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ORIGINAL ARTICLE

Evaluation of Midazolam as an Adjuvant to Rectus
Sheath Block for Postoperative Analgesia in Patients
Undergoing Umbilical Hernia Repair

Ahmed Younes*, Ahmed Mahmoud M.M. Elgarhy, Emad Shaban

Department of Anesthesiology, Intensive Care, and Pain Management, Faculty of Medicine, Al-Azhar University, Cairo, Egypt

Abstract

Background: Various adjuvants have been tried to improve quality and increase duration of local anesthetics during
various nerve blocks. We aimed to evaluate the efficacy of midazolam as an adjunct for RS block to reduce the need for
morphine, discomfort, nausea, and vomiting after surgery.
Patients and methods: 66 Cases undergoing umbilical hernia repair randomized into two groups Midazolam group 33

cases, received bilateral administration of bupivacaine 0.25% 20 ml, combined with 50 mcg/kg midazolam, and control
group 33 cases, received the same anesthesia without addition of midazolam.
Results:Heart rate was comparable between groups and patients in the midazolam group exhibited lower MBP with no

significant difference. The control group experienced higher morphine rescue analgesia than the midazolam. The 24-h
morphine consumption was more declined among patients in the midazolam group. Static and dynamic VAS recordings
were more declined in midazolam group against the control group. Cases in the midazolam group exhibited higher
satisfaction score with lower Postoperative nausea and vomiting (PONV) (P <0.01).
Conclusion: Midazolam administration as an adjunct to bupivacaine during rectus sheath block increased analgesic

qualities, as demonstrated by lower VAS grades, lower postoperative morphine doses, and a longer time to first request
of analgesia. Midazolam also showed antiemetic actions, and no major side effects were observed.

Keywords: Midazolam, Umbilical hernia repair, Analgesia, Rectus sheath block

1. Introduction

T he sensory innervation to the central portion of
the anterior abdominal wall is derived from

the ventral rami of the last thoracic spinal nerves
from T7 to T12. Anatomically, these sensory neu-
rones travels anteriorly to traverse the rectus
abdominis muscle and distribute between the
muscle the posterior layer of the rectus sheath,
where the local anaesthetic can be administered to
obtain analgesia to the midline anterior abdominal
wall. Anesthesia for these nerves is considered a
plane block, therefore, a large volume of local
anaesthetic is required to provide efficient pain
control. Indeed, the inter-space between the rectus
abdominis muscle and the posterior rectus sheath is

attributed to the non-fusion between the muscle
insertion and the posterior sheath layer, allowing for
cephalic spread of the local anaesthetic. Conse-
quently, the supra- and infra-umbilical parts of the
anterior abdominal wall are covered.
Regional nerve block for midline incision is defi-

cient, whilst epidural blockade is optimal. Being an
invasive procedure and associated with motor block,
the application of epidural anaesthesia in midline
incision is limited. Consequently, motor-sparing
regional anesthesia techniques are recommended to
take the advantages of early mobilization and
enhanced recovery. Rectus sheath block is proposed
as an optimal alternative to epidural anaesthesia in
umbilical hernia surgery. Multiple adjuncts have
been added to the local anaesthetic in regional
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nerve blocks, including opioids, and dexametha-
sone. Midazolam, when administered perineurally,
may potentiate and prolong analgesia of the local
anaesthetic. Indeed, GABA-A receptors is the site of
action of midazolam, and found in the peripheral
neurons. Nevertheless, little evidence is known on
the outcome of perineural midazolam adjunct
administration to the local anaesthetic. The current
study designed to assess the effectiveness of mid-
azolam as an adjunct in combination with the local
anaesthetic in the treatment of RS block. We hy-
pothesized that employing midazolam as an adjunct
for RS block would reduce the need for morphine,
discomfort, nausea, and vomiting after surgery
(PONV).

2. Patients and methods

2.1. Ethical approval

66 Cases enrolled after receiving individual
informed consent. Approval from Al-Azhar Uni-
versity ethics board is also obtained.

2.2. Study design and sampling

Sample size was calculated using MedCalc program
version11.3.0.0. According to Kartalov et al., 2017, who
stated in his study that morphine intake in the 24 h
following the procedure was reduced in group II
(mean ¼ 3.731.41) than in group I (mean ¼ 8.8).1

Adjusting the confidence interval to 95%; power 90%
and ratio between groups to 1:1; a sample of 60 cases
was foundreliable.Estimatingadropout ratioof 5%,we
finally included 66 patients (33 patients in each group).
Patients were randomized using a computerized
random number generator. Midazolam ¼ 33 cases,
received bilateral administration of bupivacaine 0.25%
20 ml, combined with 50 mcg/kg midazolam, and
control group¼ 33 cases, received the same anesthesia
without addition of midazolam.

