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Wenjie Jiang*, Chao Han*, Wei Jiang, Weiliang Ding, Daming Gu, Yongfei Tan, Tieliang Ma, Zhijun Ge

The Affiliated Yixing Hospital of Jiangsu University, Yixing 214200, Jiangsu, China. *Equal contributors.

Received November 3, 2015; Accepted February 10, 2016; Epub March 15, 2016; Published March 30, 2016

Abstract: Backgroud: The effect of dexmedetomidine on surgical stress has still not been documented when com-
pared with propofol. Objective: Our aim was to compare the effects of dexmedetomedine and propofol on stress 
response in patients undergoing open esophagectomy under total intravenous anesthesia and study the feasibility 
of dexmedetomedine as the sole anesthetic agent in total intravenous anesthesia (TIVA). Methods: Thirty patients of 
ASA I~II, 60-75 years of age, scheduled for open esophagectomy under general anesthesia were randomly divided 
into two groups of 15 each. Group P received propofol 2 mg/kg bolus followed by infusion 100~200 µg/kg/min and 
Group D received dexmedetomidine 1 µg/kg bolus followed by infusion 0.04~0.08 µg/kg/min. Both groups were 
administered standard general anesthesia with routine monitoring. Bispectral index (BIS) were applied to monitor 
the depth of anesthesia with the target BIS value setting 50±5 intraoperatively by adjusting the dose of sedative 
drug. Blood samples were tested for plasma concentrations of epinephrine, norepinephrine, cortisol, ACTH, IL-6 at 
piror anesthesia, 2 h after surgery and 24 h postoperatively. Modified Brice questionnaire was used to define intra-
operative awareness 24 h after operation. Results: Plasma NE, epinephrine, cortisol, ACTH levels in both groups in-
creased significantly at T1, T2, while NE, epinephrine level were significantly higher in P group. Plasma IL-6 concen-
trationsin in both groups increased with time, while was higher in P group at two time points. Plasma glucose levels 
increased versus baseline at T1, and significantly higher in D group. Conclusions: Dexmedetomidine has similar ef-
fect on surgical stress response in patients undergoing open esophagectomy under general anaesthesia compared 
with propofol. Then, dexmedetomidine can be used as the sole anesthetic agent in total intravenous anesthesia.
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Introduction

Stress response to surgery is characterized by 
activation of the hypothalamus-pituitary-adre-
nal (HPA) axis, which stimulates adrenocortico-
trophic hormone (ACTH) release from the ante-
rior pituitary gland, and subsequently, cortisol 
release from the adrenal cortex and sympathet-
ic nervous system (SNS) activation, which aug-
ments norepinephrine (NE) release from pre-
synaptic sympathetic fibers and NE and epi-
nephrine release from the adrenal medulla [1]. 
Major surgery always evokes a high stress 
response and contributes to an increase in 
postoperative morbidity and mortality [2]. Then, 
blunting the stress response has been the goal 
of many anesthetist in an effort to improve clini-

cal outcome after surgery [3]. Previous study 
has verified that propofol could attenuate surgi-
cal stress [4], continuous infusions of the intra-
venous anesthetic propofol are commonly used 
to induce and maintain in total intravenous 
anesthesia during decades [5]. Dexmedeto- 
midine, a selective α-2a adrenergic receptor 
agonist, has been used for sedation in ICU and 
for short surgical procedures [6-8], and also as 
an adjunct resulting in reduced intraoperative 
requirements of anesthetics [9, 10]. Latest 
research has demonstrate the possibility of 
dexmedetomidine as the sole maintenance 
sedative agent [11]. However, the effect of dex-
medetomidine on surgical stress has still not 
been documented when compared with propo-
fol. Present study was designed to discovery 
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Table 1. Demographics and clinical characteristics
Group P Group D

Age (yr) 68.7±4.4 70.1±3.8
Gender (M/F) 11/4 10/5
Weight (kg) 61.6±5.8 59.3±6.2
Height (cm) 168.4±8.7 165±7.6
Fluid balance in surgery (ml) 1643±335 1607±297
Intraoperative fentanyl requirement (mg) 0.63±0.06 0.66±0.05
Nicardipine requirement (n) 7 5
Phenylephrine requirement (n) 5 4
Duration of Surgery (min) 152.8±34.3 155.5±40.9
Consciousness time (min) 18.5±5.6 23.7±5.8
Tracheal extubation time (min) 26.3±4.4 31.2±3.8
Postoperative VAS 5.2±1.8 4.1±1.4*
Length of stay in the PACU (min) 53.7±7.4 58.6±8.3
Rescue analgesics requirement (mg) 163.6±24.4 103.6±32.5*
Intraoperative awareness (n) 0 0
*Compared with P group, P < 0.05. Results are presented as the mean ± 
standard deviation.

the two sedative drugs as sole maintenance 
sedative agent in major surgery (open esopha-
gectomy), then compare their effects on stress 
response.

