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Objective: To assess the postoperative analgesic efficacy of epidural dexmedetomidine added 

to bupivacaine infusion for patients undergoing major abdominal cancer surgery.

Methods: Patients scheduled for major upper abdominal cancer surgery were allocated to 

group bupivacaine (n =32), in which patients received epidural bupivacaine infusion (6 mL/h 

bupivacaine 0.1%) for 48 hours postoperatively, or group bupivacaine + dexmedetomidine 

(n=32), in which patients received epidural dexmedetomidine added to bupivacaine infusion 

(6 mL/h of bupivacaine 0.1% + dexmedetomidine, 0.5 µg/mL) for 48 hours postoperatively. 

The cumulative morphine consumption, the time to first analgesic request, and the VAS pain 

score were evaluated.

Results : The cumulative morphine consumption was significantly reduced in group bupiva-

caine + dexmedetomidine compared with group bupivacaine: mean ± SD of 10.40±5.16 mg vs 

23.23±8.37 mg with an estimated difference (95% CI) of –12.83 (−16.43, –9.24), (P<0.001). 

The time to the first analgesic demand was significantly delayed in group bupivacaine + dex-

medetomidine compared with group bupivacaine: median (IQR) of 6 (1.75, 8.25) h vs 1 (0, 4)h, 

(P<0.001). The mean collapsed over time of overall VAS pain scores at rest and movement was 

significantly reduced in group bupivacaine + dexmedetomidine compared with group bupiva-

caine : mean ± SE of 1.6±0.08 vs 2.38±0.08 with an estimated difference (95% CI) of −0.8 

(−1, –0.86), (P<0.001), and mean ± SE of 2.17±0.07 vs 3.25±0.07 with an estimated difference 

(95% CI) of −1.1 (−1.27, – 0.89), (P<0.001), respectively.

Conclusion: Epidural infusion of dexmedetomidine added to bupivacaine for patients under-

going major abdominal cancer surgery significantly reduced morphine consumption, delayed 

time to first analgesic supplementation, and decreased pain intensity during the first 48 hours 

postoperatively without harmful derangement on hemodynamics.
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Introduction
Major abdominal cancer surgery is associated with extensive tissue destruction that 

induces severe postoperative pain. Epidural analgesia is the most preferred technique 

among the various existing analgesic methods.1 It has the potential to provide early 

mobilization, accelerated recovery of gastrointestinal function, and reduction of pul-

monary and cardiovascular morbidity in the early postoperative period after abdominal 

surgery.2

Administration of local anesthetics at effective doses raises the concerns about 

adverse events, such as hypotension, bradycardia, and motor weakness. So, several 

local anesthetic adjuvants such as morphine,3 clonidine,4 ketamine,5 neostigmine,6 

magnesium,7 and dexamethasone8 have been introduced for epidural usage with vary-
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ing degrees of efficacy. Opioids are considered the reference 

standard of those adjuvants. Unfortunately, opioids carry the 

risks of respiratory depression, delayed intestinal recovery, 

pruritus, and postoperative nausea and vomiting.

The selectivity of dexmedetomidine to the α
2
-receptors is 

eight times of its prototype, clonidine. Accordingly, dexme-

detomidine is a more powerful sedative and analgesic drug 

than clonidine with less hemodynamic derangements from 

the α
1
-receptor activation.9

Dexmedetomidine has been primarily used for intra-

venous sedation in intensive care settings.10 The unique 

analgesic properties of dexmedetomidine have encour-

aged the anesthesiologists to use it perineurally.11 Previous 

studies have declared that dexmedetomidine potentiates 

local anesthetic effect when administered by neuraxial 

route.12–16 Unfortunately, the aforementioned studies have 

administered dexmedetomidine as a single injection that 

could not provide long-lasting analgesia sufficient for the 

relief of severe pain associated with major abdominal 

cancer surgery.

The objective of the current study was to assess the 

analgesic eff icacy of continuous infusion of epidural 

dexmedetomidine.

Methods
The current study was approved from the institutional review 

board of South Egypt Cancer Institute, Assuit University, 

and each participant was informed and written consent was 

obtained for the procedure and the study. The trial was reg-

istered in Australian New Zealand Clinical Trials Registry, 

trial ID: ACTRN12615000288527.

