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Abstract. Anesthetic effects and safety of dexmedetomi-
dine and tramadol, respectively, combined with propofol 
in ultrasound‑guided percutaneous microwave coagulation 
therapy (PMCT) for hepatocellular carcinoma (HCC) were 
compared. One hundred and seventy‑six patients with HCC, 
treated by ultrasound‑guided PMCT in The Affiliated Hospital 
of Qingdao University from January 2014 to December 2016, 
were retrospectively analyzed and divided into two groups: 
dexmedetomidine group (anesthetized with dexmedetomi-
dine combined with propofol, n=91) and tramadol group 
(anesthetized with tramadol combined with propofol, n=85). 
Changes in heart rate (HR), mean arterial pressure (MAP), 
and oxygen saturation (SpO2) were recorded before oxygen 
inhalation (T1), intraoperationally (T2), and at 30 min post-
operatively (T3), and the recovery time (recorded from the 
moment the use of anesthetic drugs stopped), hospital stay, 
visual analogue scale  (VAS) score at 48  h after surgery, 
as well as the adverse reactions in the perioperative period 
were compared between the two groups. HR and SpO2 in 
the dexmedetomidine group at T2 and T3 were significantly 
lower than those in the tramadol group (P<0.05). HR and 
SpO2 at T2 were significantly lower than those at T1 and T3, 
and HR at T3 was lower than that at T1 (P<0.05). MAP in 
the dexmedetomidine group at T2 was significantly lower 
than that in the tramadol group (t=3.836, P<0.001). MAP 

at T2 was significantly lower than those at T1 and T3, and 
MAP at T3 was lower than that at T1 (P<0.05). The number 
of patients with shivering in the dexmedetomidine group was 
significantly higher than that in the tramadol group (P<0.05). 
Both tramadol and dexmedetomidine, respectively combined 
with propofol in PMCT for HCC surgery can achieve satis-
factory anesthetic effects. However, tramadol combined with 
propofol is more effective in stabilizing the vital signs with 
less side‑effects, and is more suitable for PMCT in patients 
with HCC than dexmedetomidine combined with propofol, 
which is worth popularizing and applying in clinic.

Introduction

Hepatocellular carcinoma (HCC) is a common malignancy, 
accounting for 7% of all cancers worldwide, with >700,000 
deaths per year (1‑3). Due to the lack of effective biomarkers 
in early primary HCC and the limited treatment options, it 
has become one of the most fatal cancers in the world and 
is a disease of great concern to the medical community (4,5). 
Percutaneous radiofrequency ablation and percutaneous 
microwave coagulation therapy (PMCT) are the main tech-
niques for treating patients with unresectable liver cancer or 
those who cannot tolerate surgery (6,7). Surgical resection 
is widely accepted as an option for the treatment of HCC, 
however surgical morbidity and mortality have contributed 
to the development of minimally invasive ablation techniques 
over the past 20 years. Moreover, due to the improvement of 
technology and image guidance, PMCT has been a widely 
used thermal ablation method (8,9). However, due to its high 
local temperature, patients suffer from a strong sense of 
discomfort (6), therefore, the appropriate and safe choice of 
anesthetic drugs is critical.

Dexmedetomidine is a new α2 adrenergic receptor agonist 
with high selectivity and special pharmacological effects 
that is widely used in clinical practice  (10). Tramadol, as 
a commonly used drug for reducing chills in the clinic, can 
inhibit the hypothalamic thermoregulatory center and play a 
role in regulating the body temperature when binding to opioid 
receptors. Compared with other opioid sedatives, tramadol has 
a milder respiratory depression response (11,12). At present, 
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there are few reports on the application of tramadol in the treat-
ment of HCC anesthesia with PMCT. Therefore, retrospective 
analysis of HCC patients treated with PMCT, and comprehen-
sive comparison of the anesthetic effects of dexmedetomidine 
and tramadol, respectively, combined with propofol in PMCT 
for HCC treatment, were conducted in this study in order to 
provide a reference for clinical application of PMCT in the 
treatment of HCC.

