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Abstract

Background and Objectives: To evaluate outcome of pain management after modified radical mastectomy (MRM) using US-guided
combined pectoral and serratus anterior (PEC1/SAB) block versus thoracic paravertebral block (PVB).

Methodology: Ninety women were categorized into control group received no block, PVB group received PVB and PEC1/SAB group received
PEC1 and SAB immediately after surgical wound closure using levobupivacaine. Postoperative (PO) pain was monitored for 24-hr PO; using
11-points numeric rating scale (NRS) and at NRS score 24, IV morphine (0.05 mg/kg) was given. Primary outcome was reduction of 24-hr
amount of morphine consumption by 20% with regional block in relation to no block. Results were analyzed using paired t-test, One-way ANOVA
Test and Chi square test.

Results: PVB and PEC1/SAB blocks significantly reduced PO morphine consumption by 40.4% and 49.2%, respectively and PEC1/SAB
block significantly reduced the amount used by 14.8% of the dose received with PVB block. Duration of PO analgesia was significantly longer,
and number of morphine requests and collective 24-hr NRS scores were significantly lower in with blocks than no block with non-significant
differences between both types of block. Morphine-induced side effects were more manifest in control patients.

Conclusion: PVB or PEC1/SAB blocks allowed reduction of PO morphine consumption by >40% than no block with significantly longer
duration of PO analgesia and lower number of requests of additional analgesia in comparison to no block. PEC1/SAB block significantly reduced
amount of morphine consumption than PVB.

Keywords: Modified radical mastectomy, thoracic paravertebral block, combined pectoral, and serratus anterior (PEC1/SAB) block, morphine
consumption

Abbreviations: MRM: modified radical mastectomy, US-guided: Ultrasound-guided, PEC1/SAB: combined pectoral and serratus anterior block,
PVB: paravertebral block, PO: Postoperative, NRS: numeric rating scale, IV: intravenous

Introduction

Breast cancer is the most common malignancy of women and
is the chief cause of cancer-related death with an exponentially
increasing incidence secondary to increases in life expectancy and
cancer-inducing risk factors especially changes in reproductive
activity [1]. Breast cancer surgery is the primary therapeutic
intervention, but it is frequently associated with postoperative
(PO) pain that causes prolonged hospital stay, increased expenses
and consumption of health services resources and long-term
affection of patients’ quality of life [2].

Persistent pain after breast surgeries is mostly secondary
to poorly treated acute pain [3]. There is emerging evidence
suggesting the adjuvant use of regional analgesia for perioperative
pain management [4] for its better analgesic results [5], very few
cardiovascular or pulmonary side-effects [6] and avoidance of
systemic opioid analgesia which may have effects on oncological
outcomes [4].

Thoracic paravertebral block (PVB) provided ipsilateral
somatic and sympathetic nerves blockade through injection of
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local anesthetic (LA) adjacent to thoracic vertebra close to points
of emergence of spinal nerves from the inter-vertebral foramina
[7]. PVB was successfully employed in analgesic protocols for
breast surgery [3] for its high analgesic potency and low side-
effects profile [8].

Pectoral nerve (PEC) blocks can provide analgesia for surgical
procedures involving the breast and anterior chest wall [9]. The
PEC1 block involves LA injection between pectoralis major and
minor muscles at level of the 3™ rib to anaesthetize pectoral nerves
and PEC2 block involves one injection of LA between pectoral
muscles and another between pectoralis minor and serratus
anterior (SA) muscles to anaesthetize the anterior cutaneous
branches of the intercostal nerves and the intercostobrachial and
long thoracic nerves [10].

Chest ultrasound (US) imaging at the 5% rib in mid-axillary
line identified two potential spaces in relation to SA muscle and LA
injection in superficial plane provides wider (T2-9) dermatome
spread with blockade of long thoracic and thoracodorsal nerves
[11] while deep plane injection allows intercostal branches
block and provides adequate analgesia [12]. The SA block (SAB)
provides complete hemithorcic paraesthesia and can be an
alternative to PVB and central neuraxial blockade, which may be
technically more challenging and have a higher potential adverse-
effect profile [13]. This study targets to evaluate the outcome of
pain management after modified radical mastectomy (MRM)
using combined PEC1/SAB block versus thoracic PVB.

