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ABSTRACT
Objectives: To compare using deep neuromuscular blockade during low abdominal insuffla
tion pressure (DNMB/LAIP; n = 67) to conventional blockade and pressure (CNMB/CAIP; n = 68) 
for laparoscopic cholecystectomy and to evaluate the speed and efficacy of NMB recovery 
using sugammadex (SGX) as assessed by the Postoperative Quality Recovery Scale.
Patients & Methods: Rocuronium initiation and maintenance doses were 0.6 and 0.15 mg/Kg, 
respectively, and neostigmine or SGX was used as reverse agent for CNMB and DNMB, 
respectively. Abdominal insufflation was terminated at 15 and 8-mmHg, for CAIP and LAIP, 
respectively. The study outcome is the surgical feasibility under DNMB/LAIP, as judged by the 
frequency of shift-to-CAIP, surgical field visibility and operative time.
Results: The frequency of shift-to-CAIP was 2.9% due to surgeons’ inconvenience of LAIP. 
DNMB allowed significant control of intraoperative (IO) hemodynamic response to surgical 
manipulations. SGX allowed 3.2 times faster NMB-reversal with significantly higher percentages 
of patients returned to baseline physiologic statuses. The percentage of patients free of pain 
and nausea was significantly higher after DNMB/LAIP. At hospital discharge and day-7 PO, 
86.6% and 98.5% of patients regained normalcy of their overall perspectives after DNMB/LAIP 
with a significant difference than after CNMB/CIAP. At 2-week PO, the frequency of shoulder-tip 
pain (STP) was significantly lower and surgeons’ satisfaction rate was significantly with DNMB/ 
LAIP.
Conclusion: Laparoscopic cholecystectomy under DNMB/LAIP procedure is feasible and safe 
with lower incidence and severity of STP and high surgeons’ satisfaction. Sugammadex 
hastened the recovery of DNMB 3.2 times that of neostigmine-induced recovery of CNMB. 
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1. Introduction

Laparoscopic surgery has gained popularity in clinical 
practice, and laparoscopic cholecystectomy is one of 
the most common laparoscopic procedures [1]. 
Creation of pneumoperitoneum (PNP) is a key element 
in laparoscopic surgery; however, abdominal insuffla
tion has multiple physiological impacts especially the 
ventilation and hemodynamic effects due to limited 
diaphragmatic mobility, CO2 absorption through the 
peritoneal surfaces, the pressure exerted on intra- 
abdominal vessels that could impede the venous 
return and cardiac filling capacity [2–4]. Postoperative 
(PO) shoulder-tip pain (STP) is another problem related 
to PNP and is mostly related to phrenic nerve irrita
tion [5].

These PNP-induced complications are mostly 
related to the exerted abdominal insufflation pressure 
(AIP) to achieve the desired field visibility, so manipu
lations such as gasless laparoscopic surgery were 

suggested to lessen the effect of high AIP especially 
the cardiopulmonary side effects [6]. Comparative stu
dies assured the feasibility of low AIP (LAIP) with con
sequent decreases in CO2 absorption, significant 
improvement in PO-STP and less consumption of 
analgesia [5,7]. Moreover, extreme LAIP might be fea
sible without increasing operative and PO complica
tions [8].

Neuromuscular blockade (NMB) is used during 
laparoscopic surgery to expand the surgical field, 
and the quality of surgical conditions was found 
to be proportionate with the depth of NMB [9]. 
Deep NMB (DNMB) for laparoscopic surgery would 
allow for the use of lower AIP while optimizing 
surgical space and enhancing patient safety [10]. 
However, the risk of PO residual curarization is an 
additional risk for respiratory complications and 
increases the length of hospital stay and related 
costs [11].
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1.1. Objectives

Comparison of the outcomes of laparoscopic cholecys
tectomy using DNMB/LAIP versus using conventional 
AIP and conventional NMB (CNMB/CAIP) and to assess 
the speed and efficacy of DNMB-reversal using sugam
madex (SGX) are the study objectives.

