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ABSTRACT 
 

Background: Dexmedetomidine reduces perioperative catecholamine concentrations and confers 

hemodynamic and sympathetic stability. It adjusts coronary blood flow and is known as 

one of the ideal anesthetic drugs, especially for patients undergoing coronary artery 

bypass graft surgery (CABG). The present study was performed to evaluate the potential 

of dexmedetomidine to protect against oxidative stress during CABG. 
 

Methods: The present double-blinded randomized clinical trial was performed on 58 patients 

undergoing CABG at Rajaie Cardiovascular Medical and Research Center. After anesthesia 

induction, the patients were allocated to the trial (dexmedetomidine) and control (normal 

saline solution) groups. Total antioxidant capacity and malondialdehyde were measured in 

samples obtained from arterial catheters before the intervention, after pump weaning, and 

24 hours after intensive care unit (ICU) admission. 
 

Results: Only total antioxidant capacity and malondialdehyde at the third measurement point at 

the ICU were lower in the trial group than in the control group. The levels of circulatory 

antioxidants were higher in the trial group than in the control group before the 

intervention and after pump weaning. No significant differences were observed regarding 

circulatory antioxidant levels between the trial and control groups. 
 

Conclusions: Dexmedetomidine infusion before and during CABG might improve endocardial 

blood flow and hemodynamic stability among patients undergoing CABG. (Iranian Heart 

Journal 2023; 24(3): 24-31) 
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ndotoxemia and ischemia occur during 

coronary artery bypass graft surgery 

(CABG), leading to an inflammatory 

response 
1-4

 due to lipopolysaccharide release 

from the cell walls of Gram-negative bacteria. 

Proinflammatory cytokines and nitric oxides 

are released by elevated endotoxins levels and 

patients’ oxygen usage. 
5,6

 Dexmedetomidine 

has sedative and analgesic impacts, and its 

anxiolytic and dose-related sedative impacts 

are comparable with GABAergic drugs, such 

as midazolam and propofol. 
7,8

 

Dexmedetomidine reduces preoperative 

catecholamine concentrations and confers 

preoperative hemodynamic and sympathetic 

stability. 
9, 10

 Several studies have shown that 

dexmedetomidine can diminish cardiovascular 

complications, including myocardial ischemia. 

Dexmedetomidine adjusts coronary blood 

flow and, accordingly, is an ideal anesthetic 

drug, especially for patients undergoing 

CABG. 
7,11

 For instance, laryngoscopy and 

endotracheal intubation after anesthesia are 

associated with hemodynamic changes and the 

stimulation of sympathetic system reflexes, 

causing hypertension, tachycardia, and 

arrhythmia. 
12,13

 Preoperative 

dexmedetomidine usage can modulate stress 

response factors and inflammatory factors in 

the circulation of patients and increase the 

hemodynamic stability of patients undergoing 

CABG. 
14-16

 Moreover, animal studies have 

shown that dexmedetomidine can prevent 

sepsis-related renal and pulmonary 

impairments by decreasing inflammatory cell 

migration. Ammar et al 
17

 reported that 

dexmedetomidine had cardiac and renal 

protective roles among patients undergoing 

CABG by lessening myocardial-specific and 

renal-specific proteins and prolapsing 

inflammatory cytokines. Consequently, 

dexmedetomidine is a potent inhibitor of 

surgical stress response and can reduce 

oxidative stress in CABG. 

The present study was performed to evaluate 

the impact of dexmedetomidine on 

circulatory antioxidant levels and clinical 

outcomes in patients undergoing CABG. 
 

 

METHODS 
 

Trial Design 
The present double-blinded randomized 

clinical trial was performed with a parallel 

design on 58 patients undergoing CABG at 

Rajaie Cardiovascular Medical and Research 

Center between control and 

dexmedetomidine groups. The study 

protocol was approved by the Research 

Ethics Committee of Iran University of 

Medical Sciences and registered on the 

IRCT website (IRCT20170912036157N1). 

Before the trial commencement, the study 

participants signed informed consent. 