Methodology

This prospective comparative single center clinical trial
was conducted at department of Anesthesia, ICU and pain
management, Aswan University hospital since January 2017 till
May 2019. The protocol of the study was approved by the Local
Ethical Committee (EC Ref No.: aswu/109/6/16) and enrolled
patients signed written fully informed consent concerning the
study target and methodology. All women aged 20-70 years and
assigned for MRM were eligible for evaluation. Collected baseline
data included age, body weight and height for calculation of body
mass index (BMI), clinical examination to determine ASA grade,
baseline heart rate (HR) and arterial blood pressure. Patients
with co-morbidities were adjusted and maintained on their
preoperative therapies till day of surgery and postoperatively to
maintain the control state. Exclusion criteria included ASA grades
[T and 1V, BMI 235 kg/m? chest or spine abnormalities, previous
chest surgery, history of previous fracture rib, neurological
diseases, peripheral neuropathy, coagulopathies, allergy to local
anesthetics (LA), inability to interpret the used pain score and
refusal to sign the written consent.

Groups

Patients free of exclusion criteria were included in the study
and were randomly allocated into three equal groups using sealed
envelopes containing cards carrying the label for each group
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that were prepared by an assistant not included in the study and
envelopes were chosen by patient herself.

1.  Control group (Group C) included patients received no
LA block.

2. PVBgroup included patients received ultrasound guided
PVB

3. PEC1/SAB group included patients received US-guided
PEC1 and SAB

Levobupivacaine was used for the studied blocks depending
on its high cardiovascular collapse/CNS ratio that indicates
its greater safety margin than racemic bupivacaine [14]. Also,
Levobupivacaine has dose-dependent vasoactive properties that
may potentially prolong duration and slow systemic absorption,
as opposed to bupivacaine which has vasodilatory properties and
may lead to more rapid systemic absorption [15].

Dose of levobupivacaine was calculated according to Berde
& Strichartz [16] as weight-based dose, not to exceed 2 mg/
kg to avoid local anesthetic toxicity. The preparation used was
levobupivacaine 0.25% that provided 2.5mg/ml. The volume to be
injected was 40 ml for patients in both PEC1/SAB and PVB groups.
For patients of PEC1/SAB group the calculated dose was given as
10 ml for PEC1 block and the remaining part was used for SAB.
For patients of PVB, multilevel PVB injections from T2 to T6 were
used and the calculated dose (40ml) was divided equally between
these levels.

LA blocks procedure

Nerve block was performed after skin closure and covering of
wound area under US guidance using 6-13 MHz linear transducer
(Sonosite, MicroMaxx machine, USA) as follows:

1. US-guided PVB: patient was placed in lateral position to
expose the wound ipsilateral side, then the transducer was placed
parallel to vertebral column to identify the spinous process of
T4 and then moved laterally to identify its transverse process
searching for the costotransverse ligament (CTL) to identify the
PV space which site was confirmed by viewing the echogenic
line of the pleura underneath of CTL. Then, a 22-gauge Quincke’s
spinal needle was advanced in the plane and the calculated volume
of 0.25% levobupivacaine was injected in the PV space equally at
multiple levels from T2 to T6.

2. US-guided PEC1 and SAB: patient was in supine position
with ipsilateral arm was abducted above the head, skin at the
infra-clavicular region was sterilized, the transducer was placed
infra-clavicular, moved laterally to locate the axillary artery and
vein directly above the 1% rib so as to identify the pectoral muscles,
a 22-gauge Quincke’s spinal needle was inserted at the 3" rib level
between pectoralis major and minor muscles to inject 10 m1 0.25%
levobupivacaine in the fascial plane between the two muscles.
Thereafter, the US probe was placed over the 5% rib in the mid
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axillary line and under US-guidance a 22-gauge Quincke’s spinal
needle was directed towards the inter-fascial plane between the
serratus anterior muscle and external intercostal muscle, needle
site was assured by injection of 3-ml of normal saline to create of
hydro dissection, and then the created fascial plane was perfused
by the remaining part of the calculated volume of levobupivacaine
0.25%.