1.2. Design

Prospective multicenter comparative study

1.3. Setting

Departments of Anesthesia, Pain and ICU, Faculty of 
Medicine, Cairo and Benha Universities and multiple 
private surgical centers

1.4. Ethical considerations

The study protocol was approved by the Anesthesia 
Departmental Committee in June 2022 to permit the 
start of the application of the study protocol and after 
complete case collection, the study protocol and out
comes were approved by the Ethical Committee at the 
Faculty of Medicine, Benha University (Registration No.: 
RC.2.9.23).

1.5. Sample size

In 2021, one study detected insignificant differences 
between sugammadex and traditional reverse agents 
when the sample size was 50 patients per group [12], 
while another study reported a highly significant dif
ference when the number of patients was 75 patients 
per group [13]. The null hypothesis was the detection 
of significant difference between groups and consider
ing the effect size of 0.20, using the F-test model, the 
required sample size was calculated using the G*Power 
(Version 3.1.9.2) for sample size calculation [14] and 
with the use of α error factor of 5% and a power of 
80%, sample size of more than 67 patients per group 
would assure the reliability of the null hypothesis.

1.6. Patients

All adult patients presenting to the surgery outpatient 
clinic with the clinical picture of chronic calcular cho
lecystitis were evaluated clinically and by abdominal 
ultrasonography. Patients suspected to have compli
cated cholecystitis underwent abdominal MRI. Then, 
demographic and clinical data were determined

1.7. Exclusion criteria

Patients who had myopathies or neuromuscular disor
ders, ASA grade III or IV, obesity of >35 kg/m2, 

complicated cholecystitis, associated pancreatitis, pep
tic ulcer disease, uncontrolled diabetes mellitus, renal 
or liver diseases, and previous open abdominal sur
geries were excluded from the study.

1.8. Inclusion criteria

Patients who had chronic calcular cholecystitis and 
were free of exclusion criteria were included in the 
study.

1.9. Randomization and grouping

Patients’ randomization was conveyed by an assistant 
who was blinded about the study protocol by compu
ter sequencing system with 1:1 sequence and even- 
numbers dropping to provide the sequence of cases 
for each group. Patients’ sequence was transformed to 
group title; Conventional NMB (Group-C) and Deep 
NMB (Group-D) and patients were asked to choose an 
envelope that contained a card carrying the group 
title. Surgeons were blinded about the depth of the 
used neuromuscular block and about the reverse 
agent

1.10. Groups

All patients received an initial dose of rocuronium of 
0.6 mg/Kg and the maintenance dose (0.15 mg/Kg) 
was adjusted according to the desired depth of 
anesthesia as previously described by Barrio et al. [15]:

● Conventional NMB (Group C): rocuronium was 
provided as a maintenance dose when two 
responses appeared in the Train of Four stimula
tion (TOF) and at the end of surgery neostigmine 
(70 μg/kg) was given as an NMB-reversing drug.

● Deep NMB (Group D): the maintenance dose was 
given when two post-tetanic contractions (PTCs) 
appeared. NMB was reversed using sugammadex 
4 mg/kg at the end of surgery.

1.11. Anesthetic technique

At the pre-anesthetic room, baseline preoperative 
hemodynamic variate; heart rate (HR) and mean arter
ial pressure (MAP) were non-invasively recorded. 
Midazolam premedication was provided in an intrave
nous dose of 0.05 mg/kg up to 2.5 mg. Pre- 
oxygenation was provided for all patients, anesthesia 
was induced using propofol 1.5–2.5 mg/kg and IV 
rocuronium bromide 0.6 mg/Kg, and after 3-min the 
trachea was intubated. Anesthesia was maintained 
with 50% air in oxygen, and an end-tidal concentration 
of 2–3% sevoflurane and a maintenance dose of rocur
onium was provided as 0.15 mg/kg. Ventilation was 
controlled and minute ventilation was adjusted to 
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maintain end-tidal CO2 at 35 ± 5 mmHg. Then, intrao
perative fentanyl was given as 1–2 µg/kg/min to main
tain non-invasive HR within a range of ± 20% of the 
basal values, and MAP measures are in the range of 65– 
100 mmHg. At the end of the surgery, NMB was 
reversed in Group-C using intravenous neostigmine 
(70 μg/kg) and atropine sulfate 15–20 µg/kg, while in 
Group-D using sugammadex 4 mg/kg and the trachea 
was extubated after reversal of NMB and patients were 
maintained on supplemental O2 until awake in the 
recovery room