Sixty-four adult patients, scheduled for major upper 

abdominal cancer surgery and classified as American Soci-

ety of Anesthesiologists (ASA) physical status class I–III, 

were enrolled. Exclusion criteria included treatment with 

α-adrenergic antagonists, history of arrhythmias, contraindi-

cations to placement of an epidural catheter (eg, coagulopa-

thy, local infection, and vertebral anomalies), patients known 

to be allergic to bupivacaine, dexmedetomidine, or morphine, 

and patients treated with regular chronic pain medications.

The randomization of patients was achieved by a 

statistician through a computer-generated list of random 

numbers and sealed envelopes. Patients were allocated to 

two groups, group bupivacaine (n=32), patients received 

perioperative epidural analgesia with bupivacaine only, and 

group bupivacaine + dexmedetomidine (n=32), patients 

received perioperative epidural analgesia with bupivacaine 

and dexmedetomidine.

Epidural catheter insertion
After intravenous infusion of 1 L of normal saline, the 

patients were placed in the sitting position and sedated with 

combination of intravenous midazolam, 2 mg, and fentanyl, 

50 µg. Under a strict aseptic precaution, thoracic spines 

from seven to ten were identified (the inferior angle of the 

scapula is corresponding to the seventh thoracic vertebra). 

The preferred insertion site was T8–T9. However, if it was 

not possible to introduce the needle at the chosen site, one 

space above or below was selected. Three milliliters of 1% 

lidocaine was infiltrated at the epidural needle insertion site 

where Tuohy 18 G epidural needle was introduced using 

the paramedian approach. The epidural space was identi-

fied by loss of resistance using saline. A test dose, 3 mL of 

2% lidocaine containing 1:200,000 adrenaline was injected 

to detect intrathecal or intravascular misplacement. Lastly, 

epidural catheter was threaded through the epidural needle.

After initial blind placement of the epidural catheter, we 

injected 2 mL of a nonionic contrast dye through the catheter, 

then anteroposterior and lateral fluoroscopic images were 

obtained for further confirmation of the desired epidural 

location. An anesthesiologist (not involved in the study) 

prepared the coded study drug solutions and then handed 

them over to the attending senior staff anesthesiologist for 

epidural administration.

According to the randomization code for each patient, 

for group bupivacaine + dexmedetomidine, we injected the 

patients with a bolus dose of 6 mL of bupivacaine, 0.1% 

+ dexmedetomidine, 0.5 µg/mL via the epidural catheter 

before skin incision, followed by a continuous epidural 

infusion of 6 mL/h of bupivacaine 0.1% + dexmedeto-

midine, 0.5 µg/mL throughout the operative period and 

continued for 48 hours postoperatively, and for group bupi-

vacaine, we injected the patients with a bolus dose of 6 mL 

of bupivacaine, 0.1% through the epidural catheter before 

skin incision, followed by a continuous epidural infusion of 

6 mL/h of bupivacaine, 0.1% through the operative period 

and sustained for 48 hours postoperatively. The epidural 

administered medications were prepared as follow, for 

bupivacaine group, 10 mL of bupivacaine 0.5% dissolved 

in 40 mL normal saline to obtain bupivacaine concentration 

of 0.1% and for group bupivacaine + dexmedetomidine, 10 

mL of bupivacaine 0.5%+1 mL (25 µg) dexmedetomidine 

(Precedex®; Hospira, Lake Forest, IL, USA) dissolved in 

39 mL normal saline to obtain bupivacaine concentration 

of 0.1% and dexmedetomidine concentration of 0.5 µg/mL 

and delivered through a 50 mL syringe pump (Perfusor® 

compact S; B Braun, Melsungen, Germany).
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General anesthesia was standardized for all patients. 

Induction of anesthesia was done by intravenous fentanyl 

2 µg/kg and propofol 1–2 mg/kg. Endotracheal intubation 

was achieved by cisatracurium 0.15 mg/kg. Maintenance of 

anesthesia was done by isoflurane and cisatracurium 0.03 mg/

kg on demand. Additional intraoperative analgesia consisted 

of administration of intravenous boluses of fentanyl 50 µg 

according to the attending anesthesiologist’s decision. At the 

end of surgery, muscle relaxation was reversed using neostig-

mine 0.05 mg/kg and atropine 0.01 mg/kg. Hypotension was 

determined as a systolic blood pressure <85 mmHg and was 

managed with intravenous ephedrine 0.1 mg/kg. Bradycardia 

was determined as a heart rate slower than 50 beats/min and 

was managed with atropine 0.01 mg/kg.

