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Abstract 
Introduction: Magnesium sulphate can prolong the effect of local anaesthet-
ics. Adenosine has not been compared to other local anaesthetics adjuvants. 
In the present study we aimed to compare the effect of adding magnesium 
sulphate and adenosine to bupivacaine for pectoral nerves block. Patients and 
Methods: In this randomized controlled trial, 90 females scheduled for breast 
surgery were included. Patients were divided into three groups. Patients re-
ceived general anaesthesia with pectoral nerves block. Group C, A, and M had 
bupivacaine only, bupivacaine + adenosine, and bupivaciane + magnesium 
sulphate respectively. Post-operative visual analogue score, block duration, 
post-operative morphine consumption, sedation score, and peri-operative 
haemodynamic changes were recorded. Results: Visual analog score was low-
er in Group M compared to other groups. Group A and M showed significant 
longer duration of the block. Group M showed significant longer duration of 
action than Group A (p = 0.034). The total peri-operative morphine used was 
higher in Group C (p < 0.05). Post-operative Ramsay sedation score was sig-
nificantly lower in Group A during the first two hours post-operatively (p > 
0.05). Conclusions: Local anaesthetic adjuvants such as adenosine or magne-
sium sulphate can improve pectoral nerves block characteristics. Magnesium 
sulphate has an advantage over adenosine by increasing the block duration. 
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1. Introduction 

Breast surgery has increased recently due to the increased incidence of breast 
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cancer among females [1] [2]. Badly managed acute post-operative pain may 
lead to chronic persistent pain with poor quality of recovery [3] [4]. Post-operative 
pain for breast surgery can be controlled by pain regular medications such as 
paracetamol, non-steroidal anti-inflammatory (NSAIDs), and narcotics [5] [6] 
[7] [8]. Nerve blocks are commonly used as multimodal approaches for acute 
post-operative pain relief [5].  

Thoracic paravertebral block is another module for post-operative pain con-
trol in breast surgery. This invasive technique has its complications that made it 
unpopular for this superficial surgery [9]. Pectoral nerves block (PECS) are less 
invasive novel technique described by Blanco et al. for post-operative pain con-
trol in this group of patients [10].  

It has been shown that adjuvants to local anaesthetics can prolong its action. 
Magnesium sulfate has been shown to prolong the effect of local anaesthetics 
when used as an adjuvant in local injections or in nerve blocks techniques [11] 
[12]. It has been shown that adenosine plays a role in nerves regeneration and it 
has an effect on peripheral and central nerves mediators to provide analgesia 
[13] [14] [15]. 

We hypothesized that adding local anaesthetic adjuvants such as adenosine or 
magnesium sulphate in PECS I and II blocks can improve the block quality. In 
the present study we aimed to compare the effect of magnesium sulfate and 
adenosine as adjuvants to the local anaesthetic in PECS blocks for post-operative 
pain relief in patients undergoing breast surgery. Our primary goal was to com-
pare the block quality, and its analgesic effect in reducing post-operative opioid 
consumption. 

2. Material and Methods 

After approval from the ethics committee of Menoufia University Hospital and 
informed written consent from the patients, the present study was conducted on 
90 adult females aged between 20 and 65 years old. Patients scheduled for mod-
ified radical mastectomy with axillary clearance surgery ASA classes II, and III 
were included in the study. Inclusion criteria included; 1) patients who agreed to 
take part in the study, 2) patients with not known allergic to any of the medica-
tions used in the study, and 3) female patients diagnosed with cancer breast. Ex-
clusion criteria included; 1) contraindications for regional anaesthesia such as 
coagulopathy, local infection and fungating breast cancer, 2) history of allergy to 
any of the medications used in the study, 3) patient with history of drug abuse, 
4) previous breast surgery except for diagnostic biopsies, 5) history of treatment 
for a chronic pain conditions, 6) psychiatric disorder, and 7) patients with 
post-radiotherapy fibrosis at the site of the block. Pre-operatively patients were 
taught how to express the severity of their pain by using the Visual Analog Scale 
(VAS) where 0 = no pain and 10 = worst pain [16]. 

