
Background: Intrathecal ketamine has been studied extensively in animals, but rarely in 
humans. Intrathecal dexmedetomidine prolongs the duration of spinal anesthesia.

Objective: To investigate the efficacy and safety of intrathecal dexmedetomidine, ketamine, 
or both when added to bupivacaine for postoperative analgesia in major abdominal cancer 
surgery.

Design: Double-blinded, randomized, controlled trial.

Setting: Academic medical center.

Methods: Ninety patients were randomly allocated to receive either intrathecal 10 mg of 
hyperbaric bupivacaine 0.5% and 5 µg of dexmedetomidine (group I, n = 30), 10 mg of 
hyperbaric bupivacaine 0.5% and 0.1 mg/kg ketamine (group II, n = 30), or 10 mg of hyperbaric 
bupivacaine 0.5% and 5 µg of dexmedetomidine plus 0.1 mg/kg of ketamine (group III, n = 30). 
Hemodynamics, pain score, time to first request of analgesia, total PCA morphine consumption, 
sedation score, and adverse effects in the first 24 hours postoperatively were recorded.

Results: Time to first request of analgesia was longer in group II (7.42 ± 1.43 h) and group 
III (13.00 ± 7.31h) compared to group I (3.50 ± 1.57 h). PCA morphine consumption was less 
in group III (6.67 ± 2.8 mg) compared to group I (9.16 ± 3.63 mg) and group II (8.66 ± 3.49 
mg). Group III showed lower postoperative pain scores, and a higher incidence of postoperative 
sedation (P < 0.03).

Limitations: This study is limited by its relatively small sample size.

Conclusion: In conclusion, the combination of intrathecal dexmedetomidine and ketamine 
provided superior postoperative analgesia, prolonged the time to first request of rescue 
analgesia, and reduced the total consumption of PCA morphine, without serious side effects 
compared to either drug alone.
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Opioids are widely used for pain relief, but they 
often provide sub-optimal analgesia with 
occasional serious side effects. Furthermore, 

it was reported that only a single administration of 
an opioid may also induce a long lasting reduction 

of threshold of pain sensitivity, leading to delayed 
hyperalgesia (1).

Ketamine, a phencyclidine derivative, has recently 
been found to be effective by epidural and intrathecal 
routes. It possesses some definite advantages over the 
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a known allergy to the study drugs; significant cardiac, 
respiratory, renal, or hepatic diseases; coagulation dis-
order; infection at the site of intrathecal injection; drug 
or alcohol abuse; BMI > 30 kg/m2; and psychiatric illness 
that would interfere with perception and assessment of 
pain were excluded from the study.

Preoperatively, patients were taught how to evalu-
ate their own pain intensity using the numerical rating 
scale (NRS), scored from 0 – 10 (where 0 = no pain, and 
10 = the worst pain imaginable).

Oral diazepam (5 mg) was taken the night be-
fore surgery. Upon arrival at the operative theatre, a 
16-gauge catheter was introduced intravenously at the 
dorsum of the hand; lactated ringer’s solution 10 mL/kg 
was infused intravenously over 10 minutes before initia-
tion of spinal anesthesia. Basic monitoring probes (elec-
trocardiography, noninvasive blood pressure, O2 satu-
ration, and temperature) were applied. Patients were 
placed in the sitting position and a 25-gauge Quincke 
needle was placed in the L2-3 or L3-4 interspaces. 

Patients were randomly allocated by selecting 
sealed envelopes into one of 3 groups of 30 patients 
each:
•	 Dexmedetomidine group (group I): in which pa-

tients received 10 mg of hyperbaric bupivacaine 
0.5% in 2 mL volume and 5 µg of dexmedetomi-
dine in 1 mL volume intrathecally.

•	 Ketamine group (group II): in which patients re-
ceived 10 mg of hyperbaric bupivacaine 0.5% in 2 
mL volume and 0.1 mg/kg ketamine in 1 mL volume 
intrathecally.

•	 Dexmedetomidine + ketamine group (group III): in 
which patients received 10 mg of hyperbaric bu-
pivacaine 0.5% in 2 mL volume and 5 µg of dex-
medetomidine plus 0.1 mg/kg of ketamine in 1 mL 
volume intrathecally.

Immediately after successful spinal anesthesia, pa-
tients were placed in the supine position, general anes-
thesia was induced with fentanyl 1.5 – 2 µg/kg, propo-
fol 2 – 3 mg/kg, and lidocaine 1.5 mg/kg. Endotracheal 
intubation was facilitated by cis-atracurium 0.15 mg/kg. 
Heart rate, systolic, and diastolic blood pressure were 
recorded at 5, 10, 20, 30, 60, 120, and 180 minutes. 
Anesthesia and muscle relaxation were maintained by 
isoflurane 1 – 1.5 MAC in 50% oxygen/air mixture and 
cis-atracurium 0.03 mg/kg bolus given every 30 minutes.

