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Abstract 

Cardiac surgery is associated with a high risk of cardiovascular and other 

complications that translate into increased mortality and health care costs. The study was 

designed to compare the hemodynamic variability with different doses of dexmeditomidine  

during induction of general anaesthesia and noxious stimuli arising at various stages of 

cardiac surgery .Sixty patients, in the age group of 15-50 years, ASA status II and III planed 

for elective cardiac surgery were enrolled into three groups of twenty patients each. NS group 

received 10 ml NS over 10 minutes; DEX -3 group received 0.5μg/kg body weight 

dexmedetomidine in 10ml dilution, as a bolus over 10 minutes, followed by 0.3μg/kg/hr till 

start of CPB. DEX -6 group received dexmedetomidine 1μg/kg body weight, in 10 ml 

dilution, as a bolus followed by 0.6μg/kg/hr till start of CPB.  At various intra operative stress 

points heart rate remained lowest in Dex-6 group and highest in NS group. At induction fall 

in blood pressure was maximum in NS group and DEX- 6 group showed lowest fall. After 

that at different study intervals percentage rise in blood pressure was more in NS group as 

compared to DEX-3 and DEX-6 groups. Tachycardia, hypotension, bradycardia was not 

different between the groups. Dexmedetomidine can be safely used to attenuate 

hemodynamic response to endotracheal intubation and various noxious surgical stimuli in 

patients undergoing cardiac surgery. 
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Introduction 

Cardiac surgery is associated with a high incidence of cardiovascular and other 

complications during the perioperative period that can translate into increased mortality and 

prolonged hospital stay. Following induction, anaesthetic course is typically characterised by 

initial period of minimal stimulation, therefore hypovolemic patients and those with poor 
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ventricular reserve may be susceptible to hypotension at this point. On the other hand tracheal 

intubation and surgical stimuli cause a hyperdynamic hemodynamic condition because of 

reflex increase in sympathetic and sympatho-adrenal activity (Udelsman et al., 1987). 

Stimulation of sympathetic nervous system increases the levels of circulating plasma 

norepinephrine, epinephrine, increasing blood pressure, heart rate and may cause arrhythmias 

(Halter et al., 1977). 

The hyperdynamic changes predispose the myocardium to ischemia by causing an 

increase in myocardial oxygen consumption especially in the population with decreased 

reserve for coronary blood flow (Mikawa et al., 1996). Perioperative cardiac events are 

always associated with myocardial oxygen supply demand imbalances (Cohen et al., 1999). 

Perioperative ischemia is associated with significant increase in postoperative mortality and 

morbidity (Mangano et al.,1990) . So intraoperative hemodynamic variability is one of the 

important issues that need to be addressed to avoid the adverse events. 

The use of α-2 agonists in the perioperative period has been shown to be associated 

with attenuated heart rate and blood pressure and overall hemodynamic variability(Quintin et 

al., 1990; Aho et al.,1991). They also have beneficial effects in anaesthetic settings including 

sedation, anxiolysis, and analgesia through modulation of spinal cord pain pathway(Bonnet et 

al. 1990), inhibition of central sympathetic out flow and reduction of systemic norepinephrine 

release that improve hemodynamic stability, positively affect myocardial oxygen supply and 

demand and may provide myocardial protection(Muzi  et al.,1992: Ellis et al., 1994). 

Administration of α-2 agonists is associated with decreased anaesthetic requirement(Fragen  

et al., 1999) during maintenance of anaesthesia and decreased postoperative oxygen 

consumption(Delaunay  et al., 1991). They have also been shown to reduce ischemic injury 

by preventing excess norepinephrine and glutamate release in energy deprivation(Matsumoto  

et al., 1993; Talke et al., 1996). 

Dexmedetomidine is more selective α-2 agonist(Virtnan  et al., 1998) with rapid 

distribution phase and less elimination half life than clonidine which make it more suitable 

agent for use as a part of anaesthetic regime (Dyck et al., 1993) . There is an increased 

evidence of organ protective effects dexmeditomidine against ischemic and hypoxic injury 

including cardioprotection, neuroprotection and renoprotection (Panzer et al., 2009)  . It 

produces unique conscious sedation (Huuponen et al., 2008)  with much less respiratory 

depression than with other sedatives due to its non opioid mechanism of action (Venn et al., 
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2000). It has been found to significantly reduce rates of delirium because of lack of 

cholinergic and γ-aminobutyric acid effect (Hsu et al., 2004) . 

