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ABSTRACT
Objectives: Evaluation of the effect of deep neuromuscular blockade (DNMB) with low 
abdominal insufflation pressure (AIP) during laparoscopic colectomy on serum levels of inflam-
matory cytokines and on wound and shoulder-tip pain (STP) scores.
Patients & Methods: NMB was provided as rocuronium 0.6 mg/Kg initial dose and 0.15 mg/kg 
as maintenance dose according to the required depth of blockade and was reversed by 
sugammadex 4 mg/kg. AIP was provided at 10 and 14 mm Hg for Group-D and Group-C, 
respectively. Blood samples were collected for ELISA estimation of cytokines’ serum levels.
Results: The doses of intraoperative (IO) fentanyl (p = 0.026) and postoperative (PO) morphine, 
and 24-h cumulative pain score were significantly lower (p = 0.025) in Group-D. The measured 
cytokines’ serum levels increased progressively during surgery with significantly lower percen-
tage of increase in Group-D (p = 0.0022; 0.0043; <0.001 for IL-1β, IL-6 and TNF-α, respectively). 
The percentage of increase in immediate PO serum cytokines’ levels was negatively related to 
the depth of NMB, while it showed positive correlation with the total dose of IO fentanyl, post- 
anesthetic care unit (PACU) pain scores, 24-h cumulative pain score and STP scores. Statistical 
analyses defined DNMB and serum IL-6 levels as significant predictor for cumulative pain 
scores.
Conclusion: The use of DNMB with low AIP significantly ameliorated the impact of surgery on 
immune milieu, reduced IO consumption of narcotic and reduced PO pain.
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1. Introduction

Pain syndromes are mostly attributed to the perverse stir 
of the primary sensory neurons in the dorsal root ganglia 
secondary to the interaction between proinflammatory 
nociceptive cytokines and the satellite glial cells [1].

Surgical stress can induce inflammatory responses 
and reduce the function of the immune system in 
a parallel fashion to the severity of surgical trauma 
with negative effects on postoperative (PO) pain sen-
sation, resumption of physiological organ functions 
and wound healing [2].

Laparoscopic surgery (LS) paved its way to be 
a popular procedure for short-timed surgeries but during 
the last decade it was tired and became a feasible proce-
dure for major surgeries [3]. Abdominal insufflation to 
create feasible surgical field is one of the cornerstones of 
LS but has multiple physiological impacts especially for 
ventilation and intraoperative (IO) cardiopulmonary com-
pensatory mechanisms [4]. One of the main drawbacks of 
pneumoperitoneum is the accumulation of air under the 
diaphragm with subsequent phrenic nerve irritation 

which is responsible for induction of PO shoulder-tip 
pain (STP) that may extend for weeks after surgery [5].

Expanded surgical field to allow improved quality of 
surgical conditions is essential prerequisite for LS, and 
this was found to proportionate with the depth of 
neuromuscular blockade (NMB) [6]. Deep NMB 
(DNMB) for LS provides better surgical workspace con-
ditions and may allow reduction of abdominal insuffla-
tion pressure (AIP) [7].

Surgery-induced temporal changes in the immune 
system might be modulated by anesthetic manipulations 
as regional blocks and epidural anesthesia [8]. However, 
whether DNMB affects surgical immune stress, periopera-
tive pain and PO outcomes or not is still unclear [7].

2. Study hypothesis

Laparoscopic surgery under DNMB with reduction of 
AIP may impact the release of nociceptive cytokines 
secondary to surgical trauma with subsequent reduc-
tion of both IO and PO pain scores.
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3. Objectives

Objectives are evaluation of the effect of DNMB with 
low AIP during laparoscopic colectomy on the extent 
of change in levels of proinflammatory cytokines and 
consumption of IO and PO analgesia as a judge for 
pain severity.

4. Design

Prospective interventional randomized multicenter 
comparative study.

5. Setting

Anesthesia, pain & ICU Department in conjunction with 
Medical Biochemistry Department, Faculty of 
Medicine, Menoufia and Cairo Universities.

6. Sample size

The null hypothesis of the current study was the detec-
tion of significant difference in serum levels of the 
studied cytokines between patients who received 
DNMB with low AIP and patients who received con-
ventional NMB and AIP. Previously, Kim et al. [9] and 
Koo et al. [10] evaluated the effect of NMB on levels 
inflammatory cytokines during laparoscopic gastrect-
omy for 96 and 46 patients, respectively, who were 
randomized two groups according to the depth of 
blockade. Using the G*Power (Version 3.1.9.2) compu-
ter system for sample size calculation [11] and consid-
ering the effect size of 0.20, the required sample size 
was calculated, using F-test model, with the use of α 
error factor of 5% and a power of 80%, sample size of 
40 patients per group would assure the reliability of 
the null hypothesis.

7. Ethical data

The study protocol was approved by the departmental 
committee, and then the case collection was started. 
The protocol was discussed freely with patients before 
surgery and patients who accepted to participate in 
the study signed written fully informed consent before 
enrolment in the study. After complete case collection, 
the final approval by the Local Ethical Committee, 
Menoufia University, was obtained.