At the end of surgery, muscle relaxation was re-
versed by neostigmine 50 µg/kg and atropine 10 µg/kg. 
Patients were extubated and transferred to the post an-

conventional local anesthetic agents as it stimulates the 
cardiovascular system (2,3) and respiratory system (4). 

There is evidence from animal studies that ket-
amine produces sensory (5,6) and motor (6,7) blocks 
when injected intrathecally. Preservative-free ketamine 
hydrochloride was introduced as a spinal anesthetic 
more than 20 years ago and found to have advan-
tages over local anesthetics in that it didn’t produce 
hypotension.

The onset of anesthesia (sensory block) and mo-
tor paralysis was found to be earlier than with conven-
tional local anesthetics (3). The intensity of the sensory 
block is 100% as it is described to be due to the potent 
analgesic effect of ketamine (8).

Despite extensive discourses, there is still contro-
versy in the literature as to the safety and analgesic 
efficacy of ketamine through the intrathecal route (9-
14). Preservative-free racemic ketamine was shown to 
be devoid of neurotoxic effects after both single and 
repeated administration in animals (9-11).

Dexmedetomidine is a highly selective α2-
adrenoreceptor agonist recently introduced to anes-
thesia. It produces dose-dependent sedation, anxiolysis, 
and analgesia (involving spinal and supraspinal sites) 
without respiratory depression (15, 16). α2-agonists are 
known to reduce anesthetic requirements, and because 
of their sympatholytic properties, afford hemodynamic 
stability during the intraoperative period (17).

Administration of an α2-agonist via an intrathecal 
or epidural route provides an analgesic effect in post-
operative pain without severe sedation. This effect is 
due to the sparing of supraspinal central nervous sys-
tem (CNS) sites from excessive drug exposure, resulting 
in robust analgesia without heavy sedation (18). The 
adverse effects of dexmedetomidine include hypoten-
sion, hypertension, nausea, bradycardia, atrial fibrilla-
tion, and hypoxia (19,20).

The objective of this study was to investigate the 
efficacy and safety of intrathecally administered dex-
medetomidine, ketamine, or their combination when 
added to bupivacaine for postoperative analgesia in 
major abdominal cancer surgery.

Methods

This study was approved by the ethics committee 
of South Egypt Cancer Institute, Assiut University, As-
siut, Egypt. After obtaining a written informed consent, 
90 American Society of Anesthesia (ASA) I – II patients 
aged 30 – 50 years and scheduled for major abdominal 
cancer surgery were included in the study. Patients with 
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esthesia care unit (PACU) and monitored for vital signs 
(heart rate, noninvasive blood pressure, respiratory 
rate, and O2 saturation) immediately postoperatively 
and at 2, 4, 6, 12, 18, and 24 hours postoperatively.

NRS scores were assessed at the same time intervals. 
Rescue analgesia was represented by patient-controlled 
analgesia (PCA) with intravenous morphine with an ini-
tial bolus of 0.1 mg/kg once pain was expressed by the 
patient, or if NRS was 3 or more (NRS ≥ 3) followed by 
1 mg boluses with a lockout period of 5 minutes. The 
time of first request for analgesia and total analgesic 
consumption in the first 24 hours postoperatively were 
recorded.

The patient’s level of sedation was assessed at the 
same time points with sedation score from 0 to 4, where 
0 = awake, 1 = easily aroused, 2 = awakens after verbal 
stimulation, 3 = awakens after tactile stimulation, and 
4 = not arousable.  

The data collection personnel, the attendant anes-
thesiologist, and the patient were blinded to the pa-
tient’s group assignment. 

Postoperative adverse effects such as nausea, vom-
iting, hypotension, bradycardia, cardiac arrhythmias, 
nystagmus, dissociative effects, strange feelings, dizzi-
ness, chest pain, dreams, and sedation were recorded. 
Hypotension was defined as a 15% decrease in systolic 
blood pressure from baseline. Bradycardia was defined 
as a heart rate slower than 50 beats per minute or a 
decrease in heart rate of 20% or more from baseline; 
whichever is lowest. Hypoxia was defined as an oxygen 
saturation of less than 90%. Hypotension was treated 
with an intravenous bolus of ephedrine 0.1 mg/kg and 
normal saline 5 ml/kg; the same doses were repeated 
as required. Bradycardia was treated with intravenous 
atropine 0.01 mg/kg. 