 

MATERIAL   AND   METHODS 

This prospective, randomised, double blind controlled study, was conducted in cardio-

thoracic unit of Department of Anaesthesiology and Critical care of Sher-i- Kashmir institute 

of medical sciences, Soura Srinagar, over a period of two years. After approval by 

institutional ethics committee and  proper written informed consent, 60 patients in the age 

group of 15 to 50 years and ASA status II and III were enrolled in the study. Inclusion criteria 

involved :Valve replacement surgery, Coronary artery bypass grafting, Septal defect 

surgeries, Tetralogy of fallot (TOF), Atrial myxoma. 

The patients with severe cardiovascular disease (NYHA class 4/ LVEF<35%), 

concurrent systematic disorders (severe hepatic and renal disorders), concurrent medications 

like α-methyl dopa, clonidine, patients allergic to Dexmeditomidine, patients with 

neurological or psychological disorders, patients who require deep hypothermic circulatory 

arrest, patients with hypertension (MAP mmHg), hypotension (MAP mmHg) 

were excluded from the study. 

Patients were allocated randomly into three groups of 20 patients each. The study 

drug was coded and prepared by the person in charge of the operating room who did not 

reveal the nature of solution to anybody and who also maintained details about each patient in 

a record register confidentially. Decoding was done at the end of the study and results 

obtained were tabulated and subjected to statistical analysis. The analysis of data was 

performed using the software STSS (version20.0) . 

In operating room routine physiological monitoring was commenced (ECG, SpO2%, 

NIBP, oesophageal temperature, neuromuscular monitoring, urine output, Bi-spectral index). 

Intravenous access was obtained with 18G angiocath and all patients were cannulated with 

intra-arterial cannula for invasive blood pressure monitoring, using local anaesthesia. The 

patients in DEX-3 group received Dexmedetomidine in a dose of 0.5μg/ body weight, in 10 

ml dilution, as bolus over 10 minutes, before induction of anaesthesia. This was followed by 

a continuous infusion of dexmedetomidine at the rate of 0.35μg/ body weight / hour. The 

infusion was continued till the start of CPB. Patients in DEX-6 group received 

dexmedetomidine in a dose of 1 μg/ kg body weight, in 10 ml dilution, as a bolus over 10 

minutes, before induction of anaesthesia followed by an infusion of 0.6 μg/kg body weight/ 
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hour, continued till CPB. Patients in NS group received 10 ml of normal saline over 10 

minutes. This was followed by continuous infusion of normal saline at the same infusion rate 

as in other two groups. 

All the patients were induced with propofol 2mg/kg body weight and fentanyl 2 μg/ 

kg body weight bolus, at the time of induction followed by fentanyl infusion at the rate of 1 

μg/ kg body weight/ hour. Intubation was facilitated by vecuronium 90 μg/ kg body weight.  

Anaesthesia was maintained with O2  : N2O (50:50) and isoflurane 0.6% to 1%. Isoflurane 

was adjusted to BIS value within 40 to 60. Muscle relaxation was maintained with the 

boluses of vecuronium. Hemodynamic parameters [heart rate (HR), systolic blood pressure, 

diastolic blood pressure and mean arterial pressure (MAP)] were observed at following 

intervals. Before giving the study drug to the patient (BL), immediately before endo-tracheal 

intubation (BI), immediately after endo-tracheal intubation (AI), immediately before skin 

incision (BSI), immediately after skin incision  (ASI), immediately before sternotomy / 

thoracotomy (BST), immediately after sternotomy (AST), before Cardio Pulmonary Bypass 

(BB). 

Bradycardia (heart rate < 40 beats/ min) was managed by inj. Atropine 0.6 mg 

incremental doses, tachycardia (HR>100bpm) was managed with (5mg) incremental doses of 

esmolol, hypotension (MAP≤60mmHg) with the heart rate < 50bpm, was managed by (6mg) 

incremental doses of ephedrine and hypotension with heart rate > 50bpm managed with 

phenylephrine (incremental doses of 50 µgs), hypertension (MAP ≥120mmHg): managed by 

increasing isoflurane concentration, and if needed by using infusion of nitro-glycerine (5-

10μg/min) 

The effect of Dexmedetomidine on heart rate, systolic blood pressure, diasystolic 

blood pressure, mean arterial blood pressure and arterial Oxygen saturation till start of CPB 

was noted. 