Patients and methods

Data of patients. One hundred and seventy‑six patients with 
HCC, treated by ultrasound‑guided PMCT in The Affiliated 
Hospital of Qingdao University  (Qingdao, China) from 
January 2014 to December 2016, were retrospectively analyzed 
and divided into two groups: 91 patients anesthetized with 
dexmedetomidine combined with propofol were assigned to 
the dexmedetomidine group, with an age range of 35‑76 years 
and an average age of 56.72±4.28 years; 85 patients anesthe-
tized with tramadol combined with propofol were assigned to 
the tramadol group, with an age range of 31‑77 years and an 
average age of 58.29±4.14 years. Inclusion criteria: patients 
with complete clinical data; patients with indications for 
PMCT; patients receiving no relevant treatment in other hospi-
tals. Exclusion criteria: patients with stage Ⅲ‑Ⅳ in TNM or 
tumor infiltrating; patients with allergic reactions to the drug 
used in this study; patients with contraindications to PMCT; 
patients during pregnancy and lactation; patients with acute 
gastrointestinal bleeding or other tumors; patients with no 
obvious abnormalities in kidneys and coagulation function; 
patients with disorders of communication or cognitive impair-
ment. The study was approved by the Ethics Committee of The 
Affiliated Hospital of Qingdao University. The patients and 
their families signed the informed consent form and cooper-
ated with the medical staff to complete the relevant diagnosis 
and treatment.

Methods. The dosage of anesthetic drugs was set according 
to patients' weight and age. Considering that the adverse reac-
tions of each drug could affect the patients' heart rate (HR), 
mean arterial pressure (MAP) and oxygen saturation (SpO2), 
the dosage of the anesthetic drugs in the study was strictly 
in accordance with the standard clinical operations  (13). 
Patients were requested to abstain from consuming any food 
or drink for 8 or 4 h, respectively, prior to the treatment. After 
entering the treatment room, the patients were connected to 
the monitor (Wuhan Kaijin Medical Technology Co., Ltd.) 
and they received nasal catheter oxygen inspiration (3 l/min) 
after opening veins pass. Patients in the dexmedetomidine 
group were intravenously injected with 0.5 µg/kg of dexme-
detomidine (Sichuan Guorui Pharmaceutical Co., Ltd.; SFDA 
approval no. H20143195) by micro pump, and the patients in 
the tramadol group were intravenously injected with 100 mg 
tramadol diluted with 10 ml of 0.9% sodium chloride solu-
tion (Shanghai Xudong HaiPu Pharmaceutical Co., Ltd.; SFDA 
approval no. H20023785). The patients in both groups were 
treated with intravenous maintenance anesthesia until 3-5 min 
before the end of PMCT. After ultrasound‑guided localiza-
tion, propofol (1‑2 mg/kg) was administered for intravenous 
induction, and the dose and speed of the pump were adjusted 

according to the patient's condition and maintained until the 
completion of PMCT.

Changes in HR, MAP, and SpO2 were detected before 
oxygen inhalation (T1), intraoperationaly (T2), and at 30 min 
postoperatively (T3). The recovery time (recorded from the 
moment the use of anesthetic drugs stopped), hospital stay, 
visual analogue scale (VAS) score at 48 h after surgery, and 
the adverse reactions during the perioperative period were 
compared between the two groups.

Statistical analysis. SPSS 19.1 software (IBM Corp.) was used 
for statistical analysis. The enumeration data were expressed 
as percentage [n (%)], and the differences between two groups 
were compared by Chi‑square test. The measurement data 
were expressed as mean ± standard deviation, and the differ-
ences between two groups were compared by t‑test. The data 
at multiple time points within each group were compared by 
repeated measures ANOVA with Least Significant Difference 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparison of clinical data of patients. Comparative analysis 
was conducted in order to make the results accurate and 
reliable. The results showed that there was no significant 
difference in sex, age, weight, alcohol abuse, number of 
tumors, cirrhosis and TNM staging between the two groups 
(P>0.05), suggesting that there was a comparability between 
the two groups of patients (Table I).

