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Abstract

Original Article

intROductiOn

Coronary artery stenosis and occlusion are common 
complications of the cardiac arteries in adults and comprise 
the leading cause of mortality and morbidity worldwide. 
Pathologies included in the disease onset include atherosclerosis 
due to a wide variety of genetic or environmental factors.[1-4] 
Although nonsurgical management approaches are getting 
popular, coronary artery bypass surgery (CABG) is yet the 
gold standard of care in high-risk patients such as those 
with left main, severe 3-vessel, or diffuse disease, severe 
ventricular dysfunction, or diabetes mellitus.[5] Sternotomy 
for coronary artery bypass surgery operation is associated with 
neuropathic pain, hypertension, tachycardia, agitation, and 
several other complications.[6] Postsurgical pain from visceral, 
musculoskeletal, or neurogenic origins is common in CABG 

surgery and its management along with hemodynamic stability 
maintenance is an important part of anesthesia practice in 
CABG surgery.[7] Despite the transitional nature of the reaction, 
severe cases of it can result in cardiac ischemia and arrhythmias. 
Thus, premedication for prevention of acute postsurgical pain 
and hemodynamic instabilities is required. The α-2 receptor 
agonist, dexmedetomidine, is in use for reducing postsurgical 
pain and related complications in various settings. Intravenous 
infusion of dexmedetomidine, 1 µg/L of blood concentration 
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of the drug, has been revealed to transiently elevate the mean 
arterial blood pressure (MAP) and systemic vascular resistance 
through α-1 and β-2 receptor’s activity stimulation in the cells 
of the vascular muscle. Therefore, it has been used along 
with anesthetics on anesthesia induction to antagonize the 
hypotensive action of vasodilatory anesthetics.[8] It ameliorates 
the sympathetic reactions to laryngoscopy, intubation, 
surgical incision and sternotomy through sympatholytic 
actions and reducing the release of norepinephrine. During 
the surgery, it inhibits the release of epinephrine, reduces the 
heart rate and blood pressure, and improves the endocardial 
perfusion which, in turn, lowers the myocardial oxygen 
consumption.[8-10] Furthermore, dexmedetomidine induces 
the release of substance-P from posterior gray column of 
the spinal cord and prevents analgesia without respiratory 
depression making it a good option for use as an agent to 
induce analgesia and sedation without respiratory depression, 
disorientation, confusion, lethargy, and delay of the extubation 
time in the Intensive Care Unit (ICU). We have revealed 
anxiolytic properties of pretreatment with dexmedetomidine 
in children.[10] It is now well established that α-2 agonists 
ameliorate postoperative cardiovascular complications, 
including hemodynamic alterations and sympathetic adverse 
reactions.[11] Dexmedetomidine administration has been proved 
to reduce mortality and the incidence of myocardial ischemia 
in adult cardiac surgery practice.[12] Since administration of 
vasodilators is presumably effective in preventing postsurgical 
high blood pressure, we speculated that administration of 
dexmedetomidine, as an α-2 agonist,[13] would be beneficial 
in postoperative hemodynamic stabilization and pain control 
after CABG in adults in our setting.

Objectives
In the present study, we investigated the hemodynamic alterations 
and analgesic effects of intravenous dexmedetomidine 
(1 µg/kg of intravenous infusion of dexmedetomidine for 
10 min and then maintenance dose of 0.5 µg/kg/h until the end 
of operation) in adult patients undergoing CABG.

pAtients And MethOds

Study design
Sixty patients indicated for elective coronary artery bypass 
surgery were recruited in this randomized controlled 
double-blinded trial. The flow of the study according to the 
Consolidated Standards of Reporting Trials (CONSORT) 
is depicted in Figure 1. Patients were randomly allocated 
into two groups: one group was set as control and 
the second group received dexmedetomidine. Simple 
randomization was performed using MS Excel software 
(Microsoft Inc., Washington, United States) as previously 
described.[14] In brief, each patient received a value between 
0 and 1 using MS Excel (randbetween) function. Patients 
receiving a score above 0.5 were assigned to the control group, 
and those receiving values below or equal to this score were 
assigned into the treatment group. Patients over 20 years old 

indicated for elective coronary artery bypass surgery with the 
laryngeal view grade from 1 to 3 according to the American 
Society of Anesthesiologists guidelines on the management 
of the difficult airway[15] were included in this study. Patients 
suffering from liver or renal dysfunction, metabolic disorders 
and left bundle branch block were excluded from the study. 
Furthermore, patients indicated for emergency surgical 
operation, history of opioids addiction or drug sensitivity or 
seizures, smokers, and patients with ejection fraction below 
35% were excluded from the study. The study protocol was 
approved by the Institutional Review Board of the Rajaei 
Cardiovascular Medical and Research Center with the 
registration number of 92/1. Protocol of the study was in 
compliance with Helsinki Declaration on ethical principles 
for medical research involving human subjects.[16]