1.12. Pneumoperitoneum and surgical procedure

The Verres needle was inserted through a snip umbilical, 
the patient was adjusted in 30° Trendelenburg position 
and an electronic variable-flow insufflator was con
nected for intra-peritoneal insufflation of CO2 that was 
terminated when the AIP reached 15 and 8 mmHg, for 
groups C and D, respectively. After the insertion of the 
video laparoscope through the cannula, exploratory 
laparoscopy was performed, and the patient’s position 
was changed to a steep reverse Trendelenburg position 
(RTP) with a lateral tilt to facilitate retraction of the gall 
bladder fundus. At the end of the surgery, abdominal 
desufflation was performed, and the patient’s position 
was corrected to the flat supine position [16].

2. Monitoring

(A) Operative monitoring:
● The frequency of shifts to CAIP due to bad 

surgical field was recorded.
● Heart rate (HR) and mean arterial pressure 

(MAP) were continuously monitored and the 
measures obtained before and after induction 
of anesthesia, 5-min before and after insuffla
tion, and 5-min after tilting in RTP, after CO2 

insufflation, and extubation were recorded.
● Surgical field visibility was scaled using 

a 5-point Likert scale for quality with a high 
score (=5) indicating very good quality and 
a low score (= 1) indicating very poor quality 

of field visibility. The surgical field visibility 
scoring was presented as patients’ distribu
tion and as a median value of the total score. 
Operative time was also recorded and pre
sented as a mean value.

(B) Recovery of NMB & PACU care
● The time from the start of sugammadex/ 

neostigmine administration to the recovery 
of the train-of-four ratio (TOFR) to 0.9 was 
determined.

● Recovery of NMB was assessed using the 
Postoperative Quality Recovery Scale (PQRS) 
which consists of six domains including phy
siologic, nociceptive, emotive, activities of 
daily living, cognitive, and overall patient per
spective as shown in Table 1 [17]. Recovery 
was defined as the percentage of patients 
who returned to baseline values (or better) of 
each domain at the defined time points [18].

● Patients were evaluated for PACU discharge 
using the modified Aldrete score that ranges 
between zero and 12 and the patient was 
discharged at a score of ≥9 [19].

(C) Postoperative care
● All patients received routine PO analgesia as 

ketorolac tromethamine (15 mg/ml) diluted 
to 20 ml with normal saline 0.9% to yield 
1.5 mg/ml and was injected intravenously in 
a dose of 7.5 mg as 5-ml shots.

● Wound pain was assessed using an 11-point 
(0–10) numeric pain scale (NRS) score with 
zero indicating no pain and 10 indicating the 
worst intolerable pain [20]. When the NRS 
score was ≥4 despite receiving ketorolac injec
tion, morphine 5 mg was diluted to 10 using 
normal saline 0.9% and injected IV as 2-ml 
dose till pain resolution. The frequency of 
patients who required PO morphine injection 
and the received dose was recorded.

● PO duration till 1st ambulation and 1st oral 
intake were determined

● PO nausea and vomiting (PONV) was scored 
on 0-3 points for nausea; no, mild, moderate, 

Table 1. Domains of the post-operative quality recovery scale for recovery from NMB [17].
Domain The measured recovery parameters Application

Physiologic ● Physiologic recovery: systolic blood pressure, HR, temperature, respiratory 
rate, and oxygen saturation

● Emergence & airway safety: airway control, level of agitation & conscious
ness, and activity on command

● Immediate PO
● Before PACU transfer
● Before hospital discharge

Nociceptive Pain and nausea ● Assessed using a 1–5 Likert rating scale at 
PACU admission, 4-h later & before hospital 
discharge

Emotional Feelings of anxiety and depression

Activities of 
daily living

Assesses physical return to normalcy through the ability to stand, walk and dress 
without assistance, and to eat and drink

● Scored as easily (=3), with difficulty (=2), and 
not at all (=1).

Cognitive Assess orientation, verbal memory, executive functioning, attention, and 
concentration

● Assessed before PACU & hospital discharge

Overall  
patient 
perspective

Patients rate their return to activities of daily living, clarity of thought, ability to 
work, and satisfaction with anesthetic care.

