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Abstract

BACKGROUND: Post-operative pain after mastectomy is associated with poor recovery, prolonged hospital stays,
and increased liability for chronic persistent pain.

AIM: This work aimed to test the analgesic efficacy of adding ketamine to a dexamethasone bupivacaine combination
in ultrasound-guided serratus anterior plane block (SAPB) in patients undergoing modified radical mastectomy
(MRM).

METHODS: This randomized, double-blind trial included 60 females aged 20-60 undergoing MRM. They were
randomized into two groups: Group DB (n = 30) received SAPB using 30 ml of bupivacaine 0.25% and dexamethasone
4 mg. Group KD (n = 30) received the same block with the addition of ketamine 50 mg.

RESULTS: The time to the first analgesic request was significantly delayed in Group KD than in Group DB (p < 0.001).
The number of patients requiring morphine and its total consumption during the first 24 post-operative hours in
Group KD were significantly less than in Group DB (p = 0.001 and p < 0.001, respectively). Visual Analog Scale
scores at rest and movement at 4, 6, 8, 10, 12, and 18 h were significantly lower in Group KD than in Group DB.

CONCLUSIONS: Adding ketamine to bupivacaine plus dexamethasone in ultrasound-guided SAPB is associated
with better analgesic outcomes in patients undergoing MRM, including prolonged duration of analgesia and
decreased post-operative morphine consumption and pain scores at rest and movement.
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Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
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Introduction

Despite the strides made in the surgical
management of breast cancer, slight advancement
has been made to improve post-operative pain
control after modified radical mastectomy (MRM), with
pain remaining one of the most common symptoms
encountered in up to 50% of patients [1]. Post-operative
pain after mastectomy has several complications, such
as poor recovery, prolonged hospital stays, and even
increased liability to chronic persistent pain. Acute post-
operative pain is complicated by persistent chronic
post-surgical pain in 25-60% of women undergoing
MRM [2].

Various methods are suggested to manage
post-operative pain, including non-steroidal anti-
inflammatory drugs (NSAIDs), opioids, local
anesthetic (LA) infiltration, and regional blocks [2].
Regional anesthesia techniques provide excellent
pain control, improve pulmonary function, and
reduce perioperative narcotic requirements [3]. Novel
ultrasound-guided interfascial plane blocks have been

described as safe, easy, and reliable alternatives in
breast surgery. One of these techniques is serratus
anterior plane block (SAPB), in which the lateral
cutaneous branches of the intercostal nerves are
blocked by injecting LA above or below the serratus
anterior muscle in the mid-axillary line, sparing the
pectoral nerves [4].

The limited duration of analgesia provided
by LAs has warranted the use of various adjuvants,
such as tramadol, dexmedetomidine, dexamethasone,
or ketamine, aiming to enhance analgesia quality
synergistically [5]. Dexamethasone adjuvant for LAs
has been shown to boost and prolong various types
of nerve block [6]. Ketamine, an NMDA antagonist,
has an analgesic effect by blocking NMDA-induced
pain sensitization and enhancing opioid receptor
sensitization [7]. Ketamine added to bupivacaine in
Pecs block was shown to prolong analgesia and reduce
opioid consumption [8].

This work aimed to assess the analgesic
efficacy of adding ketamine to bupivacaine plus
dexamethasone in ultrasound-guided SAPB in patients
undergoing MRM.
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Patients and Methods

This randomized, double-blind trial included
60 females aged 20-60 years of ASA physical status
class I-lll undergoing MRM from February 2022 to
January 2023. The study was approved by the Ethical
Committee National Cancer Institute, Cairo University,
Egypt. Written informed consent was obtained from
the patients. Exclusion criteria were refusal for SAPB,
defective coagulation, infection at the injection site, and
history of allergy to the study drugs.

Patients were randomized in a parallel
manner at 1:1 by computer-generated numbers into
two equal groups. Their allocation code was kept in a
closed, opaque envelope. Group DB (n = 30) received
ultrasound-guided SAPB using 30 ml of bupivacaine
0.25% and dexamethasone 4 mg. Group KD (n = 30)
received SAPB with 30 ml of bupivacaine 0.25%,
dexamethasone 4 mg, and ketamine 50 mg.

