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Purpose: Magnesium sulfate (MgSO4) may enhance the effects of local anesthetics when used as an adjuvant in peripheral nerve 
blocks. Our objective was to evaluate efficiency and safety of utilizing MgSO4 alongside levobupivacaine in bilateral ultrasound- 
guided transversus abdominis plane (US-TAP) block for postoperative pain in pediatric cancer patients who underwent abdominal 
surgery.
Methodology: A randomized double-blinded controlled trial at South Egypt Cancer Institute, Assiut University, Assiut, Egypt, 
included that 40 pediatric patients with Wilms’ tumor or neuroblastoma were randomly allocated to get bilateral (US-TAP) block and 
divided into two groups; M group: received US-TAP with 0.6 mL/kg levobupivacaine 0.25% + 2 mg/kg MgSO4 and C group: received 
with 0.6 mL/kg levobupivacaine 0.25% only. FLACC scores (Face, Leg, Activity, Cry, Consolability) were used to evaluate post- 
operative pain, first analgesic request, total analgesic consumption, adverse effects, as well as hemodynamics were monitored for 24 
h and recorded at time points (2, 4, 6, 8, 12, 18, and 24h). Parent’s satisfaction at discharge, also, was evaluated.
Results: FLACC score in M group was significantly lower than in C group from 4 h to 24 h with the first analgesic request being 
longer (15.95 ± 1.99 vs 7.70 ± 0.80 (h); p < 0.001) and lower total analgesic consumption (231.75 ± 36.57 vs 576.00 ± 170.71 (mg); 
p < 0.001) when comparing M group to C group, respectively. Both groups had insignificant differences regarding hemodynamics, 
parent satisfaction, postoperative agitation, and side effects except vomiting occurred in two patients in the C group and one patient in 
the M group.
Conclusion: We conclude that adding magnesium sulphate as an adjuvant to local anaesthetic in US-TAP block for pain management 
in pediatric abdominal cancer surgeries resulted in better and longer analgesia, with less consumption of rescue analgesics with no 
serious side effects.
Keywords: abdominal cancer surgery, analgesia, levobupivacaine, magnesium sulfate, pediatrics, postoperative pain, US-TAP block

Introduction
Pediatric pain management is still misunderstood and not well managed especially in neonates and infants, due to the 
misconception that they are not able to sense pain as adults.1 This induces negative consequences, including a variety of 
autonomic, metabolic, hormonal, immunological or inflammatory, and neurobehavioral effects.2 Combining general 
anesthesia with regional or nerve blocks for this population enables a smooth intraoperative course, reduced need for 
general anesthetics, avoiding hazardous side effects from parenteral administration of narcotics during surgery, reduced 
stress response, pain-free awakening, and, most importantly, perfect postoperative pain control.3
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Several regional block methods, including sciatic nerve block, fascia iliaca, ilioinguinal, and iliohypogastric blocks, 
as well as TAP block and topical analgesia, have been utilized on children,4 effectively and safely especially with the use 
the ultrasound to perform the transversus abdominis plane block (US-TAP), as a part of the multimodal anesthetic 
technique resulting in speedy recovery following lower abdominal surgeries.5

Because the widespread introduction of ultrasound guidance for peripheral nerve blocks, interest has developed in 
using the TAP block for perioperative analgesia in various types of surgery involving the abdomen. The anterior rami of 
the thoracolumbar nerves from T6 to L1 innervate the segmental cutaneous anterior abdominal wall; this includes the 
intercostal, subcostal, ilio inguinal and iliohypogastric nerves.6 The branches inter-communicate and form the upper and 
lower TAP plexuses and the rectus sheath plexus. These segmental nerve branches converge just above the transversus 
abdominis muscle or between the transversus and the internal oblique abdominal muscles.6,7 Therefore, local anesthetics 
applied in this plane will block these nerve plexus branches and provide analgesia to the anterolateral abdominal wall.6–8

