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Abstract. The present study determined the effect of dexme-
detomidine (Dex) combined with flurbiprofen axetil (FA) on 
analgesia, immune response, and preservation of cognitive 
function in patients subjected to general anesthesia. We 
recruited 100 patients with thyroid surgery and randomly 
divided them into four groups: Dex (D), FA (F), Dex combined 
with FA (DF), and saline control (C). The extubation and 
recovery times for Groups D and DF were significantly 
longer than for Groups F and C. After extubation, the heart 
rate and mean arterial pressure for Groups F, D, and DF were 
significantly lower than for Group C, and data for Group DF 
was significantly lower than for Group F. The visual analog 
scale and Riker sedation agitation scores were significantly 
lower in Group DF than for the other three groups. T- and 
B-lymphocytes were significantly higher in Group DF than 
in the other three groups. Compared with Groups F and C, 
the levels of TNF-α and IL-6 in Group DF were significantly 
reduced, while IL-2 markedly increased. The combined use 
of Dex and FA significantly improved pain after general 
anesthesia thyroid surgery, reduced restlessness and postop-
erative cognitive dysfunction, enhanced immune function, and 
promoted wound repair.

Introduction

Thyroid surgery is a common procedure, relatively easy, and 
completed in a short time. However, the rich and complicated 
blood vessels and nerves around the thyroid glands, the 
anesthetics, and the use of analgesics require that doctors 
also pay attention to the effects on the immune response 
and postoperative cognitive function. The stress response to 
thyroid surgery and postoperative pain will alter the immune 

system. Furthermore, general anesthesia can influence the 
postoperative cognitive function, which should stimulate 
research to improve the adverse reactions after general 
anesthesia. Many drugs have been studied to prevent the post-
operative adverse reactions, including pain and agitation after 
general anesthesia, but the results varied (1,2). Flurbiprofen 
axetil (FA) is an NSAID anti-inflammatory analgesic that 
can accumulate at the incision site through lipid microsphere 
vector targeting to reduce the conduction of nerve ending 
algesia, increase pain threshold, alleviate central sensitization, 
and play a role of preemptive analgesia (3). Studies show that 
FA has analgesic effect for thyroid surgery, but its effect is 
mild, which often requires combination with other analgesics. 
Dexmedetomidine (Dex) is an adrenoreceptor agonist that 
selectivity acts on the adrenoreceptor α2 and has powerful 
analgesia, sedation, antianxiety, and stress alleviation (4). 
Research confirms that the application of Dex during opera-
tion has a favorable postoperative analgesic effect (5,6). Here, 
we combined Dex with FA in the patients with thyroid surgery 
under general anesthesia to examine the analgesic, sedation, 
immune response, and postoperative cognitive function to 
provide experimental data for future clinical application.

Patients and methods

Clinical subjects. We recruited 100 patients that received 
thyroid surgery by intravenous anesthesia of Grade ASAⅠ 
or Ⅱ in The First People's Hospital's of Xuzhou Thyroid 
Breast Surgery Department. Ages ranged from 20 to 60 years. 
Surgery time was controlled within 3 h. Exclusion criteria: 
patients with difficult intubation, thyroid hyperactive adenoma, 
hyperthyroidism, serious diseases of lung, heart, liver or 
kidney, coagulation dysfunction, medical history of peptic 
ulcer, opiates and NSAID use history, allergic to FA and Dex. 
According to random number table, the patients were equally 
divided into four groups: FA (Group F), Dex (Group D), Dex 
combined with FA (Group DF), and normal saline control 
(Group C). The study was approved by the Medical Ethics 
Committee in The First People's Hospital of Xuzhou, and all 
patients read and signed the informed consent form.