Patients were randomly allocated into one of three groups according to the 
local anaesthetic adjuvant, 30 patients in each group using a computerized pro-
gram. 

https://doi.org/10.4236/ojanes.2018.85017


E. S. Ibrahim, W. A. Sultan 
 

 

DOI: 10.4236/ojanes.2018.85017 161 Open Journal of Anesthesiology 
 

All patients received PECS I and II blocks followed by general anaesthesia af-
ter assessment of the block. Group C received PECS with 0.25% bupivacaine 
(control group), Group A bupivacaine with added adenosine, and Group M bu-
pivacaine with added magnesium sulfate.  

All patients had an intravenous line in the contra lateral arm of the surgical 
side and were attached to the standard monitoring. Patients received 2 - 3 mg 
midazolam as a sedative before PECS was performed.  

2.1. Technique for PECS Block 

Infra-clavicular and axillary regions were disinfected using chlorhexidine-alcohol 
or povidone iodine if the patient was allergic to chlorhexidine-alcohol. The ul-
trasound probe was used aseptically. The ultrasound machine Sonosite 
M-Turbo, Bothell, Washington, USA with a high frequency linear (6 - 13 MHz) 
probe was used for the block. The probe was placed obliquely under the lateral 
third of the clavicle. After identification of the axillary artery the probe was 
moved distally towards the axilla to locate the 2nd, 3rd and 4th ribs, at this level 
the lateral border of the pectoralis major and pectoralis minor muscles were 
identified. The plane between the pectoralis major and pectoralis minor muscles 
was targeted for the block. After identification of the site of entry, the skin 
puncture point was infiltrated with 0.2 ml of 2% lignocaine by 27 guage insulin 
needle. In plane technique was used for the block with a 22-gauge hyperechoic 
needle from the medial to lateral side. 10 ml from the prepared solution was in-
jected at the level of 4th rib (PECS I) then the needle was advanced deeply to 
reach the plane between the pectoralis minor and serratus anterior muscles and 
20 ml from the solution was injected (PECS II). Figure 1 shows the ultrasound 
anatomical structures for PECS block.  
 

 
Figure 1. Ultrasound anatomical structures for PECS I and PECS II. 
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2.2. Local Anaesthetics Preparation 

An independent anaesthetist prepared the syringes with the local anaesthetic 
mixed with the adjuvant according to the study group. The researchers and the 
patients were blinded to the local anaesthetic adjuvant. All patients received 10 
ml local anaesthetic for PECS I and 20 ml for PECS II. The 30 ml local anaes-
thetic used for each patient contained bupivacaine hydrochloride 0.25% only, 
bupivacaine hydrochloride 0.25% and 12 mg adenosine [17], and bupivacaine 
hydrochloride 0.25% and 500 mg magnesium sulphate [17] for Groups C, A, and 
M respectively.  

We used cold and pinprick tests to confirm the anaesthetic area over T2 - T6 
after performing the blocks. All patients received general anaesthesia after con-
firming the success of the block. General anaesthesia was induced with propofol 
2 - 3 mg·kg−1, fentanyl 1 mg·kg−1, and cisatracurium 0.12 mg·kg−1. Anaesthesia 
was maintained with sevoflurane in 50% O2 and air. 1 - 2 mg morphine sulfate 
was given to maintain blood pressure and heart rate values within 20% of the 
baseline. PECS blocks were considered to be insufficient for patients who re-
quired intra-operative morphine and were excluded from the analysis. 5 to 10 
mg cisatracurium was given if required according to the never stimulator moni-
toring. Neostigmine and Glycopyrrolate were used to recover the patients. After 
responding to verbal command with full regain of muscle power patients were 
extubated and transferred to the post-anesthesia care unit (PACU). Postopera-
tive pain was managed by regular doses of oral paracetamol 1 mg every 8 hours 
and intravenous ketorolac 30 mg every 8 hours after recovery from the block. 
Intravenous morphine sulphate 2 mg was given if VAS was >3 and be repeated 
until the VAS was ≤3. Recovery from the block was considered when the first 
post-operative rescue morphine dose was given. Patients were followed up and 
data were collected for 24 hours post PACU discharge. 