After the end of surgery, the patients were admitted to the 

postanesthesia care unit. The level of sedation was monitored 

using the Observer’s Assessment of Alertness/Sedation Scale 

(OAA/S).17 Scores ≤3 were considered excessive sedation. 

All patients were followed up for 2 weeks postoperatively 

for the detection of a possible neurotoxicity of epidural dex-

medetomidine injection. The neurological assessment was 

done after the first and the second week postoperatively for 

the detection of any sensory or motor affection.

Postoperative analgesia comprises of patient-controlled 

intravenous analgesia; set to provide 1 mg boluses of mor-

phine on demand without a background infusion with a 

lockout period of 5 minutes and no fixed dose limit. All 

assessments of pain and sedation were made by an intensive 

care unit resident who was not involved in the study. If the 

patient had a VAS pain score >5, unusually high morphine 

consumption or high injection pressure, an X-ray with con-

trast was done for the detection of possible epidural catheter 

dislodgement.

Our primary end point was the cumulative morphine 

consumption during the f irst postoperative 48 hours. 

The secondary end points were a) time to first analgesic 

request, b) 11-point VAS measured during rest and move-

ment at 2, 6, 12, 16, 24, 36, and 48 hours postoperatively. 

All these data were recorded by nurses blinded to the 

study protocol.

Statistical analysis
Statistical analysis was carried out on a personal computer 

using SPSS version 20 software. The data were checked for 

normality using the Anderson–Darling test prior to statistical 

analysis. The primary outcome, the cumulative morphine 

consumption during the first postoperative 48 hours was 

normally distributed, so ensuing comparisons between 

groups were done by the unpaired Student’s t-test. The sec-

ondary outcome variable, the time to first analgesic request 

was not normally distributed; therefore, it was expressed as 

medians (IQR) and consequent comparison between groups 

was done by the Mann–Whitney U-test. The VAS pain score 

was normally distributed using the Anderson–Darling test. 

We assessed the effects of group and the group-by-time 

interaction on mean VAS pain score over time (2, 6, 12, 16, 

24, 36, and 48 hours postoperatively) using a linear mixed 

effects model adjusting for within-subject correlation with 

an autoregressive-1 (AR-1) correlation structure.

Qualitative data were reported as counts and percent-

ages, and differences between groups were analyzed with 

the chi-squared test or Fisher’s exact test, as appropriate, 

where continuous data were described as mean ± SD and 

(95% confidence interval). The repeated measures over time 

of intraoperative blood pressure and heart rate measured at 

preoperative, 10, 30, 60, and 90 minutes and end of opera-

tion; the postoperative blood pressure and heart rate measured 

at 0, 2, 6, 12, 16, 24, 36, and 48 hours postoperatively, and 

OAA/S score measured at 0, 2, 6, 12, 16, 24, 36, and 48 hours 

postoperatively were analyzed using a linear mixed effects 

model. The type I error was controlled with the Bonferroni 

correction when conducting the multiple tests. P<0.05 was 

considered statistically significant.

Based on a preliminary pilot study of 10 patients in each 

group, we reported a mean difference of 9.2 mg of total 

postoperative 48 hours morphine consumption and a SD of 

12.5 for group bupivacaine and 11.9 for group bupivacaine 

+ dexmedetomidine. Therefore, it was estimated that a mini-

mum sample size of 29 patients in each study group would 

achieve a power of 80%, assuming a type I error of 0.05. We 

enrolled 64 patients to allow for dropouts.

Results
Seventy-five patients scheduled for major upper abdominal 

cancer surgery were assessed for the study eligibility and 64 

patients were eligible and involved in the study. Four patients 

were excluded from the study (one patient was excluded due 

to failure of localization of epidural space and the other three 

were excluded due to dislodged epidural catheter). Sixty 

patients (30 patients in each group) remained for analysis 

(Figure 1).

Demographic data, patient’s characteristics, and intraop-

erative fentanyl consumption were similar between groups 

(Table 1).

