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ABSTRACT
Breast surgery under epidural procedure is a secure, accepted alternative to general anesthesia 
and can increase the outcome postoperatively with less cost. Postoperative analgesia provides 
a better outcome, early regain of activity with the least side effects, and early discharge. This 
study compares the analgesic efficacy of thoracic epidural ketamine versus thoracic epidural 
tramadol when added to bupivacaine at 0.5% for patients who underwent mastectomy under 
epidural anesthesia.
Methods: Our study included 50 female participants belonging to the 18–60-year-old age 
group who were epidurally anesthetized for mastectomy operation. Participants were ran-
domly assigned to the ketamine group (epidural bupivacaine and ketamine 50 mg) (KG) and 
the tramadol group (epidural bupivacaine and tramadol 1 mg/kg) (TG). Pain was measured 
using the visual analog scale (VAS), and the consumption of rescue analgesia was recorded as 
well. Nausea and vomiting, sedatives, and vasopressors were recorded and compared between 
both groups.
Results: KG showed a decrease in VAS scores, less consumption of rescue analgesia, lesser 
need for antiemetic, and has demanded for more sedation in comparison with TG when 
observed in the post-anesthesia care unit (PACU) for 24 h postoperatively. Our study could 
not detect significant differences between groups among recorded demographic data, hemo-
dynamic parameters, or the need for vasopressors.
Conclusion: Epidural ketamine provided a better analgesia and less need to rescue analgesia, 
less incidence of nausea and vomiting, but more sedation when compared with epidural 
tramadol at a dose of 1 mg/kg
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1. Introduction

The classic procedure for breast surgery is general 
anesthesia, which has many drawbacks, including 
incomplete pain control, more nausea and vomiting, 
late hospital discharge, and depression of the immune 
system [1]. Regional anesthesia has the advantage of 
prolonged postoperative analgesia, less incidence of 
thromboembolism, cost-effectiveness, in addition to 
hemodynamic stability [2]. Many regional techniques 
are used for breast surgery, including thoracic epidural 
block (TEA), paravertebral block, pectoral nerve block, 
and erector spine block. Breast surgery under TEA is 
a secure, accepted alternative method to general 
anesthesia and can improve the outcome postopera-
tively with less cost [1,2]. TEA also blunts the stress 
response, avoids airway handling, provides better 
analgesia, and resumes feeding and home return ear-
lier, so it has been used by several centers as an effec-
tive method of anesthesia for mastectomy [1,2]. 
Postoperative analgesia provides a better outcome, 
early regain of activity and function with least side 
effects and early hospital discharge. Several drugs are 
used to provide analgesia for acute postoperative pain, 

such as paracetamol, non-steroidal anti-inflammatory 
drugs, and narcotic analgesics [3–5]. Perfect analgesic 
is one with rapid onset, prolonged effect, and without 
adverse effects [6]. Unfortunately, there is no analgesic 
that can provide all these advantages. Opioids are the 
drugs of choice for severe pain control despite their 
potential side effects, including depression of respira-
tion, addiction, and risk of overdose, which might lead 
to death [7–9]. Accordingly, physicians are searching 
for safer drugs and procedures for the treatment of 
severe postoperative pain. Regimens of analgesia for 
pain relief after mastectomy differ significantly; how-
ever, many novel analgesic protocols, especially regio-
nal blocks procedures (e.g., pectoral nerves and erector 
spinae plane blocks), have been created during the last 
years in addition to epidural and paravertebral blocks. 
A systematic review on analgesic methods concentrat-
ing on breast operations was essentially needed. The 
methodology considers clinical experience, efficacy, 
and complications of analgesic procedures [2]. 
Administration of analgesics through an epidural 
route is beneficial for postoperative pain relief, as 
they decrease perioperative morbidity and mortality 
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by attenuating autonomic and neuroendocrine 
response to surgical trauma [10]. Many epidural sup-
plements augment and prolong postoperative analge-
sia beyond the local anesthetic effect, including 
opioids, ketamine, steroids, midazolam, clonidine, dex-
medetomidine, neostigmine or epinephrine. Owing to 
its antagonistic activity on N-methyl-D-aspartate 
(NMDA) receptors, sodium channel blocking effect, 
monoaminergic descending inhibitory system activa-
tion, in addition to its opioid and cholinergic receptors 
activating effect, ketamine has been used with local 
anesthetic successfully to augment epidural anesthesia 
and analgesia [11–15]. Epidural morphine offered 
effective postoperative pain relief; however, its use 
may be associated with emesis, itching, depression of 
respiration and urinary retention as well [16–18]. 
Tramadol is a synthetic opioid which has a low (weak) 
affinity to μ opioid receptors and its mechanism of 
action is described as multimodal as it inhibits seroto-
nin and epinephrine reuptake and stimulates the 
release of serotonin presynaptically, leading to 
increase in the spinal descending inhibitory system; 
also 5-hydroxytryptamine3 (5-HT3) receptors are pre-
sent on the dorsal horn superficial lamina. This explains 
its analgesic potency, which is considered as effective 
as pethidine based on several studies [19].