Anesthesia methods. The patients were set up with electro-
cardiograph monitoring and we created a peripheral vein 
tunnel. Anesthesia induction: 0.05 mg/kg midazolam, 3 µg/kg 
fentanyl, 1-2 mg/kg propofol and 0.15 mg/kg cisatracurium. 
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When conditions for intubation were reached, anesthesia 
machine was connected, with intermittent positive pres-
sure ventilation. Maintenance of anesthesia: 10 µg∙kg-1∙h-1 
continuous pump casting remifentanil of vein was applied, and 
the concentration of plasma propofol was adjusted to maintain 
the depth of anesthesia and muscle relaxation. Thirty minutes 
before the end of surgery, 50 mg of FA was injected into the 
vein of patients in Group F; 0.5 µg/kg of Dex was injected into 
the vein of patients in Group D; the combination of 50 mg of 
FA and 0.5 µg/kg of Dex was injected into the vein of patients 
in Group DF; equivalent normal saline was injected into the 
vein of patients in Group C. By the end of the surgery, pump 
casting remifentanil and propofol was stopped. After surgery, 
the patients were monitored in the Intensive Care Unit. When 
they recovered the autonomous respiration and the oxyhemo-
globin saturation stayed at >95% as they inhaled room air, the 
tube was removed as they regained awareness.

Observation indexes. We recorded the following indexes 
for the four groups: i) recovery and extubation times. The 
recovery time was the time between the moment the anesthesia 
was stopped and the patient awakening. The extubation time 
was the time between the moment the anesthesia was stopped 
and extubation. ii) Heart rate before extubation, at the time of 
extubation, and 5 min after extubation. iii) Change of mean 
arterial pressure (MAP). iv) Sedation status before extubation 
applying the Riker sedation-agitation scale. v) The pain visual 
analog scale (VAS) scores 0.5, 3, 6, and 24 h after extuba-
tion were observed according to a VAS, with the highest of 
10 scores (the higher scores stood for the most severe pain). 
vi) Postoperative cognitive function 1 day before surgery, 
and 3 h, 1 day, and 3 days after surgery were conducted using 
the MMSE score (7). The patients responded to 30 ques-
tions (1 score for each question, with maximum score of 30). 
Score 21-24 for mild cognitive impairment, 11-20 for moderate 
cognitive impairment, <10 for severe cognitive impairment. 
vii) The patients received EDTA anticoagulation tube to 
collect 5 ml of fasting venous blood 3 days after surgery, and 
the serum was separated. Flow cytometry (8) was used to 
observe the percentage of T- and B-lymphocytes in serum, and 
ELISA was used to detect the levels of TNF-α, IL-2, and IL-6.

Statistical analyses. Software SPSS 19.0 was used to process 
data, and the measurement data were displayed as mean ± stan-
dard deviation. Comparison between two groups was analyzed 
by independent t-test and for comparisons among multiple 
groups we used one-way analysis of variance. Enumeration 

data were expressed by case and the comparison was detected 
by χ2. P<0.05 indicates a statistically significant difference.

Results

Comparison of general data among the four groups. Age, 
gender, weight, and surgery time were compared for the four 
groups and we found no statistical differences (Table I).

Extubation and recovery time. The extubation and recovery 
time were significantly longer in Groups D and DF than in 
Groups F and C (Table II). We found no significant differ-
ence between Groups F and C, or between Groups D and 
DF (Table II).

Heart rate and MAP. At the time of extubation and 5 min after 
extubation, the heart rate and MAP for Groups F and C were 
significantly higher than before extubation (Table III). At the 
time of extubation, the heart rate and MAP for Group D was 
significantly higher than before extubation (Table III). Before 
extubation, the heart rate for Group DF was significantly slower 
than for Group C (Table III). At the time of extubation and 
5 min after extubation, the heart rate and MAP for Groups F, 
D, and DF were significantly lower than for Group C. The 
heart rate indexes for Group DF was significantly lower than 
for Group F (Table III).

Sedation. The Riker sedation agitation score for Group DF 
was significantly lower than for the other three groups (Fig. 1). 
The scores for Groups F and D were significantly lower than 
that for Group C (Fig. 1).

Table I. General data among the four groups.