All  patients were subjected to history
taking and clinical examination and assessed for
hemodynamic abnormalities in the pre-operative room.
They were continuously monitored with a five-lead
electrocardiogram (ECG), pulse oximetry, non-invasive
blood pressure monitoring (NIBP), end-tidal CO,, and
Train-of-four (TOF).

General anesthesia

A uniform anesthetic technique was used in the
two groups. After pre-oxygenation with 100% oxygen for
3 min, induction of anesthesia was done by IV propofol
2 mg/kg, fentanyl 200 ug, and atracurium 0.5 mg/kg
to facilitate endotracheal intubation. Anesthesia was
maintained with isoflurane 1-2% in 50% air in oxygen
mixtures. An intermittent dose of atracurium for muscle
relaxation and fentanyl 1 ug/kg was used if the heart
rate (HR) increased more than 20% of the initial
reading. All patients were mechanically ventilated
to maintain end-tidal CO, tension around 35 mmHg.
Inhalation anesthetic was discontinued at the end of
the surgery, and neuromuscular blockade was reversed
by IV injection of neostigmine 0.05 mg/kg with atropine
0.01 mg/kg after fulfilling the criteria for extubating.
Patients were extubated and transferred to the post-
anesthesia care unit (PACU).

Superficial SAPB

The block was done after induction of general
anesthesia with the patient in the lateral position and
the diseased side up. A linear ultrasound transducer
(10-12 MHz) by Sonosite M-turbo machine was placed
over the mid-clavicular region of the thoracic cage in
a sagittal plane. The fifth rib was identified in the mid-
axillary line. The following muscles are identified easily

overlying the fifth rib: the latissimus dorsi (superficial and
posterior), teres major (superior), and serratus muscle
(deep and inferior). The thoracodorsal artery was used
to identify the plane superficial to the serratus muscle as
an extra-reference point. A 22G, 50-mm Tuohy needle
was introduced in-plane with the ultrasound probe
targeting the plane superficial to the serratus muscle.
Under continuous ultrasound guidance, the LA solution
was injected, and fanning of the LA was observed.

Post-operative management

For post-operative pain management, all
patients received intravenous (IV) paracetamol 1 g
(Injectemol, Pharco B International, Pharmatech) every
6 h, then morphine IV (3 mg) if required to keep Visual
Analog Scale (VAS) score < 3. Morphine consumption
as a rescue drug was calculated during the first 24
post-operative hours. As soon as the patient was alert,
the VAS pain score (10 mm vertical scale from 0 to 10
where zero means no pain and 10 is the worst pain)
was recorded every 2 h.

The primary outcome measure was the
duration of analgesia, defined as the time to first
request post-operative analgesia. The secondary
outcomes were total morphine consumption over
the first 24 post-operative hours, total intraoperative
fentanyl consumption, hemodynamic characteristics,
and adverse effects, including nausea, vomiting,
hypotension, bradycardia, and cardiac arrhythmia.

Sample size

There was no similar study to ours in the
literature. We supposed that ketamine addition to the
dexamethasone bupivacaine combination would induce
the same effect if bupivacaine was used alone. A previous
study [9] reported an increase in analgesia duration
of 5.2 h by adding ketamine to the LA, with a pooled
standard deviation of 2.8. Based on these findings,
29 patients in each group were required to reject the null
hypothesis at an alpha level of 0.05 and a power of 80%.
The sample size was calculated by G Power *3.1.9.4.

Statistical analysis

Statistical analysis was done using the SPSS
v26 (IBM®© Corp., Armonk, NY, USA). Numerical data
were expressed as mean and standard deviation or
median and range as appropriate. Qualitative data were
expressed as frequency and percentage. Chi-square
test (Fisher's exact test) was used to examine the
relation between qualitative variables. For quantitative
data, a comparison between the two groups was done
using an independent sample t-test or Mann—Whitney
test. A two-tailed p < 0.05 was considered statistically
significant.