Magnesium may influence the central nervous system’s (CNS) ability to transmit nociceptive signals and pain 
sensation in the central nervous system (CNS) by inhibiting N-methyl-D-aspartate (NMDA) receptor and calcium 
channels9 and was used recently as a powerful analgesic adjuvant in pediatric loco-regional anesthesia,10 resulting in 
reduced postoperative opioid requirements.11

Our objective was to study the efficiency and safety of utilizing MgSO4 alongside levobupivacaine in bilateral US-TAP 
block for the management of postoperative pain in pediatric cancer patients underwent abdominal cancer surgery.

Patients and Methods
Enrollment and Eligibility
Our current investigation was conducted as a randomized double-blinded controlled trial at South Egypt Cancer Institute, 
Assiut University, Assiut, Egypt, and approved by the local research ethical committee, South Egypt Cancer Institute, 
Assiut University, Assiut, Egypt (ID: IORG0006563/No. 456, March13th, 2019). It strictly adhered to the Helsinki 
Declaration’s guidelines and amendments. It was carried out on patients from the pediatric oncology departments.

Written informed consent was obtained from the guardians of all patients. Patients with Wilms tumor or neuroblas
toma aged 1–7 years old, weighed 10–30 kg, and planned to undergo abdominal cancer surgery, with an American 
Society of Anesthesiology physical status of I or II (ASA), of both sex were included. We started to enroll the patients on 
April 15th, 2019, to determine how far they match the inclusion and exclusion criteria. However, we did not start the 
actual intervention until we obtained clinical trial approval of ClinicalTrials.gov on June 7th, 2019 (Identifier: NCT 
03979599). The first patient was intervened on June 17th, 2019.

The exclusion criteria include patients with hemorrhagic diseases, local infection, and hypersensitivity to the 
medications under study, muscle disorders, substantial organic malfunction, and/or those who were unconscious or 
mentally retarded.

Randomization and Blindness
A random sequence was created using the randomization tool (http://www.randomizer.org), and each code was placed 
inside an opaque, sealed envelope. The envelope opening was done by someone else who was not a part of the study and 
did not possess authority over the evaluation of results.

Following anesthetic induction and 15 minutes before wound incision, 40 participants were randomly selected to 
receive a bilateral US-TAP block and divided into two groups as follows:

M Group (magnesium sulfate group): 20 patients received a bilateral US-TAP block with 0.6 mL/kg levobupivacaine 
0.25% + 2 mg/kg MgSO4. Total dose was divided into 2 equal doses, with each dose was administered on either side.

C Group (control group): 20 patients received a bilateral US-TAP block with 0.6 mL/kg levobupivacaine 0.25% only, 
with half of the dose was administered on either side.

The anesthesiologist, doctors who prepared study medications, guardians of the patients, and data collectors were 
blinded to the study group assignment.
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Anesthetic Procedure
General anesthesia was induced using inhalation anesthetic through a face mask in the operating room following the 
completion of the fasting hours and the use of routine monitors (pulse oximetry, electrocardiograph non-invasive blood 
pressure, capnography, and temperature). A secured intravenous cannula was inserted. After administering 1 mg/kg of 
fentanyl, 1 mg/kg of propofol, as well as 0.5 mg/kg of atracurium, the endotracheal tube was placed and secured.

Ultrasound bilateral oblique subcostal TAP block was carried out by two anesthesiologist specialists in TAP blocks. 
Using a high-frequency linear ultrasound probe (Sonosite®, Inc., USA) and an in-plane 50 mm 22 G needle (Pajunk® 

SonoPlex Stim cannula U.S.A.), US-TAP block was carried out on a patient while they were lying on their backs. The 
needle and ultrasound entry site were sterile, and the ultrasound probe was positioned obliquely to the sagittal plane and 
parallel to the subcostal border near the xiphoid process.