Statistical Analysis

Power of the Study
The primary endpoint was the total dose of intra-

venous PCA morphine consumption in the first 24 hours 

postoperatively. Secondary endpoints were the safety 
profile of the study drugs in terms of predefined adverse 
events, nausea, vomiting, and level of sedation during 
the study period. Our aim was to obtain a 20% decrease 
in intravenous PCA morphine consumption after intra-
thecal dexmedetomidine + ketamine compared with 
the other groups. A calculated sample size of 28 would 
have an 80% power of detecting a difference at a 0.05 
level of significance using a confidence interval of 95%.

Data Analysis
Analysis was performed using statistical package 

for the Social Sciences software, version 20 (SPSS Inc.,	
Chicago IL, USA). Data were presented as mean ± SD, 
range, numbers, and percentages. ANOVA followed 
by Post-hoc test were used for comparison of para-
metric data. Kruskal Wallis test was used to compare 
non-parametric data while Mann-Whitney was used to 
compare between 2 groups. Chi-square test was used 
for comparison between percentages and frequencies. 
P < 0.05 was considered significant.

Results

There were no significant differences between 
groups in demographic data regarding age, weight, 
height, BMI, and surgical time (P > 0.05) (Table 1). 

There was a significant reduction in intra-opera-
tive pulse rate in group I compared to groups II and III 
from 10 and 20 minutes, respectively, until 180 minutes. 
Also, there was a significant reduction in pulse rate in 
group III from 10 minutes until 60 minutes compared 
to group II (Fig. 1). Systolic blood pressure showed a 
significant reduction in groups I and III from 5 minutes 
until 120 minutes compared to group II (Fig. 2). The 
intra-operative diastolic blood pressure significantly 
decreased in groups I and III from 5 minutes until 180 
and 30 minutes, respectively, in comparison to group 
II (Fig. 3). 

There was a significant reduction in postoperative 
pulse rate in group I immediately postoperative until 
12 hours, and 24 hours, respectively, when compared to 

Table 1. Patients’ demographics and clinical characteristics.

Item Group I (n = 30) Group II (n = 30) Group III (n = 30) P value

Age (Years) 44.43 ± 4.05 44.20 ± 4.20 44.63 ± 3.84 0.903

Weight (Kg) 72.70 ± 8.61 72.36 ± 8.58 72.36 ± 8.58 0.985

Height (cm) 164.97 ± 11.81 164.13 ± 12.01 164.70 ± 11.23 0.961

BMI (Kg/m²) 27.40 ± 7.89 27.73 ± 9.70 27.17 ± 6.21 0.964

Duration of surgery (h) 2.35 ± 0.41 2.33 ± 0.40 2.36 ± 0.43 0.953

Data are expressed as mean ± SD. 
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Fig. 1. Changes in the mean intraoperative heart rate.

Fig. 2. Changes in the mean intraoperative systolic blood pressure.
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groups II and III (Fig. 4). There were no significant dif-
ferences between groups in postoperative systolic and 
diastolic blood pressure (P > 0.05). 

There was a significant reduction in mean NRS 
score in group III starting immediately postoperative 
till 12 hours postoperative compared to groups I and 
II (Fig. 5). The time to the first request of rescue anal-
gesic was significantly prolonged in the groups II and 
III compared to group I (P < 0.003) (Table 2). The mean 
total consumption of PCA morphine in PACU in the first 
24 hours postoperatively was significantly decreased in 
group III compared to groups I and II (P < 0.03) (Table 
2). The number of patients who requested rescue anal-
gesia varied remarkably in the 3 groups, where all the 
patients in group I, 21 patients in group II, and only 3 
patients in group III required rescue analgesia in the 
postoperative period (Table 2).

There was no significant difference among groups 
regarding postoperative sedation score except imme-
diately postoperative, where there was a significant 
increase in sedation score in groups II and III compared 
to group I (P = 0.02). There was a significant difference 

in the incidence of sedation (P < 0.03) in groups II and 
III compared to group I. Groups II and III had a higher 
incidence of sedation (3 [10.0%] and 5 [16.7%], respec-
tively) compared to group I (0 [0.00%]). 

Apart from sedation, there were no significant dif-
ferences in the incidence of other side effects between 
the 3 studied groups (Table 3, Fig. 6).

Discussion

The current study demonstrated that the com-
bination of 5 µg dexmedetomidine and 0.1 mg/kg of 
ketamine co-administered with spinal bupivacaine in 
addition to general anesthesia in patients undergo-
ing lower abdominal cancer surgery provided superior 
postoperative analgesia, prolonged the time to first 
request of rescue analgesics, and reduced the mean to-
tal consumption of PCA morphine in the first 24 hours 
postoperative without serious side effects compared to 
patients who received either drug alone.