Analysis of HR in the dexmedetomidine and the tramadol 
group at different time points. The HR of patients in the 
dexmedetomidine group at T1, T2 and T3 was 83.52±8.39, 
72.45±8.12 and 79.36±7.37 beats/min, respectively. HR of 
patients in the tramadol group at different time points was 
84.12±7.85, 81.68±8.64 and 82.95±7.91 beats/min, respectively. 
There was no significant difference in HR between the two 
groups at T1 (P>0.05). HR in the dexmedetomidine group at 
T2 and T3 was significantly lower than that in the tramadol 
group, and the differences were statistically significant 
(t=7.306, P<0.001; t=3.117, P=0.002). The difference of HR 
in the dexmedetomidine group was statistically significant 
(F=44.770, P<0.001). HR at T2 was significantly lower than 
those at T1 and T3, and HR at T3 was lower than that at T1, 
and the differences were statistically significant (P<0.05). 
There was no significant fluctuation in HR at each time point 
in the tramadol group, and the differences were not statisti-
cally significant (P>0.05) (Fig. 1).

Levels of MAP in the dexmedetomidine and the tramadol group 
at different time points. MAP of patients in the dexmedetomidine 
group at T1, T2 and T3 was 92.38±8.45, 84.41±7.32 
and 88.76±7.72 mmHg, respectively, while in the tramadol group 
was 91.87±8.13, 87.75±7.69 and 89.34±8.07 mmHg, respectively. 
There was no significant difference in MAP between the two 
groups at T1 and T3 (P>0.05). MAP in the dexmedetomidine 
group at T2 was significantly lower than that in the tramadol 
group, and the difference was statistically significant (t=3.836, 
P<0.001). There was a statistically significant difference in 
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MAP in the dexmedetomidine group (F=23.550, P<0.001). 
MAP at T2 was significantly lower than those at T1 and T3, and 
the MAP at T3 was lower than that at T1, and the differences 

were statistically significant (P<0.05). There was no significant 
fluctuation in MAP at each time point in the tramadol group, and 
the differences were not statistically significant (P>0.05) (Fig. 2).

Figure 1. Analysis of HR in the dexmedetomidine and the tramadol group 
at different time points. There was no significant difference in HR between 
the two groups at T1 (P>0.05). HR in the dexmedetomidine group at T2 and 
T3 was significantly lower than that in the tramadol group, and the differ-
ences were statistically significant (P<0.05). The difference of HRs in the 
dexmedetomidine group was statistically significant (P<0.05). HR in the 
dexmedetomidine group at T2 was significantly lower than those at T1 and 
T3, and the HR at T3 was lower than that at T1, and the differences were sta-
tistically significant (P<0.05). There were no significant fluctuations in HR at 
each time point in the tramadol group, and the differences were not statisti-
cally significant (P>0.05). *P<0.05, compared with T1; #P<0.05, compared 
with T2. HR, heart rate; T1, before oxygen inhalation; T2, intraoperationally; 
T3, at 30 min postoperatively.

Table I. Basic data of patients in the dexmedetomidine and tramadol groups [n (%)].

Factors	 Dexmedetomidine group (n=91)	 Tramadol group (n=85)	 χ2 value	 P‑value

Sex			   0.228	 0.633
  Male	 59 (64.84)	 58 (68.24)
  Female	 32 (35.16)	 27 (31.76)
Age (years)			   0.389	 0.533
  ≤45	 25 (27.47)	 27 (31.76)
  >45	 66 (72.53)	 58 (68.24)
Weight (kg)			   1.344	 0.246
  ≤60	 36 (39.56)	 41 (48.24)
  >60	 55 (60.44)	 44 (51.76)
Alcohol abuse			   0.641	 0.423
  Yes	 28 (30.77)	 31 (36.47)
  No	 63 (69.23)	 54 (63.53)
No. of tumors			   0.401	 0.527
  Single	 64 (70.33)	 56 (65.88)
  Multiple	 27 (29.67)	 29 (34.12)
Cirrhosis			   0.225	 0.635
  Yes	 69 (75.82)	 67 (78.82)
  No	 22 (24.18)	 18 (21.18)
TNM staging			   0.684	 0.408
  Stage I	 58 (63.74)	 49 (57.65)
  Stage II	 33 (36.26)	 36 (42.35)

