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Abstract

Objectives: To assess the analgesic efficacy and tolerability of co-administration of pre-emptive single oral dose
of sustained release morphine and sub- anesthetic ketamine infusion for modified radical mastectomy (MRM) with
axillary evacuation.

Methods: Sixty four adult female patients scheduled for MRM were divided to two groups, morphine group (n=32)
received preoperative oral sustained release morphine tablet, 30 mg and placebo group (n=32) received placebo
tablet. Both groups received preoperative ketamine bolus, 0.5 mg/kg followed by continuous infusion 0.1 mg/kg/h for
24 h postoperatively. VAS pain score, time to first analgesic request, 24 h analgesic consumption were reported.

Results: The mean VAS pain score during movement was significantly decreased in morphine group in
comparison to placebo group from 2 h till 72 h postoperatively, 2 h (2.87 ± 1.0 vs. 4.53 ± 1.67) mean difference
(-1.67) (95% CI)-(2.38-0.95), 72 h (1.20 ± 0.76 vs. 1.83 ± 0.91) mean difference (-0.63) (95% CI)-(1.07-0.20) while
the mean VAS pain score during rest was significantly decreased in morphine group in comparison to placebo group
from 2 h till 24 h postoperatively, 2 h (2.03 ± 0.85 vs. 3.47 ± 0.93) mean difference (-1.33) (95% CI)-(1.78-0.90), 24 h
(1.40 ± 0.72 vs. 1.77 ± 0.68) mean difference (-0.37) (95% CI)-(0.73-0.01).

The median (IQ) time to first analgesic request was significantly delayed in morphine group in comparison to
placebo group, 11.8 (9.7:14.2) h vs. 2.3 (2.1:2.5) h, (P<0.001).

The number (percentage) of patients required paracetamol in the first postoperative 24 h was significantly lower
in morphine group in comparison to placebo group, 10 (33%) vs. 30 (100 %) (P<0.001).

Conclusion: Analgesic technique based on pre-emptive sustained release oral morphine and perioperative
infusion of sub-anesthetic dose of ketamine provides satisfactory analgesia for patients undergoing MRM.
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Introduction
It is estimated that more than 50% of women will suffer moderate to

severe acute pain following breast cancer surgery. It seriously affects
quality of life through the combined impact of physical disability and
emotional distress [1]. Surgical trauma induces hyperalgesia and
allodynia. These enhanced reactions to noxious or non-noxious stimuli
result from peripheral and/or central sensitization [2,3].

Pre-emptive analgesia is the administration of a drug before the
onset of a painful stimulus that could reduce pain to a much greater
extent than when the drug administered after the painful stimulus [4].
Opioids are considered the foundation of standard analgesic regimens
for moderate-to-severe pain [5]. In addition to the broad value of
morphine derivatives in clinical practice, their use as analgesic
premedication before general anesthesia has aroused increasing
interest [6]. Regularly dosed oral morphine has gained acceptance as
the treatment of choice for patients with chronic cancer pain but is
rarely used to treat acute postoperative pain. Ketamine has been used
for treatment of acute pain. It is N-methyl-D-aspartate receptor

(NMDA-R) antagonist [7], exerts anti-allodynic effect through
induction of synthesis and release of nitric oxide [8]. It binds to mu-
receptors to increase the effectiveness of opioid-induced signalling [9].
Previous studies have found that co-administration of parenteral
ketamine and morphine decrease intensity of pain as well as side
effects [10,11], however, some studies revealed no benefit [12,13]. The
analgesic efficacy of pre-emptive oral morphine and parenteral
ketamine infusion is not studied before, so the aim of this study is to
assess the analgesic efficacy and tolerability of preoperative single oral
dose of sustained release morphine in patients receiving continuous
infusion of sub- anesthetic dose of ketamine for patients undergoing
MRM.

