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ABSTRACT

Background & objective: Upper abdominal surgery has been known to adversely affect the respiratory activity of
pediatric patients due to the significant postoperative pain. We aimed to assess the efficacy of erector spinae plane
block in addition to general anesthesia (GA) in such surgeries and its role in improving the analgesia and outcomes
in children.

Methodology: A randomized controlled study was conducted on 40 pediatric patients scheduled for elective open
upper abdominal surgeries, such as open cholecystectomy, splenectomy, or operations on the kidneys as
pyeloplasty, cyst excision & partial or total nephrectomy at Abo-Elreesh Hospital, Cairo, from November 2020 to
November 2022. The patients were equally divided into Group C, which received GA, with no block, and Group E,
which received erector spinae plane block (ESPB) after GA. Hemodynamics were recorded intraoperative and up to
1 hour postoperatively. Analgesic quality and respiratory dynamics were assessed postoperatively.

Results: Total postoperative tramadol consumption was significantly reduced in Group E (21.3 + 11.7) compared to
Group C (71.7 £ 19.7), P < 0.001. HR values during the procedure and up to 1 hour after surgery were significantly
decreased by the ESPB (P < 0.001). Respiratory activity parameters (rate, depth, and oxygen saturation) were
significantly improved in Group E (P < 0.001).

Conclusion: ESPB decreased intraoperative nociception and improved the postoperative analgesia, which resulted
in better respiratory activity with fewer requirements for oxygen supplements.

Research clinical trial registration number: NCT04518215

Abbreviations: ESPB: erector spinae plane block, ESM: erector spinae muscle, GA: general anesthesia, HR: heart rate,
MAP: mean arterial pressure, PACU: post-anesthesia care unit, FLACC: Face, Leg, Activity, Cry, Consolability
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1. INTRODUCTION

Open cholecystectomy, splenectomy, or procedures
affecting the kidney, such as pyeloplasty, cyst excision,
and partial or complete nephrectomy, are among the
upper abdominal operations performed on children.
Achieving an acceptable degree of analgesia,
maintaining free respiratory muscle strength, and early
patient movement are critical elements of perioperative
care. These surgeries are typically accompanied by
considerable postoperative pain.t

Despite significant improvements in the prevention and
treatment of known complications of upper abdominal
surgery, morbidity remains 20% to 25% or greater, as
described by Celli BR et al. (1984).2 All patients who
undergo major surgical procedures in the upper abdomen
are at risk of postoperative respiratory limitation due to
atelectasis that results from pain.2

Intraoperatively, both the anesthetic and the surgical
techniques cause physiologic changes. These changes
persist in the post-operative period, as a result of
lingering effects from the anesthesia, narcotics, and
surgery, as well as pain-related restricted expansion of
the lungs or the chest wall, respiratory muscle
dysfunction, abnormal respiratory drive, and abnormal
respiratory muscle function brought on by surgery on the
upper abdomen.® As the incision site is close to the
diaphragm, hypoxia is common in these types of
surgeries.*

Opioid analgesics are widely prescribed for the
management of moderate to severe postoperative pain.
However, nausea, vomiting, sedation, and respiratory
depression can be very troublesome side effects.®

The first effective report of the erector spinae plane
block (ESPB) application was in 2016, when it was
utilised to treat thoracic neuropathic pain in a patient
with metastatic rib disease and rib fractures. Since then,
a variety of surgeries, including thoracotomies,
percutaneous nephrolithotomies, ventral hernia repairs,
and even lumbar fusions, have been reported to have
successfully utilised the block. Since this process is still
in its early stages of development, multiple prospective
studies and ESPB trials are continuing.®

In our trial, the analgesic value of intraoperative ESPB
was evaluated. We hypothesized that it could improve
the perioperative analgesia, decrease the opioid
consumption after surgery (our primary outcome), which
could enhance the respiratory activity after surgery.

2. METHODOLOGY

A randomized controlled study was conducted at Abo-
Elreesh Hospital, Cairo, from November 2020 to
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November 2022 on 40 pediatric patients of both sexes,
aged between 2-12 years, and scheduled for elective
open upper abdominal surgeries, such as open
cholecystectomy, splenectomy, or operations on the
kidneys as pyeloplasty, cyst excision & partial or total
nephrectomy. The study was conducted after receiving
approval from Cairo University Hospitals' research and
ethics committee (Approval No. N-96-2020). Written
informed consent was obtained from the parents. The
trial was registered with clinicaltrials.gov with ID:
NCT04518215. Exclusion criteria were parents' refusal,
allergy to local anesthetics, or infection at the site of
injection or coagulopathy.