The transversus abdominis muscle appeared to be the most hypoechoic layer of muscle located below the rectus 
abdominis muscle close to the xiphoid between the medial and lateral borders of the external and internal oblique 
muscles. The first layer below the subcutaneous tissue was the aponeurosis, which was located above the transversus 
abdominis. After that, 2 mL of 0.9% NaCl were injected to confirm the location of the needle tip and the correct injection 
plane by hydro-dissection.

Local anesthesia was placed with intermittent aspiration and observed as a hypoechoic layer transecting the TAP when the 
needle was moved in-plane with the probe at the xiphoid, passing slightly below the rectus to the TAP. Skin incision was 
permitted 15 minutes following the block. A mixture of oxygen-air (50–50%) and sevoflurane (2%) were utilized to sustain 
anesthesia. Until the surgery was finished, hemodynamics were monitored and evaluated at intervals of ten minutes. 
Hypotension, which was defined as a systolic arterial pressure below 70 and linked with decreased peripheral perfusion, as 
well as bradycardia, which was defined as a heart rate below 60 beats per minute, were both monitored and managed during 
the surgery. The patient was extubated and transferred to the PCU (pediatric care unit) after the surgical procedure finished and 
patient recovery. Following recovery, a 3-point emergency agitation scale evaluation was performed using the following scale 
(1 = calm; 2 = restless but calms to verbal instructions; and 3 = combative and disoriented), and the results were documented.12

Postoperative Follow-Up
Postoperatively, pain intensity was assessed by FLACC pain score1 (Face, Leg, Activity, Cry, Consolability) at 2, 4, 6, 8, 
12, 18, and 24 h, as follows (0 = No pain; 1–2 = mild pain; 3–5 = moderate pain; 6–8 = severe pain; 9–10 = extreme– 
maximum pain) when FLACC score was ≥4, rescue analgesia in the form of intravenous acetaminophen (perfalgan®) 
15mg/kg was given, if the patient was still in pain additionally diclofenac 25 mg suppository was given. The overall 
quantities of consumed analgesia and duration for the initial request of analgesia in the first 24 h postoperatively were 
measured and documented.

Patients were monitored for hemodynamics immediately after the surgical procedures and then at 2, 4, 6, 8, 12, 18, 
and 24 h and documented. At the same intervals, the sedation level was evaluated using the Ramsay sedation score,13 as 
follows: 1 = anxious, agitated, or restless, or both; 2 = cooperative, oriented, and calm; 3 = responsive to commands only; 
4 = exhibiting brisk response to a light glabellar tap or loud auditory stimulus; 5 = exhibiting sluggish response to a light 
glabellar tap or loud auditory stimulus; 6 = unresponsive.

During the first 24 hours following surgery, undesirable symptoms (sedation, hypotension, respiratory depression, and 
vomiting), as well as block-negative outcomes (seizure, hematoma, transient femoral nerve palsy, and ventricular 
arrhythmia), were noted and documented.

At the time of the patient’s discharge from the PCU, the level of the patient’s parents’ satisfaction was evaluated on 
a 5-point scale (totally unsatisfied, unsatisfied, neither fully satisfied nor unsatisfied, satisfied, or totally satisfied).14

Statistical Analysis
Power of the Study
A pilot trial with 10 patients per group as there was no previously published data was conducted to detect an effect size of 
0.5 difference of the mean of FLACC score between the two studied groups (2.9 ± 0.32 in C group and 2.40 ± 0.52 in 
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M group), with a p-value <0.05 and 80% power, confidence level (CL) 0.95, the sample size should include 17 patients 
for each group. However, to avoid patient dropout, we enrolled 20 patients in each group. This was calculated using 
G Power 3.1.15

Statistical Tests
SPSS (Statistical Package for the Social Science, version 20, IBM, Armonk, New York) was used to gather and analyze 
the data. The Shapiro test was utilized to check if the data adhered to a normal distribution. The Student’s t-test is used to 
compare quantitative data that were reported as mean ± standard deviation (SD). The Mann–Whitney test was used to 
examine quantitative data with abnormal distributions that were reported as median (range). Nominal data were 
represented as a number (n) and a percentage (%). Comparing qualitative data was done using the chi-square and 
Fisher Exact tests. A P-value of 0.05 or less was interpreted as significant since the CL was maintained at 95%.