Methods
The study was approved by Institutional Ethics Committee of South

Egypt Cancer Institute, the ethical approval number is
(SECI20150196). Assuit University and a written informed consent for
participation in the current clinical trial were obtained from each
patient.
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Inclusion and exclusion criteria
Sixty four adult women, American Society of Anesthesiologists

(ASA) physical status class I and II, scheduled for modified radical
mastectomy with axillary evacuation were included. The exclusion
criteria were patients with known allergy or intolerance to any of the
drugs used in the trial, pregnancy, history of drug abuse, preoperative
opioid medication, history of postoperative nausea and vomiting
(PONV), and history of ileus, liver dysfunction and patients suffering
from uncontrolled hypertension or ischemic heart disease.

Randomization and blindness
Patients were randomly assigned to one of two groups: morphine

group (n=32), where patients received orally 2 h before surgery
sustained release morphine tablet (MST) 30 mg or placebo group
(n=32), where patients received placebo tablet 2 h before surgery. The
hospital pharmacists performed the randomization schedule using a
computer-generated random number list. They masked the study
medication by packing placebo and MST into two identical capsules in
color and appearance to make the drugs unrecognizable. The study
drugs were packed in opaque plastic containers labelled with the
randomization numbers. The randomization code was opened at the
end of the study.

Interventions
The night before surgery (in the anesthesia clinic), each patient was

instructed how to evaluate their own pain intensity using the Visual
Analogue Scale (VAS), scored from 0 to 10 (where 0=no pain and 10 =
the worst pain imaginable).

In the preoperative area (2 hours before the operation), patients
received the concerned study drug; morphine (MST) 30 mg tablet or
placebo tablet according to randomization schedule.

In the operative room, monitoring probes (ECG, pulse oximeter and
none invasive blood pressure) were attached and a peripheral venous
line was established.

Both groups were administered intravenous ketamine bolus, 0.5
mg/kg, just before induction of anesthesia, followed by 0.1 mg/kg/h
continuous intravenous infusion for 24 h postoperatively. General
anesthesia was induced with propofol 2-3 mg/kg and fentanyl 2 µg/kg,
followed by cisatracurium 0.15 mg/kg to facilitate endotracheal
intubation. Anesthesia was maintained with sevoflurane in 40%
oxygen in air and cisatracurium 0.03 mg/kg on demand. Heart rate
and mean arterial blood pressure (MAP) were maintained within 20%
of the preoperative baseline values by giving IV bolus doses of fentanyl
50 µg if the MAP or heart rate increased more than 20% from the
baseline values. Ephedrine 10 mg was given IV as needed to keep MAP
more than 65 mm Hg. Atropine 0.01 mg/kg was given IV if heart rate
decreased less than 50 beat/ minute.

Before skin closure, all patients received IV paracetamol, 1 gm. The
postoperative analgesia consisted of intravenous paracetamol (1 gm)
infusion on demand in the first postoperative day and if the patient is
still in pain, rescue analgesia with intravenous morphine, 5 mg diluted
in 5 ml saline was administered by a nurse. In the subsequent
postoperative days (in the home), analgesia was provided through
regular paracetamol tablets, 1 gm every 8 h. Moderate to severe PONV
was treated with IV ondansetron 4 mg. No other analgesics or anti-
emetics were administered during the first 24 postoperative hours.

Assessments and outcomes
Time to first request for analgesic medication and the first 24 h

analgesic consumption were recorded. Intensity of pain, assessed at rest
and during movement, defined as (elevation of the arm from
adduction to 90 degree abduction). Nausea and sedation were
evaluated by the patients on a verbal rating scale scored from 0 to 3:
none, light, moderate, and severe nausea or sedation. The need for
anti-emetics in the first 24 hours postoperatively was recorded.
Episodes of hallucinations, dizziness or nightmares were recorded by
asking the patient 24 h postoperatively. Other potential side effects
were recorded.

Primary outcome variable was the intensity of pain assessed with
VAS pain score at rest and movement measured at the following
postoperative time points (2, 6, 12, 24) h in the hospital by a nurse and
at (36, 48, 72) h in home through a telephone. The secondary outcome
variables were time to first analgesic request as well as 24 h analgesic
consumption and morphine-ketamine related adverse events (nausea,
vomiting, sedation, episodes of hallucinations and dizziness or night
mares).