The quantity of the cumulative morphine consumption 

during the first postoperative 48 hours was significantly 
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Table 1 Demographic data, patient’s characteristics, and 
intraoperative fentanyl consumption

Variable Bupivacaine + 
dexmedetomidine 
group (n=30)

Bupivacaine 
group 
(n=30)

Age (years) 59.1±4.9 58.7±5.2
Sex, M/F 20/10 18/12
BMI (kg/m2) 21.9±6.2 22.3±5.8
ASA grade, I/II/III 11/16/3 9/19/2
Operative time (min) 235±60 220±50
Type of operation

Gastrectomy 13 (43.3%) 12 (40%)
Whipple’s operation 7 (23.3%) 6 (20%)
Pancreatectomy 6 (20%) 8 (26.7%)
Partial hepatectomy 4 (13.3%) 4 (13.3%)

Patients required fentanyl 5 (16.7%) 8 (26.7%)
Fentanyl consumption (µg) 50 (50–100) 100 (50–100)

Notes: Data are expressed as number and percentage, mean ± SD, and median 
(IQR). No significant statistical differences were observed between groups.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass 
index.

The time to the first analgesic demand was significantly 

delayed in group bupivacaine + dexmedetomidine compared 

with group bupivacaine, [median (IQR)] 6 (1.75, 8.25) h vs 

1 (0, 4) h, (P<0.001).

The linear mixed effects model revealed a significant 

reduction of the mean collapsed over time (2, 6, 12, 16, 24, 36, 

and 48 hours postoperatively) of overall VAS pain scores at 

rest in group bupivacaine + dexmedetomidine compared with 

group bupivacaine (mean ± standard error [SE]) (1.6±0.08 vs 

2.38±0.08), with an estimated difference (95% CI) of −0.8 

(−1, –0.86), (P<0.001), with significant time and group-by-

time interaction effect. Moreover, the mean collapsed over 

time (2, 6, 12, 16, 24, 36, and 48 hours postoperatively) 

of overall VAS pain scores at movement was significantly 

reduced in group bupivacaine + dexmedetomidine com-

pared with group bupivacaine (mean ± SE) (2.17±0.07 vs 

3.25±0.07), with an estimated difference (95% CI) of −1.1 

(−1.27, –0.89), (P<0.001), with significant time and group-

by-time interaction effect (Table 2). Further comparison 

between groups at each time point was made and revealed 

significant reduction of VAS pain score during rest and 

movement at all measured time points as shown in Table 3.

Regarding the intraoperative hemodynamics measured at 

preoperative, 10, 30, 60, and 90 minutes and end of opera-

Figure 1 Flow diagram of patients
Abbreviations: Group B, bupivacaine group; Group BD, bupivacaine + dexmedetomidine group.

Assessed for
eligibility

n=75

Randomly
allocated

n=64

Group B
n=32

Analyzable
n=30

Excluded, n=2
2-Dislodged epidural

catheter

Group BD
n=32

Analyzable
n=30

Excluded, n=2
1-Failed epidural 

insertion
1-Dislodged 

epidural catheter 

Excluded, n=11

reduced in group bupivacaine + dexmedetomidine compared 

with group bupivacaine (mean ± SD) (10.40±5.16 mg vs 

23.23±8.37 mg), with an estimated difference (95% CI) of 

–12.83 (−16.43, –9.24), (P<0.001).
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tion, there was a significant reduction in the mean collapsed 

over time of overall intraoperative systolic blood pressure in 

group bupivacaine + dexmedetomidine compared with group 

bupivacaine, (mean ± SE) (107±2 vs 115±2) mmHg, with an 

estimated difference (95% CI) of −8 (−14, –2), (P=0.006), 

with significant group-by-time interaction effect. Similarly, 

there was a significant reduction of the mean collapsed 

over time of overall intraoperative diastolic blood pressure 

in group bupivacaine + dexmedetomidine compared with 

group bupivacaine (62±1.6 vs 69±1.6) mmHg, with an esti-

mated difference (95% CI) of –7 (−11, –2), (P=0.041), with 

significant group-by-time interaction effect (Figure 2). We 

reported four cases in group bupivacaine + dexmedetomidine 

Table 2 Postoperative pain score and perioperative hemodynamics

Variable Bupivacaine + 
dexmedetomidine
group (n=30), 
mean ± SE

Bupivacaine
group (n=30), 
mean ± SE

Mean difference 
(95% CI)