Ketamine is known to produce both motor and 
sensory block, but the mechanism of action is not clear 
(21). Ketamine acts at N-methyl-D-aspartate (NMDA), 

Fig. 3. Changes in the mean intraoperative diastolic blood pressure.
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Fig. 4. Changes in the mean postoperative heart rate.

Fig. 5. Numerical Rating Scale score.
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opiate, monoaminergic, and muscarinic receptors (22-
24) and voltage-sensitive calcium channel blockers, and 
it is also thought to have some local anesthetic property 
(5, 25- 27).

Intrathecal ketamine has been studied extensively 
in animals, but rarely used in humans. Borgbjerg and 
Svenssson (11) administered preservative-free ket-
amine 5 mg intrathecally to rabbits for 14 consecutive 
days and concluded that it bore no evidence of harm-
ful neurotoxic effects, even after repeated injections. 
It is suggested that various factors, like preservatives 
(chlorobutanol and benzethonium chloride), the use of 
multiple drugs for an extended period of time, and the 
indwelling intrathecal catheters may be responsible for 
neurological complications (9-13). By contrast, Yu et al 
(14) reported that ketamine provided potent protective 
effects against the ischemic reperfusion in spinal cord 
injuries.  

Hawksworth and Serpell (21) studied intrathecal 
ketamine (0.75 – 0.9 mg/kg) in patients undergoing 
transurethral resection of the prostate. Of the 10 pa-
tients studied, 6 required general anesthesia because 
of inadequate surgical analgesia. The study was aban-
doned because of the high incidence of central effects. 
Kathirvel et al (28) studied the effect of intrathecal ket-
amine added to bupivacaine and found that it had a 
local anesthetic sparing effect, but the high incidence 
of adverse effects limited its use. Sandler et al (29) sug-
gested that epidural ketamine may have an additive ef-
fect on opioids and local anesthetics.

Finck and Ngai (23) reported that ketamine has ag-
onist action at opiate receptors. Bion (30) used ketamine 
to produce surgical anesthesia, injecting it intrathecally 
for war injuries, and found no interference with cardio-
vascular or respiratory functions. Bion (30) used 5 – 50 
mg ketamine. The mean onset time of analgesia was 

Table 2. Time to first request of  rescue analgesia and total intravenous PCA morphine consumption (mg) in the first 24 hours 
postoperatively.

Item Group I (n = 30) Group II (n = 30) Group III (n = 30) P value

Time of first request (h) 3.50 ± 1.57 7.42 ± 1.43* 13.00 ± 7.31* < 0.000

Total IV PCA morphine consumption (mg) 9.16 ± 3.63 8.66 ± 3.49 6.67 ± 2.8** < 0.03

Number of patients requested rescue analgesia
No. (%) 30 (100%) 21 (70%) 3 (10%) --

Data are expressed as mean ± SD. 
P: significance between groups. 
*= significance to GI. 
** = significance to GI and GII.

Table 3. Postoperative adverse events.

Item Group I (n = 30) Group II (n = 30) Group III (n = 30) P value

Hypotension 3 (10.0%) -- 1 (3.3%) 0.160

Hypertension -- -- -- --

Nausea 6 (20.0%) 5 (16.7%) 4 (13.3%) 0.787

Vomiting 4 (13.3%) 4 (13.3%) 4 (13.3%) 1

Arrhythmia -- -- -- --

Nystagmus -- 1 (3.3%) 1 (3.3%) 0.60

Dissociative effects -- 2 (6.7%) 3 (10.0%) 0.221

Strange feelings -- 2 (6.7%) 3 (10.0%) 0.227

Dizziness -- 2 (6.7%) -- 0.129

Chest pain -- 2 (6.7%) 1 (3.3%) 0.355

Dreams -- 2 (6.7%) 2 (6.7%) 0.351

Sedation -- 3 (10.0%) 5 (16.7%) <0.03

Data are expressed as number and percentages. 
P: significance between groups.   
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1.7 minutes and duration was 45 – 90 minutes.
Shrestha et al (31), when comparing intrathecal 

anesthesia with 2 mL (10 mg) hyperbaric bupivacaine 
0.5% plus 25 mg preservative-free ketamine to 2 mL (10 
mg) hyperbaric bupivacaine 0.5% plus 25μg fentanyl, 
concluded that the addition of ketamine produced fast-
er onset of sensory and motor blockade, although it did 
not prolong the duration of spinal analgesia compared 
to the addition of fentanyl in parturients undergoing 
caesarean section with spinal anesthesia.

