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Abstract

Background: Postoperative pain management remains a challenge in laparoscopic abdominal surgeries.

Objectives: The purpose of this research was to determine the effects of deep neuromuscular blockade (NMB) in conjunction

with low-pressure pneumoperitoneum )PP) on postoperative pain, surgical parameters, and recovery outcomes.

Methods: This randomized controlled double-blind study included 44 participants undergoing laparoscopic abdominal

surgery. Patients were randomized equally into two groups (22 each): Group D received deep NMB, while group M received

moderate NMB using cis-atracurium, through the utilization of computer-generated random numbers enclosed within sealed,

opaque envelopes, following a parallel approach. Regarding deep NMB, following an initial dose of 0.15 mg/kg, a continuous

infusion of 0.06 - 0.12 mg/kg/hr was administered to maintain a post-tetanic count between 1 and 2, with low PP pressure of 10 -

12 mmHg. Conversely, for moderate NMB, after the same initial dose of 0.15 mg/kg, the continuous infusion commenced upon

the train-of-four count returning to 2, with the rate adjusted to sustain a count between 1 and 3, and standard PP pressure of 15

mmHg. The primary outcome was postoperative pain intensity as measured by Numerical Rating Scale (NRS) scores in the post-

anesthesia care unit (PACU). The secondary outcomes included postoperative pain intensity measured by NRS scores from 2

hours to 48 hours post-surgery, time to first analgesic administration, cumulative opioid consumption within the initial 48-

hour postoperative period, and patient-reported satisfaction with postoperative pain management. Statistical analysis using

SPSS v26 included tests for normality (Shapiro-Wilks), with parametric data analyzed by t-test, non-parametric data by Mann-

Whitney, and qualitative data by chi-square/Fisher's test.

Results: Group D experienced a considerably longer time until the first analgesic rescue compared to group M (9.82 ± 1.5 hours

vs. 7.23 ± 1.19 hours, P < 0.001). Morphine consumption in the first 24 hours was lower in Group D (10.77 ± 1.51 mg vs. 13.09 ± 1.74

mg, P < 0.001). At 6, 8, and 12 hours postoperatively, group D exhibited significantly lower pain scores (P < 0.05). Surgical

duration, surgical field quality, complication rates, and patient satisfaction were comparable between groups.

Conclusions: Deep NMB combined with low-pressure PP provided superior postoperative analgesia without compromising

surgical field quality or increasing complications in laparoscopic abdominal surgeries.
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1. Background

Inadequate acute pain management following

surgical procedures is associated with a myriad of
adverse effects, such as higher rates of morbidity,

decreased ability to engage in physical activities,

reduced quality of life, delayed recovery, prolonged use

of opioid medications both during and after
hospitalization, and escalated healthcare costs (1).

Moreover, early postoperative pain appears to be a
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precipitating factor for the development of persistent

pain syndromes that may persist for months after the

operation in a substantial proportion of patients (1).

One strategy proposed to mitigate postoperative

pain involves reducing the (PP) pressure during

laparoscopic procedures. While the pathophysiological

mechanisms underlying intraoperative PP-induced pain

are not fully clarified, a compelling theory suggests that

the carbon dioxide gas used to maintain intra-

abdominal pressure may stretch the peritoneum and

irritate the diaphragm, thereby inducing pain (2).

Concurrently, neuromuscular blocking (NMB) agents

are essential components of general anesthesia, and

emerging evidence suggests that significant NMB

throughout anesthesia can effectively decrease the

severity of pain following surgery and enhance surgical
visibility (3, 4). Deep NMB during abdominal procedures

has been linked to several benefits, including lower

abdominal pressures, reduced postoperative pain and

opioid requirements, and decreased intraoperative

bleeding (5, 6). With deep NMB, lower insufflation
pressures may be possible without sacrificing the

surgeon's view of the operating field. However, the

widespread adoption of deep NMB has been limited by

the absence of reliable and rapid recovery provided by

traditional NMB reversal agents like neostigmine or
spontaneous recovery (7).

Laparoscopic abdominal surgeries offer notable

benefits over open procedures, including less

postoperative pain, shorter hospital stays, improved

cosmetic results, and higher patient satisfaction.

However, these procedures still present challenges.
Injecting carbon dioxide into the peritoneal cavity to

induce PP increases the pressure inside the abdomen,

which can lead to cardiovascular, pulmonary, and

splanchnic perfusion alterations (8, 9).