Figure 2. Levels of MAP in the dexmedetomidine and the tramadol group at 
different time points. There was no significant difference in MAP between 
the two groups at T1 and T3 (P>0.05). MAP in the dexmedetomidine group at 
T2 was significantly lower than that in the tramadol group, and the difference 
was statistically significant (P<0.05). There was a statistically significant dif-
ference in MAP in the dexmedetomidine group (P<0.05). MAP at T2 was 
significantly lower than those at T1 and T3, and the MAP at T3 was lower 
than that at T1, and the differences were statistically significant (P<0.05). 
There was no significant fluctuation in MAP at each time point in the tra-
madol group, and the differences were not statistically significant (P>0.05). 
*P<0.05, compared with T1; #P<0.05, compared with T2. MAP, mean arterial 
pressure; T1, before oxygen inhalation; T2, intraoperationally; T3, at 30 min 
postoperatively.
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Levels of SpO2 in the dexmedetomidine and the tramadol 
group at different time  points. SpO2 of patients in the 
dexmedetomidine group at T1, T2 and T3 was 99.12±0.86, 
94.36±1.94 and 96.28±1.62%, respectively. SpO2 of patients in 
the tramadol group at different time points was 99.15±0.72, 
98.85±0.91  and  98.98±0.79%, respectively. There was no 
significant difference in SpO2 between the two groups at T1 

(P>0.05). SpO2 in the dexmedetomidine group at T2 and T3 
was significantly lower than that in the tramadol group, and the 
differences were statistically significant (t=19.430, P<0.001; 
t=13.900, P=0.002). The difference of SpO2 in the dexme-
detomidine group was statistically significant (F=219.700, 
P<0.001). SpO2 at T2 was significantly lower than those at 
T1 and T3, and SpO2 at T3 was lower than that at T1, and 
the differences were statistically significant (P<0.05). There 
was no significant fluctuation in SpO2 at each time point in 
the tramadol group, and the differences were not statistically 
significant (P>0.05) (Fig. 3).

Comparison of recovery time, hospital stay and VAS score 
between the dexmedetomidine and the tramadol group. There 
was no significant difference in recovery time, hospital stay 
and VAS score between the two groups (P>0.05) (Table Ⅱ).

Comparison of perioperative complications between the 
dexmedetomidine and the tramadol group. The number of 
patients with shivering in dexmedetomidine group was signifi-
cantly higher than that in tramadol group, and the difference 
was statistically significant (P<0.05). There was no signifi-
cant difference in the number of patients with bradycardia, 
nausea and vomiting, dizziness, or intraoperative movement 
between the dexmedetomidine and the tramadol group 
(P>0.05) (Table Ⅲ).

Discussion

There is still global disparity in the incidence of HCC, and 
East and Southeast Asia remain with the highest incidence. 
However, although, in recent years in most of these high‑risk 
countries the incidence has been declining, the morbidity in 
several low‑risk countries in Europe, America and Oceania 

Table II. Comparison of recovery time, hospital stay and VAS score between the dexmedetomidine and the tramadol group.

Factors	 Dexmedetomidine group (n=91)	 Tramadol group (n=85)	 t value	 P‑value

Recovery time (min)	   7.56±1.38	   7.54±1.26	 0.100	 0.920
Hospital stay (days)	 14.12±6.03	 13.87±5.91	 0.278	 0.782
VAS score 	   2.87±0.45	   2.62±0.31	 0.853	 0.395

VAS, visual analogue scale.

Table III. Comparison of adverse reactions between the dexmedetomidine and the tramadol group [n (%)].

Factors	 Dexmedetomidine group (n=91)	 Tramadol group (n=85)	 χ2 value	 P‑value

Bradycardia	 2 (2.20)	 1 (1.18)	 0.274	 0.601
Nausea and vomiting	 3 (3.30)	 5 (5.88)	 0.823	 0.411
Dizziness	 5 (5.49)	 2 (2.35)	 1.136	 0.287
Intraoperative movement	 3 (3.30)	 1 (1.18)	 0.690	 0.406
Shivering	 8 (8.79)	 1 (1.18)	 5.252	 0.022
Total	 21 (23.08)	 10 (11.76)	 3.876	 0.049