P-value

VAS at rest 1.6±0.08a 2.38±0.08 −0.8 (−1, –0.86)b <0.001
VAS at movement 2.17±0.07a 3.25±0.07 −1.1 (−1.27, –0.89)b <0.001
Intraoperative SBP (mmHg) 107±2a 115±2 −8 (−14, –2)b 0.006
Intraoperative DBP (mmHg) 62±1.6a 69±1.6 −7 (−11, –2)b 0.041
Intraoperative heart rate (beats/min) 69±1.7 74±2 −5 (−9, 0.2)b 0.062
Postoperative SBP (mmHg) 104±2a 119±2 −15 (−21, –9)b 0.001
Postoperative DBP (mmHg) 62±1.3a 70±1.3 −8 (−11, –4)b 0.001
Postoperative heart rate (beats/min) 67±1.3a 75±1.3 −8 (−12, –4)b 0.001

Notes: Data are represented as mean collapsed over time for VAS pain score measured at (2, 6, 12, 16, 24, 36, and 48 hours postoperatively), intraoperative SBP, DBP, and 
heart rate measured at preoperative, 10, 30, 60, and 90 minutes and end of surgery and postoperative SBP, DBP, and heart rate measured at 0, 2, 6, 12, 16, 24, 36, and 48 
hours. aSignificant overall group difference as indicated by a linear mixed effects model. bSignificant group-by-time interaction effect.
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; SE, standard error; VAS, visual analog pain scale.

Table 3 Postoperative pain score

Variable Bupivacaine + 
dexmedetomidine 
group (n=30),
mean ± SD

Bupivacaine
group (n=30),
mean ± SD

Mean difference 
(95% CI)

P-value

VAS_R, 2 hours 2.13±1.17 3.20±0.81 –1.06 (0.55, –1.6) <0.001
VAS_R, 6 hours 2±1.01 3.20±0.85 –1.2 (−0.72, –1.7) <0.001
VAS_R, 12 hours 1.83±0.75 2.63±0.56 –0.8 (−46, –1.14) <0.001
VAS_R, 16 hours 1.53±0.90 2.43±0.57 –0.9 (−0.51, –1.29) 0.001
VAS_R, 24 hours 1.40±0.81 2.10±0.76 –0.7 (−0.29, –1.01) <0.001
VAS_R, 36 hours 1.27±0.58 1.80±0.71 –0.53 (−0.2, –0.87) 0.002
VAS_R, 48 hours 0.77±0.57 1.3±0.75 –0.53 (−0.19, –0.88) 0.003
VAS_M, 2 hours 2.57±0.77 4.30±0.99 –1.73 (−1.27, –2.2) <0.001
VAS_M, 6 hours 2.50±0.97 3.73±0.69 –1.23 (−0.8, –1.67) <0.001
VAS_M, 12 hours 2.33±0.71 3.33±0.66 –1 (−0.65, –1.35) <0.001
VAS_M, 16 hours 2.20±0.85 3.13±0.63 –0.93 (−0.55, –1.32) <0.001
VAS_M, 24 hours 2.17±0.79 2.97±0.76 –0.8 (−0.4, –1.2) <0.001
VAS_M, 36 hours 1.93±0.64 2.83±0.79 –0.9 (−0.53, –1.27) <0.001
VAS_M, 48 hours 1.50±0.68 2.43±0.77 –0.93 (−0.56, –1.31) <0.001

Note: P<0.05 was considered statistically significant.
Abbreviations: VAS_M, visual analog pain scale at movement; VAS_R, visual analog pain scale at rest.

that developed hypotension (SBP <85 mmHg) and success-

fully treated with ephedrine, 15 mg. However, dexmedeto-

midine did not significantly reduce the mean collapsed over 

time of overall intraoperative heart rate (group bupivacaine 

+ dexmedetomidine vs group bupivacaine), (mean ± SE) 