2.3. Eligibility criteria

Patients of both sexes, aged 21e60 years, with
ASA I-II and a BMI of 30 kg/m2 enrolled. Patient
refusal, local infection, coagulopathies, and a history
of analgesic use were all exclusion factors.

2.4. Procedure

Prior to the intervention, all patients in this trial
underwent clinical, laboratory, and imaging exams.
When the patients came in the operating room, they

were exposed to basic monitoring before being
sedated. 0.5 mg/kg Atracurium to allow for endo-
tracheal intubation and artificial breathing. To relax
the muscles, 0.1 mg/kg atracurium was adminis-
tered during the surgery. To maintain anaesthesia,
sevoflurane 2% inhalation anaesthesia and muscle
relaxants were utilized.

2.5. Rectus sheath block

A linear ultrasound probe (Sonosite Nanomaxx)
was considered for visualization of the sonoanat-
omy. The needle was then introduced between the
posterior layer of the sheath and the muscle to
infiltrate the local anaesthetic solution in this plane.
The anesthetic mixture is composed of 20 ml of
0.25%bupivacaine hydrochloride (SUNNYPIVA-
CAINE 100MG/20 ML, Sunny Pharmaceutical,
Cairo, Egypt) with or without midazolam 50 mcg/kg,
according to the patients’ allocation.

2.6. Outcome assessment

The information was gathered by well-trained
medical experts who were unaware of the research
participants or group assignment. The outcome was
evaluated at baseline, 2, 4, 8, 16, 20, and 24 h after
surgery. Age, gender, BMI, and operation length
were among the patient demographics. The pain
amplitude was recorded using the visual analogue
scale (VAS). The number of individuals who needed
postoperative morphine, as well as the total amount
of morphine taken within the first 24 h, were also
recorded. The block's duration was determined.
Satisfaction was measured using a four-point scale
(1, excellent; 2, good; 3, fair; 4, poor).

2.7. Postoperative analgesic regimen

All trial participants received an intravenous
infusion of paracetamol 15 mg/kg every 8 h. Patients
with a VAS greater than 3 were given a titration of
2 mg intravenous morphine every 10 min until their
VAS was equal to or less than 3, as long as their
respiration rate was greater than 10 breaths per
minute. Cases with a VAS score of 3 or above after
three consecutive doses of IV morphine 2 mg are
considered unsuccessful.

2.8. Statistical analysis

SPSS version 23.0 considered for analysis. Pre-
sentation was based on the type, normality and
distribution of the variables. Kolmogorov test was
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first applied. Normally distributed variables, expli-
cated mean and standard deviation, whilst non-
normal data explicated median and IQR. The Mann
Whitney U test and the student-t test were
mentioned in this study for inter-group analysis
regarding the non-parametric and parametric nu-
merical variables respectively. In addition, categor-
ical variables were analysed using the Chi-square
test. A point of 0.05 was set as the significant level.

3. Results

3.1. Patient demographics

This trial comprised 66 cases who were assigned
to one of two equal groups at random: midazolam or
control. Fig. 1 depicts a flow diagram of the design
process (1). In terms of age, gender, and BMI, there
were no significant distinctions between groups
(Table 1).
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Fig. 1. CONSORT flow diagram.
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3.2. Assessment of hemodynamic stability

No significant distinction in heart rate between
the comparison arms at the beginning. After skin
incision, the heart rate with midazolam was signif-
icantly declined more than the control arm.
Furthermore, the heart rate was measured two, four,
eight, sixteen, twenty, and 24 h after hernia, without
significant distinctions reported in the comparison
arms, as shown in Table 2. In addition, patients
in the midazolam group exhibited lower MBP re-
cordings, however this variation did not reach
significance (Table 3).

3.3. Assessment of the analgesic efficacy and
requirements

The control arm experienced higher morphine
rescue analgesia than the midazolam comparison
arm (14 vs. 11, P ¼ 0.028). In the midazolam group,
27.3% of the patients required more than one dose
of morphine to keep VAS �3, compared to 35.7% in
control arm (P ¼ 0.006). Moreover, the 24-h
morphine consumption was more declined among
patients in the midazolam group (Midazolam, 28 vs.
Control, 42 mg, P ¼ 0.01) (Table 4). When opposed
to the control arm, the period from initial request for
analgesia was considerably lengthier in the mid-
azolam against control arms (455 vs. 346 min,
P ¼ 0.02) respectively. Moreover, static VAS re-
cordings were more declined in midazolam arm,
against the control arm at 4, 6, 8, and 12 h post-
operatively (Fig. 2). The dynamic VAS score was
significantly demoted in the midazolam group at 6,
8, and 12 h postoperatively (Fig. 3). Importantly,
63.6% reported excellent satisfaction in the mid-
azolam arm, against 36.4% in control arm (Table 5).