Khezri and colleagues (32) found that intrathe-
cal ketamine 0.1 mg/kg co-administered with spinal 
bupivacaine elongated the time to the first analgesic 
request and reduced the total analgesic consumption 
in the first 24 postoperative hours in comparison to bu-
pivacaine alone in the control group following elective 
cesarean delivery.

Togal et al (33) reported that intrathecal S (+) ket-
amine administered with a low dose of bupivacaine 
provides shorter motor and sensory block onset time, 
shorter duration of action, and less motor blockade in 
elderly men undergoing prostatic surgery.

Dexmedetomidine, an imidazole compound, is the 

pharmacologically active dextroisomer of medetomi-
dine that displays specific and selective α2-adrenoceptor 
agonism (34). An α2-adrenoceptor agonist acts by bind-
ing to presynaptic C-fibers and postsynaptic dorsal horn 
neurons; they produce analgesia by depressing the 
release of C-fiber transmitters and hyperpolarization 
postsynaptic dorsal horn neurons (35).

Al-Mustafa et al (36) studied the effect of intrathe-
cal dexmedetomidine 5 μg and 10μg with bupivacaine 
in urological procedures and found that dexmedeto-
midine prolongs the duration of spinal anesthesia in a 
dose–dependent manner. Shukla et al (37) compared 
dexmedetomidine with magnesium sulfate used as an 
adjuvant to bupivacaine for both lower abdominal and 
lower limb procedures and concluded that the onset 
of anesthesia was rapid and of prolonged duration in 
the dexmedetomidine group compared to magnesium 
sulfate.

Mohamed et al (38) concluded that intrathecal 5 
μg dexmedetomidine improves the quality and the du-
ration of postoperative analgesia and also provides an 
analgesic sparing effect in patients undergoing major 
abdominal cancer surgery.

Fig. 6. Incidence of  side effects.
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In our study, there was a statistically significant re-
duction in pulse rate and systolic and diastolic blood 
pressure intra-operative in the dexmedetomidine group 
(group I) and the combined ketamine and dexmedeto-
midine group (group III) when compared with the ket-
amine group (group II). In the postoperative period 
there were no significant differences between groups 
in postoperative systolic and diastolic blood pressure. 
This was in agreement with Al-Ghanem et al (39) and 
Mohamed et al (38) where the use of dexmedetomidine 
was found to be associated with a decrease in heart 
rate and blood pressure. Shulka et al (37) and Gupta et 
al (40) found that the addition of dexmedetomidine to 
bupivacaine is associated with hemodynamic stability.

The hypotensive effect of dexmedetomidine re-
sults from stimulation of α2-inhibitory neurons in the 
medullary vasomotor center (nucleus reticularis late-
ralis) of the brainstem, which leads to a reduction in 
norepinephrine release and sympathetic nerve outflow 
from the CNS to the peripheral tissues. Bradycardia is 
caused by an increase in vagal tone resulting from cen-
tral stimulation of parasympathetic outflow, as well as 
a reduced sympathetic drive (41).

Our results support the notion that the addition 
of dexmedetomidine to ketamine improves the anal-
gesic efficacy and reduces possible side effects of both 
of them. The mechanisms of the analgesic action of 
α2-agonists have not been fully elucidated. The acti-
vation of inwardly rectifying G1-protein-gated potas-
sium channels results in membrane hyperpolarization 
decreasing the firing rate of excitable cells in the CNS. 
This is considered a significant mechanism of inhibi-
tory neuronal action of α2-adrenoceptor agonists (42). 
Another prominent physiologic action ascribed to α2-
adrenoceptors is their reduction of calcium conduc-
tance into the cell, thus inhibiting neurotransmitter 
release. These 2 mechanisms represent 2 very different 
ways of effecting analgesia: in the first, the nerve is pre-
vented from ever firing, and in the second, it cannot 
propagate its signal to its neighbor (42).

Clinically, ketamine has been reported to produce 
not only general but also local anesthesia (6,30). It also 
interacts with NMDA receptors (43-45), opioid recep-

tors (46,47), monaminergic receptors (47- 49), and volt-
age-sensitive Ca+2 channels (50,51).

In this study, the intrathecally administered ket-
amine as an adjuvant to bupivacaine 0.05% at a dose of 
0.1 mg/kg alone or combined with dexmedetomidine 5 
µg was not associated with serious central or other side 
effects. This may be explained by both the low dose of 
ketamine used, and its combination with dexmedeto-
midine. To our knowledge, there is no published work 
in the literature on the combination between intrathe-
cal dexmedetomidine and ketamine for postoperative 
analgesia following major abdominal cancer surgery. 