8. Patients

All patients assigned for laparoscopic colectomy were 
clinically evaluated to assure the absence of exclusion 
criteria. The collected patients’ constitutional data 
included age, gender, weight, and height for calcula-
tion of body mass index (BMI) according to the equa-
tion BMI (kg/m2) = weight (kg)/height (m2). Patients 

were graded as underweight, average weight, obese 
grades I-III according to the WHO guidelines. The pre-
sence of additional comorbidities was inquired for, and 
ASA grade, baseline heart rate (HR) and mean arterial 
pressure (MAP) were determined, and routine lab 
investigations were performed.

9. Exclusion criteria

The presence of myasthenia graves, neuromuscular 
disorders, immune-compromising disorders, mainte-
nance on immunosuppressive drugs, autoimmune dis-
orders, previous open abdominal surgery with scar 
that may hinder abdominal insufflation, ASA grade III 
or IV, obesity grade II and III, and refusal of study 
participation are the exclusion criteria.

10. Inclusion criteria

Patients prepared for laparoscopic colectomy, free of 
exclusion criteria and signed the written consents were 
enrolled in the study.

11. Randomization & grouping

Patients were randomly distributed between two 
study groups according to the depth of NMB using 
a computer system (Excel program; 2007) by applying 
1:1 randomization process with dropping of even num-
bers. The study groups are Group-C, which included 
patients who received conventional NMB (CNMB) and 
AIP up to 14 mm Hg and Group-D which included 
patients who received DNMB and low AIP up to 10  
mm Hg.

12. Neuromuscular blockade procedure

NMB procedure was conveyed as previously described 
by Barrio et al. [12]; all patients received rocuronium as 
an initial dose of 0.6 mg/Kg, while maintenance dose of 
0.15 mg/Kg was adjusted according to the desired 
depth as follows:

(1) Patients of Group-C received the initial dose of 
rocuronium and when two responses appeared 
in the Train of Four stimulation (TOF), the main-
tenance dose of rocuronium was given.

(2) For patients of Group-D, after receiving the 
initial rocuronium dose, and when two post- 
tetanic contractions (PTCs) appeared, the main-
tenance dose was injected.

13. Anesthetic technique

Preoperative HR and MAP measures were deter-
mined, preoperative blood samples were obtained, 
and patients received intravenous (IV) midazolam in 
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a dose of 0.05 mg/kg up to 2.5 mg as premedication. 
On admission to the operative room, patients were 
pre-oxygenated; anesthesia was induced by propofol 
1.5–2.5 mg/kg and IV rocuronium bromide 0.6 mg/ 
Kg, and after about 3 min trachea was intubated. 
Anesthesia was maintained with 50% air in oxygen 
and an end-tidal concentration of 2–3% sevoflurane. 
Maintenance dose of rocuronium was provided as 
0.15 mg/kg according to the group. Ventilation was 
controlled and minute ventilation was adjusted to 
maintain end-tidal CO2 at 35 ± 5 mm Hg. Then, 
intraoperative fentanyl was given as 1–2 µg/kg/min 
to maintain non-invasive HR within a range of ± 20% 
of the preoperative values, and MAP measures are in 
the range of 65–100 mm Hg. NMB was reversed at 
the end of surgery by IV injection of sugammadex 4  
mg/kg and after resolution of NMB, trachea was 
extubated and patients were maintained on supple-
mental O2 until awake in the PACU. When patient is 
ready for PACU discharge, he was admitted to the 
intermediate care unit (IMCU) for 24 h and was dis-
charged to surgical ward after assessment of the 
recovery status.

14. IO monitoring

– The frequency of failure of low IAP to provide 
satisfactory surgical field visibility (SFV) and shift 
to conventional AIP was recorded.

– Non-invasive measures of HR and MAP were 
recorded after intubation, 5 min before and after 
insufflation, after CO2 desufflation and extubation.

– The total dose of IO fentanyl required to control 
manipulation-induced pain for patients of both 
groups was registered.

– Surgical feasibility was evaluated according to the 
surgical field visibility that was presented as fre-
quency and mean score for each group. SFV was 
scored on a 5-point Likert scale with higher scores 
that indicated very good SFV.

– Operative time and blood loss were recorded and 
presented as mean value.

– Duration of PO curarization was determined as 
time-lapsed from the start of sugammadex injec-
tion to the recovery of the TOFR to 0.9.

– Time lapsed till readiness for theater discharge 
and PACU transfer was also registered.

15. PACU monitoring

– Patients were evaluated for PO sedation using 
Ramsey Sedation Score (RSS) [13]; immediately 
at PACU admission and every 30 min until achiev-
ing RSS of 2

–Patients were observed for development of PO 
pain that was assessed immediately at PACU 

admission and 1 h later and after transfer to the 
IMCU using 11-point (0-10) numeric pain scale 
(NRS) score with 0 indicates no pain and 10 indi-
cates the worst intolerable pain [14].

–Postoperative nausea and vomiting (PONV) was 
observed during PACU and IMCU stay. PONV, if 
occurred, was rated using a 4-point score for nau-
sea (0-3) and 3-point score (0-2) vomiting scores 
[15], and IV ondansetron 8 mg was given for 
patients who had nausea (score 3) or vomiting 
(score 1).

