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INTRODUCTION

Modified radical mastectomy  (MRM) is a common 
surgical procedure, accounting for 31% of all 
breast surgery cases performed.[1] Post‑mastectomy 
pain managed by opioids alone often leads to side 
effects such as nausea and vomiting. Inadequate 
control of pain may later develop into chronic pain 
syndrome  (paraesthesias, phantom breast pain and 
intercostobrachial neuralgia) in 25%–40% of the 
patients.[2,3] For these reasons, regional analgesic 
techniques have been advocated for effective pain 
management.[4,5] Local wound infiltration is safe, 
but the duration of action is short lived. Intercostal 
nerve block and interpleural block are effective, 
but there is a risk of pneumothorax and transient 

Horner’s syndrome.[6,7] In view of the neurological and 
haemodynamic concerns, thoracic epidural analgesia 
is not preferred for breast surgeries.[8]

Most recently, thoracic paravertebral block (PVB) has 
been shown to provide effective analgesia with minimal 
haemodynamic derangement.[5] Ultrasound‑guided 
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ABSTRACT

Background and Aims: Modified radical mastectomy (MRM) may be associated with severe 
post‑operative pain, leading to chronic pain syndrome. We compared the post‑operative analgesic 
profile of two ultrasound‑guided nerve blocks: Paravertebral block  (PVB) and  serratus plane 
block (SPB). Methods: This double‑blind, randomised study was conducted on fifty adult females, 
scheduled for MRM with axillary dissection. After inducing general anaesthesia with intravenous 
midazolam 1 mg, fentanyl 1.5 mcg/kg, propofol 1–2 mg/kg and vecuronium 0.1 mg/kg, patients 
were administered either ultrasound‑guided thoracic PVB at T4 (n = 25) or SPB at 5th rib (n = 25) 
with 20 ml of 0.5% bupivacaine, both as a single level injection. Time to first rescue analgesia 
and morphine consumption in 4, 6, 24, 48 and 72  h by PCA pump, visual analogue scale 
score and any adverse effects were recorded. Quantitative variables were compared using 
the unpaired t‑test or the Mann–Whitney U test between the two groups. Qualitative variables 
were compared using the Chi‑square test or Fisher’s exact test. Results: The duration of 
analgesia (mean ± Standard deviation [SD]) was significantly longer in the PVB group compared 
to SPB group (346 ± 57 min vs. 245.6 ± 58 min, P < 0.001). The post‑operative 24 h morphine 
consumption (mean ± SD) was significantly higher in the SPB group (9.7 ± 2.1 mg) compared 
to PVB group (6.5 ± 1.5 mg) (P < 0.001). Conclusion: Ultrasound‑guided SPB is an alternative 
analgesic technique to thoracic PVB for MRM although PVB provides a longer duration of analgesia.
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interfascial plane blocks such as pectoral nerve (PECS) 
block type 1 and 2 and serratus plane block (SPB) have 
also been reported as alternatives, with the advantages 
of simplicity and ease of performance.[9‑11]

This study compares the analgesic efficacy of 
ultrasound‑guided PVB and SPB in patients undergoing 
MRM with axillary dissection. We hypothesise that 
ultrasound‑guided PVB is superior to SPB in analgesic 
efficacy and duration.

METHODS

This double‑blind, randomised, comparative study 
was conducted, after obtaining approval from the 
Hospital’s Ethics Committee and written informed 
consent from fifty adult females, who were scheduled 
for elective MRM. The inclusion criteria were age 
18–65 years, weight 40–85 kg and American Society of 
Anesthesiologists Physical Status I or II. The exclusion 
criteria were contraindications to nerve block, for 
example, coagulopathy and local infection at the site 
of block, local anaesthetic allergy and significant 
neurological, cardiac, renal, hepatic or respiratory 
disease and patients planned for breast conservative 
surgery/simple mastectomy with axillary clearance.

The primary objective of this study was to determine 
the difference in the duration of analgesia of the two 
blocks. The secondary objectives were to compare 
the morphine consumption in 24, 48 and 72  h after 
surgery, visual analogue scale  (VAS) pain scores and 
morphine‑related side effects (nausea/vomiting).