2

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Bakeer et al.: Dexamethasone plus Ketamine in SAPB

Results

In this study, 84 patients were assessed for
eligibility, 18 did not meet the inclusion criteria, and
six refused to participate. The remaining patients were
randomly allocated into two equal groups (30 patients
each). All allocated patients were followed up and
analyzed statistically (Figure 1). Demographic data
and duration of surgery were insignificantly different
between both groups (Table 1).

Table 1: Demographic data and duration of surgery of the
studied groups

Group DB (n = 30) Group KD (n = 30) p
Age (years) 40.3+11.1 43.3+104 0.284
Weight (kg) 72177 745+73 0.225
Height (cm) 166 + 6 163+7 0.124
Body mass index (kg/m?) 26.3+3.6 28.1+3.8 0.064
ASA physical status (II/11) 27/3 28/2 1.000
Duration of surgery (min) 124 + 20 119 £ 20 0.303

Data are presented as mean + SD, ASA: American Society of Anesthesiologists

Group KD showed a better analgesic profile
compared to Group DB. The analgesic duration was
significantly longer in Group KD than in Group DB (p
< 0.001). The number of patients requiring morphine
and total morphine consumption during the first
24 post-operative hours were significantly lower in
Group KD than in Group DB (p = 0.001 and p = 0.035,
respectively). The number of patients requiring fentanyl
was comparable between groups (Table 2).

Table 2: Analgesic profile of the studied groups

Variable GroupDB (n=30) GroupKD (n=30) p

Duration of analgesia (hours) 11.8+4.8 19.3+1.8 <0.001
Patients requiring fentanyl 7 (23.3%) 3(10.0%) 0.166
Total fentanyl consumption (ug) 74 (67-84) 81 (73-82) *
Patients required morphine 30 (100.0%) 20 (66.7%) 0.001
Total morphine consumption (mg) 6 (3-9) 4 (2-8) 0.035

Data are presented as mean + SD, median (range), or number (%), **No P value was computed due to the
small number of patients in the KD group

VAS scores at rest and movement from 4
to 18 h postoperatively were significantly lower in
Group KD than in Group DB. In the early and late post-
operative period (2 and 24 h), VAS scores at rest and
movement were comparable between groups (Table 3).

Table 3: Post-operative VAS pain score at rest and with
movement in the two studied groups

Variable Group DB (n = 30) Group KD (n = 30) P

VAS score at rest
2h 1(0-1) 1(0-1) 0.605
4h 2 (0-6) 0(0-1) <0.001
6h 2(1-7) 1(1-2) <0.001
8h 3 (1-6) 2 (1-3) 0.002
10h 3(1-7) 2 (1-3) <0.001
12h 3(1-7) 2 (1-3) <0.001
18h 3(1-7) 2 (1-6) 0.013
24 h 4 (1-6) 3(2-7) 0.695

VAS score with movement
2h 2 (1-3) 2 (1-3) 0.281
4h 3(2-8) 2 (1-3) <0.001
6h 4(2-9) 3(24) 0.002
8h 4 (2-7) 3 (2-5) 0.005
10h 5(2-8) 3(2-4) <0.001
12h 5(2-8) 3 (2-5) <0.001
18h 5(3-8) 4 (2-7) 0.012
24 h 5 (2-8) 4 (3-8) 0.734

Data are presented as median (range)

During the intraoperative period, the two
groups had no significant differences in heart rate

Assessed for eligibility (n=84)

l ENROLLMENT |

\

y

Excluded (n=24)
Not meeting inclusion criteria (n=18)
Declined to participate (n=6)
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‘ ALLOCATION |

\ 4
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FOLLOW UP

\ 4
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Discontinued intervention (n=0)

ANALYSIS
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Analyzed
(n=30)

Figure 1: CONSORT flowchart
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Figure 2: Changes in heart rate during the post-operative period

and mean arterial blood pressure (MAP) (Table 4).
Postoperatively, HR in Group KD was significantly
slower than in Group DB between 4 and 18 h
(Figure 2). Similarly, MAP was significantly lower than
in Group DB between 4 and 18 h (Figure 3). However,
all readings were within the clinically acceptable
ranges.

Table 4: Intraoperative and post-operative hemodynamic
profile in the two studied groups

Group DB (n =30) Group KD (n =30) P

Heart Rate (beats/min.)