Anesthetic procedure

Patients attended the pre-anesthetic room fasting for a
minimum of 6-hr and were premedicated by midazolam (2 mg1V),
ondansetron (4 mgIV), and paracetamol (1gm IVI). Anesthesia was
induced, in all groups, using fentanyl 2 ug/kg, propofol 1-2 mg/kg
and rocuronium 0.6 mg/kg, and was maintained with sevoflurane
2%, fentanyl 1 ug/kg and rocuronium 0.1mg/kg as required. After
endotracheal intubation, the lungs were ventilated with 50% O,
in air for a tidal volume of 6-8 ml/kg, end-tidal carbon dioxide
(ET,,,) of 35-40 mmHg and inspiration: expiration (I:E) ratio of
1:2. Patients were continuously non-invasively monitored for
mean arterial pressure (MAP), heartrate (HR), ECG, Sp,and ET,.
At the end of surgery and prior to extubation, patients received
their assigned block for management of postoperative (PO) pain
according to the label of the card. Thereafter, intravenous injection
of neostigmine 0.05 mg/kg with atropine 0.02 mg/kg IV was done
to reverse the residual neuromuscular blockade, patients were
extubated and shifted to the post-anesthesia care unit (PACU).

Patients were monitored for pain sensation, for 24-hr PO;
using 11-points numeric rating scale (NRS) from 0 to 10 where 0
indicates no pain and 10 indicates worst pain imaginable. NRS was
used for being more practical than the graphic visual analogue
scale, easier to perceive for most people, and does not need
clear vision, pen, and paper [17]. All patients received ketorolac
tromethamine (Ketolac; amp 30mg/ml; Amryia Pharmaceuticals,
Alex, Egypt) as 1-ml diluted to 10-ml with normal saline (0.9%)
and given slowly intravenous postoperatively every 8-hrs for a
maximum of 3-doses/day. Additional analgesia was provided for
patients who had NRS score 24; as morphine in a dose of 0.05 mg/
kg diluted in 10-ml of normal saline (0.9%) and was given slowly
IV with monitoring of respiratory rate (RR) for a rate not less than
8/min and Sp , not less than 94% on room air. Patients were also
monitored for hemodynamics, conscious level and central nervous
and cardiovascular signs of systemic local anesthetic toxicity in
PACU and in the ward.

Study outcomes

1.  Primary outcome was the reduction of 24-hr PO mean
amount of morphine consumption by 20% difference between
studied groups.

2. Secondary outcome

- PO pain severity as judged after extubation; at 30-min, 2,
4,8,12, 18 and 24-hr PO using NRS score
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- Duration of PO analgesia, defined as duration of analgesia
till having NRS score 24 and receiving morphine as additional
analgesia.

- Development of block injection-related complication, LA
side effects or additional analgesia induced side effects.

Sample size calculation

Previously, Sidiropoulou et al. [18] reported non-significant
lower morphine consumption with continuous ropivacaine
0.5% infusion in comparison to ropivacaine 0.5% PVB in a study
included 24 patients/group. Combined PEC1/SAB block with US
guided infiltration was supposed to do preferably than continuous
infusion and decrease the amount of morphine consumed
during 24-hr PO down to a level to get a significant difference
in comparison to PVB. A sample size of 29 patients per group
would achieve a power of 83.4% with a value of 0.05 and 8 value
of 0.2 and fulfill the study target to get significant difference in
the mean morphine consumption between both study groups in
comparison to control group and in between both of the study
groups. To protect against drop out cases we added 3 cases, so the
total number was 90 cases for 30 patients per group.

Statistical Analysis

Obtained data were presented as mean+SD, median, numbers
and percentages. Results were analyzed using paired t-test, One-
way ANOVA Test and Chi square test. Statistical analysis was
conducted using the IBM SPSS (Version 23, 2015) for Windows
statistical package. P value <0.05 was considered statistically
significant.

Results

During the study duration, 102 women were eligible for
evaluation and 90 of women who had fulfilled the inclusion
criteria were categorized into the three study groups (Figure 1).

Evaluation of demographic and clinical data showed non-
significant differences between women of studied groups (Table
1).