Groups n Male/Female Age (years) Weight (kg) Operation time (min)

F 25 13/12 47.13±7.25 62.37±9.55 145.40±25.31
D 25 12/13 49.28±9.33 61.59±10.26 143.67±23.72
DF 25 11/14 47.95±8.36 63.84±11.74 147.16±26.59
C 25 13/12 48.07±9.19 62.81±9.54 144.82±23.07

F, flurbiprofen axetil; D, dexmedetomidine; DF, dexmedetomidine combined with flurbiprofen axetil; C, saline control.

Table II. Extubation and recovery time among the four groups 
(mean ± standard deviation).

Groups n Extubation time (min) Recovery time (min)

F 25 14.66±3.37 10.15±2.16
D 25 24.43±2.90a,b 17.38±3.54a,b

DF 25 26.05±3.74a,b 17.92±2.71a,b

C 25 16.22±3.45 9.84±3.63

Compared with Group C, aP<0.01; compared with Group F, bP<0.01. 
F, flurbiprofen axetil; D, dexmedetomidine; DF, dexmedetomidine 
combined with flurbiprofen axetil; C, saline control.
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VAS score. The pain VAS score for Group DF at each time point 
was significantly lower than for Groups F, D, and DF (Table IV). 
The VAS scores for Groups F, D, and DF were significantly 
lower than that for Group C (P<0.01). The VAS scores 30 min, 
3 h and 6 h after surgery were significantly lower for Group DF 
than for Groups F and D (Table IV).

Pre- and postoperative cognitive function. The MMSE score 
for Group C at each time period decreased significantly 
after surgery, and the MMSE score for Groups F and D were 
significantly reduced 3 h after surgery (Table V). After 3 h, 
1 day, and 3 days of surgery, the MMSE scores of D and DF 
were significantly higher than for Group C (Table V). After 3 h 
of surgery, the MMSE score for Group DF was significantly 
higher than for Group F (Table V).

Serum lymphocytes. The percentage of T- and B-lymphocytes 
in Groups F, D, and DF were significantly higher than in 
Group C (Table VI). The percentages of T- and B-lymphocytes 
in Group DF were significantly higher than in Groups F and 
D (Table VI).

Serum TNF-α, IL-2 and IL-6 levels. The levels of serum 
TNF-α and IL-6 for Groups F, D, and DF were significantly 

lower than for Group C (Table VII). The levels of serum IL-2 
for Groups F, D, and DF were significantly higher than for 
Group C (Table III). Also, the levels of serum TNF-α and IL-6 
for Group DF were significantly lower than for Group F and 
the levels of serum IL-2 for Group DF was significantly higher 
than for Group F (Table VII).

Discussion

After thyroid surgery, patients often suffer incisional pain, 
odynophagia, and cough pain, causing discomfort. The 
profound state of unease (dysphoria) during awakening is a 
common postoperative complication after thyroid operation 
under general anesthesia and has a positive correlation with 
pain (9). Dysphoria can cause many adverse consequences, 
such as disruption of wound, bleeding, tachycardia, elevation 
of blood pressure, and heart and cerebral vessels accident. 
Some of the reasons for dysphoria include incisional pain, 
usage of doxapram, indwelling catheter, and activation of 
trachea cannula (10). Therefore, preventing dysphoria during 
awakening after general anesthesia has significant clinical 
consequences. Analgesic opiates were often used in the past, 
but caused side effects such as nausea, vomiting, and respira-
tory depression, limiting their application. Thus, there a critical 
need to identify treatments that prevent postoperative pain and 
dysphoria during awakening following general anesthesia.

FA is an NSAID anti-inflammatory analgesic that can treat 
the surgical incision through lipid microspheres vector targeting 
and reduce the sensitivity of sensory nerve by preventing the 
accumulation of inflammatory factors and prostaglandin. 
Application of FA before surgery can clearly alleviate postop-
erative pain (11). Dex is an imidazole derivative and adrenergic 
receptor agonist of high selectivity for α2 showing 1,620 times 
higher affinity than for α1 receptor (12) and 8 times higher 
affinity than clonidine (13). Dex also demonstrates a stronger 
function of analgesia, sedation, and antianxiety. We found that 
a single application of FA or Dex could improve postoperative 
pain after thyroid surgery, but the combination of FA and Dex 
had a stronger effect. This combined effect might be related 
to Dex activation of the adrenergic receptor on spinal dorsal 
horn and inhibition of P substance release, resulting in reduced 

Figure 1. Sedation status of the four groups before extubation. Compared 
with Group DF, **P<0.01; compared with Group C, ##P<0.01. F, flurbiprofen 
axetil; D, dexmedetomidine; DF, dexmedetomidine combined with flurbi-
profen axetil; C, saline control.