Figure 3. Levels of SpO2 in the dexmedetomidine and the tramadol group at 
different time points. There was no significant difference in SpO2 between 
the two groups at T1 (P>0.05). SpO2 in the dexmedetomidine group at T2 
and T3 was significantly lower than that in the tramadol group, and the 
differences were statistically significant (P<0.05). The difference of SpO2 
in the dexmedetomidine group was statistically significant (P<0.05). SpO2 
at T2 was significantly lower than those at T1 and T3, and the SpO2 at T3 
was lower than that at T1, and the differences were statistically significant 
(P<0.05). There was no significant fluctuation in SpO2 at each time point 
in the tramadol group, and the differences were not statistically significant 
(P>0.05). *P<0.05, compared with T1; #P<0.05, compared with T2. SpO2, 
oxygen saturation; T1, before oxygen inhalation; T2, intraoperationally; T3, 
at 30 min postoperatively.
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is steadily increasing, due to the fact that obesity, type 2 
diabetes and non‑alcoholic fatty liver diseases are replacing 
viral and alcoholic liver diseases to become major pathogenic 
factors (14). The median survival time of late HCC has been 
reported to be <1 year and the 5‑year survival rate <10% (15). 
Therefore, the early diagnosis and treatment are very impor-
tant for the improvement of the prognosis of patients. In 
recent years, PMCT has become an important method and 
has been widely used in the comprehensive treatment of HCC 
because of its minimal invasion, high safety and efficacy (16). 
Ultrasound‑guided PMCT has a faster overall heating rate and 
less trauma, which can effectively alleviate or eliminate the 
clinical symptoms after treatment of HCC patients, and there-
fore is widely used in clinical practice (17,18). In the process 
of PMCT, the choice of anesthetic is the key to stabilize vital 
signs and reduce postoperative adverse reactions.

In this study, the dosage of anesthetic drugs was set 
according to patients' weight and age, and the changes of 
intraoperative HR, MAP and SpO2 indexes in patients were 
observed. It was found that the intraoperative HR, MAP, and 
SpO2 in the dexmedetomidine group were significantly lower 
than those in the tramadol group, and their fluctuation differ-
ences were significantly higher than those in the tramadol 
group. Dexmedetomidine is a highly selectivity new α2 

adrenergic receptor agonist, the activation of which in the 
brain and spinal cord can inhibit neuronal excitation, thereby 
leading to hypotension, bradycardia and other hemodynamic 
changes (19,20). It can produce an analgesic effect through the 
synaptic and posterior synaptic membrane α2 receptors in the 
spinal cord interneurons to inhibit central sympathetic nerves, 
enhance vagal activity, and weaken the sympathetic tone, thus 
having a better analgesic effect (21).

In the study of hemodynamic response of dexmedetomi-
dine in patients undergoing laparoscopic cholecystectomy 
by Bhagat et al (22), it was found that dexmedetomidine was 
associated with hypotension and bradycardia. There were 
5 cases of bradycardia in dexmedetomidine group, all of which 
needed to be injected with atropine. The binding of tramadol 
to opioid receptor could inhibit hypothalamic thermoregula-
tory center and re‑uptake of spinal cord 5‑hydroxytryptamine 
and methylepinephrine, increase the concentration of methy-
lepinephrine and 5‑hydroxytryptamine synaptosomes of 
the spinal cord, and regulate the body temperature, thus 
effectively prevent shivering reaction. However, it showed 
more gastrointestinal tract reaction and higher incidence of 
nausea (23,24). These results support our study that the number 
of patients with shivering in the dexmedetomidine group was 
significantly higher than that in the tramadol group, while the 
incidence of nausea and vomiting in the tramadol group was 
higher than that in the dexmedetomidine group. According 
to the study by Bedirli et al (25), both tramadol and dexme-
detomidine are effective in controlling pain and restlessness. 
However, compared with tramadol, dexmedetomidine might 
cause intraoperative hypotension, bradycardia and long‑term 
sedation. According to Sahi et al  (26), tramadol plays the 
most important role in preventing shivering. Although it has 
a higher incidence of nausea and vomiting than clonidine 
and dexmedetomidine, these symptoms can be alleviated 
without intervention in most patients. Moreover, tramadol 
was reported to have the least side‑effects.

In the present study, due to the limited medical resources 
in The Affiliated Hospital of Qingdao University and the 
small base of the selected research subjects, there may be 
some contingency in the results, and sex or age differences 
in postoperative responses to anaesthesia cannot be excluded.

In conclusion, both tramadol and dexmedetomidine, respec-
tively, combined with propofol in PMCT for HCC surgery can 
achieve satisfactory anesthetic effects. However, tramadol 
combined with propofol is more effective in stabilizing the 
vital signs with less side‑effects, and more suitable for PMCT 
in patients with HCC than dexmetomidine combined with 
propofol.
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