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Abstract

Objective: We investigated the effect of dexmedetomidine anesthesia on postoperative cogni-
tive function after pulmonary surgery.

Methods: A blinded, prospective, randomized, placebo-controlled study was performed on
60 patients (age range 65—74 years) undergoing lobectomy by video-assisted thoracoscopic sur-
gery (29 in the dexmedetomidine group; 31 in the placebo group). Dexmedetomidine group
patients received dexmedetomidine, and placebo group patients received an equal volume of
physiological saline 20 minutes before anesthesia induction. Cognitive function was evaluated
using the Montreal Cognitive Assessment | day before surgery and on postoperative day
(POD)I, POD3, and POD?7. The regional cerebral oxygen saturation (rSO,) was monitored
continuously by near-infrared spectroscopy before anesthesia.

Results: The Montreal Cognitive Assessment score was significantly different between the two
groups on POD| (dexmedetomidine 26.4 £ 0.73 vs. placebo 25.5 4+ 0.96) and POD3 (dexmede-
tomidine 27.1 +0.79 vs. placebo 26.6 + 0.80). Specifically, attention and orientation scores were
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increased in the dexmedetomidine group on PODI| and POD3. The rSO, was not significantly
different between the dexmedetomidine and placebo groups.

Conclusion: Dexmedetomidine given before induction of anesthesia could reduce the risk of
postoperative cognitive dysfunction and might not decrease rSO,. Hence, dexmedetomidine
could be employed in pulmonary surgical procedures, especially for older patients with a high

risk of cognitive dysfunction.
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Introduction

Postoperative cognitive dysfunction
(POCD) is a condition in which conscious-
ness, cognitive function, memory, and ori-
entation decline after surgery. Although the
pathogenesis of POCD is not completely
clear, the release of a variety of cytokines
that trigger the systemic inflammatory
response caused by surgery, anesthesia,
brain oxygen reduction, and other related
factors might be a possible explanation.'s
POCD is closely related to the trauma expe-
rienced from a surgical procedure and can
impair the prognosis and quality of life of
patients. The POCD prevalence ranges
from 16% to 62% in patients undergoing
hip fracture repair.®* In particular, older
patients are vulnerable to memory distur-
bances and other types of cognitive impair-
ment after surgical procedures.’
Dexmedetomidine is an on-adrenorecep-
tor agonist. It is a sedative and analgesic
agent that has been licensed recently in the
USA as intensive care unit (ICU) sedation
<24 hours after surgery.® Its use has been
linked to reductions in postoperative delir-
ium, stress, and inflammatory responses,
resulting in improved protection of the ner-
vous system.” ” Several studies on cognitive

function in volunteers or patients who
received dexmedetomidine have been pub-
lished. They showed that preoperative
administration of dexmedetomidine could
effectively protect cerebral blood vessels,
improve cognitive dysfunction and damage
to attentional network function, and
increase postoperative quality of life.'°
The effects of dexmedetomidine on cogni-
tive function after various surgeries were
reported.'’'* Recent studies have shown
that addition of dexmedetomidine to post-
operative intravenous analgesia pumps did
not improve the patients’ postoperative
cognitive function.' Shi et al'® found that
male patients undergoing lobectomy could
benefit from continuous dexmedetomidine
(0.5 pug/kg/hour) administration in terms of
postoperative delirium and postoperative
cognitive impairment. However, there are
no reports of dexmedetomidine administra-
tion before anesthesia in pneumonectomy.

Studies have indicated that dexmedeto-
midine causes a reduction of cerebral blood
flow (CBF) in humans.!""'® Drummond and
colleagues showed that dexmedetomidine
caused a dose-related reduction in CBF
and the cerebral metabolic rate (CMR) in
healthy individuals.'” Furthermore, a study
carried out in anesthetized dogs indicated



Liu et al.

that the reduction in CBF was not accom-
panied by a simultaneous reduction of
CMR."® Regional hemoglobin oxygen satura-
tion (rSO,) and CBF velocity were reported
to be comparably preserved during sedation
using  dexmedetomidine or  propofol.
However, the effect of dexmedetomidine on
rSO,, which is an indication of the actual
regional cerebral oxygen supply, was not indi-
cated, which raised concern regarding wheth-
er postoperative cognitive function would be
affected. Dexmedetomidine might play a dual
role during the perioperative period in
patients who undergo pulmonary surgical
procedures.