Table III. Heart rate and MAP among the four groups (mean ± standard deviation).

Indexes Groups n Before extubation Moment of extubation 5 min after extubation

Heart rate (beats/min) F 25 83.37±8.23 96.49±8.81a,b 92.36±8.67c,b

 D 25 81.39±8.00 90.51±7.92c,b 85.44±7.94b

 DF 25 78.02±7.51b 84.04±9.07b,d 81.50±7.62b,d

 C 25 88.55±7.69 107.79±8.35a 102.06±8.19a

MAP (mmHg) F 25 93.46±8.34 110.50±9.29a,e 102.44±7.58a,b

 D 25 89.85±9.26 103.64±7.14a,b 96.23±8.51b

 DF 25 88.72±8.54 95.21±8.63b,d 91.12±7.03b,d

 C 25 95.22±7.69 123.43±8.05a 117.40±9.36a

Comparison of the same group, compared with before extubation, aP<0.01 and cP<0.05; comparison of the same time, compared with Group C, 
bP<0.01 and eP<0.05; compared with Group F, dP<0.01. MAP, mean arterial pressure; F, flurbiprofen axetil; D, dexmedetomidine; DF, dexme-
detomidine combined with flurbiprofen axetil; C, saline control.
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stimulation reaction and a synergistic effect of opiates anal-
gesic (14). Studies demonstrate that Dex can reduce the stress 
reaction to general anesthesia cannula, reduce the amount 
of anesthetic and analgesic, stabilize the hemodynamics of 
patients during the perioperative period, and control the stress 
reaction to postoperative tracheal extubation, all contributing 
to decrease dysphoria during awakening (15,16). We found that 
single application of FA or Dex inhibited angiocarpy reactions, 
including increasing heart rate and MAP, caused by extubation 
after general anesthesia and reduce dysphoria during awak-
ening. But the benefits of combining FA and Dex were more 
potent. The reason might be that Dex increases the output of 
the central nucleus ceruleus parasympathetic nerve, stimulate 
the vasomotor center of the medulla oblongata system, leading 
to the reduction of noradrenaline, which inhibits the angio-
carpy response (17). Here, we found that the recovery time and 

extubation time in patients that received Dex were longer than 
for the other groups, which was consistent with other studies (9).

Postoperative cognitive disorder is closely related with 
several physiological factors, including age, and the applica-
tion of anesthetics during surgery. Postoperative inflammatory 
reaction is an important reason for secondary cerebral injury, 
but the application of Dex during surgery can alleviate 
it (18,19). One study confirmed that Dex exerts some protec-
tion for the central nervous system (20), which can reduce 
the occurrence of postoperative cognition impairment. Here, 
we found that Dex improved cognitive function and reduced 
the occurrence of postoperative cognition impairment. The 
combination of FA and Dex has a potent effect preventing 
postoperative cognition impairment.

The understanding of sedation is often restricted to the 
central nervous system, ignoring its effects on other systems, 

Table IV. VAS score among the four groups (mean ± standard deviation).

Groups n 30 min 3 h 6 h 24 h

F 25 2.25±0.63a,b 2.73±0.66a,b 2.39±0.50a,b 1.27±0.54a

D 25 1.88±0.50a,b 2.39±0.59a,b 2.01±0.56a,b 1.03±0.47a

DF 25 1.03±0.71a 1.58±0.62a 1.27±0.61a 0.89±0.58a

C 25 3.49±0.64 4.77±0.75 3.73±0.68 2.31±0.73

Compared with Group C, aP<0.01; compared with Group DF, bP<0.01. VAS, visual analog scale; F, flurbiprofen axetil; D, dexmedetomidine; 
DF, dexmedetomidine combined with flurbiprofen axetil; C, saline control. 