 

RESULTS 

A total of 60 patients were included in the study. The demographic profile is 

summarised in Table I. Three groups were comparable in age, weight, sex ratio and ASA 

status. There was a significant statistical difference in the mean heart rate at different time 

intervals among three groups as shown in Table 2.In NS group, the mean heart rate was 74.2 

± 8.17 at baseline (BL), 72.4 ± 7.31 immediately before intubation (BI), 91.3 ± 6.69 after 

skin incision(ASI), 74.6 ± 6.13 immediately before sternotomy (BST), 98.7 ±9.53 
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immediately after sternotomy (AST) and 79.7 ± 7.58 before cardiopulmonary bypass (BB). 

The percentage rise in heart rate from baseline was 23% at endotracheal intubation, 25.9% at 

skin incision, 33% at sternotomy and 7.4% immediately before start of cardio pulmonary 

bypass. 

In Dex -3 group, the mean heart rate was: 75.0 ± 8.96 at baseline (BL), 66.9 ± 8.21 

immediately before intubation (BI), 78.8 ± 8.03 immediately after intubation (AI), 63.9 ± 

7.62  immediately before skin incision (BSI), 79.8 ± 6.66 immediately after skin incision 

(ASI), 70.2 ± 7.45 immediately after sternotomy (AST) and 71.6 ± 7.29 before onset of 

cardiopulmonary bypass. With respect to baseline the percentage rise in heart rate was: 5.1% 

at endotracheal intubation, 6.4 % at skin incision and 7.2 % at sternotomy. 

In DEX -6 group the mean heart rate was 75.5 ±9.41 at baseline (BL), 60.5 ± 7.58 

immediately before intubation (BI), 63.7± 7.53 immediately after intubation (AI), 60.3 ± 7.38 

immediately before skin incision (BSI), 64.3 ± 8.13 immediately after skin incision (ASI), 

61.9 ± 6.87 immediately before sternotomy (BST), 65.7 ± 6.60 immediately after sternotomy 

(AST) and 61.0 ± 7.51 before cardiopulmonary bypass. Although there was a rise in heart 

rate at intubation, skin incision and sternotomy from pre intubation, pre skin incision and pre 

sternotomy values respectively but the heart rate still remained significantlly lower than 

baseline. 

There was a significant statistical difference in mean BP in the three groups (Table 3). 

In NS group, the mean systolic blood pressure (mmHg) was: 125.7 ± 12.15 at baseline 

(BL),93.4±8.88 immediately before intubation (BI),146.9±8.38 immediately after intubation 

(AI),122.9±6.45 immediately before skin incision (BSI), 146.2±8.11 immediately after skin 

incision (ASI), 130.2 ± 6.31 immediately before sternotomy (BST), 155.8 ± 8.06 immediately 

after sternotomy (AST) and 137.4 ± 10.84 before onset of cardiopulmonary bypass. With 

respect to baseline the percentage rise in systolic blood pressure was: 16.9% at endotracheal 

intubation,16.3%at skin incision and 23.9% at sternotomy. 

In dex-3 group, the mean systolic blood pressure (mmHg) was:127.7 ± 15.90 at 

baseline  (BL), 109.2 ± 13.33 immediately before intubation  (BI),136.7 ± 13.34 immediately 

after intubation (AI), 112.5 ± 12.98  immediately before skin incision  (BSI), 138.7 ± 10.67 

immediately before sternoyomy (BST) , 141.7 ± 13.69 immediately after sternotomy (AST) 

and 122.9 ± 13.24 before cardiopulmonary bypass. With respect to baseline the percentage 

rise in systolic blood pressure was: 7.0% at endotracheal intubation,8.6% at skin incision and 

11% at sternotomy 
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In DEX-6 group, the mean systolic blood pressure (mmHg) was: 126.4±11.50 at 

baseline (BL), 122.8±10.1 immediately before intubation (BI), 126.8 ± 9.47 immediately 

after intubation (AI), 108.5 ± 7.79 immediately before skin incision (BSI), 114.6 ± 8.41 

immediately after skin incision (ASI), 107.6 ± 6.76 immediately before sternotomy (BST), 

116.7 ± 6.80 immediately after sternotomy (AST) and 108.8 ± 7.26 before cardiopulmonary 

bypass. When compared to baseline (p-value <0.001) although there was a mild elevation of 

blood pressure at skin incision and sternotomy but it remained below the baseline. 