–Patients were evaluated for PACU discharge using 
the modified Aldrete score that ranges between 0 
and 12, and patient was discharged at score of  
≥9 [16].

16. IMCU monitoring

Patients were admitted to the IMCU for the first 24-h 
PO before ward transfer for monitoring of

– PO pain scores were assessed at 2, 3 and 4 h and 
4 h till 24 h using the NRS pain score. Routine PO 
analgesia was provided on admission to IMCU as 
ketorolac tromethamine (2 mg diluted to 20 ml 
with normal saline 0.9%) in a dose of 5 ml direct IV.

– Duration of PO analgesia, which was determined 
as the time elapsed from PACU discharge till hav-
ing NRS score of ≥ 4 and requesting PO rescue 
analgesia.

– Rescue analgesia was provided for patient who 
had pain score of ≥ 4 despite of ketorolac injec-
tion as morphine 5 mg that was diluted to 10 ml 
using normal saline 0.9% and injected IV as 2 ml 
doses till pain resolution. The frequency of 
patients who required PO morphine injection, 
times of requirement and the received dose of 
morphine was recorded.

– The duration till 1st ambulation, the occurrence 
and severity of PONV attacks were determined.

– Recovery was assessed before IMCU discharge 
using the Quality of recovery score 40 (QoR40) 
questionnaire that was specially designed to 
measure patient’s health status after surgery and 
anesthesia [17]. The QoR40 is a 5-domain patient- 
rated questionnaire consisting of 40 items 
(Appendix I), which are scored using a 5-point 
Likert scale with score of 1 indicated not present 
for positive items and present at all of the time for 
negative items and the reverse for score of 5. The 
individual scores were added to yield a total score 
ranging between 40 and 200 points [18].

17. Ward monitoring and hospital discharge

During ward stay, the following items were recorded
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–The shoulder-tip pain was assessed within 14 days 
after surgery by the use of the numeric pain scale 
as the pain referred to the tip of shoulder [19] and 
expressed as both frequency of patients com-
plained of such pain and its severity was presented 
as the mean value of pain score.

–Duration of hospital stay.
–At time of hospital discharge, patients were asked 

to record the frequency and severity of STP till the 
end of 2 weeks after surgery and feedback these 
data on the first PO follow-up visit.

–Surgeons’ satisfaction by the provided protocol 
was evaluated as 1 if field visibility was very dis-
satisfactory; 2 if dissatisfactory; 3 if good; 4 if satis-
factory and 5 if it was very satisfactory.

18. Blood sampling & investigations

Four blood samples were collected preoperatively, at 
1 h IO after induction of anesthesia, immediate and 
48 h postoperatively. Blood samples were aseptically 
collected from the antecubital vein in a clean tube, 
allowed to clot and centrifuged at 2000 rpm for separa-
tion of serum that was collected in clean numbered 
Eppendorf tubes and stored at −20°C till being ELISA 
assayed for estimation of serum levels of interleukin 
(IL)-1β, IL-6, tumor necrosis factor (TNF)-α according to 
the manufacturer instructions and results were read 
using a 96-well microplate ELISA reader (Dynatech, 
MR 7000). Serum levels of the studied cytokines were 
measured using Abcam ELISA kit (Abcam Inc., San 
Francisco, USA) for Human IL-1β [20], IL-6 [21] and 
TNF-α [22]; catalog no. ab214025; ab178013 & 
ab179886, respectively.

19. Statistical analyses

The obtained results were analyzed using IBM® SPSS® 
Statistics (Version 22, 2015; Armonk, USA). 
Comparisons of inter-group data were conveyed by 
one-way ANOVA test and paired t-test for intra-group 
comparisons. The extent of change in serum cytokines 
was calculated as the difference between levels mea-
sured in any sample minus the preoperative level and 
the result was divided by the preoperative level and 
multiplied by 100 to get the percentage of change. 
Pearson’s correlation analysis was used to assess the 
relation between the percentage of change in cyto-
kines’ levels and perioperative data. The receiver oper-
ating characteristic (ROC) curve was conducted to 
evaluate the predictability of the percentage of change 
in serum cytokines’ levels estimated in samples 
obtained immediately and 48 h after surgery and the 
application of DNMB and the cumulative pain score 
during 24 h after surgery and the severity of STP during 
hospital stay. The results of the ROC analysis were 
presented as the area under the curve (AUC) and its 

significance was verified versus the area under the 
reference line (AUC = 0.5). The significance of these 
predictors was verified using the univariate regression 
analysis and the multivariate regression analysis to 
define the best predictor for oncoming 24-h cumula-
tive pain score. The optimum cut-off point for signifi-
cance of a result is p = 0.05.

20. Study outcomes

The primary outcome is the extent of change in serum 
levels of the studied cytokines in relation to preopera-
tive levels. The secondary outcomes included evalua-
tion of the correlation between the extent of change in 
cytokines’ levels estimated immediately PO and depth 
of NMB, IO fentanyl, operative time and NRS wound 
pain scores determined at PACU admission and 
1 h later and between the extent of change in cyto-
kines’ levels estimated at 48 h and cumulative 24 h NRS 
pain and STP scores. Also, defining the predictors for 
oncoming high cumulative NRS pain score among the 
studied cytokines and the use of DNMB.