Patients’ demographic data were collected including age, BMI, ASA, and du-
ration of surgery. Baseline mean arterial blood pressure and heart rate were rec-
orded before induction and every 15 minutes intra-operatively until the end of 
the surgery. The total intra-operative morphine consumption was recorded. In 
PACU the visual analogue score (VAS) was assessed on arrival and then every 15 
minutes. VAS was assessed at 1, 2, 3, 6, 12, and 24 hours post-PACU discharge. 
The duration of the block was calculated from the pre-operatively time when the 
block was tested and considered to be successful until the first dose of 
post-operative rescue morphine dose (post-operative VAS of more than 3). The 
total amount of post-operative morphine used was recorded for all patients. 
Ramsay sedation score (RSS) was assessed every 15 minutes in PACU and at the 
same post-operative time of recording VAS. RSS score grades were defined by 1 
= anxious and fully awake, 2 = fully awake, 3 = conscious but drowsy, 4 = asleep 
but reactive to verbal commands, 5 = asleep but responsive to palpable stimulus, 
and 6 = asleep and not responsive to any stimulus [18]. 

Side effects in PACU were observed such as hypotension, bradycardia, and 
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respiratory depression. Hypotension and bradycardia were considered if the 
mean arterial blood pressure or the heart rate were less than 20% of the baseline. 
Respiratory depression was defined if the arterial oxygen saturation (SPO2) < 
92% when patients were on 3 L of oxygen via nasal cannula with. 

2.3. Data Analyses 

The sample size was calculated using GraphPad Instat statistics version 3. Based 
on previous studies bupivacaine with added magnesium sulphate was expected 
to reduce postoperative pain score and analgesic requirements by 30% as a pri-
mary outcome. The calculated sample size was 25 patients, with the level of sig-
nificance being 0.05 and the power being 90%. Thirsty patients were randomized 
into each group to ensure reliable results.  

Statistical analysis was done using SPSS 19 (SPSS Inc, an IBM company, Chi-
cago, USA). Incidence of side effects were analysed using the chi-square χ2-test. 
The other parameters were compared using ANOVA test. A p value less than 
0.05 was considered to be statistically significant. Kruskal-Waills test is used to 
analyze data for categorical variables or data that did not obey the normal dis-
tribution.  

3. Results 

A total number of 113 consecutive patients were considered to be eligible for the 
study. 12 of them did not match the inclusion criteria. 101 patients had PECS. 
However, 11 patients were excluded from the study due to failed block; four is 
Group C, four in Group A, and three in Group M. 90 patients followed the in-
clusion criteria and their data were analyzed. Two patients in Group A, two pa-
tients in Group M, and three patients in Group C who required morphine in-
tra-operatively were excluded from the analysis because the block was an-
nounced as insufficient block. Figure 2 shows the patients included in the study 
and the total number of patients their data were included in the analysis. Pa-
tients’ demographic data were similar in all groups with no statistical differences 
(Table 1). There was no significant difference regarding the baseline mean ar-
terial blood pressure and heart rate in all groups. Intra-operative and early 
post-operative mean arterial blood pressure and heart rate were statistically low-
er in Group A and M compared to Group C (p < 0.05). Late post-operative there 
was no differences regarding the mean atrial blood pressure and heart rate 
(Figure 3, Figure 4).  

VAS was significantly lower in Groups A and M compared to Group C at ad-
mission to PCAU and the whole follow up period. VAS was lower in Group M 
compared to Group A in 06:00 and 12:00 hours post-operatively (p < 0.05). The 
time of first rescue morphine dose post-operatively was significantly longer in 
Group A and M compared to Group C (p = 0.03) and it was significantly longer 
in Group M when compared to Group A (p = 0.023). Group A and M showed 
statistically significant longer duration of the block compared to Group C. PECS  
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Figure 2. The study groups (the total number of patients recruited, fol-
lowed up, and analyzed). 

 

 
Figure 3. Peri-operative mean arterial blood pressure (mmHg).  

 

 
Figure 4. Peri-operative mean heart rate (beats/minutes).  
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Table 1. Patients’ demographic data. 