Statistical analysis
Statistical analysis was carried out on a personal computer using

SPSS version 22 software. The primary outcome (the VAS pain score)
was normally distributed using the Anderson-Darling test and
comparisons between groups were done by unpaired student’s t test
and subsequent analysis was achieved by linear mixed effect model for
repeated measures examining the following effects: group, time, and
group-by-time interaction. While the secondary outcome variable,
time to first analgesic request was not normally distributed and
expressed as medians (IQ range) and comparison between groups was
done by the Mann-Whitney U test and elucidated by Kaplan-Meier
survival analysis. Qualitative data were reported as counts and
percentages, and differences between groups were analyzed with the χ2

test or Fisher exact test, as appropriate, where continuous data were
described as mean ± standard division (SD) and (95% confidence
interval), P<0.05 was considered statistically significant. Based on a
preliminary pilot study of 10 patients in each group, we reported a
mean ± SD of placebo group=4 ± 1.67 and a mean ± SD of morphine
group=3.1 ± 1 Therefore, it was estimated that a minimum 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
Eighty patients were assessed for eligibility and sixty patients

completed the study. The flow of patients through the study was
illustrated in Figure 1.

Demographic data and patient’s characteristics were similar
between groups (Table 1).

The mean VAS pain score during movement was significantly
decreased in morphine group in comparison to placebo group at all
measured time points during the first 72 h postoperatively, while the
mean VAS pain score during rest was significantly decreased in
morphine group in comparison to placebo group during the first
postoperative 24 h only. Detailed data was shown in (Table 2).
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Figure 1: The flow of patients through the study.

 Variable Morphine group

(n=30)

Placebo group

(n=30)

P value

Age (years) 46.7 ± 7.8 43.4 ± 7.3 0.087

Weight (Kg) 79.2 ± 16.3 77.4 ± 12.4 0.120

Height (Cm) 166.9 ± 5.2 162.8 ± 5.4 0.961

ASA grade, n (%)

I 18 (60.0%) 20 (66.7%) 0.789

II 12 (40.0%) 10 (33.3%)

Duration of surgery (min) 140.9 ± 38.3 130.5 ± 27 0.693

Duration of anesthesia (min) 148.3 ± 38.3 142 ± 25.8 0.458

Data was presented as means ± SD or counts and percentages

Table 1: Demographic data and patient’s characteristics.

Variable Morphine

N=30

Placebo

N=30

Mean
difference

95% CI (mean
difference)

VAS at
movement

Mean ± SD Mean ± SD

2 h 2.87 ± 1.00* 4.53 ± 1.67 -1.67 -(2.38-0.95)

6 h 2.67 ± 0.96* 4.23 ± 1.14 -1.57 -(2.11-1.02)

12 h 2.47 ± 0.81* 3.66 ± 0.88 -1.57 -(1.64-0.76)

24 h 2.10 ± 0.71* 2.93 ± 0.58 -0.83 -(1.17-0.50)

48 h 1.53 ± 0.82* 2.13 ± 0.57 -0.60 -(0.97-0.23)

36 h 1.70 ± 0.47* 2.13 ± 0.51 -0.43 -(0.69-0.18)

72 h 1.20 ± 0.76* 1.83 ± 0.91 -0.63 -(1.07-0.20)

VAS at rest Mean ± SD Mean ± SD

2 h 2.03 ± 0.85* 3.47 ± 0.93 -1.33 -(1.78-0.90)

6 h 1.90 ± 0.92* 3.33 ± 0.71 -1.27 -(1.68-0.85)

12 h 1.77 ± 0.97* 2.37 ± 0.96 -0.50 -(0.98-0.02)

24 h 1.40 ± 0.72* 1.77 ± 0.68 -0.37 -(0.73-0.01)

48 h 1.10 ± 0.48 1.23 ± 0.73 -0.13 -(0.45-0.19)

36 h 1.03 ± 0.56 1.20 ± 0.66 -0.17 -(0.48-0.15)

72 h 0.60 ± 0.68 0.77 ± 0.73 -0.17 -(0.53-0.20)

Footnote: *=p value<0.05

Table 2: postoperative VAS pain score at movement and rest.