Materials and methods

Study subjects

Approval for the study was obtained from our 
Hospital ethics committee and written informed 
consent was obtained from each of the partici-
pants. Thirty patients, 63-75 years of age, ASA 
physical status of I~II, scheduled for open 
esophagectomy under general anesthesia were 
averagely divided into two groups by a comput-
er-generated randomization scheme: P group 
and D group. Patients with liver or renal dys-
function, hemostatic disorders and periopera-
tive use of sedative drugs were excluded.

Anesthesia

The patients were brought to the operating 
room and peripheral intravenous and arterial 
cannulae were inserted and electrocardiogram 
electrodes and pulse oximetry sensor were 
applied. BIS was also used to monitor the  
depth of anesthesia. In the P group, anesthesia 
was induced by intravenous injection of pro- 
pofol (2 mg/kg), fentanyl (5 µg/kg) and ve- 
curonium bromide (0.15 mg/kg), then main-

by adjusting the dose of the sedative drug. 
Intra-operative mean arterial pressure was 
kept within 20% of baseline and hypotension or 
hypertension lasting > 5 min was treated with 
intermittent doses of phenylephrine (20 µg/
mL) or nicardipine (500 µg/mL), respectively.

Post-operative management

After the operation, all patients were admitted 
to the Post Anesthesia Care Unit (PACU) and 
monitored there. The trachea was extubated 
once spontaneous ventilation of the patient 
was adequate and the patient was alert. 
Patient-controlled analgesia (PCA), consisted of 
100 µg sufentanil in 100 mL normal saline, was 
administered by an AutoMed 3,200 pump at a 
background rate of 1 mL/h and a bolus dose of 
1 mL with a lockout interval of 10 minutes. 
Before being discharged from the PACU, 
patients were required to meet the following 
three criteria: 1) conscious; 2) arterial oxygen 
tension (PaO2) > 74 mmHg on an inspired oxy-
gen concentration (FIO2) < 40%; 3) stable 
hemodynamics without vasoactive drugs.

Study protocol

Mean arterial pressure, heart rate (HR), oxygen 
saturation, BIS were continuously monitored in 
the surgical procedure and PACU. Conscious- 
ness time, tracheal extubation time and post-

tained by intravenous infusion  
of propofol (100~200 µg/kg/ 
min) and fentanyl (0.05 µg/kg/
min). In the D group, anesthesia 
was induced by intravenous injec-
tion of dexmedetomidine (1 µg/
kg), fentanyl (5 µg/kg) and 
vecuronium bromide (0.15 mg/
kg), and maintained by intrave-
nous infusion of dexmedetomi-
dine (0.04~0.08 µg/kg/min) and 
fentanyl (0.05 μg/kg/min). All 
patients underwent tracheal intu-
bation and mechanical ventilation 
with 100% oxygen, VT 8-10 mL/
kg, frequency 10-14/min, for the 
goal of achieving an end-tidal  
carbon dioxide level of 35-40 
mmHg in the surgical procedure. 
Operation would not begin until 
the BIS value achieve 50, and BIS 
value setting 50±5 intraoperative 
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operative VAS score were recorded by the same 
anesthesiologist in PACU. All patients were 
assessed for recall of intraoperative events 
using Modified Brice questionnaire 24 h after 
operation. Moreover, rescue analgesics within 
24 h after operation were recorded. 

Biochemical analysis

Venous blood samples were collected for deter-
mining concentrations of epinephrine, NE, cor-
tisol, ACTH, glucose, IL-6. Blood cell counts at 
three time points, before the administration of 
anesthetics (T0), at 2 h after surgery (T1), and 
at 24 h after surgery (T2), then centrifuged at 
1,000 g for 15 minutes and the serum samples 
were stored at -80°C until analysis. All proce-
dures were performed according to the instruc-
tions provided with the kits from Jiancheng 
Bioengineering Research Institute.

higher than group D respectively (P < 0.05). No 
patient reported intraoperative recall.

