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Ketamine versus neostigmine as adjuvants to bupivacaine during ultrasound- 
guided serratus anterior plane block in modified radical mastectomy. A 
randomized controlled trial
Bassant Mohamed Abdelhamid a,b, Samuel Samyc, Ahmed Abdalla a, Ahmed Saadc, Mohamed Ollaek a 

and Abeer Ahmed a

aDepartment of Anestheiology, Surgical ICU and Pain Management, Kasr-Alainy Faculty of Medicine, Cairo University, Giza, Egypt; 
bDepartment of Anesthesiology Armed Force College of Medicine, Cairo, Egypt; cNational Cancer Institute, Cairo University, Giza, Egypt

ABSTRACT
Background: This study aims to investigate the analgesic efficacy of ketamine and neostig-
mine as adjuvants to local anesthetic in ultrasound-guided Serratus anterior plane block for 
patients undergoing Modified Radical Mastectomy.
Methods: Ninety female patients aged 20–65 who were scheduled for a modified radical 
mastectomy under-combined general anesthesia and preoperative Serratus Anterior Plane 
Block were included. Three local anaesthetic mixtures were used, either 30 ml bupivacaine 
0.25% + 1 ml ketamine (50 mg) (Group K) or 30 ml bupivacaine 0.25% + 1 ml neostigmine 
(500 μg) (Group N) or 30 ml bupivacaine 0.25% + 1 ml normal saline (Group S). The first 
24 hours of postoperative morphine consumption was set as the primary outcome
Results: the 24 hr postoperative morphine consumption median was 3.0 (0.0–9.0) for group (S), 
1.5 (0.0–4.0) for group (N) and 0.0 (0.0–4.0) mg for group (K) with statistical significant (P value 
0.045). The first postoperative analgesic request was insignificant between group (K), group (N) 
and group (S) was (6.14 ± 5.17), (6.67 ± 3.18) and (5.89 ± 4.4 hr), respectively. The Intraoperative 
Fentanyl consumption showed a significant reduction in group (N) and group (K) 
(111.67 ± 30.64 and 110.00 ± 20.34, respectively) compared to group (S) (131.67 ± 42.51 μg). 
The numerical rating scale did not differ between study groups except at 8th and 16th hrs. 
Postoperatively.
Conclusion: The addition of 50 mg ketamine to 0.25% bupivacaine during preoperative 
ultrasound-guided SAPB combined with GA in female patients undergoing modified radical 
mastectomy decreased the 24 hr postoperative morphine consumption and the intraoperative 
fentanyl requirements while adding 500 µg neostigmine decreased the intraoperative fentanyl 
requirements.

Clinical trial registration: The study was registered at clinicaltrials.gov (NCT 04544228).
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1. Introduction

Modified Radical Mastectomy is the fundamental sur-
gical management for breast cancer. It accounts for 
31% of all breast surgeries [1]. Nearly 40–60% of 
patients experience severe acute postoperative pain. 
This pain might persist for 6–12 months and result in 
post-mastectomy pain syndrome and complex regio-
nal pain syndrome (causalgia) [2,3].

In the ultrasound-guided serratus anterior plane 
block (SAPB), the local anesthetic (LA) is injected in 
the compartment between the serratus anterior and 
latissimus dorsi muscles. SAPB anesthetizes the inter-
costobrachial nerve, lateral cutaneous branches of the 
intercostal nerves (T3–T9), long thoracic nerve, and 
thoracodorsal nerve. SAPB provides analgesia for 
breast and lateral thoracic wall surgeries [4].

Several pharmaceuticals, including dexamethasone, 
nalbuphine, and dexmedetomidine, have been used as 

adjuvants to LA during SAPB. They revealed a better 
analgesic profile with a reduced postoperative opioid 
consumption [5–7].

Ketamine, an intravenous anesthetic, has been used 
as an adjuvant to LA during combined sciatic-femoral 
nerve block [8], axillary block [9], infraclavicular bra-
chial plexus block [10], thoracic paravertebral block 
[11], Modified Pectoral Block [12], interscalene brachial 
plexus block [13], and femoral nerve block [14]. 
However, the ketamine results were controversial, 
varying from enhancing the LA’s onset and prolonged 
duration to not improving the onset or duration of the 
sensory block.