The median (IQ) time to first analgesic request was significantly
delayed in morphine group in comparison to placebo group, 11.8
(9.7:14.2) h vs. 2.3(2.1:2.5) h, (p<0.000) (Table 3).

variable Morphine (n=30) Placebo (n=30) P value

Time to first analgesic request (h) 11.8(9.7:14.2) 2.3 (2.1:2.5) 0.00

Patients required analgesic in 24 h (n, %) 10 (33%) 30 (100) 0.00

paracetamol (1 gm) (n, %) 8 (26.7%) 1 (3.33%) 0.02

paracetamol (2 gm) (n, %) 2 (6.7%) 12 (40%) 0.01

paracetamol (3 gm) (n, %) 0 16 (53.3%) 0.00

Patients required morphine (5 mg) (n, %) 0 8 (26.7%) 0.00

Patients required morphine (10 mg) (n, %) 1 (3.33%) 2 (6.7%) 0.05

Footnote: Data was presented as median (1Q) range and numbers (percentages).

Table 3: Duration of postoperative analgesia and analgesic consumption.
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Regarding postoperative analgesic consumption, the number
(percentage) of patients required postoperative paracetamol was
significantly lower in morphine group in comparison to placebo group,
10 (33%) vs. 30 (100%) (p<0.001). The number (percentage) of patients
required paracetamol in the first 24 h postoperatively was in morphine
group vs. placebo group, paracetamol (1 gm) 8 (26.7%) vs. 1 (3.33%)
(p<0.02), paracetamol (2 gm) 2 (6.7%) vs. 12 (40%) (p<0.01),
paracetamol (3 gm) (0) vs. 16 (53.3%) (p<0.00) (Table 3). The number
of patients required intravenous morphine was significantly lower in
morphine group in comparison to placebo group 1 (3.33%) vs. 10
(33%) (Table 3).

The number of patients suffered from postoperative nausea and
vomiting (PONV) was not statistically different between groups. The
incidence of sedation was not statistically different between groups and
none of the studied population suffered from excessive sedation. The
number of patients complaining of dizziness was significantly
increased in morphine group in comparison to placebo group (7 vs. 3)
P<0.01). Detailed frequencies of adverse events were shown in Table 4.

Variable Morphine

(n=30)

Placebo

(n=30)

Sedation (none/mild/moderate/severe, n)

2 h 23/6/1/0 24/5/1/0

6 h 22/8/0/0 27/3/0/0

12 h 27/3/0/0 30/0/0/0

24 h 30/0/0/0 29/1/0/0

PONV (none/mild/moderate/severe, n)

2 h 22/6/1/1 25/4/1/0

6 h 25/3/2/0 27/3/0/0

12 h 27/3/0/0 29/1/0/0

24 h 29/1/0/0 29/0/1/0

Patients required ondansetron, (n) 5 3

Dose of ondansetron (4,8,16) mg 4/1/0 2/1/0

Patients hallucinating (n) 1 2

Patients with nightmares (n) 2 1

Patients with dizziness (n) 7* 3

Footnote: *=p value<0.05

Table 4: Postoperative adverse events in the first postoperative 24 h.

Discussion
The current study showed that preoperative medication with single

dose oral morphine for patients receiving continuous infusion of sub-
anesthetic dose of ketamine delayed time to first analgesic demand,
reduced postoperative analgesic consumption and decreased the pain
intensity during the first 72 h postoperatively without serious adverse
events [14].

Opioids are still widely used prior to surgery to smooth induction of
anesthesia, contribute to balanced anesthesia and provide

postoperative pain relief. Morphine has been used as a premedication
through different routes of administration including intra-muscular,
oral sustained release and trans-buccal route [15-17].

