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Background: This study aimed to investigate the effects of dexmedetomidine on the post-operative
recovery and mental status in patients receiving robotic-assisted thoracic surgery (RATYS).

Methods: One hundred patients who received selective RATS under general anesthesia were recruited and
assigned into control group (C) and dexmedetomidine group (D). The anesthesia induction and maintenance
were consistent between groups. Midazolam, sufentanil, propofol and rocuronium were intravenously
injected for anesthesia induction, followed by mechanical ventilation after endotracheal intubation.
Sevoflurane inhalation at a minimum alveolar concentration (MAC) of 0.5 was administered, propofol and
remifentanil were intravenously injected to maintain the bispectral index (BIS) at 40-60, and rocuronium was
intravenously injected once every 30 min. In the D group, dexmedetomidine was intravenously injected after
endotracheal intubation, and then it was injected before the end of surgery. In the C group, normal saline
of equal volume was injected. The hemodynamic parameters, blood loss, urine volume, time of surgery,
time of anesthesia, total dose of propofol, time of thoracic tube indwelling, hospital stay and pulmonary
complications were recorded; blood gas analysis was performed after extubation; the QoR-15 and mini-
mental state examination (MMSE) questionnaires were employed for the assessment of mental status at 1 and
3 days after surgery.

Results: The mean arterial pressure (MAP), heart rate (HR) and brain oxygenation were similar between
groups at different time points (P>0.05). There were no significant differences in the operation time, time
of anesthesia and intra-operative urine volume between groups. As compared to the C group, the blood loss
and dose of propofol reduced significantly (P<0.05). After extubation, the respiratory frequency reduced
and PaO2 increased markedly (P<0.05). After surgery, the time of thoracic tube indwelling and hospital stay
reduced dramatically in the D group as compared to the C group (P<0.05). The QoR-15 score and MMSE
score in the D group were markedly higher than in the C group (P<0.05).

Conclusions: Dexmedetomidine can improve the post-operative recovery and mental status after RATS.
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Introduction

Robotic-assisted thoracic surgery (RATS) as a new surgical
technique offers advantages of improved three-dimensional
visualization and increased degrees of freedom. In recent
years, RATS has been widely applied for thoracic surgery.
As compared to the traditional thoracic surgery, RATS has
the advantages of minimal invasion, rapid post-operative
recovery and convenient lymph node dissection (1), which
reduce the surgical difficulty and make the surgery more
comfortable for the surgeons. However, patients may
still develop acute or chronic pain of different degrees
after RAT'S, which is closely related to the post-operative
complications and mortality (2). Available studies have
revealed that about 40% of lung cancer patients experience
mental and emotional changes of different extents after
surgery, which is slightly higher than that of patients with
other caners (3).

Dexmedetomidine is a highly selective o, adrenergic
receptor agonist and can act at the peripheral and central
levels to exert anti-inflammatory (4,5), analgesic (6,7) and
sedative (8) effects via inhibiting catecholamine release
dependent of presynaptic membrane receptor; it can activate
postsynaptic membrane receptor to inhibit the sympathetic
activity, lowering blood pressure and heart rate (HR) and
reducing the dose of opioids (7,9,10). This can help to
improve the hemodynamic stability during the operation
and to reduce the incidence of myocardial ischemia. In
addition, dexmedetomidine can inhibit a, receptor in the
nucleus coeruleus, which reduces the release of substance
P and other harmful peptides, suppressing the transduction
of pain-related signals and resulting in the sedation and
anxiety relief (11,12). Thus, dexmedetomidine is frequently
used as an adjutant during the general anesthesia in clinical
practice (13).

However, little is known about the influence of
dexmedetomidine in patients receiving RATYS, and the peri-
operative outcomes should be further confirmed. This
study aimed to investigate the effects of dexmedetomidine
on the post-operative recovery and mental status in patients
receiving RATS under general anesthesia, which may
provide evidence for future clinical use of dexmedetomidine
and the assessment of prognosis.

Methods

"This study was approved by the Ethics Committee of Ruijin
Hospital (No. 2018-211). A total of 100 patients receiving
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selective RAT'S under general anesthesia were recruited
into the present study. This sample size was calculated with
the MedSci software (MedSci Sample Size tools, MSST).
The age ranged from 20 years to 70 years; the body mass
index (BMI) was <30 kg/m’; the ASA physical status was
I or II; there were no severe bradycardia (<45 beat/min),
no severe liver and kidney dysfunction, and no mental
diseases. Patients were randomly assigned into 2 groups
(n=50 per group): normal saline control group (C) and
dexmedetomidine group (D).