The participants were randomly allocated into 
two groups of 25 each  (PVB and SPB) by a random 
sequence number generated by the computer kept in 
sealed envelopes. The sealed envelopes were opened 
on the day of surgery after induction of anaesthesia, 
and participants received either PVB  (n  =  25) or 
SPB (n = 25) as per the envelope. Both the participants 
and the attending anaesthesiologist in the operating 
room were blinded to the type of block (SPB or PVB). The 
participants were blinded, as the blocks were performed 
after induction of general anaesthesia. The attending 
anaesthesiologist was not present in the operating 
room at the time of block administration, and blocks 
were performed by a different anaesthesiologist  (who 
was an expert in these blocks).

Before surgery, the participants received education 
about the VAS pain score (0–100 mm) and the details 

of the nerve block procedures. After an 8 h fast, the 
patients were taken into the operation theatre, where 
an 18‑gauge intravenous  (IV) cannula was secured 
and monitors  (pulse oximeter, electrocardiography 
and non‑invasive blood pressure) were applied. 
General anaesthesia was induced with midazolam 
1  mg, fentanyl 1.5  mcg/kg and propofol 1–2  mg/kg 
administered IV, and the trachea was intubated after 
administering vecuronium bromide 0.1  mg/kg IV 
for muscle relaxation. The lungs were ventilated to 
maintain an end‑tidal carbon dioxide of 35 mmHg. 
Anaesthesia was maintained with oxygen, nitrous 
oxide and 0.8%–1% isoflurane to maintain MAC of 1.0. 
Paracetamol 1 g was administered IV after induction 
of anaesthesia. At the end of surgery, ondansetron 
4  mg was administered IV, and muscle relaxation 
was reversed with IV neostigmine 50  mcg/kg and 
glycopyrrolate 10 mcg/kg. The trachea was extubated, 
and the patients were transferred to post‑anaesthetic 
care unit (PACU).

Patients in group  SPB received serratus anterior 
plane block and those in group  PVB received 
thoracic PVB. Both these blocks were performed 
after induction of general anaesthesia. After proper 
skin sterilisation, all nerve block procedures were 
performed by an experienced faculty  (KG, who has 
extensive training and practice in ultrasound‑guided 
regional anaesthesia) under ultrasound guidance 
with a linear probe  (8–13MHz) and an ultrasound 
machine (M‑Turbo, SonoSite Inc., USA).

For the ultrasound‑guided thoracic PVB, with the 
patient in the lateral decubitus position and the surgical 
side uppermost, the probe was placed in a parasagittal 
plane over the transverse process of T4 and T5 vertebrae, 
approximately 2.5 cm lateral to the spinous processes. 
The thoracic paravertebral space was identified as a 
wedge‑shaped hypoechoic space between the superior 
costotransverse ligament and the pleura. A 22‑gauge, 
50  mm, echogenic needle was inserted using an 
out‑of‑plane approach and advanced from lateral to 
medial starting from the top side of the probe. During 
needle advancement, hydrodissection was used to 
locate the needle tip under ultrasound guidance, 
until the tip penetrated the superior costotransverse 
ligament. The block was deemed satisfactory when the 
pleural membrane was displaced downwards during 
injection of 20 ml of 0.5% bupivacaine.

For the ultrasound‑guided serratus plane block, with 
the patient lying supine, the ultrasound probe was 
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positioned longitudinally oblique just below the 
mid‑clavicle. After identifying the second rib, the 
probe was moved caudally and laterally  (obliquely), 
towards the mid‑axillary line to identify the 3rd, 
4th  and 5th  ribs, as described by Blanco et  al.[10] The 
final probe position had its cephalad end resting over 
the anterior axillary line and the caudad end over the 
posterior axillary line. The fascial plane between 
the serratus anterior muscle and latissimus dorsi 
muscle was identified between the 4th  and 5th  rib in 
the mid‑axillary region. Under ultrasound guidance, 
a 22‑gauge, 50 mm echogenic needle (Stimuplex D; B 
Braun, Germany) was advanced in‑plane to enter this 
fascial plane in the superoanterior to posteroinferior 
direction. Once the needle was in proper position, 
20 ml of 0.5% bupivacaine was injected superficial to 
the serratus anterior muscle.