2. Objectives

The purpose of this research was to determine the

effects of deep NMB in conjunction with low-pressure

pneumoperitoneum )PP) on postoperative pain,

surgical parameters, and recovery outcomes.

3. Methods

A controlled randomized trial was conducted on 44

participants (aged 18 to 65 years), both sexes, with an

American Society of Anesthesiologists physical status of

I-III, who were scheduled for laparoscopic abdominal

surgery at Tanta University Hospitals, Egypt, from

October 2023 to March 2024. The study received

approval from the institutional ethical committee and

was registered on ClinicalTrials.gov (ID: NCT06242262).

Informed written consent was obtained from the

patients' relatives.

The exclusion criteria included allergies to cis-

atracurium or neostigmine, contraindications for

neostigmine use, a history of neuromuscular, kidney, or

liver disease, previous abdominal surgeries,

preoperative hyperalgesia, peripheral neuropathy due

to diabetes, chronic analgesic treatment or substance

abuse, and a Body Mass Index (BMI) of 35 kg/m² or more.

Preoperatively, all participants fasted for 8 hours and

underwent the collection of medical histories, clinical

assessments, and standard laboratory tests. The trial

design and pain score scale were explained during the

preoperative anesthesia visit.

Intraoperatively, standard general anesthesia

techniques were employed, with monitoring conducted
through pulse oximetry, temperature assessment, non-

invasive blood pressure measurement,

electrocardiogram, and capnography.

3.1. Randomization and Blindness

Participants were randomly allocated into two

equivalent groups using computer-generated random

numbers enclosed within sealed, opaque envelopes,

following a parallel approach. Group D (n = 22) received

deep NMB using cis-atracurium, while group M (n = 22)

received moderate NMB with the same drug. Both

patients and outcome evaluators were kept unaware of

the group assignments. Prior to the administration of

general anesthesia, a separate anesthesiologist, who was

not involved in data collection or analysis, performed

the blocking procedure.

Outcome assessors remained blinded throughout

the study period by ensuring they had no access to the

anesthesia records or operating room. All

neuromuscular monitoring equipment was removed

before the assessors entered the post-anesthesia care

unit )PACU). Patient charts were specifically prepared to

exclude any information that could reveal group

assignments.

To prevent inadvertent unblinding due to different

neuromuscular blockade )NMB) levels, the surgical team
was instructed not to discuss muscle relaxation or

surgical field conditions in the presence of outcome
assessors. The anesthesiologist managing the NMB used

a screen to conceal the neuromuscular monitoring

display from other operating room personnel.

While deep and moderate NMB can potentially result

in visible differences in muscle relaxation, our use of

standardized surgical techniques and careful
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management of PP pressure helped minimize any

observable differences between groups. The surgical

team reported no consistent visible differences in

muscle relaxation or surgical field conditions that could

have compromised blinding.

To assess the integrity of blinding, we asked both

patients and outcome assessors to guess their group

assignment at the end of the study. The results indicated

that guesses were no better than chance (52% correct for

patients, 54% for assessors), suggesting that blinding

was successfully maintained throughout the study

period.

The induction of general anesthesia was

accomplished by administering intravenous (IV)

propofol at a dose of 2 - 2.5 mg/kg, along with IV fentanyl

at a dose of 1 μg/kg. This was followed by the
administration of IV cis-atracurium at a dose of 0.15

mg/kg for endotracheal intubation and a PP pressure of

15 mmHg. The patient was maintained under anesthesia

using isoflurane (1 - 1.5%) and 50% oxygen. Additionally, a

continuous infusion of cis-atracurium at a rate of 0.06 -

0.12 mg/kg/h was administered to maintain the desired

level of muscle relaxation with a PP pressure of 10 - 12

mmHg. Entropy monitoring was utilized to adjust the

doses of fentanyl and isoflurane. A tidal volume of 6 - 8

mL/kg and an end-tidal CO₂ pressure of 35 - 45 mmHg

were maintained for volume control mode ventilation.

Continuous monitoring was performed to ensure that

core temperatures remained above 36°C.

After 15 minutes of tracheal intubation, the rate of

the cis-atracurium pump was adjusted in Group D so

that the post-tetanic count (PTC) remained between one

and two. In group M, the cis-atracurium pump was

started when the train-of-four (TOF) count returned to 2,

with the rate adjusted to maintain the TOF count

between 1 and 3. The cis-atracurium infusion was

temporarily stopped in both groups if muscle relaxation

deepened beyond the predefined levels until it returned

to the target range. About thirty minutes before the

procedure was completed, the cis-atracurium infusion

was discontinued.