The incidence of hypertension and tachycardia was statistically significant among three 

groups as shown in Table 4. The incidence of severe hypotension was zero in all three 

groups. 

 

DISCUSSION 

The results from this study showed that the hemodynamic parameters remained stable 

in DEX-6 group as compared to DEX-3 group and least in NS group. At various 

intraoperative stress points like tracheal intubation, skin incision, sternotomy group NS 

showed highest rise in heart rate and in DEX-6 group heart rate remained stable. NS group 

showed greatest fall of BP at induction and while BP did not change much in DEX-3 and 

DEX-6 groups. There was a statistically significant rise in BP in NS group in response to 

various surgical stimuli in NS group when compared to DEX-3 and DEX-6 groups. 

Our results are in accordance with the study done by Takayuki k, Megumi Ueno et al 

(Kunisawa et al.,2011), who found that when dexmedetomidine is used in a dose of 1μg/kg as 

bolus followed by 0.7μg/kg/hour infusion in open heart surgeries, there is less fall in blood 

pressure after anaesthetic induction in dexmedetomidine group as compared to control group 

and percent increase in cardiovascular responses to skin incision and sternotomy is lower in 

DEX group than in control group. In a study done by Menda F et al  (2010) the patients either 

received a saline placebo or a dexmedetomidine infusion (1µg/kg) before induction of 

anaesthesia in patients undergoing fast track coronary artery bypass grafting.They found  that 

decrease in heart rate and BP was more in placebo group than in patients in dexmedetomidine 

group at induction. After the induction heart rate and BP significantlly increased in placebo 

group while it decreased in dexmedetomidine group 

Dexmedetomidine acts on the imidazoline receptors involved in central arterial blood 

pressure control (Khan et al., 1999). It causes a dose dependentdecrease in mean arterial 

blood pressure and heart rate (Kallio et al., 1989) and a reduction in sympathetic nervous 
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system activity(Scheinin et al., 1987) . A brief biphasic, dose dependent cardiovascular 

response has been reported after the initial administration of dexmedetomidine. The bolus 

dose of 1µg/kg results in a initial increase in blood pressure and a reflex drop in heart rate 

due to stimulation of α-2b receptors in vascular smooth muscle. The effect lasts for 5-10 

minutes and is followed by a decrease in blood pressure due to inhibition of central 

sympathetic outflow. The presynaptic α-2 receptors are stimulated, thereby decreasing 

norepinephrine release, leading to fall in BP and heart rate. 

In our study the incidence of hypotension and bradycardia in dexmedetomidine 

groups was not any higher than NS groups. Doaa A et al ( 2015) in their study found that 

heart rate and BP was statistically significantly lower in dexmedetomidine group compared to 

the placebo group without development of bradycardia or hypotension. Jalonen et al (1997) 

used dexmedetomidine as anaesthetic adjuvant in CABG patients who were on beta blockers. 

The incidence of hypotension and bradycardia requiring treatment was no more in 

dexmedetomidine group than in the placebo group  the authors attributed this to the fact that 

with beta receptors already blocked, additional sympathetic blockade with dexmedetomidine 

did not decrease the heart rate further. In a study conducted by Erkola et al (1994 found that 

the patients premedicated with dexmedetomidine had severe hypotension and bradycardia 

than in patients premedicated with midazolam alone. The dose dependent bradycardiac effect 

of dexmedetomidine is primarily mediated by the decrease in sympathetic tone and partly by 

baroreceptors reflex and enhanced vagal activity (Kamibayashi  et al.,2000; Penttila et al., 

2004). 

Theoretically excessive hypotension and bradycardia induced by dexmedetomidine 

could limit its use in patients with ischemic heart or in patients receiving beta blocker 

therapy. However the studies have shown that dexmedetomidine provides the protective 

effects on the myocardium. Alpha -2 adrenergic agonists have protective effects against 

myocardial ischemia by increasing the cAMP level and enhancing adenosine induced 

coronary vasodilatation effect (Roekaerts et al., a,b). Dexmedetomine preconditioning has 

been shown to attenuate myocardial I/R injury by activating pro-survival kinases (Ibacache et 

al., 2012). 