In this study, we investigated the effect
of dexmedetomidine on rSO, to determine
whether the cerebral blood supply was
affected, and we investigated the effect of
dexmedetomidine anesthesia on POCD
after pulmonary surgery.

Methods
Study protocol

We carried out this prospective, random-
ized, placebo-controlled trial in Beijing
Tuberculosis  and  Thoracic  Tumor
Research Institute (Beijing, China). Ethical
approval for this study was obtained from
the Beijing Chest Hospital Ethics
Committee on 5 April 2017 (BJXK-2017
[10]). Patients who underwent an elective
pulmonary surgical procedure from May
2018 to August 2021 were included.
Written informed consent was obtained
from all individuals participating in the
trial. Our study adheres to the CONSORT
guidelines and the CONSORT checklist,
which was submitted as a supplementary
file."” The original trial was registered at
ClinicalTrials.gov (number: ChiCTR20000
38878; principal investigators: Fei Wang
and Tao Liu; date of registration:
8 October 2020).

Patients were excluded if they had cere-
brovascular disease, arrhythmia, sinus bra-
dycardia, ischemic heart disease, a history
of obstructive sleep apnea, or a known
allergy to dexmedetomidine; had an educa-
tion level below junior high school; were
taking medication for mental disorders;
had previous neurologic disease (e.g.,
stroke, seizures, dementia); or had memory
impairment.

Pulmonary resections, including wedge
resection, lobectomy, bilobectomy, sleeve
lobectomy, and pneumonectomy, were
selected on the basis of tumor location.
Video-assisted thoracoscopic surgery was
the first choice, and thoracotomy was per-
formed when necessary. Unilateral pulmo-
nary collapse was routinely performed in
pulmonary surgeries to improve the surgical
view and surgical procedure.

Grouping and drug administration. During the
study period, patients were randomly divid-
ed into a placebo group and a dexmedeto-
midine group using a computer-generated
random number table. The included
patients were randomly assigned to receive
dexmedetomidine or physiological (0.9%)
saline. In an emergency (e.g., unexpected,
rapid deterioration in clinical status), an
anesthesiologist could adjust or interrupt
infusion of the study drug if indicated.
Both the enrolled patients and the physicians
in charge of POCD evaluation were blinded
to the group allocation. Postoperative anal-
gesia: all patients were given sufentanil
(100 pg) plus flurbiprofen axetil (200 mg)
diluted in 100mL of physiological saline
via patient-controlled intravenous analgesia
after surgery.

Study drugs (dexmedetomidine hydro-
chloride (200 pg/2mL) and physiological
saline (2mL)) were provided as clear aque-
ous solutions in identical 3-mL bottles
(Jiangsu Heng Rui Medicine, Jiangsu,
China). Dexmedetomidine hydrochloride
was diluted in 50mL of physiological
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saline (i.e., final concentration =4 pug/mL)
before administration. Premedication or
sedation was not given to any participant.
Patients breathed room air during the entire
procedure.

Peripheral intravenous access was
secured. Perioperative monitoring com-
prised electrocardiography, pulse oximetry,
and continuous monitoring of arterial
blood pressure (via a 20-G catheter inserted
into the radial artery). The primary out-
come was postoperative cognitive function.
The Bispectral Index (BIS), peripheral
oxygen saturation (SpO,), rSO,, mean arte-
rial blood pressure (MAP), and heart rate
(HR) were secondary outcomes and were
acquired at baseline before patients received
dexmedetomidine or physiological saline.