Results
Participant Flow
Forty-two pediatric cancer patients with Wilms tumor or neuroblastoma underwent abdominal cancer surgery were 
evaluated, 2 patients were refused to participate, and 40 patients were successfully recruited and randomized divided into 
two groups of 20 patients each. Figure 1 demonstrates the participants’ flowchart for the study.

Baseline and Clinical Data
Demographic data (age, sex, weight, and ASA) and clinical data (duration of surgery) of this study did not reveal 
significant differences between the two studied groups (p > 0.05) (Table 1).

Figure 1 Participant flow chart of 42 patients with abdominal cancer (Wilms tumor or neuroblastoma) who underwent abdominal surgery was assessed for eligibility; 2 
patients refused to participate; 40 patients were enrolled in two group; group (C): control group (N=20) group (M): magnesium sulphate group (N=20).
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Primary Outcome
The median (range) FLACC scores in the M group were substantially lower than those in C group from 4 to 24 h when 
put in comparison following surgery (P < 0.001) as shown in Figure 2.

Table 1 Demographic and Clinical Data of Patients in the Studied Groups

Group C (n= 20) Group M (n= 20) P-value

Mean ± SD Mean ± SD

Age: (years)
4.70 ± 1.49 4.45 ± 1.00 0.537

Sex: No. (%)
Male 15 (75.0%) 13 (65.0%) 0.490
Female 5 (25.0%) 7 (35.0%)

ASA: No. (%)
I 12 (60.0%) 13 (65.0%) 0.744

II 8 (40.0%) 7 (35.0%)

Weight: (kg)
16.30 ± 3.71 15.00 ± 2.34 0.193

Operative duration: (min)
95.00 ± 11.00 98.50 ± 13.09 0.366

Note: Data expressed as (Mean ± SD) and number and percentage. 
Abbreviations: Group (C), control group; group (M), magnesium sulphate group; ASA, American Society of 
Anesthesiologists.

Figure 2 Face, Leg, Activity, Cry, Consolability pain score (FLACC score) among the studied groups during the first 24 hours postoperatively. Data expressed as median 
(range). Baseline: immediately postoperative. *Extreme outliers. 
Abbreviations: Group (C), control group; group (M), magnesium sulphate group.
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Secondary Outcomes
The mean (±SD) time of the initial analgesic request was significantly longer (15.95 ± 1.99 vs 7.70 ± 0.80 h; p < 0.001) 
and lower mean (±SD) total analgesic consumption (231.75 ± 36.57 vs 576.00 ± 170.71 mg acetaminophen; p < 0.001) 
when comparing M group to C group, respectively, during the first 24 h postoperatively with no patient required 
additional analgesics, with no significant differences in regard to parent satisfaction and postoperative agitation (Table 2).

Intraoperative and postoperative hemodynamic variables like heart rate, mean arterial blood pressure, respiratory rate, 
and oxygen saturation did not differ significantly between the two groups at any time (P > 0.05). The postoperative 
sedation scores did not differ significantly between the two groups studied (P > 0.05).

Vomiting was experienced by two patients in the C group and one patient in the M group, but there was no substantial 
difference among them concerning the other adverse effects. There were no complications associated with the block 
(Table 3).