This study is limited by its small sample size, and 
the, relatively, short follow-up period. Further studies 
with a larger sample size and possible extension of the 
follow-up period for more than 24 hours to see how 
this can change the efficacy of analgesia and opioid 
consumption are required. 

Conclusion

In conclusion, the combination of intrathecal dex-
medetomidine and ketamine provided superior postop-
erative analgesia, prolonged the time to first request 
of rescue analgesics, and reduced the total consump-
tion of PCA morphine, without serious side effects com-
pared to either drug alone.

Contribution
Drs. Sahar Abdel-Baky Mohamed, Ahmad Moham-

mad Abd El-Rahman, Khaled Mohamed Fares had full 
access to all the data in the study and take responsi-
bility for the integrity of the data and the accuracy of 
the data analysis. Drs. Khaled Mohamed Fares and Ah-
mad Mohammad Abd El-Rahman designed the study 
protocol. Drs. Sahar Abdel-Baky Mohamed and Khaled 
Mohamed Fares managed the literature searches and 
summaries of previous related work and wrote the first 
draft of the manuscript. 

Drs. Sahar Abdel-Baky Mohamed, Ahmad Moham-
mad Abd El-Rahman, and Khaled Mohamed Fares pro-
vided revision for intellectual content and final approv-
al of the manuscript. 



Pain Physician: July 2016; 19:E829-E839

E838 	 www.painphysicianjournal.com

References

1.	 Laulin JP, Célèrier E, Larcher A, Le Moal 
M, Simonnet G. Opiate tolerance to dai-
ly heroin administration: Apparent phe-
nomenon associated with enhanced pain 
sensitivity. Neuroscience 1999; 89:631e6.

2.	 Ivankovich AD, Miletich DJ. Cardiovascu-
lar effects of ketamine in goats. Anesth 
Analg 1974; 53:924-933.

3.	 Bansal SK, Bhatia VK, Bhatnagar NS. 
Evaluation of intrathecal ketamine in 
emergency surgery. Ind J Anaesth 1994; 
42:32-36.

4.	 Soliman MG, Brinale GF, Kuster G. Re-
sponse to hypercapnia under ketamine 
anaesthesia. Can Anaesth Soc J 1975; 
22:486.

5.	 Iida H, Dohi S, Tanahashi T, Watanabe 
Y, Takenaka M. Spinal conduction block 
by intrathecal ketamine in dogs. Anesth 
Analg 1997; 85:106-110.

6.	 Dowdy EG, Kaya K, Gocho Y. Some phar-
macologic similarities of ketamine, lido-
caine, and procaine. Anesth Analg 1973; 
52:839-842.

7.	 Crisp T, Perrotti JM, Smith DL, Stafinsky 
JL, Smith DJ. The local monoaminergic 
dependency of ketamine. Eur J Pharma-
col 1991; 194:167- 172. 

8.	 Ahuja BR. Analgesic effects of intrathe-
cal ketamine in rats. Br J Anaesth 1983; 
55:992.

9.	 Malinovsky JM, Lepage JY. Is ketamine 
or its preservative responsible for neuro-
toxicity in the rabbit? Anesthesiology 1993; 
78:109-115.

10.	 Rojas AC, Alves JG, Moreira E Lima R, 
Esther Alencar Marques M, Moreira de 
Barros GA, Fukushima FB, Modolo NS, 
Ganem EM. The effects of subarachnoid 
administration of preservative-free S(+)-
ketamine on spinal cord and meninges 
in dogs. Anesth Analg 2012; 114: 450-455.

11.	 Borgbjerg FM, Svenssson BA. Histopa-
thology after repeated intrathecal injec-
tions of preservative free ketamine in the 
rabbits: A light and electron microscopic 
examination. Anesth Analg 1994; 79:105-
111.

12.	 Vranken JH, Troost D, Wegener JT, Kruis 
MR, van der Vegt MH. Neuropatholog-
ical finding after continuous intrathe-
cal administration of S(+) ketamine for 
the management of neuropathic cancer 
pain. Pain 2005; 117: 231-235.

13.	 Vranken JH, Troost D, de Haan P, Pen-
nings FA, van der Vegt MH, Dijkgraaf 
MG, Hollmann MW. Severe toxic dam-
age to the rabbit spinal cord after intra-

thecal administration of preservative-
free S (1) ketamine. Anesthesiology 2006; 
105:813-818.