Neostigmine, a parasympathomimetic drug, proved 
efficacy as an adjuvant to LA during spinal anesthesia 
[15–17]. However, its analgesic efficacy as an adjuvant 
to LA in peripheral nerve blocks or interstitial plane 
blocks is still unclear [18].
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This study was designed to investigate the analgesic 
efficacy of ketamine compared to neostigmine as adju-
vants to LA in ultrasound-guided SAPB in patients 
undergoing Modified Radical Mastectomy. We hypothe-
sized that adding either neostigmine or ketamine to 
bupivacaine in ultrasound-guided SAPB would increase 
the total analgesic duration and decrease the total 24 hr 
postoperative morphine consumption compared to 
SAPB with bupivacaine only. The first 24 hr of post-
operative morphine consumption was set as the pri-
mary outcome. The time of the first request of 
analgesia and the total amount of intraoperative fenta-
nyl consumption were set as the secondary outcomes.

2. Methods

This randomized controlled double-blinded study was 
conducted in Cairo University Hospitals after being 
approved by the Research Ethics Committee of the 
Faculty of Medicine, Cairo University (email: kasralainir-
ec@gmail.com ID: MS-101 − 2020). The study was regis-
tered on ClinicalTrials.gov identifier: (ID: NCT 04544228 
on September 2020) before any patient was enrolled. 
Written informed consent was obtained from all 
patients. The Consolidated Standards of Reporting 
Trials (CONSORT) guidelines were followed.

Ninety female patients aged 20 to 65 years with ASA 
physical status II–III, BMI 20 − 35 kg/m2, who were 
scheduled for modified radical mastectomy under gen-
eral anesthesia were included in the study. Patients 
with ischemic heart disease, impaired pulmonary, 
liver, or kidney functions, long-standing diabetes, pre-
existing peripheral neuropathies, coagulopathy, and 
history of chronic pain or prolonged use of opioids 
were excluded from the study.

In the operating room, intravenous access was 
inserted, and Ringer acetate was started. Standard 
patient monitoring, including electrocardiogram (ECG), 
non-invasive blood pressure (NIBP), pulse oximetry, 
were connected. All patients were premedicated with 
IV midazolam 0.02 mg\kg. Patients were randomly allo-
cated into one of the three groups using computer- 
generated random numbers kept in sealed envelopes. 
Group K: Patients received SAPB with an injection of 
30 ml bupivacaine 0.25% + 1 ml ketamine (50 mg). 
Group N: Patients received SAPB with an injection of 
30 ml bupivacaine 0.25% + 1 ml neostigmine (500 μg). 
Group S: Patients received SAPB with an injection of 
30 ml bupivacaine 0.25% + 1 ml normal saline. The 
specific LA mixture solutions were prepared by 
a pharmacist who was not involved in the study.

2.1. Serratus Anterior Plane Block Technique 
(SAPB)

The patient was placed in the lateral decubitus posi-
tion with the surgical side upwards and arm abducted. 

A linear ultrasound transducer (6–13 MHz) (Fujifilm 
Sonosite M-Turbo Ultrasound System) was used. The 
probe was placed on the transverse plane of the mid-
axillary line at the fifth rib level. The rib, pleural line, 
and overlying serratus anterior and latissimus dorsi 
muscles were visualized. After local skin infiltration 
with 3 ml of lidocaine 2%, a 38-mm 22-gauge (22-G, 50- 
mm Stimuplex A, BBraun, Melsung, Germany) regional 
block needle was advanced in-plane at an angle of 
approximately 45 degrees towards the fifth rib with 
4 cm depth. After aspiration, a LA mixture was injected 
anteriorly to the rib and deep to the serratus anterior 
muscle.