The aim of our study was to compare the perio-
perative analgesic efficacy and safety of ketamine ver-
sus tramadol when added to epidural bupivacaine 
0.5% for patients who underwent mastectomy under 
thoracic epidural anesthesia.

Patients and methods: After approval of medical 
ethics of Sohag Faculty of Medicine under IRB 
Registration number: Soh-Med-22-01-22 and obtain-
ing written informed consent, 50 participants were 
included in this prospective, randomized and double- 
blind study, aged from 18 to 60 years, classified accord-
ing to American Society of Anesthesiology as ASA I and 
II. All participants were scheduled for mastectomy 
under thoracic epidural anesthesia as a sole anesthetic.

Technique: Patients were randomly divided into 
two groups using sealed envelopes technique; keta-
mine group (KG) (n = 25) received 10 mL of 0.5% 
bupivacaine with 50 mg ketamine and tramadol 
group (TG) (n = 25) received 10 mL of 0.5% bupivacaine 
with 1 mg/kg tramadol (Figure 1). Exclusion criteria 
include the refusal of participation, puncture site infec-
tion, coagulopathy, anatomical anomalies, technical 
difficulties, and uncorrected hypovolemia.

Participants did not receive any premedication. Upon 
arrival to the operation room and after insertion of the 
venous catheter, patients were infused with a crystalloid 
solution, and basic monitoring was applied (SpO2%, 
noninvasive blood pressure, electrocardiogram, and 
temperature). Under aseptic technique and while the 
patient was in a sitting position, a thoracic epidural 
catheter was inserted by an experienced anesthetist, 

who was blinded to the additive mixed with bupiva-
caine at T5–T6 or T6–T7 using 18-G Tuohy needle with 
loss of resistance to saline technique followed by fixa-
tion. Patients returned to the supine position after 
a negative test dose (3 ml of lidocaine 1% with epi-
nephrine 1:200,000); all patients received sedation with 
intravenous midazolam 3 mg and oxygen supply with 
the nasal cannula at a rate of 2–3 L/min. After confirm-
ing a successful block using the pinprick method, sur-
gery was started. Top-up doses of bupivacaine 0.5% 1– 
2 ml/h were given during surgery or if there were signs 
of insufficient anesthesia (patient pain complaint, tachy-
cardia, hypertension). Also, insufficient sedation was 
treated with intermittent doses of midazolam. For seda-
tion assessment, we used the Filos et al. [20] numeric 
scale, which consists of 4 degrees of consciousness 
shown in Table 1, and our target was level 2 or 3.

Ephedrine bolus 5–10 mg was given intravenously to 
correct hypotension if systolic blood pressure decreased 
below 90 mmHg or 20% less than the baseline measure-
ment. Heart rate decrease below 50 beats/minute will 
be treated with atropine 0.6 mg boluses intravenously. 
The severity of postoperative pain was assessed imme-
diately on admission to the PACU, then 1, 6, 12, 18, and 
24 h postoperatively using the visual analog scale (VAS) 
varying from 0, which means no pain, to 10, analogous 
to worst imaginable pain. Paracetamol 1 g intravenous 
infusion every 6 h was administered to all participants. 
Participants were allowed to receive intravenous nalbu-
phine 2 mg if VAS was >3. Metoclopramide 10 mg 
intravenous was given to those complaining of nausea 
and vomiting. Both participants and investigators who 
assessed the outcome measurements were blinded to 
the type of additive.

2. Data collection

Primary outcome: Comparison of postoperative visual 
analog scale (VAS), between KG and TG.