Regarding primary outcome, patients who received PVB
or PEC1/SAB blocks consumed significantly lower doses of PO
morphine than control patients. Moreover, the extent of reduction
of PO morphine consumption was 40.4% and 49.2% by PVB and
PEC1/SAB, respectively, in relation to that consumed by control
patients. Furthermore, the use of PEC1/SAB block significantly
reduced morphine consumption than PVB by about 14.8% of the
dose received by patients who received PVB block. Consequently,
the duration of PO analgesia was significantly longer, and number
of requests of additional analgesia and the collective 24-hr scores
were significantly lower in patients received PVB and PEC1/SAB
blocks in comparison to that recorded for control patients with
non-significant differences between PVB and PEC1/SAB groups
(Table 2).
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Figure 1: Consort Flow Sheet

intervention (n={) intervention (n=0) intervention (n={)
h 4 h 4 h 4
795 mg/24hr 4.75 me/24hr 4.0% mg/24hr
[40.4% w3, control [49.2% vz, contral]
[14.8% vz. PVB]

Table 1: Data of studied women at time of categorization.

Significance of inter-group differences
Group Data Control (n=30) PVB (n=30) P%ﬁiéng
- P1 P2 P3
Age (years) 53+5.1 54.4+7.5 54+6.3 0.401 0.501 0.824
Weight (kg) 73.9+5.4 75.1+3.2 74.2+4.8 0.297 0.802 0.397
Height (cm) 168.5+3 168.3+4.5 169.3+1.4 0.841 0.192 0.246
BMI (kg/m?) 26+1.6 26.5+1.5 25.9+1.8 0.218 0.952 0.232
ASA; I 11 23:07 25:05 21:09 0.519 0.559 0.222
DM 4(13.3%) 2 (6.7%) 3 (10%)
Hypertension 1(3.3%) 2 (6.7%) 4 (13.3%)
D‘}[SS%C.Et.ed 0.784 0.527 0.846
orbidities Renal disease 2 (6.7%) 0 1(3.3%)
Cardiac disease 0 1(3.3%) 1(3.3%)

Data are presented as mean+SD; PVB: Paravertebral block; PEC1/SAB: pectoral and serratus anterior blocks; BMI: Body mass index; DM: Dia-
betes mellitus; P1: indicates significance of difference between control & PVB groups; P2: indicates significance of difference between control &
PEC1/SAB groups; P3: indicates significance of difference between PVB and PEC1/SAB groups; p>0.05 indicates insignificant difference.

Table 2: PO pain and morphine consumption data of studied women over the 1%t 24-hr po.

Significance of inter-group differ-
Group Data Control PVB PEC1/SAB ences
P (n=30) (n=30) (n=30)
P1 P2 P3

Amount (mg) 7.95+1.45 4.75+1.6 4.05+0.85 <0.0001 <0.0001 0.041

decrease in rela- c 40.40% 49.20%
Morphine tion to group

consumption PVB 14.80%

Time till 1 request (min) 36.8+12.8 340.3+104.5 316.5+146.8 <0.0001 <0.0001 0.472

Frequency requests 2.17+0.46 1.27+0.45 1.1+0.31 <0.0001 <0.0001 0.098
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0.5-hr 29+1.1 0 0 <0.0001 <0.0001 1
2-hr 2.8+1.6 0.73+£0.98 1.17+1.18 <0.0001 <0.0001 0.127
4-hr 1.53+1.63 2.5+1.22 2.83+1.29 0.012 0.0011 0.309
After extubation 8-hr 2.77+1.27 2.7%¥1.82 1.83+1.9 0.871 0.029 0.076
PO paln NRS 12-hr 2.1%1.6 1.2+1.2 1.33+1.4 0.017 0.053 0.695
18-hr 2+1.34 1.73+1.08 1.53%1 0.399 0.133 0.462
24-hr 2.1+1.1 2.5%1 2+1.1 0.152 0.815 0.097
Collective 24-hr score 2.3%¥0.3 1.6+0.4 1.5+0.3 <0.0001 <0.0001 0.309

Data are presented as meanzSD; PVB: Paravertebral block; PEC1/SAB: pectoral and serratus anterior blocks; PO: Postoperative; NRS: numeric
rating scale; P1: indicates significance of difference between control & PVB groups; P2: indicates significance of difference between control &
PEC1/SAB groups; P3: indicates significance of difference between PVB and PEC1/SAB groups; p>0.05 indicates insignificant difference.