General anesthesia was then induced intrave-
nously using fentanyl 2 μg/kg, propofol 2 mg /kg, 
and rocuronium 0.5 mg/kg. Anesthesia was main-
tained with inhaled sevoflurane 2–3% in oxygen/air 
(FiO2 = 0.5) and rocuronium 0.1 mg\kg every 30– 
40 minutes guided by a nerve stimulator. Patients 
were mechanically ventilated to keep the end-tidal 
CO2 at 30–35 mmHg. Intraoperative fentanyl 1 μg/ 
kg was given if MAP or HR increased >20% of the 
baseline values. The intraoperative MAP and HR were 
recorded before induction of GA (baseline reading), 
after induction of GA, after endotracheal intubation, 
before surgical incision, and at 30-min intervals until 
the end of surgery. Hypotension, defined as 
a reduction in the MAP > 20% of the baseline value, 
was treated by fluids and 5 mg ephedrine to be 
repeated to maintain MAP above 70 mmHg. 
Bradycardia, defined as HR < 50 beats/min, was trea-
ted by 0.4 atropine to be repeated if necessary. At the 
end of the surgery, the residual neuromuscular block-
ade was reversed using neostigmine (0.05 mg/kg) and 
atropine (0.02 mg/kg), and the patients were extu-
bated after complete recovery of the airway reflexes.

The patients were transferred to the post- 
anesthesia care unit (PACU), where the Numeric Pain 
Rating Scale (NRS), MAP, and HR were recorded on 
arrival (T0), and then at 2, 8, 12, and 24 hr postopera-
tively. Analgesia in the form of IV paracetamol 500 mg 
\6 hours were provided. Rescue analgesia, in the form 
of morphine 3 mg IV bolus dose, was provided when 
the patient indicated NRS ≥ 3 and to be repeated every 
15 minutes until NRS < 3. The maximum morphine 
daily dose was 0.5 mg/kg. The total morphine con-
sumption over the first 24 hr was recorded. The block 
was considered failed block if the patient required 
more than two doses of rescue analgesia in the 
first hour postoperatively. Postoperative nausea and 
vomiting (PONV) were recorded and treated by 
0.1 mg/kg of IV ondansetron. The morphine consump-
tion in the first 24 hr postoperatively was set as the 
primary outcome of this study. The following were set 
as secondary outcomes: (i) Time of the first request of 
analgesia (defined as the time interval between the 
end of LA injection until the NRS was ≥3). (ii) The 
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total amount of intraoperative fentanyl consumption. 
(iii) The intraoperative and postoperative HR and MAP. 
(vi) Block-related complications including LA toxicity, 
hematoma formation, and pneumothorax. (vii) 
Postoperative nausea and vomiting.

2.2. Sample size and Statistical analysis

Based on a previous study [13] and the assumption 
that neostigmine would give the same effect as keta-
mine when added to bupivacaine in serratus anterior 
block and would decrease the total amount of mor-
phine consumption in the first 24 hr postoperatively by 
(20%) when compared to control group (bupivacaine 

only). With α = 0.05, power of 80%, and an effect size of 
(0.34), a sample size of 90 patients (30 per group) was 
required. The G Power 3.1.9.2 program was used for 
the sample size calculation

Results are expressed as mean ± standard deviation, 
median (minimum-maximum), or number (%). 
Comparison between categorical data was performed 
using Chi-square test or Fisher exact test as appropri-
ate. Normality of datat was tested using Kolmogorov- 
Smirnov test. Comparison between normally distribu-
ted variables in the three groups was performed using 
one-way ANOVA test followed by Tukey test as a post 
hoc test if significant results occurred. The comparison 
was performed using the Kruskal Wallis test followed 

Analysis 

Analyzed (n=30) Analyzed (n=30) Analyzed (n=30) 

Enrollment 

Lost to follow-up (n=0) Lost to follow-up (n=0) Lost to follow-up (n=0) 

Follow-Up

Allocation 

Allocated to Group S (n=30) Allocated to Group D (n=30) Allocated to Group L (n=30) 

Assessed for eligibility (n=95) 

Excluded (n=8): 
-Not meeting inclusion criteria (n=3) 
-Decline to participate (n=2) 

Randomized (n= 90) 

Figure 1. Consort flow chart.