21. Results

Preoperative evaluation excluded 13 patients; four 
patients for having previous laparotomy scar that 
may hinder abdominal insufflation, another four 
patients were obese of grades II and III, two patients 
had autoimmune disorders; two cardiac patients and 
one patient had myasthenia graves. Eighty-seven 
patients were enrolled in the study groups; Group-C 
included 44 patients and Group-D included 43 
patients. Three patients were excluded intraopera-
tively; two of Group-C and one of Group-D, because 
of the presence of thick adhesion that failed to be 
safely resected by laparoscope. Another two patients 
of Group-D were excluded because of inconvenience 
of resection under low pressure that was increased to 
14 mm Hg and the laparoscopic procedure was com-
pleted successfully. The laparoscopic procedure was 
completed successfully under the assigned conditions 
for 42 patients in Group-C and 40 patients in Group-D 
(Figure 1). The enrolment data of patients of both 
groups as illustrated in Table 1 show insignificant 
differences.

Estimated HR measures during operation and MAP 
measures showed insignificant differences between 
both groups except at 5 min after insufflation when 
MAP was significantly (p = 0.0006) lower in Group-D 
than Group-C (Table 2).

Operative time was significantly (p = 0.048) longer 
while significantly (p = 0.045) higher frequency of 
patients had operative time of 180–240 min among 
Group-D than Group-C. However, the mean dose of 
IO fentanyl consumed by patients of Group-D was 
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significantly (0.026) lower than patients of Group-C 
(Table 3).

The frequency of patients had high SFV score and its 
mean value was insignificantly lower among patients of 
Group-D. Moreover, mean volume of IO blood loss, time 
till NMB recovery and time till readiness for PACU transfer 
showed insignificant differences between both groups. 
Patients’ distribution according to RSS showed insignif-
icant difference between both groups at time of PACU 
admission and at 30 min after admission. At 60 min after 
PACU admission, 44 patients were awake, cooperative, 
oriented and tranquil (RSS of 2) and 38 patients were 
awake but responds to commands only (RSS of 3) with 

significantly (p = 0.044) higher frequency of patients had 
RSS of 2 among Group-D than Group-C. Pain scores at 
PACU admission and 60-min thereafter were significantly 
(p = 0.0001 & 0.0022, respectively) lower in patients of 
Group-D than patients of Group-C. No patient had PONV 
during PACU stay, and at time of PACU discharge, 15 
patients (18.3%), 11 of Group-C (26.1%) and four of 
Group-D (10%) had Aldrete score of <9 with insignificant 
difference between both groups as regards distribution 
and total Aldrete score (Table 3).

Duration of PO analgesia determined by the time 
elapsed between end of surgery and administration of 
the first dose of morphine was longer in Group-D with 

Figure 1. Study flow chart.

Table 1. Enrolment data of patients of both groups.
Group-C (n=42) Group-D (n=40) P value

Age (years) 42.5 ± 6.6 42.1 ± 8.9 0.818
Gender Males 28 (66.7%) 30 (75%) 0.407

Females 14 (33.3%) 10 (25%)
Weight (kg) 87 ± 4.8 85 ± 6.1 0.101
Height (cm) 165 ± 4.2 164.3 ± 4.5 0.467
BMI (kg/m2) 31.9 ± 1.65 31.5 ± 2.44 0.337
BMI grades Overweight 6 (14.3%) 12 (30%) 0.086

Obesity-I 36 (85.7%) 28 (70%)
ASA grades I 12 (28.6%) 13 (32.5%) 0.806

II 24 (57.1%) 20 (50%)
III 6 (14.3%) 7 (17.5%)

Table 2. HR and MAP measures of patients of both groups recorded throughout operation.
Group-C (n = 42) Group-D (n = 40) P value

HR (beats/min) Preoperative 80.8 ± 4.1 79.4 ± 3.9 0.117
After intubation 87 ± 4.6 86.3 ± 3.7 0.409
5-min before insufflation 80 ± 4.9 81.3 ± 3.5 0.169
5-min after insufflation 89 ± 4.3 87.5 ± 3.9 0.101
After desufflation 78.8 ± 3.8 77.4 ± 4 0.104
After extubation 84.9 ± 4.2 84.4 ± 3.8 0.573

MAP (mmHg) Preoperative 89 ± 2.7 88.2 ± 3.4 0.241
After intubation 94 ± 2.4 92.8 ± 3.2 0.057
5-min before insufflation 87.8 ± 2.9 86.53.3 0.062
5-min after insufflation 91.6 ± 3.3 89.1 ± 3 0.0006
After desufflation 83 ± 2.4 82.7 ± 2.8 0.599
Extubation 87.1 ± 2.3 86.8 ± 3.1 0.614
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significant (p = 0.0041) difference in comparison with 
that in Group-C. Moreover, significantly higher number 
of patients of Group-D required morphine postopera-
tively and the received dose was significantly lower 
than patients of Group-C (p = 0.0213 & 0.0137, respec-
tively) as shown in Table 4.