Table V. MMSE score among the four groups (mean ± standard deviation).

Groups n 1 day before surgery 3 h after surgery 1 day after surgery 3 days after surgery

F 25 26.85±3.04 22.78±2.49a,b 24.22±3.12 25.53±2.73
D 25 26.37±3.16 23.89±2.55c,d 24.86±2.48e 25.92±2.40e

DF 25 26.54±2.87 25.28±3.01c 25.85±2.75c 26.39±2.57c

C 25 26.67±2.59 21.10±2.76b 22.37±2.36b 23.43±2.38b

Compared with Group DF, aP<0.01; compared with 1 day before operation, bP<0.01 and dP<0.05; compared with Group C, cP<0.01; compared 
with 3 h after surgery, eP<0.05. F, flurbiprofen axetil; D, dexmedetomidine; DF, dexmedetomidine combined with flurbiprofen axetil; C, saline 
control.

Table VII. Serum TNF-α, IL-2 and IL-6 level among the four 
groups (mean ± standard deviation).

Groups n TNF-α IL-2 IL-6

F 25 12.79±1.25a,b 5.39±0.65c,b 0.35±0.09c,b

D 25 12.03±0.96c 5.87±0.91c 0.31±0.08c

DF 25 11.22±0.93c 6.20±0.76c 0.22±0.09c

C 25 14.08±1.13 4.54±0.72 0.49±0.12

Compared with Group C, aP<0.05 and cP<0.01; compared with 
Group DF, bP<0.01. F, flurbiprofen axetil; D, dexmedetomidine; DF, 
dexmedetomidine combined with flurbiprofen axetil; C, saline control.

Table IV. Serum lymphocyte subsets among the four groups 
(mean ± standard deviation).

Groups n T-lymphocyte B-lymphocyte

F  25 18.35±2.79a,b 7.44±2.08a,b

D  25 18.56±2.45a,b 7.67±2.33a,b

DF  25 22.17±2.53a 16.37±2.91a

C  25 8.75±2.34 4.48±1.62

Compared with Group C, aP<0.01; compared with Group DF, bP<0.01. 
F, flurbiprofen axetil; D, dexmedetomidine; DF, dexmedetomidine 
combined with flurbiprofen axetil; C, saline control.
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including immune response. We verified that sedation has an 
important immune response component that contributes to the 
mechanism of serious complications. The immunomodulatory 
effects can control the inflammation process, including acute 
respiratory distress syndrome, cerebral injury, acute renal 
failure (21), and blood coagulation cascade reaction (22). The 
immune response includes cell immunity and humoral immu-
nity, and the surgical wound can alter cellular immune function 
manifested in T-lymphocytes (23) and humoral immunity 
indicated by B-lymphocytes. Surgery- and anesthesia-induced 
stress can activate macrophages, monocytes, vascular endo-
thelial cells, lymphocytes, which can induce the increase of 
IL-6 and TNF-α secretion directly or indirectly (24). In addi-
tion, IL-6 and TNF-α are important early markers that can 
indicate an organism wound (25). As an immunomodulatory 
factor, IL-2 has a significant immunological enhancement, 
and its serum level can reflect the activated state of humoral 
immunity. A study shows that Dex can inhibit the release of 
inflammatory factors (26). Zhang et al found that Dex reduces 
the secretion of IL-6 and TNF-α in plasma (27). Here, we found 
that the combination of FA and Dex reduced the postoperative 
inhibition effect of IL-2, restrained the release of serum IL-6 
and TNF-α, and raised the levels of B- and T-lymphocytes. 
This response is expected to relieve wound and inflammatory 
responses, enhance the immune function, and promote the 
wound repair.

Overall, the combination of FA and Dex significantly 
improves pain after general anesthesia, reduces restlessness 
during awakening, protects cognitive dysfunction, alleviates 
postoperative injury and inflammatory reactions, enhances 
immune function, and promotes wound repair.
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