Secondary outcome: Comparison of total consump-
tion of nalbuphine and metoclopramide, intraopera-
tive consumption of ephedrine, atropine, midazolam 
and bupivacaine and postoperative vomiting, systolic 
and diastolic blood pressure and heart rate, between 
KG and TG.

Data were analyzed using STATA version 14.2 (Stata 
Statistical Software: Release 14.2 College Station, TX: 
StataCorp LP.).

Sample size was calculated based on a previous simi-
lar study, but they used morphine instead of tramadol. 

Table 1. Filos et al. [20] sedation scoring.
Sedation score Level of sedation

1 Awake and alert
2 Awake and responsive to verbal stimuli
3 Drowsy but arousable by physical stimuli
4 Sleepy and unarousable
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Mean VAS after 24 h postoperativly was 2.25 ± 1.6 for 
the subgroup of morphine [21]. Twenty-two partici-
pants from every group were enough to detect the 
decrease in VAS with type I error of 0.05 and power of 
80%. The number was elevated to 25 patients.

Quantitative data were expressed as median, mean, 
standard deviation and range. Data were analyzed by 
a t-test of normally distributed data. When the values 
were not spread normally, the Mann–Whitney test was 
used in comparison between two different groups. 
Qualitative data were expressed as numbers and per-
centages and compared using the Chi-square test. 
Graphs were produced by using Excel or STATA pro-
gram. pValue was considered significant if it was less 
than 0.05.

3. Results

Our results showed that KG had lower statistically signifi-
cant pain scores (VAS) than the TG at PACU admission 
(p-value <0.05) at 1, 6, 12, 18, and 24 h (p-value <0.05) 
after surgery completion (Table 2). Also, the KG had lower 

consumption of nalbuphine doses than TG (2.96 ± 5.07 in 
KG and 9.44 ± 6.15 mg in TG with p-value <0.05) for 
rescue analgesia (Table 3), and a lower incidence of post-
operative vomiting (only 1 patient in KG and 7 patients in 
TG with p-value <0.05 (Table 4) with lower metoclopra-
mide (p < 0.05) consumption as compared to TG 
(Table 3). Sedation score was lower in KG than TG 
(1 ± 0), (1.44 ± 0.71), respectively (p-value = 0.004) 
(Table 5), so consumption of midazolam was higher in 
the KG than in the TG, with a statistically significant 
difference (Table 3) (p-value <0.05). For intraoperative 
medications (bupivacaine, atropine, and ephedrine), 
there was no statistically significant difference between 
both groups (Table 3) (p-value >0.05).

There was no statistically significant difference 
between both groups regarding demographic data, 
surgery duration, and ASA classification (p-value >0.05) 
(Table 6).

Also, there was no statistically significant difference 
between both groups regarding the hemodynamic 
parameters (systolic and diastolic blood pressures) 
(p > 0.05) Figures 2 and 3). As regards heart rate (HR) 

Table 2. VAS of studied population.
Variable TG N = 25 KG N = 25 p-Value

On admission from PACU 
Mean ± SD 
Median (range)

3.28 ± 0.84 
3 (2:5)

1.8 ± 1.04 
2 (0:3)

< 0.0001*

1 h after discharge from PACU 
Mean ± SD 
Median (range)

3.36 ± 0.86 
3 (2:5)

1.92 ± 0.95 
2 (1:4)

< 0.0001*

6 h after discharge from PACU 
Mean ± SD 
Median (range)

4.08 ± 0.76 
4 (3:5)

2.16 ± 1.40 
1 (1:5)

< 0.0001*

12 h after discharge from PACU 
Mean ± SD 
Median (range)

4.16 ± 0.85 
4 (2:5)

2.28 ± 1.49 
2 (1:5)

< 0.0001*

18 h after discharge from PACU 
Mean ± SD 
Median (range)

4.16 ± 0.85 
4 (2:5)

2.28 ± 1.49 
2 (1:5)

< 0.0001*

After 24 h after discharge from PACU 
Mean ± SD 
Median (range)

4.64 ± 0.91 
5 (3:6)

2.4 ± 0.76 
2 (1:4)

< 0.0001*

Values expressed as mean ± SD (standard deviation). N. number; %, percent; KG, ketamine group; TG, tramadol 
group; VAS, Visual Analog Scale; PACU, post-anesthetic care unit. *Significant p-value.