After the BIS, rSO,, SpO,, MAP, and
HR at baseline had been recorded, patients
in the dexmedetomidine group received
dexmedetomidine (1 pg/kg), whereas
patients in the placebo group received
physiological saline (0.25 mL/kg), as recom-
mended in other studies.’® This dose
ensured that patients in both groups
received an equal dose of physiological
saline regardless of randomization. Drug
solutions were prepared by an anesthesiol-
ogist, and the volume was maintained at
50 mL. Dexmedetomidine or physiological
saline was infused by a micro-pump for
20 minutes before anesthesia induction.

Parameters were also monitored
after patients regained consciousness.
Demographic details (e.g., age, sex,

weight, height) were also noted. Data were
recorded by an investigator blinded to the
study protocol, and only attending anesthe-
tists were aware of the group allocation to
guarantee quality control of the study.

Anesthesia method

Patients in both groups underwent thoraco-
scopic lobectomy under general anesthesia.
Before anesthesia induction, patients in

both groups received the blind-labeled
drugs (dexmedetomidine and normal
saline), and the serial number of the drug
was recorded. Anesthesia induction:
patients in both groups were given 1.5mg/
kg propofol, 0.05mg/kg midazolam,
0.2 ug/kg sufentanil, and 0.6mg/kg
rocuronium. Maintenance of anesthesia:
target-controlled infusion of propofol and
remifentanil was performed, and 0.08 pg/kg
sufentanil was given before skin suture.

Cognitive function

POCD was measured using the Montreal
Cognitive  Assessment (MoCA). The
MoCA was developed to screen for mild
or serious cognitive dysfunction. The
MoCA score ranges from 0 to 30 and is
divided into seven subsets: visuospatial/
executive, attention, abstraction, naming,
memory, language, and orientation. A
MoCA score <25 is considered to denote
cognitive impairment. Neuropsychologic
evaluations were performed by a trained
clinical anesthetist blinded to the study pro-
tocol. On the day before the operation, the
trained anesthesiologist explained the con-
tents of the MoCA to the patients in detail
at the patient’s bedside and helped them to
complete the cognitive function scale. Then,
the same anesthesiologist evaluated cogni-
tive function on the first, third, and seventh
days after the operation.

rSO, monitoring

The rSO, level was monitored continuously
by near-infrared spectroscopy (NIRS)
before anesthesia (EGOS-600A;
Enginmed, Beijing, China),?! which provid-
ed continuous, non-invasive, real-time mea-
surement of cerebral oxygenation.”” This
cerebral oximeter has two channels (right
and left), which automatically register
which sensor is connected, and uses
sensor-dependent algorithms for rSO,
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calculation. Brain oxygenation was defined
as the mean oxygen saturation value of the
right and left sides of the brain. The BISis a
commonly used tool to measure the seda-
tion level. A BIS-monitoring electrode
(BIS™ Quatro; Aspect Medical Systems,
Norwood, MA, USA) was placed on the
forehead of the patient after careful
cleaning of the skin according to the
manufacturer’s instructions. Then, an elec-
trode was attached to a BIS monitor (BIS
EEG Vista™; Aspect Medical Systems),
which provided continuous, real-time
surveillance.

Sample size

In a pilot study of the two groups, the mean
MoCA score was 26 in the dexmedetomi-
dine group and 24 in the placebo group.
Hence, the sample size needed to be at
least 23 for each group to achieve 90%
power to detect a difference between the
two groups with an alpha of 0.05 using a
two-sided, two-sample z-test. Considering
the prospects of inadequate cases and exclu-
sion, we planned to enroll 30 participants
for each group.

Statistical analyses

Independent Student’s t-tests were used to
compare the mean values between the
dexmedetomidine and placebo groups at
different times. A value of p < 0.05 was con-
sidered significant. Statistical analyses were
carried out using SAS v9.4 (SAS Institute,
Cary, NC, USA).

Results

Sixty-one patients fulfilled the inclusion cri-
teria. Finally, 29 patients in the dexmedeto-
midine group and 31 patients in the placebo
group completed the study, and their data
were employed for statistical analyses
(Figure 1). The patient characteristics were
similar in the two study groups (Table 1).

Significant differences between the two
groups were not observed for demographic
data or the American Society of
Anesthesiologists functional class. Changes
in the rSO,, BIS, MAP, HR, and SpO,
during pulmonary surgical procedures in
the two groups were recorded (Table 2).