During the IMCU stay, pain scores of patients of 
both groups showed insignificant differences till 8 
h PO. Then, pain scores of patients of Group-D were 
significantly lower at 12, 16, and 20 h PO (p = 0.022; 
0.0015 & 0.036, respectively) than in Group-C. The 
mean value of cumulative NRS score during IMCU 
stay was significantly (p = 0.025) lower and the 

duration till 1st ambulation was significantly (p =  
0.019) shorter in favor of Group-D. During IMCU stay, 
22 patients had nausea and 7 patients developed one 
vomiting attack. The frequency of patients according 
to incidence of PONV was insignificantly lower, while 
mean nausea score was significantly (p = 0.019) lower 
in Group-D than Group-C. Eighteen patients received 
ondansetron; 7 for vomiting and 11 patients for severe 
nausea with significantly lower requests for ondanse-
tron in Group-D. Total and differential scores for items 
of QoR40 score were higher for patients of Group-D 
with significant differences in comparison with that of 
patients of Group-C except for item evaluating patient 

Table 3. IO and PACU data of patients of both groups.
Group-C (n = 42) Group-D (n = 40) P value

Operative time (min) <180 19 (45.2%) 9 (22.5%) 0.045
180–240 23 (54.8%) 29 (72.5%)

>240 0 2 (5%)
Average (±SD) 189 ± 26.2 200.5 ± 25.5 0.048

IO fentanyl (mg) 20.14 ± 3 18.74 ± 2.6 0.026
Surgical field visibility score 2 0 4 (10%) 0.148

3 11 (26.1%) 13 (32.5%)
4 18 (42.9%) 14 (35%)
5 13 (31%) 9 (22.5%)

Average (±SD) 4 ± 0.8 3.7 ± 0.9 0.069
Blood loss (ml) 186.9 ± 55.2 193 ± 51.9 0.741
Time till NMB recovery (min) 2.8 ± 0.5 3 ± 0.7 0.150
Time till readiness for PACU transfer (min) 12.3 ± 3.2 13 ± 2.5 0.295
Ramsay  
sedation score

At PACU admission 2:3:4 3:25:14 5:27:8 0.338
30-min later 2:3:4 10:26:6 18:20:2 0.081
60-min later 2:3:4 18:24:0 26:14:0 0.044

NRS pain score At PACU admission 1.5 ± 0.77 0.675 ± 0.83 0.0001
60-min later 2.38 ± 0.73 1.75 ± 1.06 0.0022

PONV 0 0 –
Aldrete score at PACU discharge Distribution <9 11 (26.1%) 4 (10%) 0.507

≥9 31 (73.8%) 13 (32.5%)
Average (±SD) 9.4 ± 1.6 10 ± 1.6 0.795

Table 4. IM-CU data.
Group C (n = 42) Group D (n = 40) P value

Time till 1st request of morphine 2.55 ± 0.5 2.88 ± 0.6 0.0041
Frequency of requesting morphine during 1st PO 24 h Once 27 (64.3%) 36 (90%) 0.0213

Twice 9 (21.4%) 2 (5%)
3-times 6 (14.3%) 2 (5%)
Average (±SD) 1.5 ± 0.7 1.15 ± 0.5 0.0137

NRS pain scores determined during the 1st PO 24 h 2-h 3.1 ± 0.9 3 ± 0.9 0.469
3-h 2.4 ± 1.8 2.6 ± 1.7 0.075
4-h 1 ± 1.4 1 ± 1.6 0.942
8-h 1.1 ± 1.4 0.5 ± 1.2 0.055
12-h 1.3 ± 1.5 0.6 ± 1.2 0.022
16-h 1.6 ± 1.3 0.8 ± 0.9 0.0015
20-h 1.6 ± 0.9 1.2 ± 0.9 0.036
24-h 2 ± 0.9 2 ± 0.7 1
Cumulative score 1.77 ± 0.7 1.47 ± 0.5 0.025

Duration till 1st ambulation (min) 269 ± 93.1 230 ± 50.9 0.018
PONV Frequency No 22 (52.4%) 30 (75%) 0.090

Nausea 14 (33.3%) 8 (20%)
Vomiting 5 (14.3%) 2 (5%)

Nausea Score 2.4 ± 0.9 1.5 ± 0.8 0.019
Number of patients received ondansetron 15 (75%) 3 (30%) 0.017

QoR40 Questionnaire Positive items Comfort 12 ± 1.5 13 ± 1.7 0.0055
Emotions 12.5 ± 1.8 13.5 ± 1.5 0.0069
Physical independence 9.2 ± 2.9 10.95 ± 3.2 0.010
Patient support 13.6 ± 3.8 15 ± 3.3 0.074

Negative items Comfort 22 ± 4.3 24.2 ± 5.5 0.048
Emotions 16.8. ± 3.3 18.9 ± 5.2 0.033
Patient support 2 ± 0.9 2.55 ± 1.2 0.019
Pain 22.2 ± 4.5 25 ± 4.9 0.0085

Total 115 ± 13.7 124.1 ± 10.4 0.0092
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support that was insignificantly higher. Further, scores 
of all negative items were significantly higher for 
patients of Group-D than those of Group-C (Table 4).