The beneficial analgesic efficacy of combined ketamine and
morphine administration was reported extensively in literature, In
contrast to all previous studies that evaluated the addition of ketamine
to PCA morphine for postoperative analgesia [10-12], the current
study is unique in evaluation of analgesic efficacy of single oral dose of
sustained release morphine for patients receiving continuous infusion
of sub-anesthetic dose of ketamine. We found that two thirds of
morphine group do not need any additional analgesics and expressed
significantly lower VAS pain score for 72 h postoperatively.

The benefit of adding MST preoperatively is to supply the patients
with a low and continuous dose of morphine in the initial
postoperative phase, that should reduce overall analgesic consumption.

The rational of using continuous infusion of sub-anesthetic dosage
of ketamine that started preoperatively and continued for 24 h
postoperatively is firstly, acute post-mastectomy pain is essentially
neuropathic due to surgical trauma of intercostal nerves, specifically
intercosto-brachial nerves and ketamine is one of the effective drugs
against neuropathic pain, secondly, it has been reported that
perioperative ketamine may reduce the development of chronic
postoperative pain via NMDA receptor blockade with subsequent
reduction of wind-up and central sensitization [18].

The improvement in postoperative analgesia in the morphine group
was consistent with previous study administered a single dose oral
morphine, 10 or 20 mg for patients undergoing laparoscopic gastric
bypass surgery [19].

Furthermore, it has been shown in two studies that oral and
intramuscular pre-medication with morphine derivatives is able to
reduce postoperative pain [20,21]. In contrast, other researchers
observed no significant benefit of preoperative administration of
sublingual buprenorphine or oral controlled-release morphine
derivatives with regard to postoperative pain relief [22].

In the current study, we preferred to administer MST, 2 h before
surgery as previous study reported that maximum plasma
concentrations of morphine were recorded after 2.5 hours [23]. The
smallest ketamine plasma concentration to counteract hyperalgesia
while producing minimal side effects was shown to be 60 µg/ml [24].
This concentration was achieved by giving an initial bolus dose of
ketamine 0.5 mg/kg, followed by a continuous infusion of 2 µg/kg/min
[25], which was consistent with our study.

The improvement of analgesia produced by morphine-ketamine
combination is explained by that painful stimulus activates NMDA
receptors and produce hyperexcitability of dorsal root neurons. This
induces central sensitization, expansion of the receptive field and
wind-up phenomenon. Ketamine, a noncompetitive antagonist of
NMDA receptors, can prevent the development of central sensitization
caused by stimulation of peripheral nociception as well as blocking the
wind-up phenomenon [26]. It has also been reported that mu-receptor
activation by opioids leads to a sustained increase in glutamate
synaptic effectiveness at the level of NMDA receptors. Moreover,
opiates act at multiple sites in the central nervous system.
Supraspinally, at locus ceruleus, nucleus raphe magnus, periaqueductal
gray, medial thalamus, and limbic structures. Spinally, at the dorsal
horn where the receptors are located pre- and postsynaptic [27,28].
Thus, MST when given preoperatively, it reduces pain impulses
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arriving to the neuroaxis and subsequently prevention of central
sensitization.

Study limitation deserves mentioning is we did not follow up
patients for detection of chronic post-mastectomy pain as the study
was powered only for detection of changes of acute pain intensity.
Future studies should concentrate on the effect of morphine-ketamine
co-administration on occurrence of chronic post-mastectomy pain.
This combination may be of great value for operations with severe
acute postoperative pain such as thoracotomy and spine surgeries.

In conclusion, analgesic technique based on pre-emptive sustained
release oral morphine and perioperative infusion of sub-anesthetic
dose of ketamine provides satisfactory analgesia for patients
undergoing conservative breast cancer surgery.

References
1. Katz J, Poleshuck EL, Andrus CH, Hogan LA, Jung BF, et al. (2005) “Risk

factors for acute pain and its persistence following breast cancer surgery,”
Pain 119: 16-25.