(69±1.7 vs 74±2) beats/min, with an estimated difference 

(95% CI) of −5 (−9, 0.2), (P=0.062), with significant group-

by-time interaction effect (Figure 3; Table 2). Furthermore, 

comparison between groups at each time point revealed no 

significant changes of mean ± SD intraoperative heart rate 

at 10 and 30 minutes (bupivacaine + dexmedetomidine vs 

bupivacaine) (74.13±11.21 vs 70.83±9.40), with an esti-

mated difference (95% CI) of 3.30 (−2.1, 8.6), (P=0.222) 
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and (68.03±9 vs 72.43±8.98), with an estimated difference 

(95% CI) of −4.40 (−9, 0.3), (P=0.063), respectively. How-

ever, dexmedetomidine reduced significantly intraoperative 

heart rate at the following time points, 60 and 90 minutes 

and end of operation (bupivacaine + dexmedetomidine vs 

bupivacaine) (64.70±8.48 vs 74.63±8.34), with an estimated 

difference (95% CI) of −9.93 (−14.3,–5.6), (P<0.001), 

(65.53±12.08 vs 74.80±10.08), with an estimated difference 

(95% CI) of –9.26 (−15,–3.5), (P=0.002), and (65.60±8.74 

vs 76.73±10.21), with an estimated difference (95% CI) of 

–11.13 (−16, –6.2), (P<0.001), respectively (Table 4). One 

patient in group bupivacaine + dexmedetomidine developed 

bradycardia (heart rate <50 beats/min) and successfully 

treated with atropine 0.6 mg.

With regard to the postoperative hemodynamics mea-

sured at 0, 2, 6, 12, 16, 24, 36, and 48 hours postoperatively, 

we detected a significant reduction of the mean collapsed 

over time of overall postoperative systolic blood pressure 

in group bupivacaine + dexmedetomidine compared with 

group bupivacaine (mean ± SE) (104±2 vs 119±2) mmHg, 

Figure 2 Intraoperative blood pressure.
Notes: *P<0.05, considered statistically significant. End, end of surgery.
Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; Group B, bupivacaine group; Group BD, bupivacaine + dexmedetomidine group; SBP, systolic  
blood pressure.
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with an estimated difference (95% CI) of −15 (−21, –9), 

(P<0.001), with significant group-by-time interaction 

effect. Likewise, there was a significant reduction of the 

collapsed mean over time of overall postoperative diastolic 

blood pressure in group bupivacaine + dexmedetomidine 

compared with group bupivacaine (mean ± SE) (62±1.3 vs 

70±1.3) mmHg, with an estimated difference (95% CI) of 

−8 (−11, –4), (P<0.001), with significant group-by-time 

interaction effect (Figure 4). Furthermore, there was a 

significant reduction of the mean collapsed over time of 

overall postoperative heart rate in group bupivacaine + 

dexmedetomidine compared with group bupivacaine (mean 

± SE) (67±1.3 vs 75±1.3) beats/min, with an estimated dif-

ference (95% CI) of −8 (−12, –4), (P<0.001), with signifi-

cant group-by-time interaction effect (Figure 5; Table 2). 

Two cases in group bupivacaine + dexmedetomidine 

developed postoperative hypotension (SBP <85 mmHg) 

and successfully treated with ephedrine, 10 mg and 20 

mg, respectively, and one patient developed postoperative 

bradycardia (heart rate <50 beats/min) and successfully 

treated with atropine 0.6 mg.

Concerning dexmedetomidine-related sedation, there 

was a significant reduction of the collapsed mean over time 

measured at 0, 2, 6, 12, 16, 24, 36, and 48 hours postop-

eratively of overall OAA/S scores in group bupivacaine + 

dexmedetomidine compared with group bupivacaine (mean 

± SE) (4.4±0.05 vs 4.8±0.05), with an estimated difference 

(95% CI) of −0.35 (−0.49, –0.21), (P<0.001), without sig-

nificant group-by-time interaction effect.

In relation to other drawbacks of dexmedetomidine, we 

detected three patients in group bupivacaine + dexmedeto-

midine who complained of dry mouth.