3.4. Comparison of the complications in the study
groups

No serious complications were reported in both
groups, like respiratory depression, nerve injury,
hematoma formation, systemic toxicity of local an-
esthetics, and intravascular injection. In terms of
pruritus, there was no substantial distinction in the
comparison arms (P > 0.05). Regarding Post-
operative nausea and vomiting (PONV), it was less
frequently encountered in midazolam arm, against
the control arm (1 vs. 7, P ¼ 0.01) (Fig. 4).

4. Discussion

According to this trial, the addition of midazolam
to bupivacaine for RS block considerably reduced
postoperative morphine dosages. The VAS pain
levels in the midazolam arm were more declined
after surgery, and the period to initial request of
analgesia was correspondingly longer, indicating

Table 1. Comparison between both groups according to the baseline and
demographic characteristics.

Demographic data Midazolam
(n ¼ 33)

Control
(n ¼ 33)

P value

Age (years) 32.5 ± 8.46 31.28 ± 7.61 0.061
Sex n (%)

Male 13 (39.4) 11 (33.3) 0.538
Female 20 (60.6) 22 (66.7)
BMI (kg/m2) 23.3 ± 2.67 24.8 ± 2.57 0.679

ASA physical
status n (%)
ASA I 12 (36.4) 14 (42.4) 0.278
ASA II 21 (63.6) 19 (57.6)

Duration of surgery
(min)

83.8 ± 13 79.2 ± 9.5 0.471

Abbreviations; (ASA, American Society of Anesthesiology; BMI,
Body Mass Index).

Table 2. Comparison between studied groups according to the heart rate
(beat/min).

HR (beat/min) Midazolam (n ¼ 33) Control (n ¼ 33) P value

Baseline 74.77 ± 6.47 72.69 ± 6.15 0.03
After incision 76.30 ± 9.38 80.97 ± 7.91 <0.01
After 2 h 81.54 ± 11.67 83.20 ± 7.28 0.243
After 4 h 85.06 ± 10.93 87.37 ± 10.38 0.311
After 8 h 78.97 ± 9.96 73.03 ± 7.02 0.141
After 16 h 80.23 ± 11.27 81.67 ± 10.14 0.417
After 20 h 81.43 ± 10.13 83.94 ± 8.38 0.272
After 24 h 79.77 ± 11.36 79.86 ± 13.7 0.115

Abbreviations; (HR, heart rate).

Table 3. Comparison between studied groups according to mean blood
pressure (MBP) (mm Hg).

MBP (mm Hg) Midazolam (n ¼ 33) Control (n ¼ 33) P value

Baseline 78.24 ± 3.3 72.86 ± 5.2 0.31
After incision 81.41 ± 6.13 87.67 ± 3.8 0.811
After 2 h 75.48 ± 4.3 79.61 ± 5.81 0.072
After 4 h 79.10 ± 3.70 81.44 ± 4.14 0.192
After 8 h 84.19 ± 4.1 83.13 ± 6.42 0.272
After 16 h 80.71 ± 4.15 77.28 ± 7.45 0.153
After 20 h 80.71 ± 4.15 77.28 ± 7.45 0.351
After 24 h 71.48 ± 5.67 75.88 ± 4.97 0.139

Table 4. Comparison between the two groups according to the number of
postoperative morphine rescue analgesia doses.

Number of Morphine
doses (2 mg)

Midazolam
(n ¼ 11)

Control
(n ¼ 14)

P value

1 dose 8 (72.7) 9 (64.3) 0.006
2 doses 3 (27.3) 3 (21.4)
3 doses 0 (0) 2 (14.3)
The cumulative

morphine consumption
mg (24 h)

28 42 0.01
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more effective analgesia. Furthermore, failure was
more frequently seen in the bupivacaine-only
group, despite the fact that cases in midazolam
group reported higher levels of satisfaction.
Using midazolam in tandem with local anaes-

thesia during peripheral nerve block boosted anal-
gesic properties, according to many investigations.
Ammar et al. found that, in addition to bupivacaine,
midazolam provided adjuvant analgesia, as
demonstrated by fewer morphine usage, lengthier
analgesia endurance and a reduced VAS grade. 7
According to Jarbo et al., experiment, in which 50
mcg/kg of midazolam was administered adjunct
with bupivacaine in supraclavicular brachial block.
The authors found that there was a faster induction
of sensory and motor blocking, pain relief, and
analgesia with no adverse effects.2 After discovering
advantages from intravenous supplementation, Xu

et al., highly suggested midazolam auxiliary appli-
cation in nerve block for upper extremity surgery.3