Table 1. Demographic data and characteristics of patient.
Control (S) 

(n = 30)
Neostigmine(N) 

(n = 30)
Ketamine (K) 

(n = 30) P value

Age (yrs.) 52.97 ± 8.87 50.87 ± 9.74 48.67 ± 11.39 0.259
Weight (kg.) 80.47 ± 9.15 80.90 ± 11.82 79.67 ± 10.5 0.900
Height (m) 1.67 ± 0.07 1.67 ± 0.07 1.68 ± 0.05 0.678
ASA (II/III) 27/3 (90%/10%) 26/4 (86.7%/13.3%) 28/2 (93.3%/6/7%) 0.690
MRM (Lt. /Rt.) 15/15 (50%/50%) 18/12 (60%/40%) 15/15 (50%/50%) 0.669
Duration of surgery (min.) 108.17 ± 21.28 110.03 ± 13.85 113.37 ± 22.08 0.578

Data were presented as: Mean ± SD, number of patients (percentage) %. A P-value is insignificant ≥ 0.05. MRM: modified radical mastectomy, ASA: 
American society of anesthesiologists.

358 B. M. ABDELHAMID ET AL.



by the Mann–Whitney test as a post hoc test if signifi-
cant results occurred in not normally distributed vari-
ables. Statistical analysis was performed using the 
Science software program (SPSS), version 23 
(Chicago, IL, USA). P value ≤ 0.05 was considered 
significant.

3. Results

Ninety-five patients were screened for eligibility. Three 
patients were excluded for not meeting the inclusion 
criteria, and two patients refused to participate. Ninety 
patients (30 per group) were included and completed 
the study. (Figure 1) The demographic data and dura-
tion of the surgery were comparable in the three study 
groups. (Table 1).

The total morphine consumption over the first 
24 hours postoperatively revealed a significant differ-
ence among the three studied groups (P-value 0.045). 
The recorded median value for the group (S) was 3.0 
(0.0–9.0) mg, versus 1.5 (0.0–4.0) mg for the group (N) 
and 0.0 (0.0–4.0) mg for the group (K). There was 
a significant reduction in group K compared to group 
S (P-value 0.013). However, there was no significant 
difference between group S and N (P-value 0.07) nor 
between groups K and N (P value 0.56). The time of the 
first analgesic request and the number of patients who 
required rescue analgesia were both comparable 
between the three groups. (Table 2)

NRS did not show significant differences between 
the three study groups during the first 8 hours post-
operatively. While at the eighth hr postoperatively, the 
NRS in group K [1.0 (1.0–2.0)] was significantly lower 
than that of both N and S groups [1.0 (1.0–3.0) and 1.0 
(1.0–4.0), respectively] with P-value of 0.009 and 0.02, 
respectively. At the 16th hr postoperatively, the NRS 
was significantly lower in group K compared to group 
N [1.0 (0.0–2.0) versus 1.0 (0.1–3.0) P-value 0.011] and 
was significantly lower in group N compared to group 
S [1.0 (1.0–4.0) P-value 0.011]. (Table 3)

The intraoperative fentanyl consumption was com-
parable between (K&N) groups. However, it revealed 
a significant reduction in the groups K&N 
(111.67 ± 30.64 μg and 110.00 ± 20.34 μg, respectively) 
compared to Group S (131.67 ± 42.51 μg) with 
a P-value of 0.019. The number of patients who 

required additional intraoperative fentanyl doses was 
comparable among the three groups.