Patients in the dexmedetomidine group received a bolus 
dose of 1 µg/kg of intravenous infusion of Precedex 
(Hospira, Inc., Illinois, United States) for 10 min and then, 
maintenance dose (0.4 µg/kg/h) was used until the end of 
operation. The control group received normal saline in a 
similar volume and timing of administration as placebo. The 
study was performed in double-blinded manner. The outcome 
assessor physician and nurse as well as the patient were not 
aware of the allocation group for blinding purpose. Then, 
anesthesia was induced in patients of either of two groups 
by administration of 0.15–0.2 mg/kg of midazolam, 5 µg/kg 
phentanyl and 0.1 mg/kg Pavulon (Merck and Co., Inc., New 
Jersey, United States) and 1 mg/kg of lidocaine. Visual analog 
scale was used for assessment of severity of pain on 2, 4, and 
6 h after transfer to ICU as well as the time of extubation.[17] 
Hemodynamic parameters were measured and recorded at 
the time of admission to the operation room (T0), after bolus 
administration of dexmedetomidine (T1), after anesthesia 
induction (T2), 1 min after intubation (T3), after incision (T4), 

Figure 1: The Consolidated Standards of Reporting Trials flow diagram 
of the study
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and after sternotomy (T5). Arterial blood pressure, central 
venous pressure, heart rate, temperature, and time of extubation 
were recorded in the times mentioned above.

Statistical analysis
Data analysis was performed using SPSS software 
version 19 (IBM, New York, NY, USA) and MS Excel 
software (Microsoft Inc., Washington, USA) was used for 
generating allocation sequence and drawing the graphs. 
Numerical data was inspected with Kolmogorov–Smirnov test to 
see whether its distribution is normal. Numerical data with normal 
distribution were expressed as mean ± standard deviation. If the 
distribution was not normal median (interquartile range) was 
used for presentation of data. Between groups comparisons were 
carried out by the Student’s t-test for normally distributed data 
and Mann–Whitney U-test for data with nonnormal distribution. 
Repeated measures analysis of variance (RM-ANOVA) was 
used for inspecting the changes in quantitative variables over 
time. Chi-square test was used to examine differences between 
qualitative data. In all comparisons, statistical significance levels 
were considered as P < 0.05.

Results

In sum, 60 patients were recruited for this study. CONSORT 
flow diagram of the study is presented in Figure 1 and reveals 
the flow of study conduct. Demographic information including 
age, sex, height, and weight of the study groups are presented 
in Table 1. There were no significant differences between 
two groups in these parameters (P > 0.05). Furthermore, no 
statistically significant differences between two groups in 
case of perioperative parameters including cardiopulmonary 
bypass time, pump time, and other critical factors as well as 
previous history of drug or alcohol abuse and blood chemistry 
parameters was observed [Table 2]. Comparison of the data from 
hemodynamics observations revealed slight change in blood 
pressure and heart rate in most of the times which were statistically 
significant [Figure 2]. Heart rate and systolic and diastolic blood 
pressure were lower in this time (P < 0.05) [Figure 2]. Repeated 
measures analysis of variance revealed no interaction between 
time and dexmedetomidine administration in modifying 
heart rate (P = 0.597), systolic blood pressure (P = 0.186), 
diastolic blood pressure (P = 0.205), and MAP (P = 0.222). 
In case of postsurgical pain, a slight decrease in pain score 2 h 
postoperation was observed in dexmedetomidine group which 
was not statistically significant [Figure 3]. There were no 
significant differences between two groups in pain score in 4 and 
6 h after transfer to ICU as well as the time of extubation [Table 3 
and Figure 3] (P > 0.05). Pain score significantly increased in 
both groups in 4 and 6 h after transfer to ICU compared to 2 h 
post-ICU. Then, it did not significantly change in the time of 
extubation. Analysis of the hemodynamic parameters revealed 
significantly lower blood pressure (systolic and diastolic and 
mean arterial pressure) in the dexmedetomidine group compared 
to control group (P < 0.05). Hemodynamic parameters did not 
significantly differ between groups in 4 and 6 h after transfer to 
ICU as well as the time of extubation.