2. Benrath J, Brechtel1y C, Stark J, Sandkühler J (2005) Low dose of S (+)-
ketamine prevents long-term potentiation in pain pathways under strong
opioid analgesia in the rat spinal cord in vivo. Br J Anaesth 95: 518-523.

3. Sandkühler J (2000) Learning and memory in pain pathways. Pain 88:
113-118.

4. Singh H, Kundra S, Singh RM, Grewal A, Kaul TK, et al. (2013)
Preemptive analgesia with Ketamine for Laparoscopic cholecystectomy.
Anaesthesiol Clin Pharmacol. 29: 478-484.

5. Kelly DJ, Ahmad M, Brull SJ (2001) Preemptive analgesia I: physiological
pathways and pharmacological modalities. Can J Anaesth 48: 1000-1010.

6. Rahimi M, Farsani DM, Naghibi K, Alikiaii B (2016) Preemptive
morphine suppository for postoperative pain relief after laparoscopic
cholecystectomy. Adv Biomed Res. 16: 5-57.

7. Mehta AK, Halder S, Khanna N, Tandon OP, Sharma KK (2012)
Antagonism of stimulation-produced analgesia by naloxone and N-
methyl-D-aspartate: Role of opioid and N-methyl-D-aspartate receptors.
Hum Exp Toxicol 31: 51-56.

8. Romero TR, Galdino GS, Silva GC, Resende LC, Perez AC, et al. (2011)
Ketamine activates the L-arginine/nitric oxide/cyclic guanosine
monophosphate pathway to induce peripheral antinociception in rats.
Anesth Analg 113: 1254-1259.

9. Gupta A, Devi LA, Gomes I (2011) Potentiation of mu-opioid receptor-
mediated signaling by ketamine. J Neurochem 119: 294-302.

10. Adriaenssens G, Vermeyen KM, Hoffmann VL, Mertens E, Adriaensen
HF (1999) Postoperative analgesia with i.v. patient controlled morphine:
effect of adding ketamine. Br J Anaesth 83: 393-396.

11. Javery KB, Ussery TW, Steger HG, Colclough GW (1996) Comparison of
morphine and morphine with ketamine for postoperative analgesia. Can J
Anaesth 43: 212-215.

12. Reeves M, Lindholm DE, Myles PS, Fletcher H, Hunt JO (2001) Adding
ketamine to morphine for patient-controlled analgesia after major

abdominal surgery: a double-blinded, randomized controlled trial.
Anesth Analg 93: 116-120.

13. Burstal R, Danjoux G, Hayes C, Lantry G (2001) PCA ketamine and
morphine after abdominal hysterectomy. Anaesth Intensive Care 29:
246-251.

14. Aida S, Yamakura T, Baba H, Taga K, Fukuda S, et al. (2000) Preemptive
analgesia by intravenous low-dose ketamine and epidural morphine in
gastrectomy. Anesthesiology 92: 1624-1630.

15. Simpson KH, Tring IC, Ellis FR (1989) An investigation of premedication
with morphine given by the buccal or intramuscular route. Br J Clin
Pharmacol 27: 377-380.

16. Pinnock CA, Derbyshire DR, Elling AE, Smith G (1985) Comparison of
slow release morphine (MST) with intramuscular morphine for
premedication. Br J Anaesth 40: 1082-1085.

17. Fisher AP, Vine P, Whitelock J, Hanna M (1986) Buccal morphine
premedication. Anaesthesia 41: 1104-1111.

18. Sawynok J (2014) Topical and peripheral ketamine as an analgesic.
Anesth Analg 119: 170-178.

19. Hedberg J, Zacharias H, Janson L, Sundbom M (2016) Preoperative Slow-
Release Morphine Reduces Need of Postoperative Analgesics and
Shortens Hospital Stay in laparoscopic Gastric Bypass. Obes Surg 26:
757-761.