The intraoperative hemodynamics revealed 
a significant increase in the HR in group K compared 
to groups N & S after induction of general anesthesia 
(P-value >0.001, 0.04, respectively), at skin incision 
(P-value >0.001, 0.01, respectively) and at 30th 
min intraoperative (P-value >0.001, 0.03, respectively). 
Group N revealed a decrease in the HR to reach the 
maximum at 90 min of the operative time compared to 
groups K &S with P-value 0.02 & 0.009, respectively. 
However, there was no statistically significant differ-
ence for each of the three studied groups compared to 
the baseline preoperative values. (Figure 2)

The intraoperative MAP revealed a statistically sig-
nificant decrease in groups K & N compared to group 
S in 60 (P-value 0.005, 0.001, respectively) and 90 min 
(P-value 0.001, 0.03, respectively). Also, group 
N showed a significant decrease compared to group 
S in the 120th min (P-value 0.013). Group K showed 
a significant decrease in the postinduction, 60th and 
90th minutes compared to baseline preoperative 
values (P-value 0.001, 0.005, 0.01, respectively). While 
no significant changes in groups S & N compared to 
baseline values. (Figure 3)

The postoperative HR revealed only a significant 
increase in group K during the 2nd hr compared to 
group S (P-value 0.02). (Figure 2). The postoperative 

Table 2. Intraoperative fentanyl consumption, postoperative morphine consumption, number of patients required morphine/ 
fentanyl, and time to first postoperative analgesia (hours).

Control (S) 
(n = 30)

Neostigmine (N) 
(n = 30)

Ketamine (K) 
(n = 30) P value

24 hrs. postoperative morphine consumption (mg) 3.0 (0.0–9.0) 1.5 (0.0–4.0) 0.0 (0.0–4.0) a 0.045*
Number of patients Required morphine 19 (63.3%) 15 (50.0%) 14 (46.7%) 0.392
Time of 1st request of analgesia (hr) 5.89 ± 4.4 6.67 ± 3.18 6.14 ± 5.17 0.873
Intraoperative fentanyl dose (µg) 131.67 ± 42.51 111.67 ± 30.64 a 110.00 ± 20.34 a 0.019*
Number of patients required fentanyl rather than induction dose 12 (40%) 6 (20%) 6 (20%) 0.129

Data are presented as Mean ± SD, median (minimum-maximum), or the number (percentage). Insignificant P-value > 0.05. a denotes significant P-value 
relative to control group.

Table 3. Postoperative numerical rating scale.

Control (S) 
(n = 30)

Neostigmine 
(N) 

(n = 30)
Ketamine (K) 

(n = 30) P value

Immediate 
postop.

1.0 (0.0– 
3.0)

1.0 (0.0–2.0) 1.0 (0.0–3.0) 0.119

2 hrs. 1.0 (1.0– 
2.0)

1.0 (0.0–3.0) 1.0 (1.0–2.0) 0403

4 hrs. 1.0 (1.0– 
3.0)

1.0 (0.0–3.0) 1.0 (1.0–3.0) 0.309

8 hrs. 1.0 (1.0– 
4.0)

1.0 (1.0–3.0) 1.0 (1.0–2.0) 
ab

0.021*

12 hrs. 1.0 (1.0– 
2.0)

1.0 (0.0–2.0) 1.0 (1.0–2.0) 0.272

16 hrs. 1.0 (1.0– 
4.0)

1.0 (0.0–2.0) a 1.0 (1.0–3.0) 
b

0.015*

20 hrs. 1.0 (1.0– 
2.0)

1.00 (0.0–3.0) 1.0 (1.0–2.0) 0.118

24 hrs. 1.0 (1.0– 
4.0)

1.0 (0.0–2.0) 1.0 (1.0–2.0) 0.057

Data presented as median (minimum-maximum). Non-significant P-value 
> 0.05. a denotes significant P-value relative to the control group. b 

denotes significant P-value relative to the neostigmine group.
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MAP showed a significant decrease in group k and 
N compared to group S in the 8th hr (P-value 0.03 & 
0.002, respectively) and 12th hr (P-value 0.002 & 0.002, 
respectively) . Group N showed a significant decrease 
compared to group S in the 24th hr (P-value 0.01). 
(Figure 3)