It is complementary to the other domains but is 
not included in the analysis of return to baseline
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and severe nausea, while vomiting was 
scored on 0-2 points; no, one and more than 
one mouthful of vomitus [21]; antiemetic 
therapy was provided as ondansetron 
(Zofran), which was previously documented 
as effective in a dose of 4 mg [22] and was 
repeated according to PONV severity.

● Surgeons’ satisfaction with operative circum
stances and surgical field visibility was evalu
ated using a 5-point Likert satisfaction scale 
ranging between very dissatisfactory (=1) and 
very satisfactory (=5).

(D) Hospital discharge and follow-up
● Patients were discharged from the hospital 

after taking their 1st oral intake and can ambu
late unaided; the duration of PO hospital stay 
was defined.

● PO treatment was prescribed as broad- 
spectrum antibiotics and oral analgesia.

● Patients were asked to check for STP which 
was defined as pain at the tip of the shoulder 
occurring during the 1st 2-wk after surgery 
[23]. STP was presented as the frequency of 
patients who developed STP and its severity as 
judged by NRS score.

2.1. Study outcomes

(1) The primary outcome is the evaluation of the 
feasibility of laparoscopic surgery using DNMB/ 
LAIP procedure using the frequency of shift-to- 
CAIP, the surgical field visibility, operative time 
and surgeons’ satisfaction rate as judge for 
feasibility

(2) The secondary outcome is the time elapsed 
since injection of the reversal agent till neuro
muscular recovery and quality of recovery as 
judged by assessment of PQRS domains.

2.2. Statistical analysis

The results were analyzed using the ANOVA test for 
intergroup variance and the Chi-square test and 
Mann–Whitney test for non-parametric data by the 
SPSS Software Program (IBM, USA). The significance 
of the intergroup difference was determined at the 
cutoff point of P < 0.05.

3. Results

Seventeen patients were excluded; 3 pregnant 
women, 5 women were obese with body mass index 
(BMI) of >35 kg/m2, 4 patients had previous abdominal 
surgery, 3 patients had associated stone common bile 
duct and two patients were ASA III, while 140 patients 
were randomly allocated into the study groups. Five 
patients (3.57%) were shifted to open procedures for 
surgical indications and were also excluded from the 
study. Two of the Group-D patients (2.9%) were shifted 
to conventional AIP up on surgeons’ request for the 
inconvenience of low AIP and were considered as fail
ure for low AIP (Figure 1). The enrolment data of 
patients of both groups were comparable as shown 
in Table 2.

Deep NMB allowed proper control of intraoperative 
hemodynamic response to surgical manipulations as 
manifested by the reported significantly lower HR 
measures before (P = 0.039) and after (P < 0.001) 
abdominal insufflation and after table-tilting to RTP 
(P < 0.001) with significantly lower MAP measures 
after abdominal insufflation (P = 0.023) and insufflation 
(P = 0.003) in comparison to measures of patients of 
Group-C. Moreover, the extent of increase in HR and 
MAP measures of Group-D patients in response to 
abdominal insufflation was significantly (P = 0.045 & 
0.005, respectively) lower compared to that recorded 
in Group-C patients (Figure 2). Operative field visibility 

Figure 1. Study flow chart.
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as scorings and mean score and operative time were 
comparable between both groups (Table 3).

Sugammadex allowed 3.2 times faster NMB-reversal 
than neostigmine within a significantly (P < 0.001) 
shorter duration than that of neostigmine. Regarding 
the domains of PQRS, the percentages of patients 
returned to baseline physiologic statuses after NMB- 
reversal and at the time of PACU discharge were sig
nificantly (P = 0.033 & 0.043, respectively) higher in 
Group-D than Group-C. The percentages of Group-D 
patients who had no pain at 4-h after PACU discharge 
and at hospital discharge were significantly (P = 0.038 
& 0.028, respectively) higher than that of Group-C 
patients. Similarly, at 4-h after PACU discharge, the 
percentage of patients free of nausea sensation was 
significantly (P = 0.036) higher among Group-D 
patients. At time of hospital discharge and D-7 PO, 
86.6% and 98.5% of Group-D patients regained nor
malcy of their overall perspectives with significant dif
ference (P = 0.038 & 0.017, respectively) in comparison 
to the percentages of Group-C patients; 72.1% and 
88.2% (Figure 3). The frequency of patients reached 
Aldrete score of ≥9 was significantly (P = 0.027) higher 

with significantly (P = 0.0015) higher mean score 
among Group-D than Group-C patients (Table 4).

