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Abstract. – OBJECTIVE: To explore the car-
diocerebral protective effect of dexmedetomidine 
as an anesthetic in colorectal cancer surgery.

PATIENTS AND METHODS: A total of 246 col-
orectal cancer patients were enrolled in this retro-
spective analysis. Those patients were admitted to 
the Affiliated Hospital of Qingdao University and 
underwent surgery from July 2014 to July 2016. 
The patients were divided into observation group 
and control group according to the anesthetic 
used in surgery. The conventional anesthetic was 
administered to patients in control group, where-
as conventional anesthetic supplemented with 
dexmedetomidine was administered to patients in 
the observation group. The heart rate (HR), systol-
ic blood pressure (SBP), diastolic blood pressure 
(DBP), jugular venous oxygen saturation (Sj-vO2), 
cerebral oxygen extraction ratio (ERO2), and ce-
rebral arterial partial pressure of oxygen (PaO2) 
were recorded before dexmedetomidine adminis-
tration (T0), 30 min after start of surgery (T1), and 
2 h after surgery (T2). Central venous blood (4 ml) 
was withdrawn 6 hours and 24 hours after surgery. 
Following centrifugation, the serum was collect-
ed and stored at -70°C. After collection of all the 
blood samples, concentrations of creatine kinase 
(CK-MB), troponin I (cTnI), TNF-α and S100β in se-
rum were measured using ELISA, and differences 
between the two groups were compared.

RESULTS: Differences of the parameters mea-
sured at T0 were not statistically significant be-
tween observation group and control group 
(p>0.05), whereas the parameters measured at 
T1 and T2 were significantly better in the ob-
servation group than those in the control group 
(p<0.05). The post-surgery blood test showed 
that indicators of cardiocerebral hemodynamics 
were better in the observation group than those 
in the control group (p<0.05).

CONCLUSIONS: Administration of dexmede-
tomidine in colorectal cancer surgery can pro-
vide effective cardiocerebral protection and it is 
worth popularizing in clinical practice. 
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Introduction

The colorectal resection is currently the com-
mon treatment of patients with colon cancer. With 
the continuous progress of medical devices, the 
colorectal resection surgery has matured. Howe-
ver, the success rate of surgery is closely related 
to perioperative cardiocerebral protection1-3. Sur-
gical operation triggers stress responses of patien-
ts with colon cancer in the perioperative period, 
resulting in hemodynamic abnormalities. These 
abnormalities often lead to cardiocerebral da-
mage due to the insufficient blood supply to the 
heart and an imbalance between oxygen demand 
and supply in the heart4,5. Preoperative anesthesia 
may also trigger systemic inflammatory response 
syndrome. The activation of the complement pro-
teins C3 and C4, as well as monocytes, and the 
increased levels of inflammatory cytokines such 
as TNF and interleukins-6 all play important ro-
les6,7. Different degrees of ischemia, hypoxia, and 
inflammatory reactions that may occur in colon 
cancer surgery are the main causes of cardiocere-
bral damage8,9.

Dexmedetomidine is commonly used as ane-
sthetic, sedative, and analgesic in clinical treat-
ments10. Dexmedetomidine activates α2 adrener-
gic receptor with high affinity and inhibits the 
release of norepinephrine so as to relieve or even 
inhibit the stress response induced by surgical sti-
mulation, improve perioperative hemodynamics, 
maintain cardiac oxygen supply-demand balance, 
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and reduce expression levels of cytokines associa-
ted with a brain injury like S100β11,12.

In this study, the cardiocerebral protective ef-
fect of dexmedetomidine during perioperative 
period was explored by the intravenous drip of 
dexmedetomidine following induction of conven-
tional anesthesia during colon cancer surgery.