 

Sample Size and Randomization Sequences 
According to the Cochran sample size 

formula, the calculated sample size was 80 

patients. The study samples were randomly 

selected from all adult patients who met the 

eligibility criteria. Eighty participants were 

randomly selected from adult patients referred 

to the hospital for CABG. Among the 

included patients, 22 participants were 

excluded due to a history of CABG (n=10), 

deep hypothermia (n=2), low ejection 

fractions (n=3), untouchable peripheral pulses 

(n=4), and dexmedetomidine sensitivity or its 

usage during the previous week (n=3). The 

study participants were randomly allocated via 

the block randomization method to trial and 

control groups. Patients in both groups and 

surgeons were blinded to the randomization 

and the study groups. No patients in the 

control group and 1 participant in the trial 

group discontinued the follow-up period. 

Finally, statistical analysis was performed on 

58 patients (fig 1). 

 

Interventions 
The patients preoperatively and after 

catheterization received 10 mL/kg of the 

crystalloid ringer lactate solution in the 

E 
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central artery and vein. Anesthesia was 

induced with 10-15 µg/kg of fentanyl and 0.1 

mg/kg of midazolam; additionally, 0.1 mg/kg 

of pancuronium bromide was bolus-injected 

every 45 minutes for endotracheal intubation 

ease. The patients received 5 µg/kg/h of 

fentanyl and 1 µg/kg/min of midazolam as 

the maintenance dose. Mechanical ventilation 

was regulated on the respiratory tidal volume, 

and PaCO2 was maintained between 30 mm 

Hg and 35 mm Hg. 

The trial group received dexmedetomidine 

(0.5 µg/kg) via a bolus injection in 10 

minutes and then a dexmedetomidine 

infusion (0.5 µg/kg/h) until the end of 

surgery. In the same way, the control group 

received the normal saline solution. Heart 

rate, systolic and diastolic pressure, and 

central venous pressure were measured prior 

to surgery, before and after the intervention, 

after skin incision, following the sternotomy, 

after surgery, and following pump weaning. 

Moderate hypothermia and whole fresh 

blood were used to achieve a hematocrit 

level between 25% and 30%. The mean 

arterial pressure was kept between 40 mm 

Hg and 70 mm Hg. Moreover, the total 

bypass time and the aortic cross-clamp time 

were measured. Hypotension and 

hypertension during pump usage were 

treated with phenylephrine and TNG, and 

their dosages were recorded in the trial 

checklist. 

 

Trial Outcomes 

Total antioxidant capacity (and 

malondialdehyde were measured in serum 

samples obtained with arterial catheters 

before the intervention, after pomp weaning, 

and 1 day later at the intensive care unit 

(ICU) as trial outcomes. For the 

measurement of biochemical parameters, 10 

mL of peripheral blood samples were 

collected in heparinized tubes and sent to the 

laboratory. 

 

Statistical Analysis  

The collected data were entered into the 

SPSS software V19 (IBM Corporation, US) 

for statistical analysis. Quantitative and 

qualitative variables were presented as mean 

± standard deviation and frequencies and 

percentages, respectively. The normality of 

the frequency distribution of the study 

samples was assessed using the Shapiro-

Wilk test, and the independent samples t test 

and the Man-Whitney U test were employed 

to compare variables between the trial and 

control groups in parametric and 

nonparametric analyses. All P values less 

than 0.05 were considered significant. 
 

 

RESULTS 
 

Finally, 58 participants, including 37 men, 

were analyzed. The mean age and the mean 

body mass index were 59.62±9.68 years and 

27.15±4.94 kg/m
2
,
 

respectively. The study 

samples were randomly allocated to trial (30, 

52.7%) and control (28, 48.3%) groups. 

Among background disorders, hypertension 

(34, 58.6%) and diabetes (24, 41.4%) had the 

highest frequencies, and renal impairment (2, 

3.4%) and thyroid disorders (1, 1.6%) had the 

lowest frequencies. No significant differences 

were observed concerning the study variables 

between the groups at pre and postoperative 

times (Table 1 & Table 2). 

A comparison of endogenous antioxidant 

parameters demonstrated that all these 

parameters were higher in the trial group 

than in the control group; nonetheless, the 

differences were not statistically 

significantly different (Table 3). 

Concerning surgery-related complications, 1 

patient in each of the 2 study groups needed a 

defibrillator, but the groups were not 

statistically different in this regard (P =0.96). 