Discussion
We found that combining MgSO4 as fascial plane block with levobupivacaine in a pediatric bilateral US-TAP block for 
postoperative analgesia in pediatric cancer surgery, patients exhibited satisfactory pain management by reducing pain 

Table 2 Time of First Request for Analgesia, Total Amount of Analgesic Consumption, Agitation 
Scale, and Parent Satisfaction Among the Studied Groups During the First 24 h Postoperatively

Group C (n= 20) Group M (n= 20) P-value

Mean ± SD Mean ± SD

First request (h) 7.70 ± 0.80 15.95 ± 1.99 0.000*

Total Paracetamol consumption (mg) 576.00 ± 170.71 231.75 ± 36.57 0.000*

Agitation scale 1.75 ± 0.44 1.60 ± 0.50 0.324

Parent satisfaction 3.45 ± 0.51 3.70 ± 0.47 0.115

Notes: Data expressed as (Mean ± SD). *P-value was significant if < 0.001. 
Abbreviations: Group (C), control group; group (M), magnesium sulphate group.

Table 3 Side Effects and Complications Related to the Block Observed 
During the First 24 h Postoperatively of the Studied Groups

Side Effects Group C (n= 20) Group M (n= 20) P-value

No. % No. %

Hypotension 0 0.0% 0 0.0% –

Vomiting 2 10.0% 1 5.0% 1.000

Res. Depression 0 0.0% 0 0.0% –

Visceral damage 0 0.0% 0 0.0% –

Hematoma 0 0.0% 0 0.0% –

Seizures 0 0.0% 0 0.0% –

Vent. Arrhythmia 0 0.0% 0 0.0% –

Femoral N. palsy 0 0.0% 0 0.0% –

Sedation 0 0.0% 0 0.0% –

Note: Data expressed as frequency (percentage). 
Abbreviations: Group C, control group; group M, magnesium sulphate group.
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intensity at the different time points during the first 24 hours following surgery as indicated by significantly lower FACC 
scores in M group put in comparison with C group with a longer period before the initial inquiry for analgesics and fewer 
overall consumption of analgesics compared to the C group with good parent satisfaction and patient agitation score. 
Additionally, there were no serious complications and no impact on intraoperative or postoperative hemodynamics.

There is a dearth of research on MgSO4’s usage in conjunction with levobupivacaine in US-TAP blocks for pediatric 
abdominal cancer surgery. Therefore, we conducted this trial to assess the safety and effectiveness of combining MgSO4 

with levobupivacaine in reducing postoperative pain intensity, the length of time before the first request of analgesia, and 
the total amount of analgesic consumed in the first 24 h in 40 pediatric patients who underwent abdominal cancer surgery 
for the resection of Wilms tumor or neuroblastoma.

Due to the large subcostal flank cut wound that is typically used to provide a roomy surgical field, management of pain 
following open nephrectomy is a hard task. Because open nephrectomy necessitates extensive muscle cutting, this somatic 
pain constitutes 70–75% of the postoperative pain and lasts for 72 h.16,17 Because the widespread introduction of ultrasound 
guidance for peripheral nerve blocks, interest has developed in using the TAP block for perioperative analgesia in various 
types of surgery involving the abdomen. The anterior rami of the thoracolumbar nerves from T6 to L1 innervate the 
segmental cutaneous anterior abdominal wall.6 Therefore, LA applied in this plane will block these nerve plexus branches 
and provide analgesia to the anterolateral abdominal wall.6–8 There are several TAP block approaches, these include the 
subcostal TAP (T6 to T9), the oblique subcostal TAP (T6 to L1; which corresponds to the upper approach TAP).7

Numerous adjuvants, including morphine, tramadol, fentanyl, α2 agonists, epinephrine, neostigmine, ketamine, 
midazolam, sodium bicarbonate, and dexamethasone have been utilized in conjunction with local anesthetics since the 
length of postoperative analgesia is frequently a limiting issue.18 Nevertheless, there have been no definitive findings to 
date, and these medications are frequently linked to a variety of negative side effects.19

It has been demonstrated that MgSO4, an adjuvant for perioperative pain relief that acts as an NMDA-receptor 
blocker in the peripheral and central nervous systems, lowers the need for intraoperative and postoperative analgesics.20 

Our investigation found that the M group took longer than the C group to make their initial request for analgesia. 
Additionally, the M group consumed less total paracetamol than the C group.