Hemodynamics

There were no intergroup statistically signifi-
cant differences in MAP. The mean values of 
HR within 24 h perioperative in D group were 
significantly lower compared with the P group, 
but did not need intervention (Figure 1).

Plasma detection

Baseline concentrations of NE, epinephrine, 
ACTH, cortisol, glucose, IL-6 in two groups were 
comparable (Figure 2). Plasma NE, epineph-
rine, cortisol, ACTH levels in both groups 
increased significantly at T1, T2, while NE, epi-
nephrine level were significantly higher in P 
group (P < 0.05), but no significant intergroup 

Figure 1. Mean arterial blood pressure (mmHg) and heart rate (beats/min) 
in the D and P groups 24 h perioperative.

Statistical analysis

Categorical variables were 
expressed as percentages 
and continuous variables  
as mean±standard deviation. 
Differences between cate- 
gorical variables were asse- 
ssed using t test. The χ2 test 
was used to analyze differ-
ences between categorical 
variables. Data were analyzed 
using SPSS for windows ver-
sion 14.0 (SPSS Inc, Chicago, 
IL, USA). A P value < 0.05 was 
considered significant.

Results

Patient characteristics

The clinical characteristics of 
the patients are summarized 
in Table 1. The groups were 
similar for age, gender, wei- 
ght, height, operation time, 
blood loss, use of vasoactive 
agents, dose of intraoperative 
fentanyl, intraoperative fluid, 
consciousness time, tracheal 
extubation time and intraop-
erative awareness. However, 
requirement of rescue anes-
thetics and postoperative VAS 
in group P were significantly 
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difference was evident at cortisol, ACTH levels. 
Plasma IL-6 concentrations in both groups 
increased with time, while was higher in P  
group at two time points (P < 0.05). Both groups 
plasma glucose levels increased versus base-
line at T1, and significantly higher in D group (P 
< 0.05).

Discussion

The definition of TIVA is a combination of seda-
tive agent, analgesic drugs and muscle relax-

ants, excluding simultaneous administration of 
any inhaled drugs [12]. Dexmedetomidine 
exhibits sedative as well as analgesic and  
anxiolytic effects [13], thus could be the sole 
maintain agent in TIVA theoretically. Previous 
study has shown dexmedetomidine attenuates 
various stress responses and maintains the 
haemodynamic stability during surgery proce-
dure [14, 15]. In these studies, dexmedetomi-
dine was used only as adjuvant, and thus can-
not exclude the intervention of other anesthet-
ics in the operations. Present study aimed to 

Figure 2. Changes in neuroendocrine hormone and glucose levels during the perioperative period. A. Changes in 
plasma norepinephrine levels. B. Changes in plasma epinephrine levels. C. Changes in plasma cortisol levels. D. 
Changes in plasma ACTH levels. E. Changes in plasma glucose levels. F. Changes in plasma IL-6 levels. T0: before 
induction of anesthesia; T1: at 2 h after surgery; T2: at 24 h after surgery. △P < 0.05 between two groups. *P < 
0.05 compared with T0 within group. ★P < 0.05 compared with T1 within group.
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evaluate the efficacy and safety of dexmedeto-
midine on the aspect of surgical stress com-
pared with propofol in open esophagectomy. In 
our research model, perioperative treatment 
was similar except the use of sedative drugs. 
Intraoperative BIS value had been set to ensure 
patients in similar depth of anesthesia without 
intraoperative awareness, so the effects of the 
two sedatives on surgical stress response can 
be revealed effectively.

When used in combination with analgesic 
drugs, propofol is suitable for the provision of 
total intravenous anaesthesia in last decades 
[16]. Previous studies found that TIVA with pro-
pofol inhibited the ACTH-cortisol axis and 
reduced NE, epinephrine[17]. 

Surgical stimulation may activate the sympa-
thetic nervous system, increase the blood level 
of catecholamines. The pharmacokinetic data 
indicate that dexmedetomidine infusion during 
the immediate postoperative decrease the 
release of catecholamine [18]. Our study 
showed that dexmedetomidine is superior to 
propofol in the inhibition of the sympathetic 
nervous system. It can be explained that alpha-
2-receptor activation depresses ganglionic 
transmission through both postsynaptic inhibi-
tion of muscarinic stimulation and reduction of 
presynaptic neurotransmitter release [19].