14.	 Yu QJ, Zhou QS, Huang HB, Wan YL, 
Tian SF, Duan DM. Effects of ketamine 
on the balance of ions Ca2, Mg2, Cu2 
and Zn2 in the ischemia-reperfusion af-
fected spinal cord tissues in rabbits. Neu-
rochem Res 2009; 34:2192-2196.

15.	 Khan ZP, Ferguson CN, Jones RM. α2 
and imidazoline receptor agonists: Their 
pharmacology and therapeutic role. An-
aesthesia 1999; 54:146-165.

16.	 Maze M, Scarfini C, Cavaliere F. New 
agents for sedation in the intensive care 
unit. Crit Care Clin 2001; 17:881.

17.	 Kamibayashi T, Maze M. Clinical uses of 
α2-adrenergic agonists. Anesthesiology 
2000; 93:1345-1349.

18.	 Tamsen A, Gordh T. Epidural clonidine 
produces analgesia. Lancet 1984; 2:231.

19.	 Aho M, Erkola O, Scheinin H, Kottila K. 
Comparison of dexmedetomidine and 
midazolam sedation and antagonism of 
dexmedetomidine with atipamezole. J 
Clin Anesth 1993; 5:194-203.

20.	 Ebert TJ, Hall JE, Barney JA, Uhrich TD, 
Colinco MD. The effects of increasing 
plasma concentration of dexmedetomi-
dine in humans. Anesthesiology 2000; 
93:382-394. 

21.	 Hawksworth C, Serpell M. Intrathecal 
anesthesia with ketamine. Reg Anesth 
Pain Med 1998; 23: 283-288.

22.	 Irifune M, Shimizu T, Nomoto M and 
Fukuda T. Ketamine-induced anesthesia 
involves the N-methyl-D-aspartate re-
ceptor-channel complex in mice. Brain 
Res 1992; 596:1-9.

23.	 Finck AD, Ngai SH. Opiate receptor me-
diation of ketamine analgesia. Anesthesi-
ology 1982; 56:291-297.

24.	 Tung A, Yaksh T. Analgesic effect of intra-
thecal ketamine in the rat. Reg Anesthesia 
1981; 6:91-94.

25.	 Hirota K, Lambert DG. Ketamine: Its 
mechanism(s) of action and unusual 
clinical uses. Br J Anesth 1996; 77:441-444.

26.	 Reich DL, Silvay G. Ketamine: An update 
on the first twenty-five years of clinical 
experience. Can J Anaesth 1989; 36:186-
197.

27.	 Winters WG, Ferrer-Allado T, Guzman-
Flores C, Alcaraz M. The cataleptic state 
induced by Ketamine: A review of the 
neuropharmacology of anesthesia. Neu-
ropharmacology 1972; 11:303-315.

28.	 Kathirvel  S, Sadhasivam  S, Saxena  A, 
Kannan  TR, Ganjoo P. Effects of in-
trathecal ketamine added to bupiva-
caine for spinal anaesthesia. Anaesthesia 
2000; 55:899-904.

29.	 Sandler AN, Schmid R, Katz J. Epidur-
al ketamine for postoperative analgesia. 
Can J Anaesth 1998; 45:99-102.

30.	 Bion J. Intrathecal ketamine for war sur-
gery. A preliminary study under field 
conditions. Anesthesia 1984; 39:1023-
1028.

31.	 Shrestha SN, Bhattarai B, Shah R. Com-
parative study of hyperbaric bupivacaine 
plus ketamine vs bupivacaine plus fen-
tanyl for spinal anaesthesia during cae-
serean section. Kathmandu Univ Med J 
2013; 11:287-291.

32.	 Khezri MB, Ghasemi J, Mohammadi N. 
Evaluation of the analgesic effect of ket-
amine as an additive to intrathecal bupi-
vacaine in patients undergoing cesarean 
section. Acta Anaesthesiol Taiwan 2013; 
51:155-160. 

33.	 Togal T, Demirbilek S, Koroglu A, Yapi-
ci E, Ersoy O. Effects of S (+) ketamine 
added to bupivacaine for spinal anaes-
thesia for prostate surgery in elderly pa-
tients. Eur J Anaesthesiol 2004; 21:193-
197.

34.	 Metz SA, Halter JB, Robertson RP. In-
duction of defective insulin secre-
tion and impaired glucose tolerance by 
clonidine. Selective stimulation of met-
abolic alpha-adrenergic pathways. Dia-
betes 1978; 27:554-562.

35.	 Fairbanks CA, Wilcox GL. Spinal anti-
nociceptive synergism between mor-
phine and clonidine persists in mice 
made acutely or chronically tolerant to 
morphine. J Pharmacol Exp Ther 1999; 
288:1107-1116. 