Patients received food deprivation for 8 h and water
deprivation for 4 h, and drugs were not used before surgery.
The operation room temperature was maintained at 23-25 °C.
After being transferred into the operation room, patients
received oxygen inhalation at 3 L/min via a mask, and the
HR, blood oxygen saturation (SpQ,), electrocardiogram
(ECQ) and blood pressure (BP) were routinely monitored.
After focal anesthesia, the radial artery was punctured, and
a venous access was established for invasive BP monitoring
and bispectral index (BIS) monitoring with the Narcotrend-
Compact monitor (MT Monitor Technik GmbH&Co.
KG, Germany). Then, rapid sequential induction was
employed for the anesthesia induction. Midazolam (Lot No:
20180102; Yichang Renfu Pharmaceutical Co., Ltd., China)
at 0.4 pg/kg, propofol (Lot No: NJ807; Corden Pharma
S.P.A; Italy) at 1.5-2.0 mg/kg and rocuronium (Lot No:
171002; Zhejiang Xianju Pharmaceutical Co., Ltd., China)
at 0.6 mg/kg were sequentially injected intravenously.
After intubation of double-lumen endobronchial tube,
bronchoscopy was performed to confirm the location of
endotracheal tube. Then, one-lung ventilation (OLV)
was implemented. Mechanical ventilation was performed
with tidal volume at 6-8 mL/kg, ventilation frequency
of 12-14 breaths/min, inspiratory-to-expiratory ratio
at 1:1.5, oxygen flow rate at 1.5 L/min and oxygen
concentration at 100%. The end-tidal carbon dioxide
partial pressure (PrrCO,) was maintained at 35-45 mmHg
(I mmHg =0.133 kPa). Anesthesia maintenance: 1.5-2.5%
sevoflurane (Lot No: S045C729; Baxter International
Inc, USA) inhalation was done with minimum alveolar
concentration (MAC) at 0.5, and rocuronium (5 mg) was
intravenously injected once every 30 min. The intravenous
injection was done with a transfusion station (B. Braun
Medical Inc., Germany). The target controlled infusion
(TCI) of propofol at 1-1.5 pg/mL and remifentanil (Lot
No: 6171206; Yichang Renfu Pharmaceutical Co., Ltd.)
at 0.05-0.15 pg/kg/min were employed to maintain
the BIS at 40-60. In the D group, dexmedetomidine
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Table 1 General characteristics of patients in two groups (n=50 per group)
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Group Age (years) Gender (M/F) Height (cm) Body weight (kg) BMI (kgem™®) ASA grade (n, I/1l)
C 58+12 24/26 165.7+6.1 62.2+7.3 22.6+2.1 6/44
D 56+11 29/21 167.4+8.7 65.1+12.5 23.1+3.3 4/46

C, control group; D, dexmedetomidine group; M, male; F, female; BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 2 MAP, HR and brain oxygenation at different time points in two groups (n=50 per group)

Monitoring index Group TO OLV-10 OLV-20 OLV-30 OLV-40 TLV-15
MAP (mmHg) C 8310 77+6 76+8 76+9 75+8 83+8
D 79+11 78+13 79+10 75+8 739 80+8
HR (beat/min) C 67+8 69+12 67+9 70+8 739 739
D 67+11 66+7 68+8 68+9 70+9 72+12
Brain oxygenation (%, L/R) C 74+7/71+6 72+7/69+7 72+6/68+9 73+7/69+9 75+5/71+7 76+6/73+8
D 76+7/72+8 72+6/70+9 72+7/69+10 72+5/69+8 73+7/69+9 75+8/72+10

MAP, mean arterial pressure; HR, heart rate; OLV, one-lung ventilation; TLV, two-lung ventilation; C, control group; D, dexmedetomidine

group.