Desai et al., in contrast to our findings, considered
midazolam effect as inconsistent, owing to conflict-
ing data regarding its advantages over systemic
distribution. Finally, the authors came to the
conclusion that midazolam should not be adminis-
tered intravenously. 3 Furthermore, in children with
unilateral inguinal herniorrhaphy, Baris et al.
discovered that adding midazolam (50 g/kg) to

Fig. 2. Trends of static VAS score in both groups.

Fig. 3. Trends of dynamic VAS score in both groups.

Table 5. Comparison between both groups according to patient
satisfaction.

Parameters Midazolam (n ¼ 33) Control (n ¼ 33) P value

Excellent 21 (63.6) 12 (36.4) <0.001
Good 7 (21.2) 10 (30.3)
Fair 5 (15.2) 7 (21.2)
Poor 0 4 (12.1)
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bupivacaine in caudal block produced no further
analgesic advantages over bupivacaine alone.4 This
conflicting conclusion may be based on the argu-
ment that with such a less painful therapy, bupiva-
caine 0.25% alone may offer enough and sufficient
pain control, concealing the action of the additives.
Furthermore, Pain assessment in children might be
problematic since caregivers could be unprepared
to appropriately assess their child's discomfort.
Midazolam is a GABA agonist. GABA receptors

can be found in peripheral neurons. The effect of
midazolam on the translocator protein is hypoth-
esised to produce nerve block (TPSO).5 Midazolam
works on peripheral g-aminobutyric acid or GABA-
A receptors, which are significant in midazolam's
sedative action.3 Furthermore, its effect on the
limbic system lessens unpleasant sensations like as
concern and dread, which lowers the chance of
cardiovascular and cerebrovascular events.3

4.1. PONV and complications associated with RSB

Nausea and vomiting after umbilical hernia sur-
gery can be induced by a variety of factors,
including inhalational anaesthesia, opioid analge-
sics, or surgical manipulations. The current inves-
tigation revealed that prevalence of PONV was
considerably reduced in midazolam arm against the
control arm. Furthermore, Ammar et al. investigated
combining midazolam with RS block in cases of
umbilical hernia surgery.6 They observed that the
group given midazolam had considerably lower
incidence of PONV and pruritus. Furthermore, El
kenany et al. demonstrated that midazolam had
equivalent antiemetic effects when paired with
bupivacaine in transversus abdominis plane block.7

Midazolam's antiemetic function is not well

explored. Its anxiolytic impact, as well as its poten-
tial to boost adenosine action by limiting reuptake of
adenosine in chemoreceptor trigger zone, may be
connected to a lower occurrence of PONV. Because
midazolam binds the GABA receptor, the antiemetic
effect might be attributed to a reduction in 5-HT
secretion.8 Preoperative anxiety, according to Van
den Bosch et al., may impact the incidence rate of
PONV.9 As a result, reducing anxiety may aid in the
prevention of PONV.

4.2. Midazolam and neurotoxicity

Midazolam's potential neurotoxicity is the most
significant concern of using it as an adjuvant in nerve
block.7 Numerous animal studies indicate that
intravenousmidazolam administration is neurotoxic,
and that midazolam significantly enhances neuronal
cytotoxicity when combined with LA.10 Midazolam
had no neurotoxicity in vitro or in vivo when used
with a clonidineebuprenorphineedexamethasone
combination that does not contain any LA.11

Furthermore, according to a 2015 study, midazolam-
induced neurotoxicity may be distinguished, with
particular activation of the translocator protein
(TPSO) lowering the risk of neurotoxicity.5 Mid-
azolam as an adjunct in nerve block is currently
restricted to a set dosage with proven local anaes-
thetic until more research is completed.

4.3. Conclusion

This study found that midazolam administration as
an adjunct to bupivacaine during rectus sheath block
increased analgesic qualities, as demonstrated by
lower VAS grades, lower postoperative morphine
doses, and a longer time to first request of analgesia.

Complications

Fig. 4. Comparison between groups regarding complications.
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Midazolam also showed antiemetic actions, and no
major side effects were observed. More research is
required to evaluate the possible neurotoxicity of
adding local anaesthesia to peripheral nerve blocks.
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