Vital signs  (heart rate  [HR], systolic, diastolic and 
mean blood pressure) were recorded immediately 
before induction of anaesthesia, 10  min after 
induction, and then every 30  min, until the end of 
surgery. Bispectral Index  (BIS) was used to monitor 
the depth of anaesthesia and was maintained between 
40 and 60 by adjusting the end‑tidal concentration of 
isoflurane. The patient was assumed to have pain, if 
HR or mean arterial pressure increased  >20% from 
baseline (at the time just before induction), despite 
adequate anaesthetic depth (BIS ‑ 40–60) and a bolus 
of 25 mcg fentanyl were administered IV.

In the PACU, patient‑controlled analgesia  (PCA) 
pump (PCA‑T34  L, Caesarea Medical Electronics, 
Israel) was attached to the patient intravenously. 
The pump settings were morphine ‑ 1 mg/ml; bolus 
dose ‑ 1 mg, lockout interval 10 min and maximum 
dose 4  mg/h. Pain was assessed by an independent 
investigator, who was blinded, as he was not aware 
of the type of block  (SPB or PVB) administered to 
the patient. He used the VAS scale (0 mm = no pain 
and 100  mm  =  worst imaginable pain) to assess 
the pain at 4, 6, 24, 48 and 72  h after surgery and 
recorded this in a patient diary. The patient was 
instructed to press the PCA button, whenever pain 
VAS  ≥40  mm. The duration of analgesia was the 
time from administration of block to the first use of 
PCA pump by the patient, as recorded by the nurse. 
Morphine consumption and morphine‑related side 
effects (nausea, vomiting, respiratory depression and 
itching) were recorded at 4, 6, 24, 48 and 72 h after 
surgery.

Respiratory depression was defined as respiratory 
rate  <10/min and/or oxygen saturation  <90%. 
Ondansetron was administered IV for nausea/vomiting 
and diphenhydramine was given IV for itching. 
Paracetamol 1 g was administered IV every 8 h.

Our preliminary pilot study with ten participants in 
each group (PVB and SPB) showed that the duration 
of analgesia (mean ± standard deviation [SD]) of PVB 
was 35% higher than SPB (PVB, 351 ± 62 min and SPB, 
234 ± 61 min). Based on this finding, we estimated the 
minimum sample size with 90% power of the study 
and type I error of 0.05 to be 23 patients in each study 
group. Allowing for dropout of 8% of patients, we 
calculated a total sample size of 25 patients for each 
group.

The data were analysed using  Statistical Package 
for the Social Sciences version  21.0  (SPSS Inc. 
Chicago, Illinois, USA). The categorical variables are 
presented in numbers and percentage  (%), and the 
continuous variables are presented as mean  ±  SD. 
Normality of data was tested by Kolmogorov–
Smirnov test. If the normality was rejected, then 
non‑parametric test was used. The quantitative 
variables were compared using the Unpaired t‑test 
or Mann–Whitney test  (when the data sets were 
not normally distributed) between the two groups. 
The qualitative variables were compared using the 
Chi‑square test or Fisher’s exact test. P < 0.05 was 
considered statistically significant.

RESULTS

Sixty patients were initially assessed for eligibility 
for this study, but six participants were excluded 
due to failure to meet the inclusion criteria and four 
participants refused to participate  [Figure  1]. The 
demographic data of the two groups (SPB and PVB) were 
comparable [Table  1]. The intra‑  and post‑operative 
haemodynamic parameters were also comparable. 
The duration of analgesia  (mean  ±  SD) was 
significantly longer in PVB group compared to 
SPB group  (346  ±  57  min vs. 245.6  ±  58  min, 
P  <  0.001). Post‑operative VAS scores in the two 
groups were similar  [Figure  2], whereas 24  h 
morphine consumption was significantly higher in 
SPB group [9.7 ± 2.1 mg versus 6.5 ± 1.5, P < 0.001, 
Table  2]. Intra‑operative fentanyl requirement was 
similar in both the groups  (134.4  ±  12.9  mcg vs. 
133.3  ±  14.4  mcg, P  =  0.91).  Two  patients in each 
group had nausea and vomiting and were treated with 
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ondansetron IV. None of the patients in either group 
had any other complication.