The baseline rSO, was not significantly
different between the dexmedetomidine and
placebo groups (dexmedetomidine 64.9 +
2.73% vs. placebo 64.34+3.29%), and no
significant difference was found after the
patients regained consciousness (dexmede-
tomidine 63.5+2.52% vs. placebo 64.2 +
3.22%). Additionally, no difference was
observed between the values recorded
before and after drug administration. No
hypoxia was found among the patients
(Table 2).

We assessed the depth of sedation using
the BIS. No significant difference was
found between the value at baseline and
that after regaining consciousness between
the two groups (97.0 0.57 vs. 96.9 £ 0.40;
96.8 +0.60 vs. 96.9 4 0.40).

The two groups had a similar hemody-
namic profile (Table 2). The HR in the
dexmedetomidine group after regaining
consciousness was significantly lower than
that of the placebo group (66.9 +13.29 vs.
76.8 £9.46 beats/minute, p <0.001). The
MAP, BIS, and SpO, were not significantly
different between the two groups.

The MoCA score was compared at dif-
ferent times between the dexmedetomidine
and placebo groups. The MoCA score was
significantly increased in the dexmedetomi-
dine group on postoperative day (POD)I
(26.4+0.73 vs. 2554096, p<0.001)
and POD3 (27.1+0.79 vs. 26.6+0.80,
p=0.032). No significant difference in
MoCA scores was found between the two
groups on POD7. The MoCA score of the
two groups reached the baseline value on
POD7 (Table 3).

In a comparison of the detailed MoCA
score categories (Table 4), the attention
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Assessed for eligibility (n=61) l

Enrollment

Not meeting inclusion criteria:
1 preoperative fever

e

Excluded (n=1) ]

Randomized (n=60)

J

29 assigned to receive dexmedetomidine
dexmedetomidine group

Allocation

31 assigned to receive normal saline
placebo group

‘ Lost to follow-up (n=0) Lost to follow-up (n=0) J

[ Analyzed (n=29) Analyzed (n=31) ]
Figure I. CONSORT diagram showing patient allocation.
Table |. Demographic parameters of patients.
Variable Placebo Mean (SD) Dexmedetomidine Mean (SD) p
Age (years) 68.5 (2.34) 68.1 (2.60) 0.352
Male/female 15/16 16/13 0.599
BMI (kg/m?) 23.18 (2.60) 22.45 (3.14) 0.333
ASA class (I/Il) 22/7 25/6 0.653

BMI: body mass index; ASA: American Society of Anesthesiologists; SD: standard deviation.

score was increased in the dexmedetomidine
group on POD1 (5.03 +0.50 vs. 4.58 +0.56,
p <0.05) and POD3 (5.14 £0.44 vs. 4.96 +
0.48, p < 0.05) and was decreased in the pla-
cebo group on PODI and POD3 compared
with the preoperative baseline value. We
found a significant decrease in the
memory score in both groups without inter-
group differences, and the memory score
had recovered on POD7. The orientation
score was also increased in the dexmedeto-
midine group on PODI (5.27+£0.70 vs.

423+0.72, p<0.05) and POD3 (5.48+
0.57 vs. 5.06£0.51, p < 0.05).

Discussion

Our study indicated that Intravenous
administration of dexmedetomidine (1 ug/
kg) within 20 minutes before anesthesia
can significantly improve the MoCA score
and reduce the risk of POCD on the first
and third days after surgery. Some studies
have shown that dexmedetomidine causes a
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Table 2. Changes in BIS, rSO,, MAP, HR, and SpO, during pulmonary surgery in the two groups.
After regaining
Baseline consciousness

Parameter Group Median (IQR) Median (IQR) p°

BIS Dexmedetomidine 97.0 (0.57) 96.8 (0.60) 0.056
Placebo 96.9 (0.40) 96.9 (0.40) 0.583
p* 0.300 0.565

rSO, (%) Dexmedetomidine 64.9 (2.73) 63.5 (2.52) 0.010
Placebo 64.3 (3.29) 64.2 (3.22) 0.112
p? 0.483 0.390