During the hospital stay, no patient required mor
phine rescue analgesia. The reported pain scores were 
significantly higher at 2-h (P < 0.001) and 3-h (P =  
0.032) PO, while were significantly (P = 0.0084) lower 
at 12-h PO in Group-D than Group-C patients, but 
other measures showed non-significant differences 
between both groups. Duration till 1st ambulation 
and oral intake were significantly (P = 0.006 & 0.025, 
respectively) shorter, while the duration of PO hospital 
stay was non-significantly (P = 0.157) shorter for 
patients of Group-D than patients of Group-C. No PO 
vomiting attacks were recorded, while 21 patients 
(15.6%) developed PO nausea with significantly lower 
incidence (P = 0.035) and score (P = 0.033) among 
Group-D than Group-C patients. At 2-w PO, 32 patients 
complained of STP, but the frequency of patients who 
complained of STP was significantly (P = 0.017) lower 
with significantly lower pain scores among Group-D 
than Group-C.

Regarding surgeons’ satisfaction, 101 surgeons 
(74.8%) were satisfied to very satisfied and 27 

Table 2. Patients’ characteristic and demographic data in both groups.
Group C (n=68) Group D (n=67) P

Age (years) 38.8±7.4 37.7±8.4 0.423
Gender Males 18 (26.5%) 20 (29.9%) 0.662

Females 50 (50%) 47 (70.1%)
Weight (kg) 84.9±5.6 84.1±6.4 0.417
Height (cm) 165.5±5.2 164.8±5 0.437
BMI (kg/m2) 31±2.1 31±2.3 0.817
ASA grade ASA-I 63 (92.6%) 60 (89.6%) 0.527

ASA-II 5 (7.4%) 7 (10.4%)
Indication of Laparoscopic cholecystectomy Chronic calcular cholecystitis 56 (82.3%) 54 (80.6%) 0.369

Gall bladder polyp 5 (7.4%) 9 (13.4%)
Both 7 (10.3%) 4 (6%)

Data are shown as mean, standard deviation, numbers and percentages.

Figure 2. Percentage of HR & MAP change with abdominal insufflation of patients of both groups.
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surgeons found either procedure was good, while 
only 6 surgeons (4.4) were dissatisfied with both 
procedures. The frequency of surgeons who were 
satisfied-to-very satisfied surgeons by the DNMB/ 
LAIP procedure was significantly (P = 0.047) higher 
than those who were satisfied-to-very satisfied by 
the CNMB/CAIP, while the mean satisfaction score 
was non-significantly (P = 0.154) higher in Group-D 
than in Group-C (Table 5, Figure 4).

4. Discussion

The use of DNMB allowed the successful conduction of 
laparoscopic cholecystectomy under LAIP as mani
fested by the reported minimal rate of shift-to- 
conventional pressure (2.9%) and dissatisfied surgeons 

(6%). Moreover, the reported operative field visibility 
rate score, and operative time were comparable to 
surgery under CNMB/CAIP. In support of the efficacy 
of the DNMB/LAIP procedure for laparoscopic surgery, 
Krijtenburg et al. [24] using MRI estimated the skin- 
sacral promontory distance and detected increased 
distance by about 15% with moderate NMB than no 
NMB, but DNMB did not provide further increase, while 
increased the mean pneumoperitoneum volume.