The frequency of patients of Group-D who com-
plained of STP during hospital stay was significantly 
(p = 0.040) lower in comparison with Group-C (30% vs. 
52.5%) with significantly (p = 0.018) lower NRS pain score. 
After hospital discharge, the frequency of patients who 
complained of STP was insignificantly lower in Group-D 
than Group-C (3% vs. 20%) with insignificantly lower pain 
score. Duration of PO hospital stay was significantly 
(p = 0.023) shorter for patients of Group-D than patients 
of Group-C. Surgeons’ satisfaction score and distribution 
among satisfaction grades showed insignificant differ-
ences between both modalities of NMB and insufflation 
pressures (Table 5).

The measured serum levels of the studied cytokines 
showed progressive elevation during surgery with sig-
nificant differences between levels measured at 1 h IO 
in comparison with preoperative levels and between 
levels measured immediate PO compared to levels 
measured at 1 h IO. Preoperative levels of serum cyto-
kines showed insignificant difference between both 
groups. However, serum levels estimated at 1-h IO 
and immediately PO were significantly lower in sam-
ples of patients of Group-D than samples of patients of 
Group-C. Moreover, the percentage of increase in 
serum levels of the three cytokines in relation to pre-
operative levels was significantly lower in samples of 
patients of Group-D than in samples of patients of 
Group-C. At 48-h PO, serum levels of the three cyto-
kines were significantly decreased in comparison with 
levels measured immediately PO. Moreover, serum 
levels of the three cytokines measured in samples of 
patients of Group-D were significantly lower levels 
than Group-C with significantly lower extent of 
increase in relation to preoperative levels (Table 6).

p value indicates the significance of difference 
between both groups; P1 value indicates the signifi-
cance between levels estimated at 1-h IO versus pre-
operative levels; P2 value indicates the significance 
between levels estimated immediately PO compared 
to that estimated at 1-h IO; P3 value indicates the 
significance between levels estimated 48 h PO versus 
levels estimated immediately PO.

The percentage of increase in serum levels of the 
studied cytokines in samples obtained immediately PO 
in relation to preoperative levels was negatively related 
to the depth of NMB. On the other side, the total dose of 
fentanyl consumed during surgery, operative time and 
NRS pain scores determined at PACU admission and 
1 h later showed positive correlation with the percentage 
of increase in serum levels of the studied cytokines in 
samples obtained immediately PO in relation to preo-
perative levels. Moreover, the cumulative pain score 
determined at 24 h PO and scores of the severity of STP 
determined for complaining patients during hospital stay 
showed positive significant correlation with the percen-
tage of increase in serum levels of the studied cytokines 
in samples obtained 48 h PO.

Evaluation of the predictors for the possibility of 
getting high cumulative NRS pain scores at the end 
of 24-h PO using the ROC curve analysis defined DNMB 
as negative predictor, while high percentage of 
increase in serum IL-6 levels in samples obtained 
immediately PO in relation to preoperative levels as 
a positive significant predictor for oncoming high 
cumulative NRS pain scores, while high percentages 
of increase in serum levels of IL-1β and TNF-α in sam-
ples obtained immediately PO are positive insignificant 
predictors (Figure 2). Univariate regression analysis 
assured these findings, but multivariate regression 
analysis defined the use of DNMB as a negative sig-
nificant predictor and excluded high percentage of 
change in serum levels of IL-6 as predictor for getting 
high 24-h cumulative pain scores (Table 7).

22. Discussion

The measured serum cytokines’ levels showed signifi-
cant progressive increase during surgery in compari-
son with their preoperative levels. This result indicated 
that surgery per se is an inflammatory condition and 
seriously impacted the body immune milieu. These 
findings supported the earlier studies evaluated the 
impact of surgical procedures on immune system 
[23–27]. Also, Dobson et al. [28] found that laparotomy 
led to a surgical-induced hyper-inflammation with 
immune activation and neuroendocrine stress. Trials 
were conducted to lessen the proinflammatory effect 

Table 5. Ward monitoring and hospital discharge data of patients of both groups.
Group-C (n=42) Group-D (n=40) P value

Shoulder-tip pain During hospital stay Frequency Yes 22 (52.4%) 12 (30%) 0.040
No 20 (47.6%) 28 (70%)

Average score 5 ± 1 4.25 ± 0.7 0.018
After  

hospital discharge
Frequency Yes 13 (31%) 8 (20%) 0.256

No 29 (69%) 32 (80%)
Average score 5 ± 1.22 4.75 ± 1 0.636

PO hospital stay (days) 7 ± 1.2 6.3 ± 1.5 0.023
Surgeons’ satisfaction Grade Very satisfied 16 (38.1%) 19 (47.5%) 0.577

Satisfied 14 (33.3%) 10 (25%)
Good 9 (21.4%) 6 (15%)
dis 3 (7.2%) 5 (12.5%)