Compared to the baseline preoperative values, 
there was a statistically significant decrease in post-
operative MAP in group S and K in immediate 
postoperative hour (P-value 0.01& 0.028, respectively), 
2nd hr (P-value 0.03 & 0.008, respectively), 8th hr 
(P-value 0.03 & 0.005, respectively) and 12th hr 
(P-value 0.01 & 0.029 respectively). While in group N, 
there were no statistically significant differences rela-
tive to baseline readings within the same group 
throughout the study. (Figure 3)

The three groups were comparable regarding the 
PONV, Patients’ complaint of postoperative nausea 
was 7 (23.3%) in the group (N), and 10 (33.3%) in the 
group (K) compared to 7 (23.3%) in the group (S). 
Regarding postoperative vomiting, the number of 
patients for the group (N) was 4 (13.3%), and 3 
(10.0%) for the group (K) compared to 4 (13.3%) in 
the group (S).

For group (N), two patients showed intraoperative 
bradycardia, and three patients complained of preo-
perative abdominal colic. For group (K), two patients 
complained of preoperative hallucinations and 
nystagmus.

4. Discussion

The main findings of this study are that the addition of 
ketamine to bupivacaine during preoperative ultra-
sound-guided SAPB combined with GA in female 
patients undergoing modified radical mastectomy 
decreased the 24 hr postoperative morphine con-
sumption and the intraoperative fentanyl require-
ments compared to the control group. At the same 
time, adding neostigmine as an adjuvant decreased 
the intraoperative fentanyl requirements compared 
to the control group with no difference regarding the 
24 hr postoperative morphine consumption.

Ketamine exerts its antinociceptive effect through 
the blocking of N-methyl-d-aspartate receptors, 
increases the sensitization of the opioid system, and 
activation of aminergic (serotonergic and noradrener-
gic) with inhibition of its reuptake. Moreover, ketamine 
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has a direct inhibitory effect on nitric oxide synthase, 
which probably contributes to its analgesic 
effects [5,19].

The use of ketamine as an adjuvant to LA has been 
investigated in epidural analgesia with favorable out-
comes, but its analgesic effect in peripheral nerve blocks 
showed variable results [20]. It was previously demon-
strated that ketamine has a local anesthetic-like action 
through interaction with the rat myocyte’s sodium chan-
nel. Ketamine also blocks the N-methyl-D-aspartate 
receptors incorporated in the pain pathway [8–14]. The 
aforementioned effects could explain the trial of keta-
mine as an adjuvant during fascial plane blocks.

The analgesic efficacy of ketamine as an adjuvant to 
bupivacaine was previously studied by Omar et al., 
2012 [11] during the thoracic paravertebral block for 
breast surgery using a dose of (0.5 mg/kg). The authors 
found no difference in the 24 hr opioid consumption 
and analgesic duration. Authors attributed their results 
to the rapid absorption of the hydrophilic ketamine 
into the systemic circulation. This systemic absorption 
could explain the resultant psychomimetic events in 
two ketamine group patients’ and the intraoperative 
and postoperative increase in heart rate observed in 
our study compared to the control group.

In agreement with our results, a study by Othman 
et al., 2016 [12] compared the analgesic efficacy of 
1 mg/kg ketamine added to 30 mL of 0.25% 
Bupivacaine in the ultrasound-guided modified pec-
toral block in patients undergoing modified radical 
mastectomy demonstrating a prolonged time to first 

request of analgesia, reduced total morphine con-
sumption compared to control group. Another study 
by El Mourad et al., 2018 [21] compared the effects of 
adding 4 mg dexamethasone or 50 mg ketamine to 
0.5% bupivacaine in the thoracic paravertebral block; 
authors revealed that ketamine significantly prolonged 
the time to first analgesic demand and lowered the 
pain scores when compared to the dexamethasone 
and control groups.

In contrary to our results, Ketamine as an adjuvant 
to LA did not show superiority to the control group 
when added to patient control analgesia during inter-
scalene brachial plexus block [13], femoral nerve block 
[14], or even in wound infiltration for cesarean sec-
tion [22].