Table 3. Intraoperative medications and postoperative medications.
Variable TG N = 25 KG N = 25 p-Value

Nalbuphine (mg) 
Mean ± SD 
Median (range)

9.44 ± 6.15 
6 (2:20)

2.96 ± 5.07 
0 (0:18)

<0.0001 USD*

Metoclopramide (10 mg) 
No 
Yes

18 (72.00%) 
7 (28.00%)

24 (96.00%) 
1 (4.00%)

0.049 Œ*

Bupivacaine (mg) 
Mean ± SD 
Median (range)

61.0 ± 6.12 
60 (50:70)

62.6 ± 3.85 
65 (55:70)

0.27

Midazolam (mg) 
Mean ± SD 
Median (range)

2.52 ± 2.06 
3 (0:6)

4.2 ± 1.12 
4 (3:6)

0.002*

Atropine 
No 
Yes

23 (92.00%) 
2 (8.00%)

21 (84.00%) 
4 (16.00%)

0.67

Ephedrine 
No 
Yes

24 (96.0%) 
1 (4.0%)

22 (88.00%) 
3 (12.00%)

0.61

Values expressed as mean ± SD (standard deviation). N, number; %, percent; KG, ketamine group; TG, tramadol group. 
*Significant p value

674 M. A. RAHEEM ET AL.



changes, our results showed that patients in the KG 
had statistically significantly higher heart rate as com-
pared to the TG until 180 min after surgery, but with-
out tachycardia (p-value <0.05) (Figure 4).

4. Discussion

The main outcome of our study was the superiority of 
a single dose of 50 mg ketamine as a postoperative 
analgesic when compared with a single dose of 1 mg/ 
kg tramadol as an additive to bupivacaine 0.5% in TEA 
for females who underwent mastectomy under TEA. 
This was noticed as low VAS; at admission to PACU, 
after 1, 6,12, 18, and 24 h (p-value ˂ 0.0001) after admis-
sion to PACU with less analgesic consumption as 
noticed by low nalbuphine (2.96 ± 5.07 mg for KG and 
9.44 ± 6.15 mg for TG) used 24 h postoperatively 
(p-value ˂ 0.0001). Also, our results showed that epidural 
ketamine was associated with less incidence of nausea 
and vomiting (only one patient in KG compared with 
seven patients in TG). Therefore, less antiemetic drug 
(Metoclopramide) was used. As regards intraoperative 
sedation score; it was lower in KG than TG (1 ± 0), 

Table 4. Intraoperative side effects.
Variable TG N = 25 KG N = 25 p-Value

Vomiting 
No 
Yes

18 (72.00%) 
7 (28.00%)

24 (96.00%) 
1 (4.00%)

0.049*

Values expressed as mean ± SD (standard deviation). N, number; %, percent; 
KG, ketamine group; TG, tramadol group. *Significant p value.

Table 5. Intraoperative sedation score.
Variable TG N = 25 KG N = 25 p-Value

Intraoperative sedation score 
Mean SD 
Median (range)

1.44 ± 0.71 
1(1:30)

1 ± 0 
1(1:1)

0.004*

Values expressed as mean ± SD (standard deviation). N, number; KG, 
ketamine group; TG, tramadol group. *Significant p value.

Table 6. Demographic data of the studied population.
Variable TG N = 25 KG N = 25 p-Value

Age/years 
Mean ± SD 
Median (range)

48.31 ± 12.10 
56 (26.2:60)

47.42 ± 13.18 
56.5 (25.5:60)

0.73

Height (cm) 
Mean ± SD 
Median (range)

158.72 ± 5.58 
158 (149:170)

158.36 ± 5.94 
158 (149:169)

0.83

Weight (kg) 
Mean ± SD 
Median (range)

71.95 ± 9.07 
73 (50:90)

73.25 ± 10.19 
75 (51:92)

0.64

ASA class 
I 
II

18 (72.00%) 
7 (28.00%)

20 (80.00%) 
5 (20.00%)

0.51

Duration of surgery (min) 
Mean ± SD 
Median (range)

122.48 ± 31.24 
130 (80:165)

135.4 ± 33.85 
130 (90:185)

0.10

Values expressed as mean ± SD (standard deviation). N, number; %, percent; KG, ketamine group; TG, 
tramadol group.

n; number 
authors own figure 

Assessed for 
eligibility 

(n=54)

Randomized 
(n=50)

Allocated to 
group TG 

(n=25)

Analysed (n=25)
Excluded from analysis (n=0)