The applied DNMB/LAIP policy was advantageous 
concerning the impact of increased AIP on HR and 
MAP which showed a significantly lower percentage 
of increase secondary to abdominal insufflation in 
comparison to patients who received CNMB/CAIP. In 
line with these findings, Oh et al. [25] detected 
better operating conditions and higher overall 

Table 3. Patients’ intraoperative data.
Group C (n=68) Group D (n=67) P

Heart rate (beats/min) Before intubation 79.9±4.2 79.3±3.8 0.344
After intubation 86.6±4.3 85.6±4 0.155
Before insufflation 81±4.1 79.3±5.3 0.039
After insufflation 89±3.6 86.2±4.9 <0.001
% of change during insufflation 10±3.7 8.88±2.6 0.045
After table tilting 84.5±4.6 79.9±4.4 <0.001
After desufflation 80±4.7 79.8±3.9 0.848
After intubation 84±4.1 85.5±3.8 0.010

Mean arterial pressure (mmHg) Before intubation 88.2±3.1 87.9±3.2 0.465
After intubation 92.5±3.1 92±3 0.263
Before insufflation 86.6±3.3 85.8±3.1 0.142
After insufflation 89.5±3.7 88.2±3.4 0.023
% of change during insufflation 3.4±1.12 2.75±1.43 0.005
After table tilting 84.2±4.6 84.1±3.3 0.751
After desufflation 85.1±4.4 83.7±3.4 0.003
After intubation 87.9±3.9 87.3±3 0.241

Operative field visibility scoring Scores 2 3 (4.4%) 5 (7.5%) 0.609
3 23 (33.8%) 28 (41.8%)
4 27 (39.7%) 22 (32.8%)
5 15 (22.1%) 12 (17.9%)

Median (IQR) of score 4 [3–4] 4 [3–4] 0.238
Operative time (min) 27±6.7 29.4±8.3 0.068

Figure 3. Patient’s distribution according to the percentages of patients returned to normally of PQRS domains at time of hospital 
discharge.
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satisfaction in lumbar spinal surgery under general 
anesthesia using deep versus no NMB. Thereafter, 
Kathopoulis et al. [26] reported comparable mean 
surgical field scores during laparoscopic gynecologi
cal surgeries under moderate versus deep NMB and 
Zheng et al. [27], in a meta-analysis for studies 
comparing deep versus no-deep NMB, found 
DNMB provided the higher frequency of clinically 
acceptable surgical conditions and lower incidence 
of intraoperative complications with the comparable 
incidence of PO complications.

Laparoscopic surgery provided patients with 
a satisfactory PO course, where no patient required 

morphine for PO pain and the use of DNMB/LAIP 
significantly improved PO wound pain scores than 
patients who received CNMB/CIAP. These results 
go in hand with Oh et al. [25] who recorded sig
nificantly reduced pain scores, and PO rescue fen
tanyl consumption both in PACU and ward after 
lumber spinal surgery under general anesthesia 
with deep versus no NMB. Similarly, Seo et al. 
[28] detected decreased PO pain scores and opioid 
consumption during laparoscopic urologic sur
geries and recorded no correlation between PO 
pain and the amount of CO2 gas used, operative 
method or operative time and attributed this to 

Table 5. Patients’ postoperative data.
Group C (n=68) Group D (n=67) P

NRS pain scores PACU 0 [0–1] 0 [0–1] 0.327
1-h 1 [1–1] 1 [1–1] 0.418
2-h 1 [1–1] 2 [1–2] 0.00026
3-h 2 [1–2] 2 [1–2] 0.0251
4-h 2 [2–3] 2 [2–3] 0.873
8-h 3 [2–4] 2 [2–3] 0.078
12-h 3 [2–4] 2 [1–3] 0.034
16-h 2 [1–4] 2 [1–3] 0.056
20-h 2 [1–3] 1 [0–2] 0.233
24-h 1 [1–3.5] 1 [1–2] 0.303

The lapsed PO duration till 1st oral ambulation (min) 117±17.5 108±19.7 0.006
1st oral intake (h) 3.3±0.83 3±0.7 0.025
Hospital discharge (h) 8.5±1.9 8±2.1 0.157

Postoperative nausea & vomiting Incidence of nausea Yes 15 (22.1%) 6 (9%) 0.035
No 53 (77.9%) 61 (91%)

Nausea score 2.07±0.7 1.33±0.52 0.033
Incidence of vomiting 0 0 0

Surgeons’ satisfaction score Frequency  
according to score

Very dissatisfied 0 0 0.047
Dissatisfied 2 (3%) 4 (6%)
Good 20 29.4%) 7 (10.4%)
Satisfied 15 (22.1%) 19 (28.4%)
Very satisfied 31 (45.5%) 37 (55.2%)