Variables 
Group C 
N = 27 

Group A 
N = 28 

Group M 
N = 28 

p 

Age (year) 51.39 ± 5 50.63 ± 6.51 51.24 ± 5.4 0.35 

Height (cm) 163.18 ± 4.11 165.51 ± 6.64 163.65 ± 4.98 0.29 

Weight (kg) 73.11 ± 6.72 71.24 ± 5.28 72:78 ± 5.18 0.24 

BMI 27.46 ± 3.3 26.65 ± 3.7 26.10 ± 1.6 0.34 

Sociodemographic     

- Race     

White 22% 19% 21% 0.28 

Black 78% 81% 79% 0.31 

- Marital status     

Single 10% 7% 9% 0.24 

Married 90% 93% 91% 0.29 

- Tobacco use     

Smoker 2% 1% 1% 0.23 

Non-smoker 98% 99% 99% 0.35 

Clinical data     

- Family history     

Positive 20% 18% 19% 0.39 

Negative 80% 82% 81% 0.36 

- Menopausal status     

Post-menopausal 52% 57% 58% 0.43 

Premenopausal 48% 43% 42% 0.31 

- Stage of diagnosis     

Early Stage 1 - 2 78% 76% 74% 0.28 

Late Stage > 2 22% 24% 26% 0.38 

Duration of surgical 
procedure (minutes) 

109.7 ± 9.9 113.5 ± 11.5 112:5±12.8 0.31 

ASA Score 
I 
II 
III 

 
6 (22.2%) 
16 (59.3%) 
5 (18.5%) 

 
4 (14.3%) 
19 (68%) 
5 (17.7%) 

 
4 (14.3%) 
18 (64.3%) 
6 (21.4%) 

 
 

0.36 
 

Data expressed as mean and standard deviation (Mean ± SD), and percentage (ANOVA test). 

 
in Group M showed significant longer duration of action than Group A (p = 
0.034). There were no statistical differences regarding post-operative complica-
tions between the three groups (p > 0.05). Table 2 shows the post-operative 
characteristics for the groups. Post-operative Ramsay sedation score was signifi-
cantly lower in Group A and M compared to Group C during the first two hours 
post-operatively (p > 0.05). There was no statistical difference regarding Ramsay  
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Table 2. Postoperative characteristics. 

Variables 
Group C  
(N = 27) 

Group A  
(N = 28) 

Group M  
(N = 28) 

p 

VAS (pain score)     

H 0.00 3 [3 - 4] 0 [0 - 0] 0 [0 - 0] <0.001** 

H 1:00 3 [2 - 3] 0 [0 - 1] 0 [0 - 2] <0.001** 

H 2:00 3 [2 - 3] 1[1 - 2] 1 [1 - 1] <0.001** 

H 3:00 3 [2.5 - 3] 2 [1 - 2] 1 [1 - 2] <0.001** 

H 6:00 4 [4 - 4.5] 3 [2 - 3] 2 [1 - 2] <0.001** 

H 12:00 4 [4 - 4.5] 3.5 [3 - 4] 2 [1 - 3] <0.05* 

H 24:00 4 [4 - 5] 3.5 [3 - 4] 3 [2 - 3] <0.05* 

Duration of the block (Mean ± SD) 
(minutes) 

345.3 ± 20.6 453.7 ± 12.8 573.9 ± 9.6 
0.02* 

p2 = 0.017* 

Total post-operative morphine used 
(Mean ± SD) (mg) 

17 ± 2.5 8 ± 2.5 6 ± 1.5 
<0.05* 

p2 = 0.52 

Post-operative complications     

Hypotension 1 (3.3%) 2 (6.7%) 3 (10.0%) 0.49 

Bradycardia 0 (0.0%) 1 (3.3%) 2 (6.7%) 0.32 

Respiratory depression 0 (0.0%) 1(3.3%) 2 (6.7%) 0.37 

VAS score Data expressed as median and range p was calculated using Kruskal-Waills test ** denotes high 
statistical significance (p < 0.001) * denotes statistical significance (p < 0.05). Data expressed as mean and 
standard deviation (Mean ± SD), ANOVA (F) test used *denotes statistical significance (p < 0.05). p2 com-
parison between Group A and Group M. Post operative complications Data expressed as number (%) Chi- 
square test used, p is significant p < 0.05. 
 