Similarly, the rate of temporary pacemaker 

usage (P =0.97) and bleeding (P =0.65) 

showed no significant differences between 

the 2 study groups. The mean blood drainage 

volume was similar in the trial and control 
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groups (521.67±418.88 mL vs 

503.57±339.64 mL; P =0.86). The mean 

diuresis (745.01±482.87 vs 707.14±295.24; P 

=0.72) and hemofiltration (224.14±491.103 

vs 446.43±667.490; P =0.16) during 

cardiopulmonary bypass did not significantly 

differ between the 2 groups (Table 4). 

 
 

Table 1: Comparison of the study variables between the 2 study groups before and after surgery 

Groups 
Variable 

Control (n=28) Trial (n=30) P value 

Male (%) 19 (51.4) 18(48.6) 0.53 

Age (mon) 57.14±10.95 61.93±7.83 0.06 

BMI (kg/m
2
) 27.56±4.59 26.77±5.29 0.54 

Bypass time (min) 73.93±25.38 78.76±23.54 0.46 

Cross-clamp time (min) 39.68±15.32 43.97±13.02 0.26 

Operation time (h) 4.59±0.81 5.16±1.09 0.40 

Ventilation time 13.09±6.58 15.68±14.47 0.39 

ICU stay (d) 3.29±1.31 3.62±2.59 0.54 

Preoperative EF (%) 48.93±7.98 45.01±10.42 0.11 

Postoperative EF (%) 40.01±10.80 50.01±5.01 0.18 

Preoperative HR 72.11±12.55 73.33±10.23 0.68 

Postoperative HR 81.04±12.41 86.66±8.75 0.77 

Postoperative HR (1 d) 78.96±12.02 79.83±10.16 0.06 

Preoperative CVP 9.29±2.62 10.03±3.47 0.36 

Postoperative CVP 8.46±2.63 8.43±2.92 0.97 

Postoperative CVP (1 d) 17.93±4.39 15.03±3.16 0.07 

BMI, Body mass index; ICU, Intensive care unit; EF, Ejection fraction; HR, Heart rate; CVP, Central venous pressure 
 
 
Table 2: Comparison of laboratory variables between the 2 study groups before and after surgery 

Groups 
Variable  

Control (n=28) Trial (n=30) P value 

Preoperative BUN 18.86±7.55 19.53±8.46 0.75 

Postoperative BUN 18.42±8.27 19.40±7.20 0.64 

Postoperative BUN (1 d) 20.01±10.93 21.97±89.94 0.46 

Preoperative Cr 1.33±1.51 1.47±2.07 0.78 

Postoperative Cr 1.19±1.54 0.99±0.47 0.50 

Postoperative Cr (1 d) 1.37±1.86 1.15±0.48 0.53 

Preoperative AST 22.30±20.05 18.67±6.54 0.35 

Postoperative AST 35.50±13.41 36.73±10.77 0.70 

Postoperative AST (1 d) 55.64±54.08 31.94±5.83 0.84 

Preoperative ALT 23.37±13.27 21.43±14.19 0.59 

Postoperative ALT 22.89±17.09 23.01±11.77 0.98 

Postoperative ALT (1 d) 24.11±19.75 33.80±10.27 0.94 

BUN, Blood urea nitrogen; Cr, Creatinine; AST, Aspartate aminotransferase; ALT, Alanine transaminase 
 
 
Table 3: Frequency distribution of endogenous antioxidants among the study participants 

Groups 
Variable 

Control (n=28) Trial (n=30) P value 

TAC (baseline) 0.41±0.22 0.42±0.22 0.82 

TAC (postoperative) 0.36±0.23 0.41±0.19 0.47 

TAC (ICU) 0.35±0.13 0.34±0.15 0.90 

MDA (baseline) 1.02±0.97 0.95±1.02 0.81 

MDA (postoperative)  1.14±1.44 1.16±1.45 0.97 

MDA (ICU) 2.31±4.09 0.96±1.11 0.09 

TAC, Total antioxidant capacity; MDA, Malondialdehyde  
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Table 4: Frequency distribution of coagulative factors among the study participants 