36.	 Al-Mustafa MM, Abu-Halaweh SA, Alo-
weidi AS, Aloweidi AS, Murshidi MM, 
Ammari BA, Awwad ZM, Al-Edwan GM, 
Ramsay MA. Effect of dexmedetomidine 
added to spinal bupivacaine for urologi-
cal procedure. Saudi Med J 2009; 30:360-
370.

37.	 Shukla D, Verma A, Agarwal, Pandey 
HD, Tyagi C. Comparative study of in-
trathecal dexmedetomidine with intra-
thecal magnesium sulfate used as ad-
juvants to bupivacaine. J Anesthesiol Clin 
Pharmacol 2011; 27:495-499.

38.	 Mohamed AA, Fares KM, Mohamed 
SAE. Efficacy of intrathecally adminis-
tered dexmedetomidine versus dexme-



Intrathecal Dexmedetomidine, Ketamine, and Both for Postoperative Abdominal Surgery Pain

www.painphysicianjournal.com 	 E839

detomidine with fentanyl in patients 
undergoing major abdominal cancer 
surgery. Pain Physician 2012; 15:339-348.

39.	 Al-Ghanem SM, Massad IM, Al-Musta-
fa MM, Al-Zaben KR, Qudaisat IY, Qa-
tawneh AM, Abu-Ali HM. Effect of add-
ing dexmedetomidine versus fentanyl to 
intrathecal bupivacaine on spinal block 
characteristics in gynecological proce-
dures: A double blind controlled study. 
Am J Appl Sci 2009; 6:882-887.

40.	 Gupta R, Verma R, Bogra J, Kohli M, 
Raman R, Kushwaha JK. A comparative 
study of intrathecal dexmedetomidine 
and fentanyl as adjuvants to bupiva-
caine. J Anaesthesiol Clin Pharmacol 2011; 
27:339-343.

41.	 Talke P, Chen R, Thomas B, Aggar-
wall A, Gottlieb A, Thorborg P, Heard S, 
Cheung A, Son SL, Kallio A. The hemo-
dynamic and adrenergic effects of peri-
operative dexmedetomidine infusion af-
ter vascular surgery. Anesth Analg 2000; 
90:834-839.

42.	 Bimbaumer L, Abramowitz J, Brown 

AM. Receptor-effector coupling by G 
proteins. Biochim Biophys Acta 1990; 
1031:163-224.

43.	 Salt TE, Wilson DG, Prasad SK. Antag-
onism of N-methylaspartate and syn-
aptic responses of neurons in the rat 
ventrobasal thalamus by ketamine and 
MK-801. British Journal of Pharmacology 
1988; 94:443-448.

44.	 Hall R, Murdoch J. Brain protection: 
Physiological considerations. Part II: The 
pharmacology of brain protection. Ca-
nadian Journal of Anesthesia 1990; 37:762-
777.

45.	 Brockmeyer DM, Kendig JJ. Selective ef-
fects of ketamine on amino acid-me-
diated pathways in neuronal rat spinal 
cord. British Journal of Anesthesia 1995; 
74:79-84.

46.	 Smith DJ, Bouchal RL, DeSanctics CA, 
Monroe PJ, Amedro JB, Perrotti JM, 
Crisp T. Properties of the interaction 
between ketamine and opiate binding 
sites in vivo and in vitro. Neuropharma-
cology 1987; 26:1253-1260.

47.	 Hurstveit O, Maurset A, Oye I. Interac-
tion of the chiral forms of ketamine with 
opioid, phencyclidine, and muscarinic 
receptors. Pharmacology and Toxicology 
1995; 77:355- 359.

48.	 Mimura MA, Namiki R, Kishi T, Ikeda 
T, Miyake H. Central cholinergic action 
produces antagonism to ketamine anes-
thesia. Acta Anesthesiologica Scandinavia 
1992; 36:460-462.

49.	 Durieux ME. Inhibition by ketamine 
of muscarinic acetylcholine receptor 
function. Anesthesia and Analgesia 1995; 
81:57-62.

50.	 Baum VC, Tecson ME. Ketamine inhib-
its transsacrolemmal calcium entery 
in guinea pig myocardium: Direct evi-
dence by single cell voltage clamp. Anes-
thesia and Analgesia 1991; 73:804 -807.

51.	 Yamakage M, Hirshman CA, Croxton 
TL. Inhibitory effects of thiopental, ket-
amine, and propofol on voltage- depen-
dent Ca+2 channels in porcine trache-
al smooth muscle cells. Anesthesiology 
1996; 83:1274-1282.