DISCUSSION

This randomised, controlled study compared PVB with 
SPB for analgesia after MRM with axillary dissection 

and found that thoracic PVB had a longer duration of 
analgesia (a difference of 100 min) and 33% lower 24 h 
morphine consumption 6  h after surgery  [Table  2]. 
Intra‑operative fentanyl consumption was low in 
both study groups, implying good surgical analgesia 
with both the blocks. The incidence of post‑operative 
nausea and vomiting (PONV) was low, and there was 
no major complication.

Ultrasound‑guided PVB is an excellent analgesic 
technique for breast surgery because not only does 
it decrease pain but also it decreases PONV and 
length of hospital stay.[5,12‑17] However, the learning 
curve of ultrasound‑guided PVB is rather steep 
requiring a higher degree of skill. Furthermore, a 
number of complications have previously been 
reported with PVB.[12,17] Blanco et  al. proposed SPB 
as an alternative to PVB for surgeries on the anterior 
and lateral thoracic wall including breast surgeries.[10] 
SPB is an easy block to learn and perform because 
the serratus anterior muscle is an easy sonographic 
landmark to identify for this block.

Our hypothesis of a longer duration of analgesia of 
PVB in comparison to SPB is based on the mechanism 
of action of the two blocks. The breast is innervated by 
anterior and lateral cutaneous branches of the second 
to sixth thoracic intercostal nerves and supraclavicular 
nerves.[18] Supraclavicular nerves from the lower fibres 
of the cervical plexus innervate the upper and lateral 
portions of the breast and anterior cutaneous branches 
of intercostal nerves  (T2‑T4) supply the parasternal 
region of breast. Similar to the transversus abdominis 
plane  (TAP) block, the mechanism of action of SPB 
is a blockade of the lateral cutaneous branches of 
the intercostal nerves  (T2–T4 for SPB and T10‑L2 
for TAP).[19] Because the anterior cutaneous branches 

Figure 1: The consort flow diagram

Figure 2: Post-operative mean visual analogue scale scores 
(p values – 4h-0.38, 6 h-0.46, 24 h-0.09, 48 h-0.19, 72 h-0.52)

Table 1: Demographic profile
Parameters (mean±SD) Group PVB Group SPB P
Age (years) 50±10.4 48.9±4.0 0.643
BMI (kg/m2) 28±3 27±4 0.873
ASA (I/II) 23/2 23/2 0.435
Duration of surgery (min) 167±11 159±14 0.780
PVB – Paravertebral block; SD – Standard deviation; ASA – American Society 
of Anesthesiologists; BMI – Body mass index

Table 2: Post‑operative patient‑controlled analgesia 
morphine consumption

PCA morphine consumption 
post‑operatively (mg)

Mean±SD P
Group PVB Group SPB

Within 24 h 6.5±1.5 9.7±2.1 <0.001
Within 48 h 8.8±2.3 12.0±2.4 <0.001
Within 72 h 10.3±2.2 14.3±3.0 <0.001
PVB – Paravertebral block; SD – Standard deviation; PCA – Patient‑controlled 
analgesia
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of the intercostal nerves and supraclavicular nerves 
are spared, SPB is expected not to produce complete 
anaesthesia of the chest wall.[10,11,19] Furthermore, SPB 
may not achieve adequate somatic and sympathetic 
blockade in the axillary region, as would be expected 
with thoracic PVB,[10,11,20] which often affects five 
somatic and eight sympathetic dermatomes.[20] The 
local anaesthetic in PVB directly blocks the spinal 
nerves, extends laterally to block the intercostal nerves, 
extends medially into the epidural space through the 
intervertebral foramina and affects  the sympathetic 
chain, leading to profound analgesia.[20‑22] The local 
anaesthetic can also spread longitudinally cranially 
or caudally in PVB. This is supported by Hetta and 
Rezk[23] who compared SPB and PVB block in patients 
with MRM and reported adequate sensory blockade 
over T1–T7 dermatome levels in 100% of the patients 
after PVB although 40% of the patients had inadequate 
sensory blockade in the axilla after SPB.[23]