All surgeries were conducted uneventfully with a mean
duration till completion of mastectomy of 75.5+9.9 min. The
wound was closed, with drainage for 24-hrs to guard against
seroma formation. Mean duration for mastectomy and amount of
operative blood loss showed non-significant differences between
the three groups. Mean duration till completion of block was non-
Table 3: Operative data of patients of study groups.

significantly shorter with PVB, so total theater time for patients
received nerve block was non-significantly shorter with PVB
(Table 3). Mean HR and MAP measures recorded during surgery
showed non-significant variance between patients of all studied
groups.

Significance of inter-group differences
Group Data Control (n=30) PVB (n=30) PEC1/SAB (n=30)
P1 P2 P3
Mastti‘;c;omy 74.6+9.7 76.2410.4 75.6+9.9 0.539 0.693 0.82
[Theater | p)  « time 0 19+2.1 20.2+3.3 0.099
time (min)
Total theater 95.2+10.3 95.8+9.8 0.818
time
Operative blood loss (ml) 229.8+51.1 240.7+43.7 254.9+71.1 0.377 0.121 0355
Amount of wound drain- 31.38.1 29:9.6 341114 0.313 0.137 0.071
age (ml)

Data are presented as mean+SD; PVB: Paravertebral block; PEC1/SAB: pectoral and serratus anterior blocks; P1: indicates significance of differ-
ence between control & PVB groups; P2: indicates significance of difference between control & PEC1/SAB groups; P3: indicates significance of
difference between PVB and PEC1/SAB groups; p>0.05 indicates insignificant difference.

All patients had drain removal after 24-hrs PO to guard
against development of ascending wound infection. There was
non-significant difference between patients of studied groups
regarding the amount of wound drainage. No patient developed
surgical or block-related complications, such as limb edema,

Table 4: Frequency of morphine-induced side effects.

pneumothorax, vascular puncture, or local anesthetic toxicity.
Morphine-induced side effects were more manifest in patients
of group C, but fortunately no patient developed respiratory
depression (Table 4).

Significance of inter-group differences
Group Data Control (n=30) PVB (n=30) PEC1/SAB (n=30)
P1 P2 P3
Drowsiness 16 (53.3%) 5(16.7%) 3 (10%)
Dizziness 12 (40%) 3(10%) 6 (27.3%) 0.861 0.744 0.972
POVN 4 (13.3%) 2 (6.7%) 3 (13.6%)
Itching 6 (20%) 1(3.3%) 1(3.3%)

Data are presented as mean+SD; PVB: Paravertebral block; PEC1/SAB: pectoral and serratus anterior blocks; P1: indicates significance of differ-
ence between control & PVB groups; P2: indicates significance of difference between control & PEC1/SAB groups; P3: indicates significance of
difference between PVB and PEC1/SAB groups; p>0.05 indicates insignificant difference.
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Patients who had PONV required ondansetron injection, while
other manifestations were mild and required no treatment.

Discussion

The use of either PVB or PEC1/SAB blocks for women
underwent MRM allowed PO morphine consumption reduction
by about 40-50% with significantly longer duration of PO
analgesia and lower number of requests of additional analgesia
in comparison to control patients received no block. However,
PEC1/SAB block did more favorably than PVB as manifested by
reduction of morphine consumption by 15% with significantly
lower amount of morphine consumed during 24-hr PO.

Unfortunately, no previous study was found to compare
the three types of regional blocks; however, multiple studies
compared outcomes of using either PECS or SAB versus controls
receiving opioid-based analgesia during breast surgeries under
general anesthesia (GA), where PEC block whether administered
to provide perioperative [19-21], intraoperative [22] or PO
analgesia [23,24] for women undergoing MRM, significantly
reduced pain scores, intraoperative (I0) and PO opioid use and
provided significantly longer duration of analgesia with associated
reduction of the incidence of PONV in comparison to GA alone.
Moreover, Fancellu et al. [22] documented that PECS plus sedation
can allow perfect anesthesia for breast-conserving surgery, thus
avoiding general anesthesia.