Mg’s voltage-dependent antagonistic activity against NMDA receptors, which controls calcium ion influx and 
prevents central sensitization of peripheral nociceptive stimulation, may be the fundamental mechanism behind the 
analgesic effects of MgSO4. This would lessen immediate pain following tissue injury.21 An additional important 
mechanism is that Mg increases the release of excitatory neurotransmitters at the synaptic connection, which may 
intensify the effects of local anesthetics.22

Similar to our findings, Zeng et al discovered that adjuvant MgSO4 significantly decreased the total amount of 
analgesics consumed on the first postoperative day relative to the control group;23 a subgroup analysis showed that 
MgSO4 significantly decreased the total quantity of analgesics consumed in TAP blockade patients.21 Additionally, 
earlier research found that a single 50 mg bolus dose of MgSO4 given to children for caudal analgesia was effective in 
preventing intraoperative distress and delaying the beginning of postoperative pain.24,25 Furthermore, a previous study 
found that the mean length of analgesia in the experimental groups was much prolonged than in the control group.26

In agreement with us, Sayed et al study discovered a substantial decrease in FLACC pain score in the magnesium 
group.26 Our findings confirmed Kim et al findings, who used ropivacaine alone and in conjunction with MgSO4 in 80 
children performing inguinal herniorrhaphy and found that those who received MgSO4 experienced much less post
operative pain levels.21 Our findings support a study carried out by Mukherjee et al who found that the MgSO4 group 
took longer to seek analgesia than the control group did and that the rescue analgesia was used less frequently in MgSO4 
group compared to the control group.27 Umalkar et al, however, found no substantial difference amongst groups in the 
postoperative VAS score or intake of analgesia.28

In the current study, we found that there was no substantial difference among the intraoperative and postoperative 
hemodynamics of the studied groups at different periods of measurement. In agreement with this finding, Shahadah et al 
stated that both groups of children either received magnesium sulfate or not had comparable hemodynamics at different 
times of assessment.29 Furthermore, according to Refaee et al, the examined groups’ hemodynamic parameters (MAP) at 
baseline and after the block were comparable.30
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Regarding postoperative adverse effects, there were no substantial differences among the two groups. According to 
several studies, MgSO4 can have several negative consequences when administered intravenously, including hypoten
sion, bradycardia, irregular rhythms, transient facial and neck flushing, drowsiness poor reflexes, excessive perspiration, 
and skeletal muscular paralysis. However, it was discovered that employing MgSO4 alongside local anesthetics in 
a variety of nerve blocks at different doses does not produce any significant deleterious effects.31,32

The satisfaction of patient’s parents in the current study was not substantially different among the two groups, and this 
aligns with both groups’ optimal pain management, suggesting that both groups were similarly satisfied.

The main strengths of the current study include being a randomized trial and the first study that discussed the usage of 
MgSO4 as an adjuvant in pediatrics that underwent abdominal cancer surgery up to our knowledge. Also, we assessed the 
degree of satisfaction of parents after the usage of magnesium sulfate. However, the current study had some limitations. 
Although the results mentioned here suggest that MgSO4 could be used as an adjuvant to boost the effects of local 
anesthetics, the ideal dose for this purpose is yet unknown. Lastly, it is relatively small in size and is conducted in 
a single center. Further studies are required to confirm such results.

Conclusion
We conclude that adding magnesium sulphate as an adjuvant to local anaesthetic in US-TAP block for pain management 
in pediatric abdominal cancer surgeries resulted in better and longer analgesia, with less consumption of rescue 
analgesics with no serious side effects.

Data Sharing Information
Raw data (de-identified) used in this clinical trial are available from the corresponding author Dr. Ahmed Kamal Sayed; it 
will be available following publication and for a period of one year.
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