Three cases were excluded from the study due to dis-

lodged epidural catheter and one case in group bupivacaine 

Table 4 Intraoperative heart rate

Heart rate (HR),  
beats/min

Bupivacaine + 
dexmedetomidine
group (n=30), 
mean ± SD

Bupivacaine
Group 
(n=30), 
mean ± SD

Mean difference 
(95% CI)

P-value

Preoperative HR 76.47±15.28 72.17±11.19 4.30 (−2.6, 11.2) 0.219
Intraoperative HR, 10 minutes 74.13±11.21 70.83±9.40 3.30 (−2.1, 8.6) 0.222
Intraoperative HR, 30 minutes 68.03±9 72.43±8.98 –4.40 (−9, 0.3) 0.063
Intraoperative HR, 60 minutes 64.70±8.48 74.63±8.34 –9.93 (−14.3, –5.6) 0.001
Intraoperative HR, 90 minutes 65.53±12.08 74.80±10.08 –9.26 (−15, –3.5) 0.002
Intraoperative HR, end 65.60±8.74 76.73±10.21 –11.13 (−16, –6.2) 0.001

Notes: Data are presented as mean ± SD and mean difference (95% CI). P<0.05 was considered statistically significant. end, end of surgery.

Figure 4 Postoperative blood pressure.
Note: *P<0.05, considered statistically significant.
Abbreviations: DBP, diastolic blood pressure; Group B, bupivacaine group; Group BD, bupivacaine + dexmedetomidine group; SBP, systolic blood pressure.
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+ dexmedetomidine was accidentally taken out by the 

patient. In group bupivacaine, we detected two cases, one 

case consumed unusually higher doses of opioid in the first 

two postoperative hours “20 mg” and X-ray with contrast 

was requested and proved to be paravertebrally migrated and 

another case the epidural catheter migrated subcutaneously.

No further complications attributable neither to the epi-

dural block nor to the block medications were detected in 

both groups within 2 week follow-up period.

Discussion
The current study revealed that epidural infusion of dexme-

detomidine added to bupivacaine for patients undergoing 

major upper abdominal cancer surgery significantly reduced 

morphine consumption, delayed time to first analgesic 

supplementation, and decreased pain intensity during the 

first 48 hours postoperatively.

Dexmedetomidine has been used as an adjuvant to 

local anesthetics in a wide diversity of regional blocks. It 

has been administered intravenously in conjunction with 

spinal anesthesia and resulted in improvement of the qual-

ity of sensory and motor block and delayed the time to first 

analgesic supplementation.18 Wahlander et al claimed that 

intravenous dexmedetomidine administration is a potentially 

effective analgesic adjunct to thoracic epidural infusion of 

0.125% bupivacaine.19 Moreover, Memiş et al showed that 

dexmedetomidine as an adjunct to lidocaine improves the 

quality of regional IV anesthesia.20 Furthermore, it had been 

declared that dexmedetomidine is a useful local anesthetic 

adjunct for peripheral and neuraxial blocks.11–15,21–23

Indeed, all the previously mentioned studies have 

administered dexmedetomidine as a single injection, which 

in no way could provide long-lasting analgesia sufficient 

for relief of the severe pain associated with major upper 

abdominal cancer surgery that continues for several days 

postoperatively.

The antinociceptive effects of dexmedetomidine are in 

part caused by its action on spinal α
2
-adrenoceptors, while 

the sedative effects predominantly result from its supra-

spinal action.24,25 The poor diffusion of dexmedetomidine 

through the blood–brain barrier makes its administration 

via the neuraxial route a reasonable option that might 

provide locally mediated analgesia with less unwanted 

side effects.

To the best of our body of knowledge, there were no previ-

ous human studies that administered dexmedetomidine infu-

sion through the epidural route for postoperative pain relief. 

Thus, the dosage of dexmedetomidine used in this study was 

inspired from the study by Asano et al,26 who stated that the 

potency of administered dexmedetomidine and clonidine 

through the epidural route was correlated with their binding 

affinity to the spinal α
2
-adrenoreceptors (the binding capacity 

of dexmedetomidine is approximately 10 times that of cloni-

dine). A previous study showed that epidural clonidine infu-

sion has intrinsic analgesic efficacy at a dose range of 0.5–2 

µ/kg/h after major abdominal surgeries.27 Moreover, Kanazi 

et al had revealed that 3 μg of intrathecal dexmedetomidine 

and 30 μg of intrathecal clonidine, have a similar analgesic 

efficacy on the quality of spinal anesthesia.14 Based on these 

assumptions, the epidural dexmedetomidine dosage might 

Figure 5 Postoperative HR.
Note: *P<0.05, considered statistically significant.
Abbreviations: Group B, bupivacaine group; Group BD, bupivacaine + dexmedetomidine group; HR, heart rate.
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be 0.05–0.2 µg/kg/h, but during preparation of this study 