Meanwhile, dexmedetomidine has similar 
inhibitory effect with propofol on ACTH-cortisol 
axis in our comparative study, and we also 
found that dexmedetomidine infusion does not 
inhibit adrenal steroidogenesis when used for 
perioperative sedation, which is consistent with 
the Venn’s result [20].

Blood glucose concentrations increased after 
major surgeries due to cortisol and dexmedeto-
midine facilitating hepatic glycogenolysis and 
gluconeogenesis and insulin resistance. Many 
studies show that dexmedetomidine infusion 
during general anesthesia decreased blood 
glucose [21, 22], however, we found that blood 
glucose level in D group is significantly higher 
than P group. As blood concentrations of NE, 
epinephrine, ACTH, cortisol in D group was 
lower than in P group at T1, we speculated insu-
lin resistance maybe is the main reason of phe-
nomenon. Further research is needed to clarify 
the mechanism. 

Serum interleukin-6 was the best marker for 
acute surgical stress, which could not be 
induced by anesthetic interventions alone [23]. 
Present study found less IL-6 level in D group, 
indicating dexmedetomidine inhibiting inflam-
matory reaction better than propofol, which is 
probably association with dexmedetomidine 
suppressing TLR4/MyD88/NF-κB pathway [24].

In conclusion, dexmedetomidine has similar 
effect to propofol on surgical stress response, 
even superior inhibitory effect on sympathetic 
nervous system. Considering its hemodynamic 
stability and no intraoperative awareness, dex-
medetomidine can be used as the sole anes-
thetic agent in total intravenous anesthesia. 
However, large sample size is required to draw 
further conclusions and to consolidate the 
usage of dexmedetomidine in TIVA.

Acknowledgements

This work was supported in part Fund of Social 
Development Project of Wuxi (CSE31N1522).

Disclosure of conflict of interest

None.

Address correspondence to: Zhijun Ge and Tie- 
liang Ma, The Affiliated Yixing Hospital of Jiang- 
su University, #75 Tongzhenguan Road, Yixing 
214200, Jiangsu, China. Tel: +86-510-87921196; 
Fax: +86-510-87921110; E-mail: staff789@yxph.
com (ZJG); matieliang@foxmail.com (TLM)

References

[1]	 Desborough JP. The stress response to trauma 
and surgery. Br J Anaesth 2000; 85: 109-117.

[2]	 Bartoloni A, Polati E, Finco G, Facchin S, Rigo V 
and Gottin L. [The neuroendocrine and meta-
bolic response to surgical stress]. Chir Ital 
1995; 47: 3-11.

[3]	 Scott MJ and Miller TE. Pathophysiology of 
Major Surgery and the Role of Enhanced 
Recovery Pathways and the Anesthesiologist 
to Improve Outcomes. Anesthesiol Clin 2015; 
33: 79-91.

[4]	 Ng A, Tan S, Lee H and Chew S. Effect of propo-
fol infusion on the endocrine response to car-
diac surgery. Anaesth Intensive Care 1995; 
23: 543-547.

[5]	 Leslie K, Clavisi O and Hargrove J. Target‐con-
trolled infusion versus manually‐controlled 
infusion of propofol for general anaesthesia or 
sedation in adults. Cochrane Database Syst 
Rev 2008; CD006059.

mailto:staff789@yxph.com
mailto:staff789@yxph.com
mailto:matieliang@foxmail.com


Compare of dexmedetomidine and propofol

6550	 Int J Clin Exp Med 2016;9(3):6545-6550

[6]	 Keating GM, Hoy SM and Lyseng-Williamson 
KA. Dexmedetomidine: a guide to its use for 
sedation in the US. Clin Drug Investig 2012; 
32: 561-567.

[7]	 Ben-Abraham R, Ogorek D and Weinbroum A. 
Dexmedetomidine: a promising agent for anes-
thesia and perioperative care. Isr Med Assoc J 
2000; 2: 793-796.

[8]	 Jaakola ML, Salonen M, Lehtinen R and 
Scheinin H. The analgesic action of dexme-
detomidine-a novel α 2-adrenoceptor agonist-
in healthy volunteers. Pain 1991; 46: 281-
285.

[9]	 Shahi V, Verma AK, Agarwal A and Singh CS. A 
comparative study of magnesium sulfate vs 
dexmedetomidine as an adjunct to epidural 
bupivacaine. J Anaesthesiol Clin Pharmacol 
2014; 30: 538.