discussiOn

In the present study, the effectiveness of dexmedetomidine 
versus control group for the management of acute pain after 
coronary artery bypass surgery, and hemodynamic stability 

Table 2: Some preoperative and perioperative 
characteristics of the two groups: Dexmedetomidine 
(received 1 µg/kg of intravenous infusion of Precedex for 
10 min and then maintenance dose (0.4 µg/kg/h) until 
the end of operation) and control (placebo)

Variable Dexmedetomidine Control P
Aortic cross-clamping 
time

62.41±21.68 63.81±21.82 0.805

Duration of circulation 
by pump

111.17±36.96 109.97±25.39 0.884

Duration of surgical 
operation

311.38±59.70 318.81±63.84 0.644

Preoperative EF 46.72±8.27 46.68±9.23 0.984
Preoperative 
hemoglobin value

13.79±1.40 13.50±1.81 0.483

Preoperative 
hematocrit value

41.31±4.68 40.26±4.73 0.389

Preoperative blood 
urea nitrogen

20.82±6.19 20.58±7.82 0.895

Preoperative creatinine 0.96±0.27 1.13±0.58 0.165
Preoperative fasting 
blood sugar

148.24±46.39 132.97±43.43 0.193

Hypertension 
history (%)

60.71 70.97 0.426

Cigarette smoking (%) 29.63 25.81 0.776
Addiction history (%) 24.14 16.13 0.527
History of alcohol 
abuse (%)

6.90 6.45 0.945

Diabetes history (%) 42.86 22.58 0.162
History of thyroid 
disease (%)

3.57 10.35 0.612

History of beta 
blockers use (%)

68.97 48.39 0.124

ACE inhibitors use 
history (%)

37.93 51.61 0.312

History of calcium 
channel blockers (%)

28.57 19.36 0.542

History of diuretics 
consumption (%)

11.11 6.45 0.656

ACE: Angiotensin converting enzyme, EF: Ejection fraction

Table 1: Demographic information of the patients 
recruited for this study

Variables Dexmedetomidine Control P
Age (years) 59.93±8.56 62.29±6.18 0.224
Height (cm) 167.72±8.67 170.0±8.587 0.312
Weight (kg) 74.86±11.08 73.07±14.15 0.323
Gender 
(female percentage)

34.48 32.26 0.855

Data included age, sex, height and weight of the patients in the time of 
study. Dexmedetomidine group received 1 µg/kg of intravenous infusion 
of Precedex for 10 min and then maintenance dose (0.4 μg/kg/h) was used 
until the end of operation. Control group received normal saline
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was investigated. Findings of the study revealed significant 
differences in the hemodynamic parameters between two groups. 
Furthermore, pain score after transfer to ICU between groups 
was slightly different, which lacked statistical significance. 
There were decreases in systolic, diastolic, arterial, and central 

venous blood pressures in dexmedetomidine group after bolus 
administration of dexmedetomidine and time of intubation, 
which were statistically significant. Furthermore, administration 
of dexmedetomidine resulted in a significant decrease of the 
blood pressure as measured 2 h after transfer to ICU.

There is some evidence from previous studies that administration 
of dexmedetomidine before anesthesia induction improves the 
hemodynamic state in response to intubation and anesthesia 
induction stress. A study by Menda et al. revealed that 
administration of dexmedetomidine (1 µg/kg) before the 
anesthesia induction in coronary artery bypass surgery 
patients receiving beta-blockers improves hemodynamic 
stability.[8] A meta-analysis of published studies on the 
application of dexmedetomidine for cardiac protection in 