protocol, we tried multiple concentrations of bupivacaine 

and dexmedetomidine and we found that a concentration of 

bupivacaine 0.1% + dexmedetomidine, 0.5 µg/mL, infused 

at a rate of 6 mL/h at the thoracic epidural level provided the 

best analgesic effect with minimal hemodynamic derange-

ment. It deserves mentioning that dexmedetomidine had been 

administered through epidural infusion in a dose of 0.2 µg/

kg/h during the intraoperative period only, and they claimed 

that it improves oxygenation and reduces the shunt fraction 

during one lung ventilation.28

The analgesia produced by the α
2
-adrenergic agonists 

is probably due to their action on multiple levels on pain 

pathway including supraspinal,29 ganglionic,30 spinal,31 and 

peripheral nerves.32 Therefore, neuraxially administered 

dexmedetomidine produces analgesia by suppressing the 

release of C-fiber transmitters and by hyperpolarization of 

postsynaptic dorsal horn neurons.33

In this context, Ishii et al suggested that dexmedetomidine 

hyperpolarizes the membrane potentials of the substantia 

gelatinosa neurons of spinal dorsal horn via G-protein-

mediated activation of K+ channels.34 Similarly, Brummett 

et al illustrated that the mechanism of analgesia produced by 

dexmedetomidine is likely through inhibiting the propagation 

of firing of pain impulses via blockade of hyperpolarization-

activated cation current (I
h
).35

The concentration and the infusion rates of epidural 

bupivacaine in the current study were consistent with similar 

studies for abdominal surgeries.36,37 Lower concentrations 

of bupivacaine <0.1% have been used in previous studies; 

however, these studies used opioid adjuvants to obtain effec-

tive analgesia especially during movement.38 For patients 

subjected to major abdominal cancer surgery, effective 

physiotherapy is an essential perioperative care that could 

not be obtained by the sole administration of these lower 

concentrations.

In agreement with previous studies,18,27,39,40 a significant 

reduction in the perioperative heart rate was observed in 

group bupivacaine + dexmedetomidine, and we detected three 

cases where patients developed bradycardia and they were 

successfully managed with atropine. Likewise, a significant 

reduction in systolic and diastolic blood pressure occurred 

in group bupivacaine + dexmedetomidine perioperatively. 

The reduction in hemodynamics is related to the binding 

of dexmedetomidine to the α
2
-receptors within the central 

nervous system that resulted in a reduction of tonic levels 

of sympathetic outflow and facilitation of vagal activity.41 

Moreover, the reduction in hemodynamics is accentuated 

with the thoracic epidural-induced sympathectomy and the 

debilitated elderly cancer patients.

In this context, epidural dexmedetomidine infusion at 

doses mentioned in our study was not associated with any 

neurological deficits within 2-week follow-up period. In 

agreement with our report, Eisenach et al did not find any 

neurological deficits in a 1-week follow-up period in sheep 

receiving intrathecal dexmedetomidine at a dose of 100 µg.23

Study limitations and future studies
The epidural infusions were limited only to 48 hours post-

operatively, and the pain of major cancer surgery may be 

extended to the fifth or sixth postoperative day; moreover, 

some patients in dexmedetomidine group still have pain and 

consumed opioid, so future studies with extended period and 

higher doses are needed. In addition, the efficacy of dexme-

detomidine should be compared against opioid adjuvants 

such as morphine or fentanyl.

Conclusion
Epidural infusion of dexmedetomidine may be useful or 

have a more expansive role for abdominal cancer-related 

surgery that could plausibly change clinical practice. It 

may potentiate the action of epidural opioid; moreover, it 

may be of value for patients on chronic preoperative opioid 

therapy, which is common in patients with cancer. Further-

more, the mild sedative effect of dexmedetomidine may 

decrease the postoperative agitation and delirium, which 

is not uncommon in geriatric patients subjected to major 

cancer surgery. Dexmedetomidine significantly reduced 

morphine consumption, delayed time to first analgesic 

supplementation, and decreased pain intensity during the 

first 48 hours postoperatively without harmful derangement 

on hemodynamics.
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