Allocated to 
group KG 

(n=25)

Analysed (n=25)
Excluded from analysis 

(n=0)

Excluded 
(n=4)

Enrollment

Allocation 

Analysis

Figure 1. Flow diagram showing participants enrollment, allocation and analysis.
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(1.44 ± 0.71) respectively (p-value = 0.004), so more 
sedative (midazolam 4.2 ± 1.12 mg in KG compared 
with 2.52 ± 2.06 mg in TG) was needed. Epidural keta-
mine (EK) and epidural tramadol (ET) were used for 
postoperative analgesia in various types of surgeries. 
Archana et al. [22] studied the use of ketamine 
(30 mg) versus tramadol epidurally (100 mg) for 40 
patients with lower abdominal and lower limbs sur-
geries divided into two equal groups and also com-
pared the side effects of both drugs, and they 
concluded that analgesic time with tramadol was longer 
than that with ketamine, but nausea and vomiting were 
significant with tramadol and sedation was significant 
with ketamine. The findings of Archana et al., unlike our 
results, showed that the duration of analgesia was 

longer in the tramadol group, which might be explained 
by using a higher fixed dose of tramadol (100 mg) 
(1 mg/kg in our study) and a lesser dose of ketamine 
(30 mg) (50 mg in our study), which matched with the 
results of Reddy et al. [23], who studied the analgesic 
properties of one dose of ketamine (30 mg) versus one 
dose of tramadol epidurally (100 mg) for patients under-
went lower abdominal surgeries and they concluded 
that analgesic time with EK was shorter than that with 
ET. Though, they recorded that tramadol is superior to 
ketamine when used epidurally for lower abdominal 
surgeries as a postoperative analgesic. Salwa et al. [19] 
concluded that adding tramadol to levobupivacaine 
after beginning of general anesthesia for block of pec-
toral nerve before surgery and in females underwent 
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modified radical mastectomy causing bitter analgesia 
with significantly lower pain scores postoperatively, 
longer time to give first analgesic and more reduction 
in total analgesic dose than using levobupivacaine 
alone with no side effects. Mohamed et al. [24] used 
ET in a dose of 75 mg, and their results were comparable 
to ours in lowering the VAS score in the first 24 h post-
operatively. As regards Ek, many investigators proved its 
analgesic effect as Ozyalcinetal [16], who evaluated the 
benefits of intramuscular ketamine and epidural keta-
mine for analgesic control on 60 patients submitted for 
thoracotomy under general anesthesia, concluded that 
pre-emptive epidural ketamine is beneficial in decreas-
ing total analgesic needs. Patrical et al. [25], who studied 
epidural ketamine versus intravenous opioids on 85 
patients submitted for digestive surgery (operable colo-
nic cancer), concluded that epidural ketamine, provided 
significant pain control after major digestive surgery. 
Another study evaluated the EK by Fabrício et al. [21]. 
They compared 50 mg (s)ketamine versus 2 mg mor-
phine when added to ropivacaine in two groups of 
patients submitted to mastectomy. They found that 
the EK had less VAS scores up to 24 h postoperative 
(p-value = 0.0018) and less use of total analgesic dose 
than the morphine group and more midazolam dose in 
Ketamine group (8.77 ± 3.46 mg). Their findings are in 
agreement with ours as they used the same dose of 
ketamine in our study. In a study by Sethi et al. [26], they 
assessed the analgesic effect when ketamine was added 
to bupivacaine and epinephrine by patient-controlled 
epidural analgesia (PCEA) in participants who under-
went upper abdominal and thoracic surgeries. They 
concluded that adding ketamine to PCEA provided 
a better analgesic effect and reduced rescue analgesia 

consumption. The local anesthetic-like action of keta-
mine might explain the mechanism by which it exerts its 
effect when added to local anesthetics in neuraxial or 
peripheral nerve blocks which was confirmed and 
explained by Wagner et al. [27], who found that keta-
mine has sodium channel blocking action on the myo-
cytes of the experimental rats which is similar to local 
anesthetic effect. Coggeshall et al. [28] concluded that 
ketamine has been found to antagonize N-methyl- 
D-aspartate receptors which is thought to have an 
important role in pain sensation. Weber et al. [29], in 
their study on the toad, reported that painful and ther-
mal sensations were lost after subcutaneous infiltration 
of sciatic nerve with ketamine 0.5%. Mitra et al. [30] 
concluded that after tissue trauma, opioids stimulate 
NMDA receptors producing central sensitization and 
pain sensation. Weinbroum et al. [31] reported that 
single small dose of postoperative ketamine potentiates 
the analgesia produced by epidural morphine through 
its antagonizing effect on NMDA receptors in the pos-
terior horn of the spinal cord, hence, attenuating central 
sensitization and hyperalgesia.