Score 4 ± 0.9 4.08 ± 1.1 0.819
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of surgery, and laparoscopic surgery was supposed by 
multiple studies to have less impact on immune milieu; 
Faisal et al. [29] using immunohistochemistry detected 
significantly higher number of cells stained for 

inflammatory cytokines in specimens of patients had 
open surgery than LS. Recently, Erginel et al. [30] 
reported that laparoscopic appendectomy is asso-
ciated with a shorter operative time and hospital stay 

Table 6. Serum levels of the measured cytokines in samples of patients of both groups.
Group-C (n = 42) Group-D (n = 40) P value

Serum IL-1β (pg/ml) Preoperative 17.6 ± 4.3 18.16 ± 4.7 0.573
1-h IO Level 32.55 ± 6.7 27.27 ± 7 0.0035

P1 <0.001 <0.001
% of change 93.6 ± 49.9 50.17 ± 0.2 <0.001

Immediate PO Level 36.1 ± 4.1 30.6 ± 4.4 <0.001
P2 0.0046 0.0128
% of change 118.22 ± 60.8 77.87 ± 44.3 0.001

48-h PO Level 27.7 ± 3.3 24.43 ± 3.1 0.00001
P3 <0.001 <0.001
% of change 66.7 ± 43.8 41.16 ± 31.6 0.0034

Serum IL-6 (ng/ml) Preoperative 21.9 ± 6.3 23.5 ± 7.2 0.288
1-h IO Level 43.4 ± 13.8 36.68 ± 11.3 0.018

P1 <0.001 <0.001
% of change 111.9 ± 90.1 64.5 ± 60.4 0.0066

Immediate PO Level 62.1 ± 14.5 48.1 ± 12.7 0.00001
P2 <0.001 0.00006
% of change 206.39 ± 113.37 118.54 ± 79.43 0.0001

48-h PO Level 51.2 ± 12.4 42.3 ± 10.8 0.0018
P3 0.0007 0.031
% of change 155.69 ± 102.19 94.19 ± 71 0.0022

Serum TNF-α (ng/ml) Preoperative 14 ± 5.6 14.9 ± 4.1 0.454
1-h IO Level 19.15 ± 5.5 16.6 ± 4.3 0.027

P1 0.0002 0.089
% of change 48.2 ± 41.9 12.4 ± 9.7 <0.001

Immediate PO Level 26.86 ± 8.89 20 ± 6.1 0.0001
P2 <0.001 0.0065
% of change 118.4 ± 97 38.4 ± 26.16 <0.001

48-h PO Level 19.82 ± 7.3 17.1 ± 4.3 0.045
P3 0.00006 0.007
% of change 54.66 ± 48.54 16.69 ± 12.9 <0.001

Figure 2. The ROC of the evaluated variates as predictors for the possibility of getting high 24-h cumulative NRS pain score.
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and smaller inflammatory response due to surgical 
stress than open appendectomy. Moreover, Cheng 
et al. [31] found total laparoscopic distal gastrectomy 
had minimal impact on the inflammatory response 
than laparoscopic-assisted or open distal gastrectomy. 
A systemic review for studies comparing laparoscopic 
versus open surgery detected that LS showed more 
favorable outcomes with lower inflammation and less 
immunosuppression as indicated by higher innate and 
adaptive cell counts, higher natural killer cell activity, 
and higher expression rates of major histocompatibil-
ity complex-II cell surface receptor [32].

Deep NMB showed a notable lessening effect on 
surgery-induced proinflammatory response as mani-
fested by the significantly lower measured levels of 
the studied cytokines with DNMB than CNMB with 
significantly lower extent of change in measured levels 
between the IO and PO samples and preoperative 
samples. In line with these findings, Oh et al. [33] 
detected significantly smaller changes in IL-6 with 
DNMB than CNMB and suggested that inflammation 
related to perioperative complications was inversely 
related to the depth of NMB. In support of this sugges-
tion, the current study detected negative significant 
correlation between the extent of change in serum 
cytokines’ levels and the use of DNMB. Also, Kim et al. 
[34] found DNMB with low AIP significantly suppressed 
the increase in IL-6 levels after pneumoperitoneum and 
attributed this to the detected significant improvement 
of the respiratory mechanics in comparison with CNMB 
with high AIP. Thereafter, Albers et al. [35] found low AIP 

was associated with reduced inflammation markers and 
circulating damage-associated molecular patterns 
(DAMPs), with less impaired early PO ex-vivo cytokine 
production capacity. Similarly, Zhang et al. [36] using 
DNBM detected significantly lower TNF-α and IL-6 levels 
than in patients received CNMB at 24-h PO.

On contrary to the obtained results and these litera-
ture, Koo et al. [10] detected insignificant differences in 
levels of IL-6, TNF-α, IL-1β and C-reactive protein 
between DNMB and CNMB despite of detecting sig-
nificant differences in surgical conditions, in favor of 
DNMB, that may influence the extent of tissue injury 
and release of related mediators and attributed the 
insignificant difference to the variance between 
patients’ response to trauma and to the time lag 
between insult and reaching the peak concentrations 
of these mediators.