Median value (IQR) 2 [2–3] 1 [1–2] 0.056
Shoulder-tip pain (STP) Frequency Yes 22 (32.4%) 10 (14.9%) 0.017

No 46 (67.6%) 57 (85.1%)
Median NRS STP score (IQR) 5 [4–6] 4 [3–5] 0.034

Table 4. Time till recovery of NMB and PQRS scale data.
Group C (n=68) Group D (n=67) P

Time till recovery of the train-of-four ratio to 0.9 after reversal agent injection (min) 8.7±1.46 2.71±0.5 <0.001
Physiologic domain (% of patients returned to baseline value) NMB reversal 41 (60.3%) 54 (80.6%) 0.033

PACU discharge 52 (76.5%) 60 (89.6%) 0.043
Hospital discharge 62 (91.2%) 65 (97%) 0.151

Nociceptive domain (% of patients had no pain) PACU admission 60 (88.2%) 64 (95.5%) 0.121
4-h after PACU discharge 49 (72.1%) 58 (86.6%) 0.038
Hospital discharge 54 (79.4%) 62 (92.5%) 0.028

Nociceptive domain (% of patients had no nausea) PACU admission 57 (83.8%) 60 (89.6%) 0.328
4-h after PACU discharge 53 (77.9%) 61 (91%) 0.036
Hospital discharge 60 (88.2%) 65 (97%) 0.116

Emotional domain (% of patients had no anxiety or depression) PACU admission 64 (94.1%) 65 (97%) 0.414
4-h after PACU discharge 53 (77.9%) 61 (91%) 0.036
Hospital discharge 56 (82.4%) 63 (94%) 0.036

Activities of daily living (% of patients easily performing daily activities) At hospital discharge 56 (82.4%) 61 (91%) 0.216
At D-1 PO 52 (76.5%) 60 (89.6%) 0.043
At D-7 PO 46 (67.6%) 57 (85.1%) 0.017

Cognitive domain (% of patients regained normal cognitive functions) PACU discharge 34 (50%) 38 (56.7%) 0.434
Hospital discharge 47 (69.1%) 57 (85.1%) 0.028
D-7 PO 60 (88.2%) 66 (98.5%) 0.017

Overall patients’ perspective (% of patients regained normalcy) Hospital discharge 49 (72.1%) 58 (86.6%) 0.038
D-7 PO 60 (88.2%) 66 (98.5%) 0.017

Aldrete score Mean score 9.2±1.4 10±1.3 0.0015
Frequency <9 17 (25%) 7 (10.4%) 0.027

≥9 51 (75%) 60 (89.6%)

D-1: Day 1.
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performing surgery under anesthesia with DNMB. 
Also, Albers et al. [29] reported lower acute pain 
scores with LAIP during laparoscopic colorectal 
surgery and Kathopoulis et al. [26] found patients 
who received moderate NMB consumed more extra 
opioid analgesia than patients who received 
DNMB.

The DNMB/LAIP procedure significantly reduced the 
incidence and scorings of STP, at 2-w PO, in compar
ison to CNMB/CAIP. Similarly, Zhang et al. [30] using 
the DNMB/LAIP reported decreased scores of STP with
out hindering the surgical vision or increasing adverse 
respiratory events and found this policy can shorten 
the hospital stay duration and treatment. Furthermore, 
Tang et al. [31] detected significantly lower PO pain 
scores and opioid consumption after spinal surgery 
under general anesthesia with DNMB than moderate 
NMB and found pain scores were still significantly 
reduced till 3-month PO with a significant reduction 
of the incidence of chronic post-surgical pain with 
DNMB.

The obtained results and the literature suggest the 
anti-nociceptive effect of NMB for both acute and 
chronic pain and these effects are positively related 
to the depth of NMB, but no study provided an expla
nation for this effect and there is insufficient evidence 
to recommend DNMB to reduce PO pain [32]. However, 
the reported anti-nociceptive effect for acute pain 
might be attributed to blunting of expression and 
release of nociceptive proinflammatory cytokines as 
tumor necrosis factor-α and interleukins, but this sug
gestion needs to be evaluated in further studies and 
the effect of DNMB on chronic pain has to be 
elucidated.