 

CONCLUSION 

 In our study we only studied the effect of dexmedetomidine on hemodynamic 

variables in response to induction intubation and various surgical stimuli. We did not observe 
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any significance in the parameters like reduction in hospital stay, mortality rate and other 

complications like post operative delirium, cerebrovascular accidents and sepsis. From our 

study it can be deduced that the use of dexmedetomidine unless contraindicated should be 

made as a routine practice attenuate the hemodynamic response to induction and various 

noxious stimuli particularly in cardiac patients where such changes are undesirable. 
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Table 1:   Comparison of demographic parameters. 

P value was statistically insignificant when three groups were compared in age, weight, sex 
ratio and ASA status. 

 
 
 
 
 
 
 

 NS DEX-3 DEX-6 P VALUE 

AGE 37.3±12.04 37.2±12.65 40.5±12.8 0.631 

WEIGHT 53.0±7.57 51.7±12.06 55.1±11.23 0.587 
MALE/FEMALE 9/11 8/12 9/11 0.93 

ASA II/III 14/6 13/7 14/6 0.926 
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Table -2: Comparison of mean heart rate (beats/min) among three groups at various time 
intervals. 

Time Interval NS (n=20) DEX-3 (n=20) DEX (n=20) P-value 
Mean ± SD Mean ± SD Mean ± SD 

BL 74.2 ± 8.17 75.0 ± 8.96 75.5 ± 9.41 0.897 
BI 72.4 ± 7.31 66.9 ±  8.21 60.5 ± 7.58 <0.001* 
AI 91.3 ± 6.95 78.8 ± 8.03 63.7 ± 7.53 <0.001* 

BSI 76.2 ± 6.94 69.3 ± 7.62 60.3 ± 7.38 
 

<0.001* 

ASI 93.4 ± 7.21 79.8 ± 6.66 64.3 ± 8.13 <0.001* 
BST 74.6 ± 6.13 70.2 ± 7.45 61.9 ± 6.87 <0.001* 

AST 98.7 ± 9.53 80.4 ± 7.13 65.7 ± 6.60 <0.001* 
BB 79.7 ± 7.58 71.6 ± 7.29 61.0 ± 7.51 <0.001* 

* Stastically highly significant difference. 
The baseline mean heart rate was comparable in the three groups. At rest of the time 
intervals there was a statistically highly significant variation in mean rate in three groups. 
( p value < 0.001) 

 
Table 3:  Comparison of mean arterial pressure (mmHg) among three groups at various time 

intervals. 

 
At baseline the difference in mean arterial blood pressure was statistically insignificant 
among groups. At rest of the intervals the overall difference was statistically highly 
significant (p- value < 0.001) 

 
 
 
 
 
 

TIME 
INTERVAL 

NS[N=20] DEX-3[N=20] DEX-6[N=20]  
P-Value 

Mean ± SD Mean ± SD Mean ± SD 

BL 93.9 ±7.53 95.5 ± 7.86 94.6 ± 6.79 0.804 

BI 72.5 ± 6.57 85.2 ± 6.78 91.9 ± 4.37 <0.001* 

AI 109.0 ± 5.45 101.6 ± 7.01 93.7 ± 5.54 <0.001* 

BSI 92.1 ± 5.49 85.9 ± 6.44 82.7 ± 5.59 <0.001* 

ASI 109.8 ± 4.89 103.4 ±6.10 87.3 ± 5.54 <0.001* 

BST 99.0 ± 4.85 90.0 ± 6.46 81.6 ± 4.93 <0.001* 

AST 114.6 ± 4.57 105.3 ± 7.12 87.5 ± 5.25 <0.001* 

BB 104.7 ±7.23 94.4 ± 6.53 83.0 ± 4.32 <0.001* 
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Table 4: Intergroup comparison of incidence of severe intra operative hemodynamic 
variations which needed pharmacological  interventions. 

Hemodynamic 
deviation 

Study  groups P-value 
NS (n=20) DEX3(n=20) DEX6(n=20)  

Tachycardia 
(HR>100bpm) 

7 (35%) 2 (10%) 0 (0%) <0.001* 

Bradycardia 
(HR<40 bpm) 

0 0 0 - 

Hypertension 
(MAP≥120mmHg) 

5 (25%) 1 (5%) 0 (0%) 0.007* 

Hypotension 
(MAP≤60mmHg) 

0 0 0 - 

Incidence of tachycardia was 35%, 10% and 0% in NS, DEX-3 and DEX-6 group 
respectively. Difference was statistically significant. Incidence of hypertension was 

statistically significant in three groups. 
 