Upon completion of surgery, every patient had their

muscle relaxant monitoring mode changed to TOF

mode. Whenever the TOF count rose above 70% or
returned to 2, 1 mg of neostigmine and 0.5 mg of

atropine were administered. The process of removing
the endotracheal tube was carried out once the TOF

count reached 90% and the patient demonstrated the

ability to comply with commands, such as opening their
eyes and shaking their hand, as assessed by the

anesthesiologist. High-flow oxygen was administered
via a mask after extubation.

Postoperatively, the individuals were admitted to the

PACU for routine monitoring once their blood oxygen

saturation level remained consistently above 95%. A

standardized analgesic regimen of paracetamol (1 g

every 6 hours) was prescribed, with IV morphine (3 mg)
as rescue analgesia if the Numerical Rating Scale (NRS)

for pain exceeded 3.

When assessing postoperative abdominal pain,

researchers used the NRS (0 = no pain, 10 = worst pain)

assessed by nursing staff unrelated to the study, at the

PACU and at 4, 6, 12, 24, and 48 hours postoperatively.

The time at which the first rescue analgesic was

administered, as well as the total amount of pain relief

medication consumed within the first 24 and 48 hours,

were documented. Additionally, the quality of the

surgical field, length of surgery, heart rate (HR), mean

arterial pressure (MAP), postoperative complications

such as bradycardia, hypotension, nausea, vomiting,

and patient satisfaction on a 5-point scale were

recorded.

3.3. Size of Sample Calculation

The calculation of sample size was performed using

G*Power 3.1.9.2 software (Universitat Kiel, Germany).

Based on earlier research (8), the postoperative pain

score on the NRS in the PACU, which was the primary

outcome measure, reported a mean ± standard

deviation of 2.3 ± 0.6 for deep NMB and 2.9 ± 0.3 for

moderate NMB. The assessment of the sample size was

based on the following parameters: An effect size of

1.264, a 95% confidence level, a statistical power of 95%, a

1:1 group ratio, and the addition of four cases per group
to account for potential dropouts. Consequently, the

recruitment goal was established at 22 patients per
group.

3.4. Statistical Analysis

The statistical analysis was conducted using SPSS V26

(IBM Inc., Chicago, IL, USA). The normality of the data
distribution was assessed using the Shapiro-Wilk test

and histograms. Quantitative parametric variables were

expressed as mean and standard deviation and

compared between the groups using the unpaired

Student's t-test. Quantitative non-parametric data were
presented as median and interquartile range (IQR) and

analyzed using the Mann-Whitney test. Qualitative

variables were presented as frequency and percentage

(%) and analyzed using the chi-square test or Fisher's

exact test as appropriate. A two-tailed P-value of < 0.05
was considered statistically significant.

4. Results
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Figure 1. CONSORT flowchart of the enrolled patients

In this investigation, 57 patients were initially

screened for eligibility. Of these, 8 did not meet the

criteria, and 5 declined to participate. The remaining

eligible patients were then randomly assigned to two

groups, each comprising 22 patients. Subsequently, all

patients assigned to their respective groups were closely

followed up and subjected to statistical analysis (Figure

1).

The demographic data revealed no significant

differences between the two study groups (Table 1). The

duration of surgery and the quality of the surgical field

were similar across groups, with increased intra-

abdominal pressure. The time to the first request for

rescue analgesia was significantly prolonged in group D

compared to group M (9.82 ± 1.5 hours vs. 7.23 ± 1.19

hours, P < 0.001), suggesting improved postoperative

pain management. Correspondingly, the total dose of

morphine consumption in the first 24 hours was lower

in group D compared to group M (10.77 ± 1.51 mg vs. 13.09

± 1.74 mg, P < 0.001), further corroborating the superior

analgesic efficacy observed in the intervention group.

The NRS scores for postoperative pain did not differ

significantly between the groups in the PACU or at 1, 2, 4,

18, 24, 36, and 48 hours after surgery. However, at 6, 8,

and 12 hours postoperatively, group D exhibited

significantly lower NRS scores compared to group M (P <

0.05), indicating better pain control during this critical

period (Table 2).

