ Breakdown  of
Functional Connectivity during Ketamine Alteration of
Consciousness in Volunteers. Anesthesiology. 2016;
125:873-88.
https://doi.org/10.1097/ALN.0000000000001275
PMID:27496657

Hashmi JA, Loggia ML, Khan S, Gao L, Kim J, Napadow
V, Brown EN, Akeju O. Dexmedetomidine Disrupts the
Local and Global Efficiencies of Large-scale Brain
Networks. Anesthesiology. 2017; 126:419-30.
https://doi.org/10.1097/ALN.0000000000001509
PMID:28092321

Endesfelder S, Makki H, von Haefen C, Spies CD, Biihrer
C, Sifringer M. Neuroprotective effects of
dexmedetomidine against hyperoxia-induced injury in
the developing rat brain. PLoS One. 2017;
12:e0171498.
https://doi.org/10.1371/journal.pone.0171498
PMID:28158247

O’Donnell J, Zeppenfeld D, McConnell E, Pena S,
Nedergaard M. Norepinephrine: a neuromodulator
that boosts the function of multiple cell types to
optimize CNS performance. Neurochem Res. 2012;
37:2496-512.
https://doi.org/10.1007/s11064-012-0818-x
PMID:22717696

Sanes JN, Donoghue JP. Plasticity and primary motor
cortex. Annu Rev Neurosci. 2000; 23:393—-415.
https://doi.org/10.1146/annurev.neuro.23.1.393
PMID:10845069

Conway N, Wildschuetz N, Moser T, Bulubas L,
Sollmann N, Tanigawa N, Meyer B, Krieg SM. Cortical
plasticity of motor-eloquent areas measured by
navigated transcranial magnetic stimulation in patients
with glioma. J Neurosurg. 2017; 127:981-91.

11.

12.

13.

14.

15.

16.

17.

https://doi.org/10.3171/2016.9.JNS161595
PMID:28106500

Abel TJ, Buckley RT, Morton RP, Gabikian P, Silbergeld
DL. Recurrent Supplementary Motor Area Syndrome
Following Repeat Brain Tumor Resection Involving
Supplementary Motor Cortex. Neurosurgery. 2015
(Suppl 3); 11:447-55.
https://doi.org/10.1227/NEU.0000000000000847
PMID:26087004

Hart MG, Price SJ, Suckling J. Functional connectivity
networks for preoperative brain mapping in
neurosurgery. J Neurosurg. 2017; 126:1941-50.
https://doi.org/10.3171/2016.6.JNS1662
PMID:27564466

Vassal M, Charroud C, Deverdun J, Le Bars E, Molino F,
Bonnetblanc F, Boyer A, Dutta A, Herbet G, Moritz-
Gasser S, Bonafé A, Duffau H, de Champfleur NM.
Recovery of functional connectivity of the
sensorimotor network after surgery for diffuse low-
grade gliomas involving the supplementary motor
area. J Neurosurg. 2017; 126:1181-90.
https://doi.org/10.3171/2016.4.JNS152484
PMID:27315027

Bottger J, Margulies DS, Horn P, Thomale UW,
Podlipsky I, Shapira-Lichter I, Chaudhry SJ, Szkudlarek
C, Mueller K, Lohmann G, Hendler T, Bohner G, Fiebach
JB, et al. A software tool for interactive exploration of
intrinsic ~ functional  connectivity opens new
perspectives for brain surgery. Acta Neurochir (Wien).
2011; 153:1561-72.
https://doi.org/10.1007/s00701-011-0985-6
PMID:21461877

Wang L, Yu C, Chen H, Qin W, He Y, Fan F,
Zhang Y, Wang M, Li K, Zang Y, Woodward TS, Zhu C.
Dynamic functional reorganization of the motor
execution network after stroke. Brain. 2010;
133:1224-38.

https://doi.org/10.1093/brain/awg043
PMID:20354002

Niu C, Zhang M, Min Z, Rana N, Zhang Q, Liu X, Li M, Lin
P. Motor network plasticity and low-frequency
oscillations abnormalities in patients with brain
gliomas: a functional MRI study. PLoS One. 2014;
9:e96850.
https://doi.org/10.1371/journal.pone.0096850
PMID:24806463

Otten ML, Mikell CB, Youngerman BE, Liston C, Sisti
MB, Bruce JN, Small SA, McKhann GM 2nd. Motor
deficits correlate with resting state motor network
connectivity in patients with brain tumours. Brain.
2012; 135:1017-26.
https://doi.org/10.1093/brain/aws041
PMID:22408270