(Lot No: 1712261; Sichuan Guorui Pharmaceutical
Co., Ltd., China) was injected at 1 pg/kg 10 min
after endotracheal intubation and then at 0.4 pg/kg/h
until 30 min before surgery. In the C group, normal saline
of equal volume was injected. Ephedrine (5 mg) (Lot No:
180304; Northeast Pharm Co., Ltd, China) was injected
when the mean arterial pressure (MAP) was lower than
20% of baseline level; atropine (0.5 mg) (Lot No: 1803311;
Tianjing Jinyao Pharmaceutical Co., Ltd., China) was
administered when the HR was lower than 55 beats/min.
After being transferred into operation room, lactated
Ringer’s solution and succinylated gelatin injection were
injected at 8-10 mL/kg/h after heating via a HOTLINE
blood and solution heater (Shanghai Lanfeng Medical
Equipment Co., Ltd., China).

On transferring into operation room (T0), 10 min after
OLV (OLV-10), 20 min after OLV (OLV-20), 30 min after
OLV (OLV-30), 40 min after OLV (OLV-40), and 15 min
after two-lung ventilation (TLV-15), the MAP, HR, brain
oxygenation, intra-operative blood loss, urine volume, time
of operation, time of anesthesia, and total dose of propofol
were recorded. After extubation, the blood gas analysis
was done to record PaO, and PaCQO,. In addition, the time
of thoracic tube indwelling, hospital stay and pulmonary
complications (such as atelectasis, pneumonia and air leak)
were also recorded for further analysis. The QoR-15 and
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Mini-Mental State Examination (MMSE) questionnaires
were employed for the assessment of quality of recovery and
mental state, respectively, before surgery, and 1 (POD1) and
3 (POD?3) after surgery.

Statistical analysis was done with SPSS version 20.0.
Quantitative data are expressed as means = standard
deviation (xs). One-way analysis of variance was employed
for intergroup comparisons. Qualitative data were compared
with Chi square test. A value of P<0.05 was considered
statistically significant.

Results

In this study, a total 100 patients were recruited, and the
general characteristics were comparable at baseline between
the C group and the D group (P>0.05) (7able I).

At different time points, there were no marked
differences in the MAP, HR and brain oxygenation between
two groups (P>0.05) (7able 2). In addition, the time of
operation, time of anesthesia and intra-operative urine
volume were comparable between groups (P>0.05). When
compared with the C group, the intra-operative blood loss
and total dose of propofol reduced significantly in the D
group (P<0.05) (Table 3).

After extubation, the PaO, in the D group was
significantly higher than in the C group (P<0.05), the
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Table 3 Intra-operative characteristics of patients in two groups (n=50 per group)

Time of surgery Time of anesthesia Intra-operative blood Intra-operative urine volume Total dose of propofol

Group (min) (min) loss (mL) (mL) (mg)

C 159+88 20185 149+67 552+309 723+378
D 153175 205+82 120+52* 581391 512+347*
*, P<0.05 vs. C group. C, control group; D, dexmedetomidine group.

Table 4 Respiratory frequency, PaO, and PaCO, after extubation in two groups (n=50 per group)

Group Respiratory frequency (breath/min) PaO, (mmHg) PaCO, (mmHg)
C 20+3 80.4+5.4 40.0+2.6

D 17+3* 89.0+12.9* 40.2+3.4

*, P<0.05 vs. C group. C, control group; D, dexmedetomidine group.

Table 5 Post-operative complications and hospital stay in two groups (n=50 per group)

Group Pulmonary complications (n) Time of thoracic tube indwelling (d) Post-operative hospital stay (d)
C 8 4.4+2.7 6.0+3.1
D 6 3.2+1.8* 4.6+2.2*
*, P<0.05 vs. C group. C, control group; D, dexmedetomidine group.
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Figure 1 QoR-15 score of patients in two groups. *, P<0.05 vs. C
group. C group, control group; D group, dexmedetomidine group;

POD, post-operative day.

respiratory frequency in the D group was markedly lower
than in the C group (P<0.05), but the PaCO, was similar
between groups (P>0.05) (1able 4).

There were no significant differences in the post-
operative complications between groups (P>0.05; Table 5).
The time of thoracic tube indwelling and post-operative
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Figure 2 MMSE score of patients in two groups. *, P<0.05 vs. C
group. C group, control group; D group, dexmedetomidine group;

MMSE, mini-mental state examination; POD, post-operative day.

hospital stay in the D group reduced significantly as
compared to the C group (P<0.05).

At PODI1, the QoR-15 score and MMSE score in the D
group were significantly higher than in the C group (P<0.05;
Figures 1,2); at POD3, the MMSE score in D group was
markedly higher than in the C group (P<0.05), but the
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QoR-15 score was comparable between groups (P>0.05).