Baseline 8110 8010 0.938
Intraoperative

10 min 77£10 79+9 0.442

30 min 75+9 77+9 0.422

60 min 74£10 769 0.493

90 min 74£10 76+9 0.403
Post-operative

2h 78+10 79+ 10 0.870

4h 82+12 75+9 0.007

6h 82+ 14 75+ 10 0.031

12h 88+ 16 74£10 <0.001

18 h 90 + 14 80+ 12 0.004

24 h 92+13 88+ 15 0.230
Mean Arterial Pressure (mmHg)

Baseline 96 £ 13 94 £12 0.554
Intraoperative

10 min 91+13 92+12 0.850

30 min 88+ 13 90 + 11 0.564

60 min 89+13 90 + 11 0.658

90 min 88+ 13 87 +12 0.598
Post-operative

2h 92+13 90 +12 0.603

4h 93+15 85+ 11 0.024

6h 93+ 14 86 + 12 0.043

12h 98+ 16 86+ 12 0.002

18 h 99+ 18 89+ 14 0.023

24 h 102 + 15 94 +£16 0.059

Data are presented as mean + SD
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Figure 3: Changes in mean arterial pressure during the post-operative
period

The two groups had no significant difference
in post-operative nausea and vomiting (PONV),

hypotension, and bradycardia (Table 5). Cardiac
arrhythmia and LA toxicity did not occur in any patient.

Table 5: Adverse effects encountered in the two studied groups

Group DB (n = 30) (%) Group KD (n = 30) p
Nausea and vomiting 5(16.7) 2(6.7) 0.228
Hypotension 2(6.7) 0(0.0) *
Bradycardia 3(10.0) 0(0.0) **

**No P value due to small number in groups

Discussion

Breast cancer is the most common female
malignancy worldwide [10]. Surgery is required in almost
80% of patients for tumor resection. Unfortunately,
acute post-operative pain following breast surgery is
usually moderate-to-severe [11]. Thoracic paravertebral
block (TPVB) is widely accepted as the gold standard
analgesic technique for breast surgery [12]. However,
its routine use is deterred by the likely risks of
pneumothorax, hypotension, and neuraxial spread
during this invasive block [13].

The SAPB is a novel regional anesthetic
technique for the thoracic wall that appears to be a
feasible alternative to TPVB. A recent meta-analysis
of 12 RCTs of moderate to high quality confirmed the
efficacy and safety of SAPB compared to no regional
block and its ability to be a possible alternative to
TPVB for perioperative analgesia in breast cancer
surgery [14]. The application of the SAPB significantly
relieves post-operative pain in breast surgery and
reduces intraoperative and post-operative consumption
of analgesics.

SAPB can be easily performed under
ultrasound guidance, where the LA is injected either
superficial or deep into the serratus muscle, targeting
the lateral cutaneous branches of the thoracic intercostal
nerves [15]. In the current study, we have chosen
the superficial rather than the deep block, depending
on the authors’ experience and recommendations
from previous studies. Tan et al. [16] found that the
superficial block achieved better analgesic efficacy
for mastectomy with axillary clearance than the deep
block, with lower pain scores, longer analgesic time,
and reduced morphine consumption. This is probably
explained by the need to extend the surgical incision to
the lateral aspect of the hemithorax for axillary lymph
node dissection. In this situation, superficial but not
deep SAPB might give satisfactory analgesic coverage.

In SAPB, like other forms of peripheral nerve
blocks, the analgesic effect often lasts for a few hours.
Therefore, prolonging the analgesia duration can
prevent moderate-to-severe pain in the post-operative
period. Alarger LA dose exposes the patients to adverse
cardiovascular and nervous outcomes [17]. Many drugs
have proved helpful as analgesic adjuvants to enhance
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the analgesic efficacy. Dexamethasone and ketamine
are among these agents. To the best of our knowledge,
this study is the first to test the possible analgesic
advantage of adding ketamine to bupivacaine plus
dexamethasone in ultrasound-guided SAPB in patients
undergoing MRM.