Baraka et al. [3] found that administration of 100 mg 
of ET resulted in a more decrease in VAS score in all 
times of scoring than our results. The difference can be 
due to the use of a larger dose of tramadol in their study 
compared with our study (1 mg/kg) and due to the 
different times of injection, as they gave ET at skin 
closure. In contrast, we gave epidural tramadol before 
the start of surgery. In other studies, Siddik et al. [32] 
compared two doses of tramadol dose (100 and 
200 mg) with the control group who received no tra-
madol. They found that prolonged duration of analgesia 
was dose-dependent with tramadol but with a higher 
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incidence of side effects especially vomiting. Also, 
a study done by Singh et al. [33], who compared two 
doses of thoracic ET, 1 and 2 mg/kg, added to ropiva-
caine 0.2% for providing analgesia after upper abdom-
inal surgeries under general anesthesia found that 
lowering the VAS score and prolonged analgesia dura-
tion with the dose 2 mg/kg but associated with more 
side effects (nausea and vomiting).

In our study, vomiting was significantly higher in the 
tramadol group reached 28% compared with 4% in 
ketamine group (p-value <0.05). Baraka et al. [3] 
reported that nausea and vomiting incidence was 
20% (2 of 10 patients) among participants who 
received 100 mg tramadol epidurally. Surprisingly, 
nausea and vomiting incidence was much higher 
with epidural tramadol at 50%, as reported by Coluzzi 
et al. [34] study; however, with the use of smaller 
doses, the incidence was less. Postoperative nausea 
and vomiting with ET could be explained by stimula-
tion of the chemoreceptor trigger zone in the brain 
stem and vestibular apparatus as well. Furthermore, 
slowing of intestinal peristalsis [35–37].

Our study revealed that both EK and ET when used 
with bupivacaine are safe as regards hemodynamics 
(HR and BP) when administered with bupivacaine for 
TEA as hemodynamic stability was maintained, 
although higher HR values were found in GK but with-
out tachycardia.

In agreement with our results, Fabricio et al. [21] 
reported that when ketamine added to bupivacaine 
during thoracic epidural anesthesia for mastectomy; it 
provided hemodynamic stability with significant 
increase of HR when compared with morphine.

It is known that ketamine leads to elevation in HR and 
BP due to sympathetic stimulation and inhibition of 
reuptake of catecholamines, by central and peripheral 
mechanisms. The mechanism through which ketamine 
acts on the vascular system is complex. This drug also 
promotes adrenergic bundles norepinephrine release, 
increasing its venous blood concentration. Block epidu-
rally and benzodiazepines may abolish these results [26].

In a study done by Wagner et al [27], they concluded 
that ketamine is a sympathetic stimulant and has cate-
cholamine reuptake inhibitory effect, which is why it 
was expected to increase BP and HR. The complex 
mechanism of ketamine’s effect on the cardiovascular 
system is explained by the attenuation of barorecep-
tors’ function through its effect on NMDA receptors in 
solitary tract nuclei. Furthermore, it increases catecho-
lamine levels by promoting their release.

In contrast to our results, Mohamed et al. [24] 
reported significant reduction in BP and HR in TG and 
this can be explained as they used a fixed dose of 
tramadol 75 mg in all patients and 15 ml of bupiva-
caine 0.5% (10 ml in our study). Also, a study done by 
Paranjpe et al. [38] studied the addition of 50 mg 
tramadol to a mixture of lidocaine and bupivacaine in 

epidural anesthesia in lower limb surgeries, and found 
that there was significant reduction in HR and BP.

5. Conclusion

Ketamine in 50 mg single dose had a satisfactory 
analgesic effect when added to bupivacaine for 
patients who underwent mastectomy under thoracic 
epidural anesthesia, owing to its lower VAS scores, less 
consumption of rescue analgesia, and hemodynamic 
stability with less incidence of nausea and vomiting 
when compared to tramadol.

6. Limitations

We did not use a control group due to ethical factors.
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