Groups 
Variable 

Control (n=28) Trial (n=30) P value 

Epinephrine in the operating room 0.32±0.48 0.37±0.49 0.72 

Epinephrine at the ICU 0.21±0.42 0.27±0.45 0.25 

Norepinephrine in the operating room 0.04±0.19 - 0.31 

Norepinephrine at the ICU 0.07±0.26 - 0.33 

Milrinone in the operating room 0.04±0.19 - 0.31 

Milrinone at the ICU 0.04±0.19 - 0.31 

PC in the operating room 1.8202±1.42 1.01±0.48 0.70 

PC at the ICU 1.01±1.06 1.20±0.48 0.55 

FFP in the operating room 0.25±0.15 0.5±0.94 0.28 

FFP at the ICU 0.29±0.76 0.71±1.26 0.28 

ICU, Intensive care unit; FFP, Fresh frozen plasma 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The image depicts the flow diagram of the study participants. 

 

DISCUSSION 
 

The results of the present study conducted 

on 58 patients demonstrated that only total 

antioxidant capacity and malondialdehyde at 

the third measurement point at the ICU were 

lower in the trial group than in the control 

group. The levels of other endogenous 

antioxidants were higher in the trial group 

than in the control group. No significant 

differences were detected in endogenous 

antioxidant levels between the trial and 

control groups.  
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Analyzed (n =30) 

Excluded from analysis (give reasons) (n =0) 

Analyzed (n =28) 

Excluded from analysis (give reasons) (n =0) 

Lost to follow-up (give reason) (n =0) 

Discontinued the intervention (give reasons) (n =2) 

Lost to follow-up (give reason) (n =0) 

Discontinued the intervention (give reasons) (n =4) 

Allocated to the control group (n =28) Allocated to the case group (n =30) 

Randomized (n =58) 

Assessed for eligibility 

(n =80) Excluded (n =22) 

History of previous CABG 

(n=10), deep hypothermia 

(n=2), low ejection fraction 

(n=3), untouchable peripheral 

pulse (n=4), dexmedetomidine 

sensitivity or its usage during 

the previous week (n=3) 
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Dexmedetomidine is a highly selective α-2 

adrenergic receptor agonist and is used as an 

analgesic and anesthetic agent in clinical 

practice. 
18

 This drug has anti-inflammatory 

and antioxidant effects on vital organs, such 

as the heart, 
19,20

 lungs, 
21,22

 and kidneys. 
23

 

Dexmedetomidine has anti-inflammatory 

effects and plays a protective role against 

oxidative damage occurring in vitro and in 

vivo. 
24,25

 

Ischemia and mechanical stress, especially 

in organs such as the heart, might lead to 

oxidative stress, known as an imbalance 

between reactive oxygen species production 

and free radicals and inappropriate 

antioxidant function. 
26

 After tissue damage 

or trauma, a stress response is produced by 

the hypothalamus-pituitary-adrenal axis due 

to metabolic and hormonal changes. The 

response contains a wide range of 

endocrinology, hematology, and 

immunological changes. 
27

 The operative 

stress response is caused by pituitary 

hormone secretion and sympathetic nervous 

system activation. 
28

 More than anti-

inflammatory impacts, dexmedetomidine 

has dose-dependent sedation and antianxiety 

effects, comparable with GABAergic agents, 

such as midazolam and propofol. 
29-32

 

Dexmedetomidine decreases anesthesia 

induction with intravenous anesthetic drugs 

and opioid use during surgery, lessens the 

preoperative catecholamine concentration, 

and confers hemodynamic and sympathetic 

stability. 
33,34

 Similar studies have shown 

that dexmedetomidine might decrease 

cardiovascular risks, such as myocardial 

ischemia, and stimulate α-adrenergic 

receptors, leading to vasoconstrictive 

impacts on the epicardial arteries and 

improving endocardial perfusion. On the 

other hand, dexmedetomidine, as an ideal 

anesthetic drug, can modulate coronary 

blood flow and confer desirable anesthesia 

in patients undergoing CABG. 
 
 

CONCLUSIONS 
 

Dexmedetomidine as a bolus induction 

before CABG and as an infusion during 

CABG with CPB can improve endocardial 

blood flow and hemodynamic stability. 
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