Table 3. Post-operative Ramsay sedation score. 

p value 
Group M 

N = 28 
Group A 
N = 28 

Group C 
N = 27 

 

0.046* 4 (1 - 5) 4 (1 - 5) 4.5 (1 - 6) Time of PACU admission 

0.021* 3 (1 - 4) 3 (1 - 4) 4 (1 - 5) At one hour 

0.006* 2 (1 - 3) 2 (1 - 3) 3.5 (1 - 5) At 2 hours 

0.091 2 (1 - 3) 2 (0 - 3) 2 (0 - 3) At 3hours 

0.46 1 (1 - 2) 1 (1 - 1) 1 (1 - 1) At 6 hours 

0.62 1 (1 - 1) 1 (1 - 1) 1 (1 - 1) At 12 hours 

0.62 1(1 - 1) 1(1 - 1) 1(1 - 1) At 24 hours 

Data expressed as median and interquartile range (IQR), * denotes statistical significance (p < 0.05). 

 

sedation score between groups after two hours post-operatively (Table 3). 

4. Discussion 

Regional blocks can effectively control post mastectomy pain. Local anesthetic 
with adjuvants can show better results in controlling post-operative pain [5]. In 
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our study, 90 patients were enrolled and divided into 3 groups according to the 
local anaesthetic adjuvants used. 

We found that patients received magnesium sulphate or adenosine as an ad-
juvant to the local anaesthetic had longer duration of the block compared to the 
bupivacaine only group with less use of post-operative analgesia. The same 
groups with adjuvants showed better early post-operative pain control and more 
sedative effect than the bupivacaine only group. Intra-operative heart rate and 
mean arterial blood pressure were lower in patients received adenosine and 
magnesium sulphate. Magnesium sulphate showed an advantage over adenosine 
as an adjuvant to the local anaesthetic in PECS block regarding the duration of 
the block and the total amount of morphine used.  

Many authors recommended the use of different local nerve block modalities 
to control pain in patients having breast surgery. Kaya et al. studies the analgesic 
effects of post-operative interscalene block in patients undergoing modified rad-
ical mastectomy [19]. The authors found that the use of their technique im-
proved post-operative pain and decreased the use of morphine consumption 
[19]. However, the authors concluded that the optimal method to control such 
pain has not been defined. Our study agrees with Kaya et al. findings regarding 
post-operative pain control and post-operative morphine requirements. The ad-
vantages of our study over Kaya et al. study are: 1) the block is performed 
pre-operatively ultrasound guided, 2) the never block technique (PECS block) is 
known to have little side effects compared to intrescaline brachial plexus block, 
and 3) the adjuvants drugs are used with bupivacaine to augment its action. 
Kaya et al. criticized their study and questioned their technique to be a good al-
ternative to other regional blocks. Our technique has been proven to be an effec-
tive technique for this group of patients.  

Bouzinac A et al. published a case report of bilateral PECS I and serratus plane 
blocks for a patient undergoing bilateral breast surgery [20]. The authors men-
tioned that the patient did not require any post-operative morphine and the au-
thors recommended further studies to evaluate PECS I block and PECS II for 
unilateral breast surgery [20]. In the present study we evaluated the use of the 
recommended technique by Bouzinac A et al. Moreover, we compared different 
adjuvants to the local anaesthetic to achieve a maximum effectiveness. Bouzinac 
A et al. recommended the use of PECS I and II as a sole anaesthetic technique. In 
our study we showed their role in post-operative pain control and not a sole an-
aesthetic technique. Further studies should follow to investigate PECS block as a 
sole anaesthetic technique for breast surgery.  

Bashandy GM et al. did a randomized control trial to investigate the analgesic 
effect of PECS I and II in patients undergoing breast cancer surgery [21]. The 
authors used local anaesthetic for PECS block without adding adjuvants such as 
adenosine and magnesium sulphate and found that their technique reduced the 
overall analgesic requirements [21]. In the present study we used adjuvants 
(adenosine and magnesium sulphate) to the local anaesthetic. The adjuvants 
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augmented the analgesic effects of the local anaesthetic with longer duration of 
action. In our study the longer effect of the block can reduce the need of analge-
sics compared to the use of the local anaesthetics alone. 