Operative data including IO hemodynamic mea-
sures, field visibility, IO blood loss and recovery time 
showed insignificant differences between both 
groups. These findings go in hand with Raval et al. 
[37] who reported no differences between DNMB and 
CNMB in terms of PACU recovery or the length of 
hospital stay. Also, Zhang et al. [36] detected insignif-
icant differences between DNMB and CNMB in terms of 
the operation time, pneumoperitoneum time, and 
blood loss, extubation time after surgery, PACU stay 
and TOF%

The obtained results showed significantly lower IO 
and PO analgesia consumption by patients who 
received DNMB with reduction of wound pain and 

Table 7. statistical analyses of the extent of change in serum levels of the studied cytokines estimated immediately PO and 48 h PO 
in relation to preoperative levels.

Variates Immediate PO

IL-1β (pg/ml) IL-6 (ng/ml) TNF-α

“r” P “r” P “r” P

Depth of NMB –0.357 0.001 –0.412 <0.001 –0.491 <0.001
IO fentanyl dose 0.417 <0.001 0.474 <0.001 0.464 <0.001
Operative time 0.216 0.052 0.309 0.005 0.258 0.019
PACU NRS pain scores At 

admission
0.685 <0.001 0.361 0.001 0.423 <0.001

1-h later 0.284 0.010 0.347 0.001 0.340 0.002

Variates 48-h PO “r” P “r” P “r” P

Cumulative 24-h PO pain score 0.241 0.029 0.345 0.002 0.301 0.006
Severity of STP during hospital stay 0.255 0.021 0.403 <0.001 0.281 0.010

Variates ROC curve data
Area under the 

curve
Standard 

error P value

95% 
confidence 

interval

Deep neuromuscular blockade 0.334 0.082 0.043 0.109-0.495
High extent of change in immediate PO samples of serum 

levels of
IL-1β 0.610 0.116 0.410 0.383-0.838

IL-6 0.840 0.072 0.0.11 0.699-0.982

TNF-α 0.697 0.080 0.141 0.540-0.855

Variates Univariate Regression analysis Multivariate Regression 
analysis

β P value β P value

Deep neuromuscular blockade –0.366 <0.001 –0.365 0.001
High extent of change in immediate PO samples of serum 

levels of
IL-1β 0.060 0.626 0.049 0.702
IL-6 0.346 0.001 0.234 0.056

TNF-α 0.053 0.650 0.161 0.177
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STP. Notably, statistical analyses showed a positive sig-
nificant correlation between the doses of IO fentanyl, 
operative time and PACU pain scores with the extent of 
increase in serum cytokines’ levels immediately PO in 
relation to preoperative levels and the cumulative 24-h 
PO pain scores and STP during hospital stay were 
positively correlated with the extent of change in cyto-
kines’ levels in samples obtained at 48-h PO. On the 
reverse, the extent of change in cytokines’ levels was 
inversely related to the use of DNMB. Thus, the use of 
DNMB might brock this vicious cycle of increased 
inflammatory mediators and increased pain scores 
and consumption of analgesia. Moreover, ROC curve 
analysis defined low extent of change in serum IL-6 
level and the use of DNMB as predictors for minimal 
cumulative 24-h pain scores, but multivariate regres-
sion analysis defined the provision of DNMB as the 
determinant factor for low pain scores.

In line with these findings, Raval et al. [37] out of 
a systemic review found DNMB was associated with 
a reduction in PO pain scores in PACU and provided 
minor savings on resource utilization in comparison 
with CNMB. Additionally, Zhang et al. [36] found 
patients who received DNMB exhibited significantly 
lower pain score at 24 and 48 h after surgery and 
decreased scores of STP than patients of CNMB 
group. Also, Albers et al. [35] reported significantly 
lower pain scores with low than conventional AIP.

In trial to explore the pathogenesis of the impact of 
NMB on surgical pain, previous studies detected an 
association between surgical tissue injury with a PO 
state of immune misbalance and immunosuppression 
of circulating innate immune cells due to the release of 
DAMPs [38–40]. Subsequent studies found DNMB 
would reduce tissue tension especially at the incisional 
sites and consequently reduce tissue damage and the 
subsequent release of DAMPs and its related immune 
misbalance and PO pain [10,41].

In support of the better PO course of patients 
received DNMB and low AIP, Oh et al. [33] detected 
insignificantly lower frequency of PO delirium but 
found the amount of PO bleeding until PO day 2 was 
significantly lower in patients received DNMB than 
CNMB. Also, Albers et al. [35] documented that the 
use of low AIP during laparoscopic colorectal surgery 
is safe, improves the quality of PO recovery with sig-
nificant reduction of the 30-day PO infectious 
complications.

23. Conclusions

The use of DNMB with low AIP significantly amelio-
rated the impact of surgery on immune milieu, 
reduced IO consumption of narcotic and reduced PO 
pain during PACU and MICU stay. DNMB and AIP 
improved pain scores mostly through reduction of 
release of inflammatory nociceptive cytokines.

24. Recommendation

Wider scale studies were warranted to establish the 
obtained results. Evaluation of the effect of DNMB on 
outcomes of LS under epidural anesthesia, which is 
commonly used, is required.
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