Randomization was done using a computer-generated
sequence. Concealment was achieved by the use of
opaque envelopes placed in the operating room, and only
opened at the patients’ arrival. Patients were randomized
to receive conventional general anesthesia with no block
(Group C) or general anesthesia plus ESPB using a local
anesthetic (Group E).

The parents didn’t know the group of their kids. The
anesthetic induction and block performance were
achieved by the anesthetists not involved in the
anesthetic management or postoperative outcome
assessment. The intraoperative management and data
collection were recorded by anesthetists, who were
allowed to enter the operating room after a considerable
time from induction so as not to know the group
assignment.

Standard monitoring devices were attached, and baseline
measurements of the heart rate (HR), mean arterial blood
pressure (MAP), and oxygen saturation (SpO2) were
noted. Atropine 0.01 mg/kg was administered
intravenously after an intravenous line was established
to induce general anesthesia in both groups using 8%
sevoflurane in 100% oxygen.

Inj. atracurium 0.5 mg/kg IV and fentanyl 2 pg/kg were
used as a muscle relaxant for endotracheal intubation
using a cuffed endotracheal tube of the appropriate size.

Patients were assigned to either Group C (control group)
to receive a general anesthetic with no block, or to Group
E (block group) to receive a general anesthetic plus
ESPB.

The block was performed at the level of T9-10 with the
patient lying prone. A high-frequency linear ultrasound
probe was positioned 1-2 cm laterally to the midline at
the T9 level after skin disinfection with 10% Povidone
lodine. A 22 G needle was placed using an in-plane
approach deep within the erector spinae muscle (ESM)
after the transverse process and the erector spinae muscle
had been identified. The delivery of 0.5-1 mL of normal
saline allowed researchers to see the hydro-dissection
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between the transverse process and the ESM, confirming
that the needle placement was accurate.

For unilateral ESPB, deep injections of 0.25%
bupivacaine in a calculated volume of 0.5 mL/kg (with a
maximum dose of 20 mL) were made into the ESM in
accordance with the planned aspect of the operation.

The perioperative anesthetic care was carried out by the
anesthetists blinded to the study groups. Sevoflurane 2%
in 50% oxygen and air, atracurium 0.1 mg/kg every 15
to 25 minutes, were used to maintain anesthesia.
Hemodynamic variables were monitored every 5
minutes; additional boluses of 1 g/kg fentanyl were
administered when the HR or MAP rose above 20% of
the baseline. All patients received 15 mg/kg of
paracetamol for postoperative analgesia at the
conclusion of the procedure, and they were all extubated
once the residual effects of the muscle relaxants were
abolished by atropine 0.02 mg/kg and neostigmine 0.05
mg/kg, and full muscle power and consciousness had
been restored.

Hemodynamic variables were monitored every 15
minutes in the post-anesthesia care unit (PACU) up to 1
hour after surgery. As soon as a patient recovered in the
PACU, the pain was first evaluated by FLACC (Face,
Leg, Activity, Cry, Consolability) pain scale.” The scale
has a range of 0 to 10, with 0 denoting no pain and 10
denoting the most intense agony, and was assessed and
recorded at 0 h (in PACU), then at 2, 4, 6, 9, 12, 18, and
24 h after surgery. Inj. paracetamol 15 mg/kg IV was
given every 8 hours for standard postoperative analgesia.
The time from extubation to the first complaint of pain
with FLACC > 4 was documented as the time to first
analgesic request, and 1 mg/kg tramadol 1V was given.
At 6 months after surgery, the presence of painful
sensation at the site of surgery was evaluated by a
telephone call by an investigator who was blinded to
group allocation.

The primary outcome was the total postoperative
tramadol dose; secondary outcomes included
perioperative HR and MAP values, total quantities of
intraoperative fentanyl, first post-operative time moving
around, hospital stay, and any adverse effects. Also,
postoperative oxygen saturation, respiratory rate, depth
of breathing, and the need for oxygen supplementation
were observed.

G-power 3.1 software was used to conduct a power
analysis. The primary outcome variable in the current
study was the total amount of narcotic (tramadol) usage
on the first day after surgery. We conducted a pilot study
(7 patients) in each group, which revealed a mean of
tramadol in Group C as 50.3 + 26 mg versus 25.4 + 14
mg in Group E. With a power of study of 90%, two two-
tailed t-test, with an alpha value of 0.05, a sample of 40
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patients was revealed after adding 20% for possible
dropouts.