WWWw.aging-us.com

15148

AGING


https://doi.org/10.1097/00000542-199607000-00004
https://pubmed.ncbi.nlm.nih.gov/8694368
https://doi.org/10.1097/ALN.0000000000002726
https://pubmed.ncbi.nlm.nih.gov/31094751
https://doi.org/10.1056/NEJMra021261
https://pubmed.ncbi.nlm.nih.gov/12761368
https://doi.org/10.1097/ALN.0000000000001275
https://pubmed.ncbi.nlm.nih.gov/27496657
https://doi.org/10.1097/ALN.0000000000001509
https://pubmed.ncbi.nlm.nih.gov/28092321
https://doi.org/10.1371/journal.pone.0171498
https://pubmed.ncbi.nlm.nih.gov/28158247
https://doi.org/10.1007/s11064-012-0818-x
https://pubmed.ncbi.nlm.nih.gov/22717696
https://doi.org/10.1146/annurev.neuro.23.1.393
https://pubmed.ncbi.nlm.nih.gov/10845069
https://doi.org/10.3171/2016.9.JNS161595
https://pubmed.ncbi.nlm.nih.gov/28106500
https://doi.org/10.1227/NEU.0000000000000847
https://pubmed.ncbi.nlm.nih.gov/26087004
https://doi.org/10.3171/2016.6.JNS1662
https://pubmed.ncbi.nlm.nih.gov/27564466
https://doi.org/10.3171/2016.4.JNS152484
https://pubmed.ncbi.nlm.nih.gov/27315027
https://doi.org/10.1007/s00701-011-0985-6
https://pubmed.ncbi.nlm.nih.gov/21461877
https://doi.org/10.1093/brain/awq043
https://pubmed.ncbi.nlm.nih.gov/20354002
https://doi.org/10.1371/journal.pone.0096850
https://pubmed.ncbi.nlm.nih.gov/24806463
https://doi.org/10.1093/brain/aws041
https://pubmed.ncbi.nlm.nih.gov/22408270

18.

19.

20.

21.

22.

23.

24,

25.

Chernik DA, Gillings D, Laine H, Hendler J, Silver JM,
Davidson AB, Schwam EM, Siegel JL. Validity and
reliability of the Observer's Assessment of
Alertness/Sedation Scale: study with intravenous
midazolam. J Clin Psychopharmacol. 1990; 10:244-51.
PMID:2286697

Jiang T, He Y, Zang Y, Weng X. Modulation of functional
connectivity during the resting state and the motor
task. Hum Brain Mapp. 2004; 22:63-71.
https://doi.org/10.1002/hbm.20012 PMID:15083527

Yan CG, Wang XD, Zuo XN, Zang YF. DPABI: Data
Processing & Analysis for (Resting-State) Brain Imaging.
Neuroinformatics. 2016; 14:339-51.
https://doi.org/10.1007/s12021-016-9299-4
PMID:27075850

Duffau H. The huge plastic potential of adult brain and
the role of connectomics: new insights provided by
serial mappings in glioma surgery. Cortex. 2014,
58:325-37.
https://doi.org/10.1016/j.cortex.2013.08.005
PMID:24050218

Zdunczyk A, Schwarzer V, Mikhailov M, Bagley B,
Rosenstock T, Picht T, Vajkoczy P. The Corticospinal
Reserve Capacity: Reorganization of Motor Area and
Excitability As a Novel Pathophysiological Concept in
Cervical Myelopathy. Neurosurgery. 2018; 83:810-18.
https://doi.org/10.1093/neuros/nyx437
PMID:29165642

Carpentier AC, Constable RT, Schlosser MJ, de
Lotbiniere A, Piepmeier JM, Spencer DD, Awad IA.
Patterns of functional magnetic resonance imaging
activation in association with structural lesions in the
rolandic region: a classification system. J Neurosurg.
2001; 94:946-54.
https://doi.org/10.3171/jns.2001.94.6.0946
PMID:11409524

Duffau H. Acute functional reorganisation of the
human motor cortex during resection of central
lesions: a study using intraoperative brain mapping. J
Neurol Neurosurg Psychiatry. 2001; 70:506—13.
https://doi.org/10.1136/jnnp.70.4.506
PMID:11254775

Cucchiara RF. Differential awakening. Anesth Analg.
1992; 75:467.

26.

27.

28.

29.

30.