Heart rate and MAP were insignificantly different at

baseline, and at 15, 30, 45, 60, 75, 90 minutes, and at the

end of surgery between both groups (Figure 2). The

frequency of complications, including hypotension,

bradycardia, and postoperative nausea and vomiting

(PONV), was statistically insignificant among the two

groups. Similarly, patient satisfaction levels did not

differ significantly (Table 3).

5. Discussion

The role of deep NMB and low-pressure PP in

mitigating postoperative pain following laparoscopic

abdominal surgery has been an area of active

investigation (2, 6-8, 10, 11). The present study did not

find a significant difference in surgery length between

the deep and moderate NMB groups. Similarly, Kim et al.

https://brieflands.com/articles/aapm-150995
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Table 1. Demographic Data of the Studied Groups a

Variables Group D; (n = 22) Group M; (n = 22) P-Value

Age (y) 51.5 ± 14.43 54.18 ± 13.16 0.523

Gender 0.540

Male 14 (63.64) 12 (54.55)

Female 8 (36.36) 10 (45.45)

Weight (kg) 68.64 ± 7.79 71.45 ± 9.99 0.303

Height 167.41 ± 6.9 166.36 ± 5.8 0.589

BMI (kg/m 2) 24.6 ± 3.28 25.77 ± 2.94 0.217

ASA physical status 0.553

I 12 (54.55) 14 (63.64)

II 8 (36.36) 7 (31.82)

III 2 (9.09) 1 (4.55)

Abbreviations: BMI, Body Mass Index; ASA, American Society of Anesthesiologists.

a Values are expressed as mean ± SD or No. (%).

Table 2. Duration of Surgery and Quality of Surgical Field for Increase Intra-abdominal Pressure, Time to First Request of Rescue Analgesia, Total Dose of Morphine Consumption
in the First 24 Hours and Numerical Rating Scale of the Studied Groups

Variables Group D; (n = 22) Group M; (n = 22) P-Value

Duration of surgery (min) 81.82 ± 14.76 84.77 ± 19.67 0.576

Quality of surgical field for increase intra-abdominal pressure 2.32 ± 0.72 2.73 ± 0.77 0.075

Time to first request of rescue analgesia (h) 9.82 ± 1.5 7.23 ± 1.19 < 0.001 b

Total dose of morphine consumption in the first 24 hours (mg) 10.77 ± 1.51 13.09 ± 1.74 < 0.001 b

NRS

PACU 0 (0 - 1) 0 (0 - 1) 0.359

1 h 0 (0 - 1) 0 (0 - 1) 0.136

2 h 2 (1 - 2) 2 (1 - 2) 0.760

4 h 2 (1 - 2) 2 (1.25 - 2) 0.116

6 h 2 (1 - 2) 2 (1.25 - 2) 0.042 b

8 h 2 (1 - 3.5) 3 (2.25 - 4.5) 0.010 b

12 h 2 (1 - 2.75) 3.5 (2 - 4.75) 0.020 b

18 h 4 (3 - 4) 4 (3 - 5) 0.207

24 h 2 (1 - 2.75) 3.5 (2 - 4.75) 0.513

36 h 4 (3 - 4) 4 (3 - 5) 0.311

48 h 4 (3.25 - 4) 4 (4 - 4.75) 0.570

Abbreviations: NRS, Numerical Rating Scale; PACU, post-anesthesia care unit.

a Values are expressed as mean ± SD or median (IQR).

b Significant when P value ≤ 0.05.

(8) and Koo et al. (11) did not find significant differences

in surgery duration between the two groups.

Regarding the quality of the surgical field during

increased intra-abdominal pressure, the present study

discovered that neither group differed significantly

from the other. This finding contrasts with several

previous studies, including Kim et al. (8), Bruintjes et al.

(12), and Reijnders-Boerboom et al. (13), which noted a

marked improvement in surgical outcomes with deep

NMB. However, it is important to consider that the

quality of the surgical field can be influenced by various

factors, such as the surgeon's experience, the type of

surgery, and the specific surgical techniques employed.