Patients and Methods

Patients
A total of 246 patients with colorectal cancer 

were enrolled in this retrospective analysis, who 
were admitted to the Affiliated Hospital of Qingdao 
University and underwent surgery from July 2014 
to July 2016. The enrolled patients were aged 35 to 
55 years, weighed 45 to 75 kg, and were assigned 
to class II and class III in the ASA classification 
system. Depending on whether dexmedetomidine 
was administered in surgery, patients were divided 
into observation group (n=126) and control group 
(n=120). Patients in observation group received 
conventional anesthesia supplemented with dex-
medetomidine, whereas patients in control group 
received conventional anesthesia and normal saline. 
Inclusion criteria: patients underwent initial sur-
gery; patients showed no allergic to dexmedetomi-
dine; patients without liver, kidney, and other organ 
dysfunction; patients without abnormal bleeding or 
coagulation disorders. Exclusion criteria: patients 
with cardiovascular disease; patients with excessive 
lumps; patients with other lung or chest wall disease; 
patients with lymph node metastasis. All patients 
or their families signed the informed consent. The 
study was approved by the Ethics Committee of the 
Affiliated Hospital of Qingdao University.

Treatment Methods
Anesthesia was induced by intravenous 

injection of etomidate 0.3 mg/kg, midazolam 0.05 
mg/kg, rocuronium 0.6 mg/kg, and sufentanil 1 
μg/kg for all patients. After anesthetic induction, 
patients in the observation group were further gi-
ven an intravenous injection of dexmedetomidine 
0.5 µg/kg within 15 min, followed by continuo-
us IV drip at a rate of 0.5 µg/kg/h until the end 
of surgery. Patients in the control group received 
intravenous saline drip at a rate of 0.5 µg/kg/h. 
Anesthesia was maintained by inhalation of ae-
rosolized sevoflurane (1.5%) and intravenous in-
fusion of sufentanil via infusion pump at a rate 
of 0.6 µg/kg/h. The Bispectral Index value was 
maintained between 45 and 65.

ELISA Measurement of Serum Proteins
The concentrations of CK-MB, cTnI, TNF-α, 

and S100β in serum were measured with ELISA 
according to instructions of the ELISA kit (Shan-
ghai Enzyme Research Biotechnology Co., Ltd., 
Shanghai, China). Serum samples from all patien-
ts were collected and stored at -70°C. Reagents 
and standards were prepared, and standard curves 
were plotted. The OD values were measured at 
450 nm.

Observed Indicators
Five indicators of brain function including 

ERO2, PaO2, Sj-vO2, TNF-α, and S100β, as well 
as five indicators of cardiac function including 
HR, SBP, DBP, CK-MB, and cTnI, were acquired 
at three time points, i.e., before dexmedetomidine 
administration (T0), 30 min after start of surgery 
(T1), and 2 h after surgery (T2).

Statistical Analysis
Statistical software SPSS 19.0 (AsiaAnalytics, 

formerly SPSS China) was used in data process-
ing. The Chi-squared X2-test was used for the 
comparison of rate. Normal distribution measure-
ment data were expressed as ±s and compared 
using Student’s t-test. The non-parametric K-S 
test was used for comparison of non-normal dis-
tribution measurement data between groups. The 
difference was statistically significant if p<0.05.

Results

Clinical Records
246 patients with colorectal cancer were divi-

ded into two groups. Among 126 patients in the 
observation group, 69 were males and 57 were fe-
males. The mean age was 48.6±12.3 years in this 
group. Among 120 patients in the control group, 
72 were males and 48 were females. The mean age 
was 44.7±9.6 years in this group. There were no 
significant differences in general medical infor-
mation between patients in the two groups such 
as gender, body weight, and age (p>0.05). The 
detailed patient information are shown in Table I.

Cardiac Function Evaluation
There were no significant differences in HR, 

SBP, and DBP between the two groups at T0 
(p>0.05). The levels of HR, SBP, and DBP in the 
observation group were significantly better than 
those in the control group at T1 and T2 (p<0.05). 
The ELISA results showed that the CK-MB and 
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cTnI levels in the observation group were lower 
than those in the control group 6 hours and 24 
hours after surgery (p<0.05). The data are shown 
in Table II, Figure 1 and Figure 2.
Brain Function Evaluation

There were no significant differences in ERO2, 
PaO2, and Sj-vO2 between the two groups at T0 
(p>0.05). The levels of ERO2, PaO2, and Sj-vO2 
in the observation group were significantly bet-
ter than those in the control group at T1 and T2 

Table I. General medical information of patients in the two groups.