In our study, the nonsignificant change in the mor-
phine consumption and first analgesic request in the 
neostigmine group compared to the control group can 
be explained by increased systemic absorption of 
neostigmine due to its hydrophilic nature, and this 
can be evidenced by abdominal colics of three of 
neostigmine group and bradycardia in two patients 
immediately after block application. The exact 
mechanism of action of neostigmine in peripheral 
nerve blocks is still unclear. However, its peripheral 
analgesic effect could be attributed to the inhibition 
of the presynaptic glutamatergic afferents, hens 
increasing the endogenous acetylcholine. These choli-
nergic neurons terminate in nearby primary afferents, 
which represent muscarinic receptors [18]. The spinal 
neostigmine exerts its action by inhibiting spinal 

⁑

⁑

* † ⁑ §†⁑ *
§⁑ ⁑ †§* ⁑ †* §⁑ *

50

60

70

80

90

100

110

120

130

Ba
se

lin
e

Po
st

 in
du

c�
on

Sk
in

 in
ci

si
on

30
 m

in

60
 m

in

90
 m

in

12
0 

m
in

0 
hr

s

2 
hr

s

8 
hr

s

12
 h

rs

24
 h

rs

Intraopera�ve Postopera�ve

M
ea

n 
va

lu
e 

of
 M

A
P 

(m
m

/H
g)

Control Neos�gmine Ketamine

Figure 3. Changes in MAP pre, intra, and postoperative. *Denotes significance between control andneostigmine groups, †denotes 
significance between control and Ketamine groups, ‡ denotes significance between neostigmine and ketamine groups, §denotes 
significance in relation to baseline reading in control group, ** denotes significance in relation to baseline reading in Ketamine 
group, δdenotes significance in relation to baseline reading in neostigmine group.

EGYPTIAN JOURNAL OF ANAESTHESIA 361



cholinesterase and increases the endogenous acetyl-
choline, which is released from intrinsic cholinergic 
neurons within the dorsal horn of the spinal cord 
[19]. Naguib M et al.,1997 [20] suggested that the 
spinal neostigmine analgesic effect is mediated by 
spinal M1 and/or M3 receptor subtypes.

In a study by McCartney et al., 2003 [23], authors 
demonstrated that adding 1 mg neostigmine to 0.5% 
lidocaine during intravenous regional anesthesia has 
no anesthetic or analgesic effect. Another study by 
Bouaziz et al., 1999 [24] revealed that 500 mcg of 
neostigmine did not affect sensory and motor block 
in both axillary block and subcutaneous wound infil-
tration. On the other hand, Bouderka et al., 2003 [25] 
demonstrated a lower pain score and decreased post-
operative analgesic requirement when 500 mcg neos-
tigmine was added to the axillary plexus block.

It seems that the neuraxial effect of both ketamine 
and neostigmine is different from the peripheral nerve 
block effect. In agreement with our results, Kamali 
et al., 2016 [26] studied the analgesic effect of both 
neostigmine and ketamine as adjuvants to 0.25% bupi-
vacaine in epidural anesthesia. The authors revealed 
a longer analgesic duration and less analgesic con-
sumption with ketamine compared to neostigmine. 
However, it is not clear if the extended postoperative 
analgesic effect of ketamine as an adjuvant to LA is due 
to its local action at the injection site or its systemic 
absorption or both.

There are some limitations of the current study: first, 
the long-term effect of the studied drugs on chronic 
pain was not considered. Second, the effect of the stu-
died drugs on the onset of the sensory block was not 
recorded as the patients were sedated. Third, the plasma 
level of ketamine was not measured, so we recommend 
further investigation using different doses of ketamine 
with measuring the plasma level to assess their influ-
ence on the duration of the postoperative analgesia.

5. Conclusion

The addition of 50 mg ketamine to 0.25% bupivacaine 
during preoperative ultrasound-guided SAPB com-
bined with GA in female patients undergoing modified 
radical mastectomy decreased the 24 hr postoperative 
morphine consumption and the intraoperative fenta-
nyl requirements while adding 500 µg neostigmine 
decreased the intraoperative fentanyl requirements.
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