The residual curarization, which is the major side 
effect of DNMB, was significantly alleviated with the 
use of sugammadex (SGX) as an NMB-reversing agent. 
SGX allowed 3.2 times more rapid reversal of DNMB 
than neostigmine (NEO) for CNMB with a significantly 
shorter time lag between reversal-agent injection and 
recovery of TOFR to 0.9. These findings were coinci
dent with Chang et al. [33] who documented that SGX 
showed better hemodynamic stability and lower inci
dence of PONV and PO urinary retention than NEO and 
with Tang et al. [34] who detected 4.9 times faster 
recovery after SGX than NEO injection after simulta
neous pancreas-kidney transplantation. Also, Cui et al. 
[35] found SGX-reversal of muscle relaxation in 
patients undergoing intracranial aneurysm interven
tion surgery can optimize the quality of anesthesia 
recovery and reduce the incidence of PO complica
tions. Furthermore, Tsai et al. [36] suggested the use 
of SGX as a better option for NMB reversal during 
interventional neuroradiological procedures than 
NEO because SGX provides shorter extubation time 
and more stable hemodynamics during the emergence 
of anesthesia.

The current study reported significantly lower inci
dence and severity of PONV after SGX reversal of 
DNMB than after NEO reversal for CNMB, similarly, 
Chang et al. [33] and Hsieh et al. [37] detected 
lower risk of PONV after SGX than with NEO especially 
for patients received volatile anesthetics, irrespective 
of using prophylactic antiemetics. Also, Ding et al. [38] 
found SGX can decrease the incidence and severity of 
PONV, increase PO water intake and shorten the time 
to first flatus after bariatric surgery in comparison 
to NEO.

Figure 4. Surgeon’s distributionn according to their satisfaction by the applied procedure NMB & AIP.
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The applied procedure of DNMB/LAIP with SGX as 
a reversal agent allowed better immediate PO course in 
the form of significantly shorter time till 1st ambulation 
and oral intake with non-significantly shorter PO hospi
tal stay than the procedure applied for Group-C patients. 
In line with these findings, Deljou et al. [39] detected 
improved bowel function and a higher proportion of 
patients had bowel movement during the first 24 and 48 
h after SGX than NEO reversal of NMB during craniot
omy. Moreover, Azimaraghi et al. [40] found SGX rever
sal of NMB was associated with a small decrease in PO 
length of hospital stay in the ambulatory care unit and 
attributed this to the reduced PONV. Also, Tan et al. [41] 
reported that SGX-reversal of NMB after abdominal sur
gery showed excellent recovery profile with significantly 
shorter PACU stay, time to PO ambulation and reduced 
time-to-first-defecation when compared to the sponta
neously recovered group

The reported improved surgical circumstances, recov
ery items and PO outcomes after the use of DNMB/LAIP 
with SGX-reversal coincided with the recently published 
recommendations of the European Society of 
Anesthesiology and Intensive Care that recommended 
deepening NMB if surgical conditions need to be 
improved and using SGX to antagonize deep, moderate 
and shallow NMB by aminosteroidal agents (32).

5. Conclusion

Laparoscopic cholecystectomy under DNMB and using 
LAIP is feasible and safe with a minimal failure rate and 
high surgeons’ satisfaction. The applied DNMB/LAIP 
improved surgical outcomes with a reduction of the 
incidence and severity of STP. Sugammadex hastened 
the recovery of DNMB 3.2 times that of neostigmine- 
induced recovery of CNMB and is advocated as 
a reversal agent for this procedure.

6. Limitations

Type of surgical procedure; laparoscopic cholecystect
omy with its inherent short operative time and mini
mal tissue trauma is a limitation for the establishment 
of the obtained results with special regard to PO pain.

7. Recommendations

Further studies are mandatory to explore the under
lying mechanisms for the reported decreased pain 
scores with DNMB than CNMB. Also, the same proce
dures were to be evaluated for laparoscopic proce
dures requiring long operative time or causing 
extensive tissue damage to settle the obtained results 
as an opioid-free procedure for laparoscopic surgeries
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