MAP (mmHg) Dexmedetomidine 95.4 (6.92) 93.9 (7.42) 0.010
Placebo 95.9 (7.75) 95.0 (6.59) 0.102
p* 0.784 0.544

HR (beats/min) Dexmedetomidine 81.1 (12.89) 66.9 (13.29) <0.001
Placebo 80.4 (10.57) 76.8 (9.46) <0.001
p* 0.831 0.001

SpO, (%) Dexmedetomidine 97.4 (0.74) 97.5 (0.74) 0.243
Placebo 97.6 (0.72) 97.7 (0.74) 0.166
p? 0.383 0317

?p-values between the groups based on a t-test.
®p-values for the changes from baseline to consciousness recovery based on a paired t-test.
BIS: Bispectral Index; rSO,: regional hemoglobin oxygen saturation; MAP: mean arterial blood pressure; HR: heart rate;

and

SpO,: peripheral oxygen saturation.

Table 3. Change in the MoCA score, which was used to assess mild cog-

nitive impairment in the two groups.

Dexmedetomidine Placebo
Time point Mean (SD) Mean (SD) P
Baseline 27.8 (0.80) 27.9 (0.84) 0.511
PODI 26.4 (0.73) 25.5 (0.96) <0.001
POD3 27.1 (0.79) 26.6 (0.80) 0.032
POD7 27.8 (0.72) 27.6 (0.68) 0.32

Montreal Cognitive Assessment (MoCA) score | day before surgery and on
postoperative day (POD)I, POD3, and POD?7.

SD: standard deviation.

dose-related reduction in CBF and CMR,
but our study found no effect of dexmede-
tomidine on rSO,,'”** which suggested that
concerns about a decline in rSO, resulting
in POCD could be unnecessary.

To evaluate the effect of dexmedetomi-
dine on rSO,, it is important to obtain the
precise rSO; value. Cerebral oxygen satura-
tion using NIRS has been widely used to

monitor relative changes in the oxidative
status of the brain. However, NIRS data
require careful interpretation because rSO,
can be affected by age, hemoglobin concen-
tration, bleeding, and transfusion.’’ We
controlled the variables that influence
rSO,, including the type of anesthetic used
and oxygen inhalation, which increased the
robustness of our findings.
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Table 4. Comparison of detailed categories of the MoCA score.

Parameter TO TI T3 T7
Visuospatial/Executive D 4.68+0.47 4.59£0.50 4.62+£0.49 4.72 +0.45
P 461 +0.50 458 +0.49 467 +0.47 4.6440.50
Attention D 5.20-+0.43 5.03 +0.50 5.14+0.44 520041
P 5.124+0.34 4,58 +0.56%° 4.96 +0.48%° 5.03 4+ 0.40
Abstraction D .72 +0.45 1.69 + 0.47 1.75+0.43 1.79 + 0.41
P 1.81 +0.40 1.74 + 0.44 1.84+0.30 1.87 +0.34
Naming D 2.93+0.26 2.83+0.38 2.8640.35 2.89+0.31
P 2.97+0.18 2.87+0.34 2.84+037 2.90 +0.30
Memory D 4.58 +0.50 4.03 +0.56° 4.07 +0.70° 4.48+0.51
P 4.64+0.48 4.19+0.65° 4.35+0.61° 454+0.5]
Orientation D 5.72+0.45 5.27 +0.70 5.48 +0.57 5.62+0.49
P 5.74 4+ 0.44 423 +0.72%° 5.06 +0.51°° 561 +0.56
Language D 2.93+0.26 2.89+0.31 2.86+0.35 2.83+0.38
P 2.96+0.18 2.94+0.25 2934024 2.90 +0.30

D: Dexmedetomidine group; P: placebo group; MoCA: Montreal Cognitive Assessment; TO: preoperative; T|: postop-
erative day |; T3: postoperative day 3; T7: postoperative day 7.

*significant difference between the dexmedetomidine group and placebo group, p < 0.05.

Psignificant difference between the postoperative Tx and TO (preoperative baseline value), p < 0.05.