Item  Control group Observation group p-value

Patient number  120 126 0.142
Male/female  72/48 69/57 0.589
Hemoglobin before surgery (g/dl)  9.52±1.34 9.67±1.44 0.399
Albumin before surgery (g/dl)  3.54±0.56 3.49±0.48 0.452
Surgical approach    0.954
 Open surgery 36 (30.00) 38 (30.16) 
                                     Minimally invasive surgery 84 (70.00) 88 (69.84) 
Amount of blood transfusion (ml)  165.32±13.25 168.33±13.14 0.074
Liquid input in 6 h (ml)  1320.21±100.52 1336.12±101.34 0.218
Liquid input in 24 h (ml)  1103.49±87.64 1084.57±91.27 0.099
Eyes open time  15.23±2.38 11.74±2.38 <0.001
Operation time (min)  184.63±9.25 186.94±9.27 0.052
Age (years)  44.7±9.6 48.6±12.3 0.736
Body weight, n (%)  <50 kg 54 (45.00) 52 (41.27) 0.969
 ≥50 kg 66 (55.00) 74 (58.73) 
Smoking history, n (%)  Yes 33 (27.50) 29 (23.02) 0.565
 No 87 (72.50) 97 (76.98) 
Residence, n (%)  Urban area 81 (67.50) 72(57.14) 0.381 
 Rural area 39 (32.50) 54 (42.86) 
Colon/rectal cancer, n (%) Colon cancer 58 (48.33) 66 (52.38) 0.715
 Rectal cancer 62 (51.67) 60 (47.62) 

Table II. Indicators of cardiac function of patients in the two groups.

Indicator Time point Control group Observation group p-value

HR T0 66.8±11.8 65.9±12.7 0.732
 T1 86.1±10.5 66.8±11.1 0.032
 T2 99.4±12.2 87.5±11.5 0.045
SBP T0 119.6±13.8 130.9±12.4 0.783
 T1 103.1±14.8 114.5±15.6 0.039
 T2 97.2±7.1 104.2±9.8 0.046
DBP T0 65.6±11.6 65.4±12.5 0.975
 T1 58.8±8.2 62.1±9.1 0.028
 T2 55.4±6.1 64.5±7.2 0.031 

Table III. Indicators of brain function of patients in the two groups.

Indicator Time point Control group Observation group p-value

ERO2 T0 39.2±6.4 37.4±8.8 0.547
 T1 26.4±8.1 19.6±9.4 0.024
 T2 35.5±7.6 27.4±7.7 0.031
PaO2 T0 131.9±58.2 134.2±66.5 0.786
 T1 213.5±33.7 234.5±47.9 0.042
 T2 187.3±37.2 214.3±44.7 0.034
Sj-vO2 T0 64.7±6.9 67.2±8.1 0.832
 T1 59.6±6.5 73.6±7.6 0.032
 T2 61.7±7.6 69.2±8.1 0.044
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(p<0.05). The ELISA results showed that levels of 
TNF-α and S100β in the observation group were 
lower than those in the control group 6h and 24h 
after surgery (p<0.05). The data are shown in 
Table III, Figure 3 and Figure 4.

Discussion

Colorectal cancer occurs more often in mid-
dle-aged males. Its pathogenesis is not yet well un-
derstood and its prognosis is closely related to ear-
ly diagnosis and surgical treatment13,14. However, 
cardiocerebral damage may result from surgery 
due to traumatic stimulation and hemodynamic 
abnormalities during surgery15,16. Dexmedetomi-
dine was effective in attenuating stress response 
to surgical stimulation and improving the oxygen 
supply-demand balance in the heart17,18. In this 
study, the perioperative cardiocerebral protective 
effect of dexmedetomidine was explored by an 
intravenous drip of dexmedetomidine following 
induction of conventional anesthesia during colon 
cancer surgery.

Retrospective analysis of medical records of 
246 patients with colorectal cancer undergoing 
colorectal resection was performed. It was found 
that the intraoperative and postoperative levels of 
HR, SBP, and DBP were all better in patients who 
received dexmedetomidine than in patients who 

did not receive dexmedetomidine during surgery. 
In addition, the ELISA results showed that levels 
of CK-MB and cTnI were decreased 6 h and 24 
h after surgery in patients who received dexme-
detomidine. Thus, dexmedetomidine was effec-
tive in maintaining SBP, DBP, and HR of patients 

Figure 1. Expression levels of CK-MB. ELISA showed that 
CK-MB levels 6 h and 24 h after surgery was lower in the obser-
vation group than those in the control group (p=0.032, p=0.013).