[10]	 Le Guen M, Liu N, Tounou F, Augé M, Tuil O, 
Chazot T, Dardelle D, Laloë PA, Bonnet F and 
Sessler DI. Dexmedetomidine reduces propo-
fol and remifentanil requirements during 
bispectral index-guided closed-loop anesthe-
sia: a double-blind, placebo-controlled trial. 
Anesth Analg 2014; 118: 946-955.

[11]	 Chattopadhyay U, Mallik S, Ghosh S, 
Bhattacharya S, Bisai S and Biswas H. 
Comparison between propofol and dexmedeto-
midine on depth of anesthesia: A prospective 
randomized trial. J Anaesthesiol Clin Phar- 
macol 2014; 30: 550.

[12]	 Matsuki A. [A review of recent advances in to-
tal intravenous anesthesia]. Masui 1991; 40: 
684-691.

[13]	 Dyck J and Shafer S. Dexmedetomidine phar-
macokinetics and pharmacodynamics. Anaes- 
th Pharm Review 1993; 1: 238-245.

[14]	 Patel CR, Engineer SR, Shah BJ and Madhu S. 
Effect of intravenous infusion of dexmedetomi-
dine on perioperative haemodynamic changes 
and postoperative recovery: A study with en-
tropy analysis. Indian J Anaesth 2012; 56: 
542.

[15]	 Wang XW, Cao JB, Lv BS, Mi WD, Wang ZQ, 
Zhang C, Wang Hl and Xu Z. Effect of 
Perioperative dexmedetomidine on the endo-
crine modulators of stress response: a meta‐
analysis. Clin Exp Pharmacol Physiol 2015; 42: 
828-36.

[16]	 Mark S and Rennie C. Propofol. A review of its 
pharmacodynamic and pharmacokinetic prop-
erties, and use as an intravenous anaesthesia. 
Drug Evaluation 1988; 35: 334-372.

[17]	 Marana E, Colicci S, Meo F, Marana R and 
Proietti R. Neuroendocrine stress response in 
gynecological laparoscopy: TIVA with propofol 
versus sevoflurane anesthesia. J Clin Anesth 
2010; 22: 250-255.

[18]	 Talke P, Richardson CA, Scheinin M and Fisher 
DM. Postoperative pharmacokinetics and sym-
patholytic effects of dexmedetomidine. Anesth 
Analg 1997; 85: 1136-1142.

[19]	 McCallum JB, Boban N, Hogan Q, Schmeling 
WT, Kampine JP and Bosnjak ZJ. The 
Mechanism of [alpha] 2-Adrenergic Inhibition 
of Sympathetic Ganglionic Transmission. 
Anesth Analg 1998; 87: 503-510.

[20]	 Venn R, Bryant A, Hall G and Grounds R. Effects 
of dexmedetomidine on adrenocortical func-
tion, and the cardiovascular, endocrine and 
inflammatory responses in post-operative pa-
tients needing sedation in the intensive care 
unit. Br J Anaesth 2001; 86: 650-656.

[21]	 Wang X, Jiang T and Zhao B. [Effects of differ-
ent maintain doses of dexmedetomidine on 
plasma cortisol and glucose during anesthesia 
recovery period in patients undergoing uvulo-
palatopharyngoplasty under sevoflurane inha-
lation anesthesia]. Lin Chuang Er Bi Yan Hou 
Tou Jing Wai Ke Za Zhi 2014; 28: 1154-1157.

[22]	 Harsoor S, Rani DD, Lathashree S, Nethra S 
and Sudheesh K. Effect of intraoperative 
Dexmedetomidine infusion on Sevoflurane  
requirement and blood glucose levels during 
entropy-guided general anesthesia. J Anaes- 
thesiol Clin Pharmacol 2014; 30: 25.

[23]	 Fu E, Norman J, Scharf J and Burdash N. Effect 
of type of anesthesia and lower-abdominal 
laparotomy in mice on the cytokine response 
to acute stress. Reg Anesth 1995; 21: 470-
473.

[24]	 Wu Y, Liu Y, Huang H, Zhu Y, Zhang Y, Lu F, Zhou 
C, Huang L, Li X and Zhou C. Dexmedetomidine 
inhibits inflammatory reaction in lung tissues 
of septic rats by suppressing TLR4/NF-κB 
pathway. Mediators Inflamm 2013; 2013: 
562154.