Hemodynamics (HR and MAP) were insignificantly

different between the two groups throughout the

surgical procedure. This finding aligns with previous

https://brieflands.com/articles/aapm-150995
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Figure 2. A, heart rate; and B, mean blood pressure of the studied groups

Table 3. Complications and Patients’ Satisfaction of Studied Groups a

Variables Group D (n = 22) Group M (n = 22) P-Value

Complications

Bradycardia 3 (13.64) 2 (9.09) 1

Hypotension 5 (22.73) 3 (13.64) 0.698

PONV 2 (9.09) 4 (18.18) 0.664

Patients’ satisfaction 0.567

Extremely satisfied 7 (31.82) 4 (18.18)

Satisfied 10 (45.45) 9 (40.91)

Neither satisfied nor unsatisfied 4 (18.18) 7 (31.82)

Unsatisfied 1 (4.55) 2 (9.09)

Extremely dissatisfied 0 (0) 0 (0)

Abbreviation: PONV, postoperative nausea and vomiting.

a Values are expressed as No. (%).

studies by Kim et al. (8) and Honing et al. (14), which

reported no significant differences in these vital signs

between deep and moderate NMB groups. However, Oh

et al. (15) observed lower HR and MAP in the deep NMB

group during lumbar spinal surgery, suggesting

potential benefits in specific surgical contexts.

A notable finding of this research was that the deep

NMB group experienced a delay in the first request for

rescue analgesia compared to the moderate NMB group

(9.82 ± 1.5 hours vs. 7.23 ± 1.19 hours, P < 0.001).

Correspondingly, the quantity of morphine taken in the

first 24 hours was significantly lower in the deep NMB

group (10.77 ± 1.51 mg vs. 13.09 ± 1.74 mg, P < 0.001). These

results corroborate the findings of Kim et al. (8) and

Tang et al. (16), who reported reduced postoperative

opioid requirements and improved analgesia in

individuals receiving deep NMB. The enhanced pain

management observed in the deep NMB group could be

attributed to the improved surgical conditions,

potentially leading to less tissue trauma and

inflammation.

Interestingly, while there was no significant

difference in the NRS pain scores between groups in the

PACU or at most time points, the deep NMB group had

significantly lower scores at 6, 8, and 12 hours

postoperatively. This finding aligns with the meta-

analysis by Raval et al. (7), which reported reduced

severity of pain in the PACU with deep NMB following

surgery. The improved pain control during this critical

early postoperative period could contribute to

enhanced patient satisfaction and faster recovery. In

contrast, Honing et al. (14) reported NRS scores of

approximately 2.9 for moderate NMB and ~3.2 for deep

NMB in laparoscopic renal surgery with sevoflurane

anesthesia.

The incidence of complications, including

bradycardia, hypotension, and PONV, was statistically

insignificant among groups. This observation is

https://brieflands.com/articles/aapm-150995
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consistent with prior research, such as that by Koo et al.

(9) and Arumugaswamy et al. (17), which found no

differences in adverse events between deep and

moderate NMB groups. However, Oh et al. (15) and Hu et

al. (18) reported lower occurrences of PONV and

hypotension in the deep NMB group, suggesting

potential benefits in specific surgical contexts.

Patient satisfaction levels were also comparable

between the two cohorts in the current investigation.

While this finding contrasts with the study by Koo et al.

(19), which reported higher patient satisfaction scores

with deep NMB, it is essential to note that patient

satisfaction can be influenced by various factors beyond

surgical outcomes, such as preoperative expectations,

communication, and overall hospital experience.

The findings from other studies further support the

possible advantages of deep NMB during laparoscopic

procedures. Barrio et al. (20) indicated that deep NMB

significantly increased the intra-abdominal volume of

CO2 insufflated compared to moderate NMB, facilitating

a better surgical field during PP establishment. Koo et al.

(9) reported shorter operation times and a decreased
rate of intra-abdominal pressure increase to preserve

optimal surgical conditions with deep NMB during

laparoscopic cholecystectomy. Additionally, Koo et al.

(19) and Koo et al. (11) found that deep NMB was

associated with better surgical conditions and less
intraoperative movement during laparoscopic

colorectal and gastric surgeries, respectively.

One limitation of this research is the sample size;

while adequate for the primary outcome, it may have

been underpowered to detect differences in secondary

outcomes or rare adverse events. Additionally, its single-

center design may restrict the applicability of the

results to different types of surgical procedures and

patient groups.

5.1. Conclusions

The deep NMB combined with low-pressure PP

provided superior postoperative analgesia, as evidenced

by the prolonged time to the first rescue analgesic

request and reduced morphine use in the first 24 hours

compared to moderate NMB. Importantly, these

analgesic benefits were achieved without

compromising surgical field quality or increasing

complications. Furthermore, the current study supports

the use of deep NMB as a valuable adjunct for enhancing

postoperative pain management in laparoscopic

surgical procedures related to the abdomen.
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