The second key finding of the present
study was that the reduction in rSO, in
the dexmedetomidine group was not signif-
icantly lower than that of the placebo
group. Dexmedetomidine can act directly
on selective o-adrenoreceptors in cerebral
vessels, which can cause vasoconstriction
and decrease CBF.”* Gao and colleagues
found that dexmedetomidine (1 pg/kg)
administration for 15 minutes before the
surgical incision decreased cerebral oxygen
saturation during single-lung ventilation.?
A series of studies demonstrated that a
decline in rSO, was significantly correlated
with POCD as assessed by the Mini-Mental
State Examination.’®?’ Casati and co
workers designed a multicenter, random-
ized, prospective trial to estimate the effica-
cy of wusing rSO, monitoring during
abdominal surgery.”® They found that cere-
bral desaturation occurred intraoperatively
and was positively correlated with a decline
in cognitive status; however, this was not
observed during pulmonary surgery.
However, we demonstrated that rSO, does
not decrease in pulmonary surgery, even

after a long duration of single-lung ventila-
tion, which suggested that dexmedetomi-
dine does not appear to play a negative
role in POCD after pulmonary surgery.
The MoCA score was calculated on
PODI1, POD3, and POD7. The MoCA
scores in the dexmedetomidine group were
significantly higher than those in the
placebo group on PODI1 and POD3.
Additionally, the prevalence of POCD,
which was measured using the MoCA,
was significantly lower in the dexmedetomi-
dine group than that in the placebo group
on PODI1 and POD3. Solanki and Goyal
showed that dexmedetomidine can reduce
the incidence of nerve injury after transient
ischemia in rats.” However, the specific
mechanisms of the organ-protective effects
of dexmedetomidine are still unclear.
Patients receiving dexmedetomidine were
less likely to experience delirium than
patients receiving midazolam, propofol, or
remifentanil. It has been suggested that
intraoperative dexmedetomidine treatment
can significantly reduce the prevalence of
delirium and POCD in both normal older
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patients and those with amnestic mild cog-
nitive impairment, which suggests that it
may be an effective option to prevent
POCD. In our study, attention and orienta-
tion were significantly different between the
two groups. This finding is in accordance
with the observed reduction in cognitive
dysfunction within 1 week when patients
stayed in the ICU. Hence, we propose that
dexmedetomidine is beneficial for patients
likely to be admitted to the ICU postoper-
atively because of the increased incidence of
perioperative cognitive dysfunction.

Dexmedetomidine is an o,-adrenorecep-
tor agonist that calms patients, reduces
pain, and inhibits sympathetic nervous
system activity but can also inhibit the
inflammatory response and stress response,
reduce neuronal toxicity and apoptosis, and
promote brain protection through synapse
formation and neurotrophic nutrition.*°
Zeng and colleagues showed that dexmede-
tomidine can affect proinflammatory factor
expression and reduce the inflammatory
response in blood vessels by activating the
corresponding signaling pathways.’’ We
suggest that the protective effect of dexme-
detomidine on cerebral blood vessels may
also have been manifested as a reduction
of the level of proinflammatory factors in
cerebral blood vessels, which thereby
reduced the level of inflammation in the
brain tissues of patients.

Our study had three main limitations.
First, we did not measure cerebral autore-
gulation, alterations in which may have
affected the brain’s response to dexmedeto-
midine. Second, because it would have
involved collection of additional blood
samples, the serum concentration of dexme-
detomidine was not monitored. Third, the
patients enrolled in this study had a specific
cultural background and could accurately
read the informed consent form, which led
to the exclusion of some patients from the
trial, and the lack of hierarchical analysis
is also a limitation of the study. Further

large-scale multicenter studies should be
designed to compensate for this limitation.

Conclusion

We showed, for the first time, that a loading
dose of dexmedetomidine (1.0 pg/kg) could
reduce the risk of POCD and might not
decrease rSO,. Hence, dexmedetomidine
could be employed in pulmonary surgical
procedures, especially for older patients
with a high risk of cognitive dysfunction.
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