Statistical analysis

Data were fed to the computer and analysed using IBM
SPSS software package version 20.0. (Armonk, NY:
IBM Corp). Categorical data were represented as
numbers and percentages. Chi-square test was applied to
compare different groups. Alternatively, the Monte
Carlo correction test was applied when more than 20%
of the cells had expected counts less than 5. For
continuous data, they were tested for normality by the
Shapiro-Wilk test. Quantitative data are expressed as
mean and standard deviation or median (range). Student
t-test was used to compare two groups for normally
distributed quantitative variables. On the other hand,
Mann Whitney test was used to compare two groups for
not normally distributed quantitative variables.
Significance of the obtained results was judged at the 5%
level.

3. RESULTS

The eligibility of 96 pediatric patients was assessed; 36
patients didn’t fulfill the inclusion criteria, and 20
patients or their parents refused to participate in this
study. The remaining 40 patients were randomly and
equally divided into Group E and Group C. All patients
were followed up, and their data were analyzed without
dropouts.

According to the demographic data, there was no
significant difference between the groups related to their
age, weight, gender or type or duration of surgery (Table
1).

Regarding perioperative hemodynamics, the vital signs
between the groups were compared; Group E showed a
significant reduction in heart rate during surgery and up
to 1 hour after surgery (P < 0.001) (Figure 2). However,
MAP values were significantly decreased in Group E
than in Group C at 35, 55, 65, 70, and 75 minutes
intraoperative and postoperative time points (P < 0.05)
(Figure 3).

Postoperative FLACC pain scores were significantly
decreased in Group E, as compared to Group C at all
assessment points except at 12 h and 18 h after surgery,
as shown in Table 2.

Intraoperative fentanyl consumption was significantly
reduced in Group E 2.80 + 6.85 pg compared to the
Group C 20 £ 4.87 pg, (P < 0.001). Total postoperative
tramadol consumption (primary outcome) was
significantly reduced in Group E compared to Group C
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Table 1: Comparative demographic data of the two groups

PACU, a lower number of patients
requiring oxygen supplementation, lower

ESPB group | Control group respiratory rate values, with more
(=20 =29 MELEB  patients achieving an adequate depth of
Age (yr) 6.40 +2.23 6.15+2.23 0.725 breathing (P < 0.001) (Table 3).
Gender
Male 11 (55.0) 10 (50.0) 4. DISCUSSION
Female 9 (45.0) 10 (50.0) 0.752 Most of the patients undergoing major
Weight (kg) 202+ 467 19.8 + 4.62 0.761 upper abdominal surgery run the risk of
postoperative breathing problems due to
ASA 10 (50.0) 11 (55.0) 0.752 atelectasis brought upon by pain. Open
I 10 (50.0) 9(45.0) cholecystectomy,  splenectomy,  or
Duration of 72.8+550 76.3+8.25 0.772 procedures involving the kidneys, such as
surgery (min) pyeloplasty, cyst excision, or partial or
Type of surgery complete nephrectomy, are among the
upper abdominal operations commonly
Splenectomy 8(40.0) 5(25.0) 0.726 undertaken in children. These surgeries
Nephrectomy 4 (20.0) 4(20.0) are  typically  accompanied by
Cyst removal 3 (15.0) 3 (15.0) considerable postoperative pain.
Cholecystectomy = 5 (25.0) 6 (30.0) Achlev_ln_g a}dequate analgesia,
maintaining respiratory muscle strength,
Pyeloplasty 0(0.0) 2 (10.0)

and early patient mobilization are critical

Data presented as n (%) or mean # SD; P < 0.05 considered as significant

elements of perioperative care.

Anesthesia and the surgical procedure

Table 2: postoperative pain scores

both cause physiological changes. Due to
the effects of the anesthetic drugs,

ESPB group Control group surgery, as well as the impact of pain,
(n = 20) (n = 20) causing lung or chest wall restriction,
0 hr 0.85+1.14 4.05 +2.06 <0.001" respiratory muscle dysfunction, etc., these
2 0.95+1.10 6.75 + 17 <0001°  Physiologic alterations continue in the
. post-operative period.

4 1+0.65 2.60 £ 15 <0.001
6 230+ 1.22 5.90 + 0.97 <0.001"  The most widely prescribed medications
9 3.80 £ 0.70 2251091 < 0,000 for the mar)agemgnt of mo_de_rate to severe
s e : postoperative pain are opioid analgesics.
12 5.80+£0.89 5.90+12 0.820 Respiratory depression is frequently
18 3.30+0.73 3.65 + 1.46 0.461 caused by opioid overdose, particularly
24 165+067 310+ 1.25 <0.001" when combined with longer-acting

*P < 0.05 considered significant

medications like morphine.

(P < 0.001). Time to first request of postoperative
analgesia was significantly reduced in Group E
compared to Group C (P <0.001), as can be seen in Table
3.