Magnesium sulphate is commonly used as an adjuvant to local anaesthetics. 
Lee AR et al. investigated the use of magnesium sulphate added to bupivacaine 
in interscaline block [11]. The authors found that adding magnesium sulphate 
prolonged the block and reduced post-operative pain [11]. The results of Lee AR 
et al. agree with our results, which showed the advantage of magnesium sulphate 
in pain control over the other additives.  

Al-Refaey et al. did a blinded randomized controlled trail to show the effect of 
adding magnesium sulphate to bupivacaine in transversus abdominis plane 
block [22]. Gunduz A et al. did another study to investigate the use of the same 
mixture for axillary plexus block [12]. The results of both studies agree with ours 
regarding the increase in the block duration and decrease the dose of analgesics 
consumed.  

Culebras X et al. studied the use of clonidine mixed with bupivacaine for in-
terscaline block [23]. The authors found that this mixture did not affect the an-
algesic effect of the local anaesthetic. The authors found that the injecting clo-
nidine for the local block decreased the mean arterial blood pressure and heart 
rate [23]. Our study showed similar results regarding the effect of the additives 
on haemodynamics. It is clear if any additives to a local anaesthetic can be ab-
sorbed systemically and produces its systemic pharmacological effects as well as 
a local effect. From the present study we cannot prove the systemic effect of the 
adjuvants.  

Sawynok J wrote an article about the role of adenosine receptors in pain [15]. 
The author cam to conclusion that adenosine can regulate nociception and has 
an effect on chronic neuropathic pain. The author added that this drug should 
be further investigated regarding its analgesic role [15]. In the present study we 
took this drug a step further according to Sawynok J’s recommendations and 
investigated its analgesic effect when used with a local anaesthetic. Our results 
suggested that adenosine has a local analgesic effect by increasing the duration of 
PECS block when used with bupivacaine.  

Adenosine has been investigated in some clinical trials in clinical anaesthesia. 
Gan TJ et al. wrote an article showing that the use of adenosine can reduce the 
amount of anaesthetics during general anaesthesia [24]. The authors did not ex-
plore the use of adenosine as an adjuvant in local nerve block. Some experimen-
tal studies showed a significant effect of using adenosine as a pain modulator in 
neuropathic pain in rats [13] [14]. Other studies showed the advantage of using 
adenosine in spinal block in rats with antinociception and sedative effects [14].  

Vey few authors investigated the role of adenosine as an adjuvant to local an-
aesthetics. Mahmoud and Ammar used adenosine in brachial plexus block [25]. 
The authors found advantages of using adenosine regarding the duration of the 
block and the consumption of post-operative analgesics. The authors recom-

https://doi.org/10.4236/ojanes.2018.85017


E. S. Ibrahim, W. A. Sultan 
 

 

DOI: 10.4236/ojanes.2018.85017 169 Open Journal of Anesthesiology 
 

mended more studies to evaluate adenosine role in local nerve blocks [25]. The 
present study agrees with Mahmoud and Ammar. However, we also compared 
the effect of another adjuvant namely magnesium sulphate and found that it has 
better effect than adenosine when added to the local anaesthetic.   

Memis D et al. showed that magnesium sulphate had a sedative effect [26]. In 
the present study we found that patients who received magnesium sulphate were 
more sedated than the control group. The sedative effect being delayed after in-
jection may be because of the delayed absorption from the local injection site. 
Adenosine group being more sedated than the control group may be due to its 
antinociception effect. 

5. Conclusion 

PECS block is an effective technique in reducing post-operative pain in patients 
undergoing modified radical mastectomy. Adjuvants to local anaesthetics such 
as magnesium sulphate or adenosine can increase the duration of the block and 
decrease the use of postoperative opioids. Magnesium sulphate has advantages 
over adenosine regarding longer duration of the block. Further studies should be 
carried out to investigate the possibility of using PECS with magnesium sulphate 
as sole anaesthetic technique for breast surgery. 
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