Another study also reported that the duration of 
analgesia of SPB was significantly shorter compared 
to PVB  (median  [range], 6  h  [5–7  h] for SPB vs. 
11  h  [9–13  h] for PVB).[23] In contrast, we found a 
much shorter duration of analgesia in both our study 
groups  (median  [range], SPB 4  h  [3–6  h] vs. PVB 
5.5 h [4–8 h]). This might be related to the technique 
of PVB injection, as they[23] performed PVB injections 
at three different levels  (T2, T4 and T6), compared 
to a single level (T4) PVB injection in our study. The 
technique of injection varies based on operator’s 
preference balancing the risk of potential complication 
with multiple level injections against potentially 
limited local anaesthetic spread with a single level 
PVB injection. It is interesting to note that four or more 
intercostal spaces may be anaesthetised by a single 
level PVB injection,[14] while inconsistent blockade of 
the chest wall[13] and axillary region has been reported 
even with multiple level PVB.[15,16]

The volume of local anaesthetic is also likely an 
important determinant of the extent and duration 
of analgesia for SPB and thoracic PVB. In another 
study, a higher volume of bupivacaine was injected in 
SPB (30 ml vs. 20 ml in our study), and more effective 
analgesia was reported than our study.[23] Since SPB 
is a fascial block, a larger volume is expected to 
promote local anaesthetic spread. In another study, 
after injection of 15–20 ml of levobupivacaine 0.25% 
at T4 level for PVB,[24] the duration of analgesia 
was shorter  (137.5  [115–165] min) than in our 
study (346 ± 57 min), again highlighting the influence 

of the local anaesthetic injection volume and dose on 
duration of analgesia.[24,25]

Another study found a higher 24  h post‑operative 
morphine consumption in the SPB group compared 
to PVB group  (a difference of 8  mg), similar to our 
results.[23] Similar to our study, significantly low 
pain scores with PVB, lasting up to 24  h have been 
reported.[24,26] Both SPB and PVB provide excellent 
post‑operative recovery and decrease the opioid 
requirement, as reflected by post‑operative quality 
recovery scale.[27]

SPB has the option of injecting local anaesthetic either 
superficial or deep to the serratus anterior muscle. In 
this study, we injected local anaesthetic superficial to 
the serratus anterior muscle, as it decreases the risk 
of pneumothorax and vascular trauma, compared 
to the deeper approach, where the needle is in the 
vicinity of pleural membrane. With the injection of 
local anaesthetic deep to serratus anterior muscle, 
sensory blockade up to T2 dermatome has been 
reported.[28‑30] This approach likely provides a good 
anterior distribution of the block, which is not 
achieved with the superficial approach to SPB. SPB 
should be supplemented with additional analgesic 
agent during axillary dissection, as sensory loss of T1 
is seldom achieved.[28] Similar to our study, a recent 
study also found a decreased consumption of opioids 
intraoperatively and postoperatively, decreased PONV 
and increased duration of analgesia after ambulatory 
breast cancer surgery.[31]

Our study results add to the limited amount of 
objective data available today regarding the analgesic 
profile of these two new blocks after MRM. One of 
the strengths of our study is the use of a standardised 
volume and concentration of local anaesthetic in 
both blocks  (20 ml of 0.5% bupivacaine). Hence, our 
methodology has provided a fair analgesic comparison 
between groups as compared to other studies which 
administered unequal volume and/or concentration 
of local anaesthetic.[23,24] However, our study also has 
a number of limitations. We could not assess block 
onset time or sensory dermatomal level because both 
blocks were performed after induction of general 
anaesthesia. We performed a single level injection, 
realising that multiple injection technique may 
provide more effective analgesia in PVB. We did not 
insert a catheter to provide continuous analgesia and 
neither could we comment on clinical safety or the 
long‑term impact (e.g., development of chronic pain) of 
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the two blocks in this small study. We hope that future 
studies will address the remaining issues, the optimal 
injection approaches for SPB  (superficial or deep to 
serratus anterior muscle) and the duration of analgesia 
with and without adjuncts. In future, systematic 
review and meta‑analyses are suggested comparing the 
post‑operative analgesic techniques for MRM.

CONCLUSION

The ultrasound‑guided SPB and PVB provide good 
analgesia post‑MRM, but PVB has a superior analgesic 
profile, with a longer duration of analgesia.
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