20. Bullingham RE, O’Sullivan G, McQuay HJ, Poppleton P, Rolfe M, et al.
(1984) Mandatory sublingual buprenorphine for postoperative pain.
Anaesthesia 39: 329-334.

21. Hanks GW, Rose NM, Aherne GW, Piall EM, Fairfield S (1981)
Controlled-release morphine tablets. A double blind trial in dental
surgery patients. Br J Anaesth 53: 1259-1264.

22. Slowey HF, Reynolds AD, Mapleson WW, Vickers MD (1985) Effect of
premedication with controlled release oral morphine on postoperative
pain. A comparison with intramuscular morphine. Anaesthesia 40:
438-440.

23. Hoskin PJ, Hanks GW, Aherne GW, Chapman D, Littleton P (1989) The
bioavailability and pharmacokinetics of morphine after intravenous, oral
and buccal administration in healthy volunteers. Br J Clin Pharmacol 27:
499-505.

24. Leung A, Wallace MS, Ridgeway B, Yaksh T (2001) Concentration effect
relationship of intravenous alfentanil and ketamine on peripheral
neurosensory thresholds, allodynia and hyperalgesia of neuropathic pain.
Pain 91: 177-187.

25. Schmid RL, Sandler AN, Katz J (1999) Use and efficacy of low-dose
ketamine in the management of acute postoperative pain: a review of
current techniques and outcomes. Pain 82: 111-125.

26. Woolf CJ, Thompson SW (1991) The induction and maintenance of
central sensitization is dependent on N-methyl-d-aspartate acid receptor
activation: implication for the treatment of post-injury pain
hypersensitivity states. Pain 44: 293-299.

27. Pert A, Yaksh T (1974) Sites of morphine induced analgesia in primate
brain: Relation to pain pathways. Brain Res 80: 135-140.

28. Fields HL, Martin JB (2001) Pain: pathophysiology and management, in
Braunwald E, Hauser SL, Fauci AS (eds): Harrison’s Principles of Internal
Medicine (ed 15). New York, NY, McGraw-Hill, pp 55-60.

 

Citation: Mohammad MA, Hetta DF, Abd-Elemam RM, Kamal SM (2017) Preoperative Oral Morphine and Sub-Anesthetic Ketamine Co-
Administration Reduce Acute Post-Mastectomy Pain. J Anesth Clin Res 8: 728. doi:10.4172/2155-6148.1000728