31

32.

https://doi.org/10.1213/00000539-199209000-00036
PMID:1510277

Nakamura T, Hillary FG, Biswal BB. Resting network
plasticity following brain injury. PLoS One. 2009;
4:e8220.
https://doi.org/10.1371/journal.pone.0008220
PMID:20011533

Robles SG, Gatignol P, Lehéricy S, Duffau H. Long-term
brain plasticity allowing a multistage surgical approach
to World Health Organization Grade Il gliomas in
eloquent areas. J Neurosurg. 2008; 109:615-24.
https://doi.org/10.3171/INS/2008/109/10/0615
PMID:18826347

Johansen-Berg H, Rushworth MF, Bogdanovic MD,
Kischka U, Wimalaratna S, Matthews PM. The role of
ipsilateral premotor cortex in hand movement after
stroke. Proc Natl Acad Sci USA. 2002; 99:14518-23.
https://doi.org/10.1073/pnas.222536799
PMID:12376621

Kim YH, Kim CH, Kim JS, Lee SK, Han JH, Kim CY, Chung
CK. Topographical risk factor analysis of new
neurological deficits following precentral gyrus
resection. Neurosurgery. 2015; 76:714-20.
https://doi.org/10.1227/NEU.0000000000000712
PMID:25734322

Meintzschel F, Ziemann U. Modification of practice-
dependent plasticity in human motor cortex by
neuromodulators. Cereb Cortex. 2006; 16:1106-15.
https://doi.org/10.1093/cercor/bhj052
PMID:16221926

Korchounov A, lli¢ TV, Ziemann U. The alpha2-
adrenergic agonist guanfacine reduces excitability of
human motor cortex through disfacilitation and
increase of inhibition. Clin Neurophysiol. 2003;
114:1834-40.
https://doi.org/10.1016/s1388-2457(03)00192-5
PMID:14499745

Kaur M, Singh PM. Current role of dexmedetomidine in
clinical anesthesia and intensive care. Anesth Essays
Res. 2011; 5:128-33.
https://doi.org/10.4103/0259-1162.94750
PMID:25885374

WWWw.aging-us.com

15149

AGING


https://pubmed.ncbi.nlm.nih.gov/2286697
https://doi.org/10.1002/hbm.20012
https://pubmed.ncbi.nlm.nih.gov/15083527
https://doi.org/10.1007/s12021-016-9299-4
https://pubmed.ncbi.nlm.nih.gov/27075850
https://doi.org/10.1016/j.cortex.2013.08.005
https://pubmed.ncbi.nlm.nih.gov/24050218
https://doi.org/10.1093/neuros/nyx437
https://pubmed.ncbi.nlm.nih.gov/29165642
https://doi.org/10.3171/jns.2001.94.6.0946
https://pubmed.ncbi.nlm.nih.gov/11409524
https://doi.org/10.1136/jnnp.70.4.506
https://pubmed.ncbi.nlm.nih.gov/11254775
https://doi.org/10.1213/00000539-199209000-00036
https://pubmed.ncbi.nlm.nih.gov/1510277
https://doi.org/10.1371/journal.pone.0008220
https://pubmed.ncbi.nlm.nih.gov/20011533
https://doi.org/10.3171/JNS/2008/109/10/0615
https://pubmed.ncbi.nlm.nih.gov/18826347
https://doi.org/10.1073/pnas.222536799
https://pubmed.ncbi.nlm.nih.gov/12376621
https://doi.org/10.1227/NEU.0000000000000712
https://pubmed.ncbi.nlm.nih.gov/25734322
https://doi.org/10.1093/cercor/bhj052
https://pubmed.ncbi.nlm.nih.gov/16221926
https://doi.org/10.1016/s1388-2457(03)00192-5
https://pubmed.ncbi.nlm.nih.gov/14499745
https://doi.org/10.4103/0259-1162.94750
https://pubmed.ncbi.nlm.nih.gov/25885374

SUPPLEMENTARY MATERIALS
Surgery strategy and clinical results

The 21 patients were aged 21-64 years old (mean age
42+12). Sixteen patients received surgical treatments.
All the surgeries were performed by Professor S. L. The
operation was planned according to the preoperative
fMRI examination. During all surgical procedures,
ultrasound and intraoperative  neurophysiological
monitoring were performed to maximize resection and
retain function. SSEP and MEP was performed using
Cadwell Cascade neurophysiologic monitoring system
(Cascade, Cadwell Laboratories Inc, WA, USA). The
tumor of eloquent region was resected from the center,
and then extended to peripheral tissue gradually. When
the interface of resection was suspiciously close to the
motor cortex or subcortical tract, a test using mono-
polar electrode was placed on the tissue. If the threshold
of direct electrical stimulation was 5~6mA, the tissue
was thought to be or too close to the eloquent cortex
and the risk of post-operative impaired motor functions
was considered high, and the resection would be

stopped [1]. The ultrasound was performed to check the
location and residual nidus of tumor tissue. After
operation, the motor deficit of upper limb was only
observed in 5 of 6 patients of M1 group. The follow-up
time ranged from 1 to 10 months (mean, 6.8 months).
At the last follow-up examination, 1 patient experienced
tumor relapse. No patient died because of tumor relapse.
The motor function was found improved in 2 of 5
patients who suffered postoperative motor deficit.
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