Figure 2. Expression levels of cTnI. ELISA showed that cTnI 
levels 6 h and 24 h after surgery was lower in the observation 
group than those in the control group (p=0.014, p=0.025).

Figure 3. Expression levels of TNF-α. ELISA showed that 
TNF-α levels 6 h and 24 h after surgery was lower in the obser-
vation group than those in the control group (p=0.028, p=0.031).
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during surgery and protecting cardiac function. 
A lot of researchers confirmed the positive effect 
of dexmedetomidine on hemodynamic stabili-
ty during surgical treatment of cerebrovascular 
malformation19. Also, Ammar et al20 reported that 
dexmedetomidine could reduce levels of cardi-
ac-specific proteins in serum such as troponin-I 
and creatine kinase-MB during cardiac surgery, 
alleviate cardiac damage due to surgical stimu-
lation and improve cardiac function. In another 
study, Lee et al21 reported that dexmedetomidine 
inhibited stress response to surgery and main-
tained hemodynamic stability during laryngo-
scope and tracheal intubation. These findings in 
the literature mentioned above were in accor-
dance with findings in this study, which demon-
strated perioperative protective effects of dexme-
detomidine on cardiac function during surgery of 
multiple conditions. Studies have found that car-
diac output and systemic vascular resistance are 
more accurate in assessing hemodynamics. This 
is a flaw in our experimental design, so there is 
a certain deviation in the evaluation of cardiac 
function in patients. We will improve the experi-
mental design in our future investigations.

We also found that the intraoperative and post-
operative levels of ERO2, PaO2, and Sj-vO2 were all 
better in patients who received dexmedetomidine 
than in patients who did not receive dexmedetomi-
dine during surgery. In addition, the ELISA results 

showed that levels of TNF-α and S100β were de-
creased 6 h and 24 h after surgery in patients who 
received dexmedetomidine. Thus, dexmedetomi-
dine was effective in maintaining Sj-vO2 and ERO2 
of patients during surgery and protecting cerebral 
function. TNF-α is a pro-inflammatory cytokine, 
and S100β is a brain-specific protein. Brain dam-
age can be evaluated by monitoring level changes 
of these two proteins in patients22. In recent years, 
an upward trend in incidence and mortality of 
cerebrovascular diseases23,24 has warranted more 
studies on cerebral protective effects of dexmede-
tomidine. Li et al25 reported that dexmedetomidine 
attenuated cerebral damage due to ischemia-reper-
fusion, by inhibiting expression of NF-κB and 
cell adhesion molecule-1 associated with oxida-
tive stress and inflammatory reaction in brain 
tissue. We found that dexmedetomidine played a 
protective role in the brain by reducing the expres-
sion of inflammatory cytokine TNF-α. In another 
study, Ding et al26 reported that dexmedetomidine 
shortened the recovery time from anesthesia in el-
derly patients undergoing radical cystectomy, and 
improved patient’s postoperative cognitive func-
tion. Also, Zhao et al27 found that dexmedetomi-
dine was effective in maintaining cerebrovascular 
hemodynamic stability, thus avoided respiratory 
depression, and protected the brain from damage.

The current work is a retrospective analysis 
with a small sample size. Nevertheless, consid-
ering that dexmedetomidine was effective in 
inhibiting stress response and inflammatory re-
action induced by surgical stimulation, promot-
ing hemodynamic stability and cerebral oxygen 
consumption, further larger studies are needed to 
validate those results. 

Conclusions

We showed that dexmedetomidine was effec-
tive in inhibiting stress response and inflamma-
tory reaction induced by surgical stimulation and 
maintaining hemodynamic stability and cerebral 
oxygen consumption. Thus, dexmedetomidine 
has cardiocerebral protective effects.

Ethics Approval and Consent to Participate
The study was approved by the Ethics Committee of the 
Affiliated Hospital of Qingdao University. Signed written 
informed consents were obtained from the patients and/or 
guardians.

Figure 4. Expression levels of S100β. ELISA showed that 
S100β levels 6 h and 24 h after surgery was lower in the 
observation group than those in the control group (p=0.037, 
p=0.029).
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