The impact of improved analgesic quality in Group E
was reflected by the significantly earlier time to
ambulate (P < 0.001), shorter hospital stays (P < 0.001),
and lower incidence of chronic pain at 6 months after
surgery (P =0.02) as shown in Table 3.

Also, the respiratory muscle activity was significantly
better in Group E as evidenced by the higher
postoperative oxygen saturation values on room air in

www.apicareonline.com

666

In our study, we substituted an ESPB for
conventional analgesic methods. OQur research
demonstrated that ESPB was a successful pain
management technique for children undergoing open
upper abdominal surgery. It could be used in place of
conventional analgesics with the satisfaction of the
patients.

In the control group, the patients with FLACC scores of
4-7 necessitated postoperative supplementation with
more analgesics. ESPB demonstrated satisfactory results
of pain relief detected by low grading of FLACC scores
(average 2-4) that did not require additional analgesic
support.
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Table 3: analgesic and respiratory quality
Parameter

group
(n = 20)

Control

management are optimized, and

it may also often confer
P value prolonged analgesia.®
The  results  were  also

comparable with a meta-analysis

Total tramadol consumption (mg) | 21.3+11.7 71.7+19.7 <0.001* . .
_ : for various surgeries performed
|ntraopera_t|ve fe_ntanyl 2.80 £6.85 20 +£4.87 <0.001* by Yu Cui, et al. (2022),
consumption (mic) reporting that ESPB reduced the
First time request of 11.7 £ 0.95 1.30£0.98 <0.001* accumulated opioid
postoperative analgesia (hr) consumption during the first 24 h
Onset of patient mobilization (hr) = 3 +13 6.60 + 1.31 <0.001* after surgery. Besides, ESPB
Postoperative hospital stays (hr) 27 +5.33 57.60 + 126 <0.001* could prolong. the time to first
. : rescue analgesia after surgery.®
Postoperative oxygen saturation 96.0 £ 2.13 89.9 £ 2.56 <0.001*
on room air in PACU Kompal Jain, et al. (2018)
Depth of breathing <0.001* conducted a study on a case
Deep 17 (85) 7 (35) series, proving t_he effect!veness
Shallow 3 (15) 13 (65) of E_SI_DB in_pain reduction for
- - conditions ranging from acute
Respiratory rate (breaths/min) 195+341 28.2+3.38 <0.001* postoperative pain  following
Need for oxygen supplement 3 (15) 14 (70) <0.001* breast, thoracotomy, and
Chronic pain at 6 months 9 (45) 4 (20) 0.02* abdominal operations to chronic

Data presented as n (%) or mean # SD; P < 0.05 considered as significant

neuropathic pain.®

Viderman et al. (2022)

performed a meta-analysis study that

130
125 1

| ——ESPB group —#—Control group |

120 -
glls E
2110 1

demonstrated that there were no
reports  of  serious  complications
associated with ESPB for
postoperative analgesia in adult
abdominal  surgery.’® Other studies
confirmed the same results.*-14

Contrary to our findings, Heejoon et

al. (2022) found that ESPB did not
reduce overall fentanyl consumption
in the first 24 hours following open

5 min,

10 min.

15 min.

20 min.

25 min.

30 min.

35 min.

40 min.

45 min.

50 min.

55 min.

60 min.

65 min.

70 min.

Bascline
73 min.

Intra operative

0 min.

15 min,

Post-operative

——T1—| gastrectomy and only lessened
£|€|E|| postoperative discomfort until three
&|%[2|| hours after surgery.®®

Figure 1: Comparative mean heart rates in the two studied groups

The patients in the ESPB group had free respiratory
muscle activity as evidenced by higher SpO: levels and
deeper respirations; whereas patients in the control group
had lower oxygen saturations and required oxygen
supplementation with shallower breathing that was
primarily brought on by pain and basal lung atelectasis.

This was consistent with an earlier study performed by
Forero et al. (2016), indicating that the ESPB may be a
valuable therapeutic option in the management of post-
thoracotomy pain syndrome (PTPS). Its immediate
analgesic efficacy provides patients with temporary
symptomatic relief while other aspects of chronic pain

www.apicareonline.com

5. LIMITATIONS

There are some limitations to our study: First, the small
sample size limits the generalizability of our findings.
Second, we assessed oxygen saturation with color of the
rate, and depth of respiratory excursion to assess the
respiratory activity in our patients. Ultrasound-guided
parameters like lung ultrasound score may be more
reliable in assessing lung collapse after surgery.
Although chronic pain incidence at 6 month was
significantly lower in ESPB group, the small sample
couldn’t power these findings. Finally, assessment of co-
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