This study demonstrated that ketamine
addition to dexamethasone bupivacaine combination
in superficial SAPB had a better analgesic efficacy
compared to dexamethasone bupivacaine mixture.
Ketamine addition was associated with longer
analgesic duration and reduced post-operative
morphine consumption in the first 24 h. However, the
number of patients requiring fentanyl was comparable
between groups. The post-operative pain scores at
rest and with movement were significantly lower in
ketamine Group KD up to 18 h. Both groups have
exhibited hemodynamic stability with no significant
difference in post-operative nausea and vomiting
(PONV), hypotension, and bradycardia. It is noteworthy
that none of the patients developed cardiac arrhythmia
or other LA toxicity manifestations.

Dexamethasone is a long-acting synthetic
corticosteroid with anti-inflammatory, anti-allergic,
analgesic, and immunosuppressive properties [18].
It was used in many studies to prolong regional
anesthesia. In patients who received brachial plexus
nerve block, dexamethasone as an adjuvant to
ropivacaine prolonged analgesia duration in doses of 1,
2, and 4 mg [19]. A meta-analysis showed a reduction
in pain scores and morphine consumption with more
prolonged analgesia when LA was combined with
dexamethasone in the transversus abdominis plane
(TAP) block [20]. In another meta-analysis of 27 studies
that compared perineural dexamethasone with a
placebo, the analgesic duration was prolonged in the
perineural dexamethasone group by 6.5 h [21]. Chen
et al. studied the analgesic efficiency of dexamethasone
as an adjuvant with ropivacaine in continuous SAPB in
patients undergoing VATS. Dexamethasone prolonged
the time to the first patient-controlled analgesia and
was associated with significantly lower pain scores up
to 72 h postoperatively [22]. Numerous investigations
have provided empirical evidence supporting the
relative safety of utilizing dexamethasone as an
adjuvant to regional anesthetics without elevating the
likelihood of complications [23], [24].

The mechanism by which dexamethasone
can prolong regional block is not well understood.
Dexamethasone inhibits K* exchange in unmyelinated
C fibers, transmitting pain through binding to
glucocorticoid receptors [25]. Dexamethasone can also
delay LA absorption by constricting the blood vessels
and reducing capillary permeability by enhancing
catecholamine sensitivity [26], [27]. A further systemic
mechanism is suppressing local cyclooxygenase activity
after trauma, which reduces the production of chemicals
causing pain, like prostaglandins [28]. Bravo et al. [29]

found that 2 mg, 5 mg, and 8 mg of dexamethasone
resulted in similar motor and sensory durations in
brachial plexus blocks. A meta-analysis showed that
4-10 mg of dexamethasone combined with ropivacaine
can effectively extend its analgesic duration. In the
current study, we used 4 mg of dexamethasone [24].

We hypothesized that the ketamine addition
to the dexamethasone bupivacaine combination would
result in a superior analgesic effect based on its different
mechanisms of action. It has been used in many
previous studies to improve post-operative and chronic
pain management. Sub-anesthetic dose ketamine
was shown to exert analgesic and anxiolytic benefits,
enhancing patient experience and co-operation [30].
When employed as an adjuvant with opioids in patients
having thoracic and abdominal surgery, ketamine has
been shown to enhance post-operative pain relief and
decrease morphine consumption [5].

Ketamine is an N-methyl-D-aspartate (NMDA)
receptor antagonist with a sedative and surface
analgesic effect [30]. The NMDA receptors are critical
in terminating post-operative analgesia and preventing
rebound pain. Ketamine, as an NMDA antagonist, has
been shown to elicit diverse analgesic effects through
different routes of administration [31]. When used as an
adjuvant for LA, ketamine directly inhibits Na+ channels
where action potentials and pain are initially created
and maintained [32]. In patients with chronic regional
pain syndrome, ketamine, when administered with an
LA, demonstrates sympatholytic traits against heat
allodynia without adverse side effects in the CNS when
injected at 0.5 mg/kg [33].

Adding ketamine to epidural bupivacaine or
lidocaine has been shown to prolong regional anesthesia
and post-operative analgesia [34]. Simultaneous
intraoperative infusion of ketamine and lidocaine
during open abdominal surgery provided a significant
reduction in pain severity and opioid consumption after
surgery [35].