Figure 3: Graph represents the changes in pain score in two groups: 
dexmedetomidine (received 1 µg/kg of intravenous infusion of Precedex 
for 10 min and then maintenance dose (0.5 µg/kg/h) until the end of 
operation) and control (placebo) from admission to the operating room 
until after sternotomy. Comparisons are made with Mann–Whitney U‑test. 
There were no significant differences between two groups at similar times, 
however pain score was significantly elevated in 4 and 6 h after transfer 
to Intensive Care Unit and the time of extubation compared to the time 
2 h post‑Intensive Care Unit (P < 0.05)

Table 3: Pain score following transfer to Intensive Care 
Unit in two groups: Dexmedetomidine (received 1 µg/kg 
of intravenous infusion of Precedex for 10 min and 
then maintenance dose (0.4 µg/kg/h) until the end of 
operation) and control (placebo) from admission to the 
operating room until after sternotomy

Time of measurement Dexmedetomidine Placebo P
2 h post-ICU 1.41±0.83 1.94±1.41 0.194
4 h post-ICU 2.79±1.74 2.90±1.64 0.778
6 h post-ICU 3.66±1.80 3.74±1.69 0.332
Extubation time 3.28±1.44 3.65±1.40 0.885
Data is presented as mean±SD. SD: Standard deviation, 
ICU: Intensive Care Unit

Figure 2: Graphs represent the changes in hemodynamic parameters in two groups: dexmedetomidine (received 1 µg/kg of intravenous infusion of 
Precedex for 10 min and then maintenance dose (0.5 µg/kg/h) until the end of operation) and control (saline) from admission to the operating room 
until the end of operation. Comparisons are made with repeated measures analysis of variance and unpaired t‑test. HR: heart rate, SBP: systolic 
blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure. Hemodynamic parameters were measured and recorded at the time of 
admission to the operation room (T0), after bolus administration of dexmedetomidine (T1), after anesthesia induction (T2), 1 min after intubation (T3), 
after incision (T4) and after sternotomy (T5). *P < 0.05 for comparison between groups at the same time; #P < 0.05 for comparison of the values 
with the first measurement
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noncardiac surgeries revealed potential favorable outcomes of 
dexmedetomidine administration regarding cardiac protection; 
however, the study revealed high odds of bradycardia and 
hypotension after the use of dexmedetomidine.[12] Another 
study by Ji et al. revealed the beneficial effects of postbypass 
administration of dexmedetomidine on renal function in 
patients undergoing cardiac surgery.[18] Another study by But 
et al., revealed the effects of dexmedetomidine infusion before 
anesthesia induction on the MAP, mean pulmonary arterial 
pressure (MPAP) and pulmonary capillary wedge pressure.[9] 
Its administration included 1 µg/kg of intravenous infusion 
for 10 min and then maintenance dose (0.4 µg/kg/h) until 
the end of cardiopulmonary bypass.[9] Tosun et al. revealed 
that dexmedetomidine administration (started by a loading 
dose of 0.4 μg/kg/h, followed by a continuous infusion of 
0.4 μg/kg/h) resulted in reduced MPAP and improved cardiac 
index in CABG patients with cardiopulmonary bypass.[19] 
There exist evidence from many other studies, which have 
demonstrated the favorable hemodynamic stability in patients 
receiving dexmedetomidine as an adjunct to anesthetics.[20] 
We have previously revealed the anxiolytic properties of 
oral dexmedetomidine for reducing the children struggling 
against mask acceptance on anesthesia in pediatric surgery 
for congenital heart disease.[10] The patients experienced 
hemodynamic stability and sedation like those receiving oral 
midazolam.[10] The current study replicates the findings from 
previous studies, which provide evidence that dexmedetomidine 
decreased blood pressure after administration and resulted in 
improved hemodynamics during and after the operation. 
The study is the first of its kind examining the effects of 
dexmedetomidine on hemodynamics stability and postsurgical 
pain in CABG patients. Our trial revealed a slight decrease 
in pain scores between placebo and dexmedetomidine (1 µg/
kg of intravenous infusion of Precedex for 10 min and then 
a maintenance dose of 0.5 µg/kg/h until the transfer to ICU) 
which was not statistically significant. 

cOnclusiOns

In sum, considering the findings of the current study along with 
the findings of previous studies and safety profile of the drug, it 
could be recommended to use dexmedetomidine to reduce blood 
pressure and hemodynamic instabilities in CABG operations. 
However, further studies in larger populations, different doses and 
treatment schedules to define if it can be used for management 
of postoperative pain in these patients.
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