Discussion

Dexmedetomidine is a highly selective o, adrenergic
receptor agonist and can inhibit the norepinephrine release
and sympathetic activity, which reduce the required dose of
anesthetics (14). In the present study, our results showed the
hemodynamic parameters remained stable in two groups
as demonstrated by the comparable MAP, HR and brain
oxygenation between two groups. However, the total dose
of propofol in the D group was significantly lower than
in the C group, suggesting that dexmedetomidine as an
adjuvant for general anesthesia can reduce the required dose
of anesthetics.

In the present study, the respiratory frequency reduced in
the D group after extubation as compared to the C group,
the oxygenation was improved, and the respiratory function
in the D group was also superior to that in the C group.
There is evidence (15,16) showing that the respiratory
function is closely related to the severity of pain after
thoracic surgery. The incision pain may inhibit the breath
and cough of patients, which leads to ineffective ventilation
and is also harmful for the sputum expectoration, affecting
the post-operative recovery of lung function. Thus, on one
hand, dexmedetomidine can modulate the post-operative
pain to improve the post-operative oxygenation, and on the
other hand, it can reduce the required dose of opioids in
the peri-operative period, reducing the inhibitory effect of
opioids.

QoR-15 is a questionnaire based on the pain, anxiety and
comfort, and it has been widely used for the assessment of
post-operative recovery (17). Studies (7,9,18) have shown
that dexmedetomidine can attenuate the post-operative
anxiety and improve the pain and satisfaction after surgery.
Although the half-life of dexmedetomidine is 2-2.5 h (19),
the use of dexmedetomidine in the present study increased
the QoR-15 score, suggesting the improvement of post-
operative recovery, but the specific mechanism is unclear.
Ge et al. (18) found dexmedetomidine can not only
act on the a, adrenergic receptor, but also prolong the
analgesic effect of other drugs, which indirectly improves
the analgesia, prolong the analgesic effect, improves the
post-operative comfort and therefore facilitates the post-
operative recovery.

MMSE can be used to comprehensively, accurately and
rapidly assess the intelligence and cognitive function (20).
In the present study, the MMSE score at POD1 and
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POD3 in the D group was significantly higher than in
the C group, suggesting the neuroprotection. Hoffman
et al. (21) for the first time reported the neuroprotective
effect of dexmedetomidine, but the specific mechanism is
still unclear. Animal studies (22,23) have revealed that the
neuroprotection of dexmedetomidine may be related to
following factors: dexmedetomidine can reduce nitric oxide
(NO) and tumor necrosis factor-o (TNF-a) and increase
superoxide dismutase (SOD) to exert neuroprotective effect;
dexmedetomidine can inhibit catecholamine release in the
brain and mitigate vascular spasm; dexmedetomidine can
inhibit inflammation via reducing some blood inflammatory
factors, which attenuates stress and thereafter exerts
neuroprotective effect (24).

The hospital stay after RATS is affected by the age,
physical status and post-operative lung function (25). There
is evidence showing that dexmedetomidine can attenuate
OLV induced inflammation in the lung during thoracic
surgery, which is helpful for the improvement of post-
operative outcomes. Jiang et 4. (26) found dexmedetomidine
could reduce monocyte chemoattractant protein 1
(MCP-1) expression to attenuate lung ischemia/reperfusion
injury. Wu ez al. (27) found dexmedetomidine was able to
inhibit the neutrophil aggregation and mitigate the adverse
response to OLV. Mental status besides environmental and
clinical characteristics also affects the hospital stay (28). In
the present study, there were no significant differences in
the general characteristics and post-operative pulmonary
complications between groups. However, the QoR-15
score and MMSE score in the D group after surgery were
significantly higher than in the C group, suggesting the
better post-operative recovery and better mental status in
the D group. This may be related to the reduced hospital
stay. Although information is lacking about the long-term
effect of dexmedetomidine, the study of Myles er al. (29)
showed the poor post-operative recovery was predictive
for poor post-operative quality of life. Thus, the use of
dexmedetomidine during RATS may facilitate the post-
operative recovery and improve the mental status, which are
beneficial for the post-operative improvement of quality of
life, satisfaction and comfort.

Conclusions

Taken together, the use of dexmedetomidine during RATS
can reduce the required dose of anesthetics, shorten the
hospital stay and improve the post-operative recovery and
mental status.
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