Athree-arm, randomized control trial compared
0.375% ropivacaine alone or combined with ketamine
40 mg and a third group who received intravenous
ketamine intraoperatively in patients undergoing
anterior cruciate ligament reconstruction. The ketamine
ropivacaine mixture was associated with significantly
reduced post-operative pain and longer analgesic
duration. IV-administered ketamine during operation
did not produce the same effects as pre-operative
administration [36]. Another study compared ketamine
vs. dexmedetomidine as adjuvants in supraclavicular
nerve block in patients undergoing upper limb surgery.
Compared to a control group, both drugs showed
reduced pain scores up to 24 h postoperatively.
Dexmedetomidine was superior to ketamine in reducing
pain and time of the first analgesic request [37].

A recent study evaluated the effect of ketamine
addition to ropivacaine in TAP block for cesarean section
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as compared to dexmedetomidine or dexamethasone.
The authors found that the duration of analgesia was
more prolonged in the ketamine-treated group than in
dexamethasone and dexmedetomidine. Besides, patient
satisfaction was significantly better in the ketamine
group, with no significant difference in the incidence of
adverse effects between the three groups [38].

Othman et al. [8] tested the analgesic efficacy
of modified Pecs block with ketamine as an adjuvant
to bupivacaine in patients undergoing breast cancer
surgery. Adding ketamine to bupivacaine resulted in
a prolonged time of first request of analgesia (18.3
2.0 and 12.6 = 2.6, respectively, p < 0.001), reduced
morphine consumption (12.5 + 4.6 and 18.9 + 6.3,
respectively, p = 0.016). However, it did not affect pain
scores or hemodynamics or increase the side effects.

Abdelhamid et al. [39] compared ketamine vs.
neostigmine as additives to bupivacaine for ultrasound-
guided SAPB in MRM. The post-operative morphine
consumption was lower in the ketamine group compared
to the neostigmine and control groups. However, the
time of the first analgesic request and the number of
patients requiring rescue analgesia were comparable
between the three groups. Ketamine effectively reduced
pain compared to the other groups, but only after 8
and 16 h. There was no significant difference between
groups in the frequency of PONV.

El Mourad and Amer [40] compared
dexamethasone and ketamine as adjuncts to
bupivacaine in TPVB in patients undergoing MRM.
They reported that ketamine was associated
with a longer time to first analgesic demand than
dexamethasone and control groups (18.0 + 6.0, 10.3
+ 4.5, and 5.3 £ 3.1 h, respectively; p = 0.0001). Pain
scores were occasionally lower in the ketamine group
than in the dexamethasone group. The total opioid
consumption was reduced comparably in the ketamine
and dexamethasone groups. The authors did not report
serious adverse events with stable hemodynamic
values at all times of measurements, with no significant
intergroup difference.

All of the previous studies used a ketamine
dose of 1-2 mg/kg. In the current study, we used
a fixed dose of 50 mg in all patients as an additive
to dexamethasone. The smaller ketamine dose is
supposed to avoid the possible adverse effects of the
drug. Injections of ketamine activate the sympathetic
system. Thus, patients may experience tachycardia
and elevated blood pressure [41]. It may also lead to
psychiatric symptoms; however, a low dose of ketamine
has been shown to have no significant side effects
during the post-operative period [42]. Therefore, the
lowest effective dose of dexamethasone plus the low
ketamine dose in the current study is supposed to avoid
the possible adverse effects of both drugs. In fact, we
did not observe any serious side effects in the present
study.

This study has some limitations; it was a
single-center study with no placebo groups as a control
to confirm the effect of the dexamethasone-only group.
We followed the patients for only 24 h, while other
studies reported the post-operative analgesic effects
up to 48-72 h. However, one of our main objectives
of adequate analgesia was early ambulation. We did
not investigate different doses of adjuvants used in
the study; instead, we used an empirical dose of both
agents.

Conclusions

The addition of ketamine to a combination of
dexamethasone and bupivacaine during ultrasound-
guided SAPB in patients subjected to MRM improved
the analgesic outcomes, including prolonged time
for first request of analgesia, reduced post-operative
morphine consumption, decreased VAS score at
rest and movement. The use of dexamethasone and
ketamine was associated with hemodynamic stability
and minimal mild adverse effects.
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