Page 5 of 5

J Anesth Clin Res, an open access journal
ISSN:2155-6148

Volume 8 • Issue 5 • 1000728

https://doi.org/10.1016/j.pain.2005.09.008
https://doi.org/10.1016/j.pain.2005.09.008
https://doi.org/10.1016/j.pain.2005.09.008
https://doi.org/10.1093/bja/aei215
https://doi.org/10.1093/bja/aei215
https://doi.org/10.1093/bja/aei215
http://insights.ovid.com/pubmed?pmid=11050365
http://insights.ovid.com/pubmed?pmid=11050365
https://dx.doi.org/10.4103%2F0970-9185.119141
https://dx.doi.org/10.4103%2F0970-9185.119141
https://dx.doi.org/10.4103%2F0970-9185.119141
https://doi.org/10.4103/2277-9175.178804
https://doi.org/10.4103/2277-9175.178804
https://doi.org/10.4103/2277-9175.178804
https://doi.org/10.1177/0960327111417908
https://doi.org/10.1177/0960327111417908
https://doi.org/10.1177/0960327111417908
https://doi.org/10.1177/0960327111417908
https://doi.org/10.1213/ANE.0b013e3182285dda
https://doi.org/10.1213/ANE.0b013e3182285dda
https://doi.org/10.1213/ANE.0b013e3182285dda
https://doi.org/10.1213/ANE.0b013e3182285dda
https://doi.org/10.1111/j.1471-4159.2011.07361.x
https://doi.org/10.1111/j.1471-4159.2011.07361.x
https://academic.oup.com/bja/article/83/3/393/311131/Postoperative-analgesia-with-i-v-patient
https://academic.oup.com/bja/article/83/3/393/311131/Postoperative-analgesia-with-i-v-patient
https://academic.oup.com/bja/article/83/3/393/311131/Postoperative-analgesia-with-i-v-patient
https://doi.org/10.1007/BF03011736
https://doi.org/10.1007/BF03011736
https://doi.org/10.1007/BF03011736
http://insights.ovid.com/pubmed?pmid=11429351
http://insights.ovid.com/pubmed?pmid=11429351
http://insights.ovid.com/pubmed?pmid=11429351
http://insights.ovid.com/pubmed?pmid=11429351
http://www.aaic.net.au/document/?D=2000005
http://www.aaic.net.au/document/?D=2000005
http://www.aaic.net.au/document/?D=2000005
http://anesthesiology.pubs.asahq.org/article.aspx?articleid=2020038
http://anesthesiology.pubs.asahq.org/article.aspx?articleid=2020038
http://anesthesiology.pubs.asahq.org/article.aspx?articleid=2020038
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0306-5251&date=1989&volume=27&issue=3&spage=377
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0306-5251&date=1989&volume=27&issue=3&spage=377
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0306-5251&date=1989&volume=27&issue=3&spage=377
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=11&spage=1082
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=11&spage=1082
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=11&spage=1082
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=11&spage=1082
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=11&spage=1082
https://doi.org/10.1213/ANE.0000000000000246
https://doi.org/10.1213/ANE.0000000000000246
https://doi.org/10.1007/s11695-015-1817-1
https://doi.org/10.1007/s11695-015-1817-1
https://doi.org/10.1007/s11695-015-1817-1
https://doi.org/10.1007/s11695-015-1817-1
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1984&volume=39&issue=4&spage=329
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1984&volume=39&issue=4&spage=329
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1984&volume=39&issue=4&spage=329
https://wwww.unboundmedicine.com/medline/citation/7032558/Controlled_release_morphine_tablets__A_double_blind_trial_in_dental_surgery_patients_
https://wwww.unboundmedicine.com/medline/citation/7032558/Controlled_release_morphine_tablets__A_double_blind_trial_in_dental_surgery_patients_
https://wwww.unboundmedicine.com/medline/citation/7032558/Controlled_release_morphine_tablets__A_double_blind_trial_in_dental_surgery_patients_
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=5&spage=438
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=5&spage=438
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=5&spage=438
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0003-2409&date=1985&volume=40&issue=5&spage=438
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0306-5251&date=1989&volume=27&issue=4&spage=499
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0306-5251&date=1989&volume=27&issue=4&spage=499
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0306-5251&date=1989&volume=27&issue=4&spage=499
http://127.0.0.1/?genre=article&sid=nlm:pubmed&issn=0306-5251&date=1989&volume=27&issue=4&spage=499
http://insights.ovid.com/pubmed?pmid=11240090
http://insights.ovid.com/pubmed?pmid=11240090
http://insights.ovid.com/pubmed?pmid=11240090
http://insights.ovid.com/pubmed?pmid=11240090
http://insights.ovid.com/pubmed?pmid=10467917
http://insights.ovid.com/pubmed?pmid=10467917
http://insights.ovid.com/pubmed?pmid=10467917
http://insights.ovid.com/pubmed?pmid=1828878
http://insights.ovid.com/pubmed?pmid=1828878
http://insights.ovid.com/pubmed?pmid=1828878
http://insights.ovid.com/pubmed?pmid=1828878
http://www.sciencedirect.com/science/article/pii/0006899374907318?via%3Dihub
http://www.sciencedirect.com/science/article/pii/0006899374907318?via%3Dihub

	Contents
	Preoperative Oral Morphine and Sub-Anesthetic Ketamine Co-Administration Reduce Acute Post-Mastectomy Pain
	Abstract
	Keywords:
	Introduction
	Methods
	Inclusion and exclusion criteria
	Randomization and blindness
	Interventions
	Assessments and outcomes
	Statistical analysis

	Results
	Discussion
	References