Regarding SAB, Rahimzadeh et al. [25], Yoon et al. [26] and
Ahiskalioglu et al. [27] using US-guided SAB reported statistically
lower pain scores, 24-h opioid consumption, and incidence of
PONV in comparison to control women received GA without
blocks. Moreover, Abdallah et al. [28] compared PEC or SAB blocks
versus control group received opioid-based analgesia and found
either type of block was associated with reduced 10 and PO opioid
consumption and PONV compared with control and reported
non-significant difference between both types of block for these
2 outcomes.

Furthermore, Versyck et al. [29] reported that PEC block
showed better analgesic efficacy than systemic analgesia alone
and comparable analgesic efficacy to a thoracic PVB for breast
cancer surgery, while Singh et al. [30] reported that use of PECS
block with GA for breast surgery has significant 10 opioid-sparing
effect than PVB and Grape et al. [31] after searching the electronic
databases for trials comparing PECS block with PVB as analgesic
treatment after radical mastectomy had documented that PECS
block provides marginal PO analgesic benefit than PVB till 2-hr
PO and then the difference became non-significant. Also, Gupta et
al. [32] documented that SAB is an alternative analgesic technique
to thoracic PVB for MRM although PVB provides a longer duration
of analgesia.
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In a comparative study of combined SAB/PECS blocks for
women undertaken mastectomy under GA versus GA alone,
Matsumoto et al. [33] found combined blocks significantly reduced
10 opioid consumption, morphine use and pain scores in PACU and
till 24 h after surgery. In addition to these advantages, Wang et al.
[34] found such combination contributed to better sleep quality
and higher patient satisfaction of pain relief and Grasso et al.
[35] found the combined blocks significantly reduced PONV and
hospital stay. In an interesting comparative study, Song et al. [36]
found the combination of PECS, SAB and parasternal intercostal
blocks showed no differences in pain scores in comparison to
PECS/SAB alone during rest but significantly reduced pain scores
during activity.

The reported superior pain relief and reduction of morphine
consumption with the use of combined PECS/SAB block in
comparison to PVB during MRM, could be attributed to the
complementary effect of both types of block to magnify the
advantages and cover weak points of each if used separately. In
support of this assumption, Kubodera et al. [37] compared PECS
and SAB for analgesia after mastectomy and found the 24-h PO
pain scores and morphine consumption within 24 hours was non-
significantly lower in PECS than SAB block, while the proportion of
patients without pain till 2-months PO was significantly less with
SAB, but pain scores were significantly lower with PECS.

One of the strong points of our trial is the use of a consistent
concentration and volume of local anaesthetic drug in PVB
and PEC1/SAB groups (40 ml of 0.25% levobupivacaine). Our
methodology therefore presented a reasonable comparative
evaluation of both groups comparing to other researchers used
different concentrations and volumes between groups in the
same study. We performed multilevel PVB injection to provide
more effective analgesia in PVB group. The reported superior
pain relief and reduction of morphine consumption with the use
of combined PECS/SAB block in comparison to PVB during MRM,
could be attributed to the complementary effect of both types of
block to magnify the advantages and cover weak points of each
if used separately. Unfortunately, no previous study was found to
compare the three types of regional blocks. Our analysis, however,
had some limitations. We could not determine the onset time
of block or the sensory block level as blocks were done under
general anesthesia, at the end of surgical procedure. We did not
put a catheter to facilitate prolonged postoperative pain relief in
our small study. Wide scale studies are mandatory to establish the
ideal injection modalities for SAB (superficial or deep to serratus
anterior muscle) and the analgesic duration with and without
adjuvants to improve the post-operative analgesic mechanisms
for MRM.

Conclusion

Regional blocks for PO analgesia improved quality of pain
control after MRM with reduced opioid consumption and sparing
of opioid-related side effects. Multimodal nerve block using
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combined PEC1/SAB block provided superior analgesia with
significant reduction of morphine consumption than PVB and is
recommended for MRM as adjuvant to GA. However, wide scale
studies are mandatory to establish these results and to define the
impact of combined block on patients’ quality of life.
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