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Abstract
Background Low-pressure pneumoperitoneum (LPP) is an attempt at improving laparoscopic surgery. However, it has the 
issue of poor working space for which deep neuromuscular blockade (NMB) may be a solution. There is a lack of literature 
comparing LPP with deep NMB to standard pressure pneumoperitoneum (SPP) with moderate NMB.
Methodology This was a single institutional prospective non-inferiority RCT, with permuted block randomization of sub-
jects into group A and B [Group A: LPP; 8–10 mmHg with deep NMB [ Train of Four count (TOF): 0,  Post Tetanic Count 
(PTC): 1–2] and Group B: SPP; 12–14 mmHg with moderate NMB]. The level of NMB was monitored with neuromuscular 
monitor with TOF count and PTC. Cisatracurium infusion was used for continuous deep NMB in group A. Primary outcome 
measures were the surgeon satisfaction score and the time for completion of the procedure. Secondarily important clinical 
outcomes were also reported.
Results Of the 222 patients screened, 181 participants were enrolled [F: 138 (76.2%); M: 43 (23.8%); Group A n = 90, 
Group B n = 91]. Statistically similar surgeon satisfaction scores (26.1 ± 3.7 vs 26.4 ± 3.4; p = 0.52) and time for comple-
tion (55.2 ± 23.4 vs 52.5 ± 24.9 min; p = 0.46) were noted respectively in groups A and B. On both intention-to-treat and 
per-protocol analysis it was found that group A was non-inferior to group B in terms of total surgeon satisfaction score, 
however, non-inferiority was not proven for time for completion of surgery. Mean pain scores and incidence of shoulder 
pain were statistically similar up-to 7 days of follow-up in both groups. 4 (4.4%) patients in group B and 2 (2.2%) in group A 
had bradycardia (p = 0.4). Four (4.4%) cases of group A were converted to group B. One case of group B converted to open 
surgery. Bile spills and gallbladder perforations were comparable.
Conclusion LPP with deep NMB is non-inferior to SPP with moderate NMB in terms of surgeon satisfaction score but not in 
terms of time required to complete the procedure. Clinical outcomes and safety profile are similar in both groups. However, 
it could be marginally costlier to use LPP with deep NMB.
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Since the first laparoscopic cholecystectomy in 1987 laparo-
scopic surgery has come a long way and is now considered 
gold standard for various abdominal conditions including 

gallstone disease [1]. Cholecystectomy is one of the most 
commonly performed abdominal operation. The prevalence 
of gallstone disease is reported to be around 10% in the west-
ern literature while it tends to be lower at or below 5% in 
the Asian population [2–7]. However, in the affluent cohort 
there seems to be an increased tendency for gallstone dis-
ease. Cholecystectomy is the gold standard in treatment of 
gallstone disease [8]. The reasons being its minimal inva-
sive nature, fast recovery, lesser hospital stay, safety and 
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cosmesis. In recent times efforts have been made to make 
the procedure even more comfortable and safe. The use of 
low-pressure pneumoperitoneum (LPP) is one such attempt.

Traditionally, an intra-abdominal pressure of 
12–15 mmHg is considered satisfactory for visualization 
and manipulation of instruments in laparoscopic surgery. 
However, this “standard pressure” causes several physiologi-
cal disturbances such as decreased cardiac return, increased 
ventilatory pressures, acid base disturbances, decreased 
GFR, increased postoperative pain and discomfort. LPP has 
been defined between 6 and 10 mmHg [9–11]. Studies have 
demonstrated that LPP is favorable for the patient in terms 
of the above impacts [11]. However, there is the issue of 
unfavorable working space for the surgeon with low-pressure 
pneumoperitoneum. Hence, there is evolving interest in the 
use of deep muscular relaxation along with LPP to increase 
working space. Favorable ergonomic environment was dem-
onstrated in few studies at a low pressure of 8 mmHg when 
deep neuromuscular blockade (NMB) was used [12].

However, there have been few direct studies that com-
pare LPP with deep NMB to standard-pressure pneumop-
eritoneum (SPP) with moderate NMB and the evidence is 
conflicting [13].

In the reversal of deep NMB, sugammadex is an effective 
option but comes with a high cost. Reversal of deep NMB 
by neostigmine may have residual NMB which can delay 
post-operative recovery, but there is a scarcity of evidence 
in this aspect.

Therefore, the purpose of this study is to conduct a non-
inferiority randomized controlled trial that compares lapa-
roscopic cholecystectomy using LPP with deep NMB to that 
using SPP with moderate NMB. The primary endpoints were 
ease of operation scored according to predefined surgical 
rating scale (surgeon satisfaction score) and the time taken 
for completion of procedure. The secondary endpoints were 
the pain score at 1 h, 6 h, 24 h and 7 days after operation, 
conversion rates from low pressure to standard pressure, 
incidence of complications, time for extubation and length 
of hospital stay.

Materials and methods

The single institutional prospective non inferiority ran-
domised control trial was conducted in a tertiary care refer-
ral institute from June 2021 to May 2023. Ethical approval 
was obtained from the Institute Ethics Committee (IECPG-
331/28.05.2021, RT-07/23.06.2021 and the trial was regis-
tered with CTRI, reg no: CTRI/2021/08/035975. This paper 
was written according to the CONSORT 2010 Statement 
guideline for reporting randomized clinical trials [14].

Participants: All patients aged between 18 and 65 years 
who underwent laparoscopic cholecystectomy for 

symptomatic gallstone disease in the unit, with BMI ≤ 35 
and able to give informed written consent were included in 
the study. These included patients of any ASA grade fit for 
general anaesthesia as decided by the anaesthetist. Patients 
younger or older than the defined age limits, BMI higher 
than 35, those unfit for general anaesthesia, pregnant patients 
and those unable to give consent were excluded.

Permuted block randomisation with blocks of 8 was fol-
lowed and the participants were randomised to group A or 
group B. The sequence was kept in sealed envelopes which 
was opened prior to every case.

Calculation of sample size: In view of the two primary 
outcomes measures, sample size calculation was done using 
means and SD of both the measures and the higher of the 
sample size was considered. For the surgical rating score at 
5% level of significance, 80% power and a non-inferiority 
margin of 10% we calculated the sample size with average 
surgical rating score for group B being 27 and the same 
being 26 for group A and respective standard deviations 
being 2.7 and 2.3. A sample size of 97 is required for each 
group accordingly. Considering an exclusion rate of 10%, 
a sample size of 107 is considered for each group, 214 in 
total. For operating time at 5% level of significance, 80% 
power and a non-inferiority margin of 10% we calculated 
the sample size with average operating time for group B 
being 51.9 and the same being 55.7 for group A and respec-
tive standard deviations being 8.3 and 8.6. A sample size of 
66 is required for each group accordingly. Considering an 
exclusion rate of 10%, a sample size of 73 is considered for 
each group. The larger sample size calculated was 107 for 
each group and since block randomisation with blocks of 8 
will be considered the nearest approximation would be 112 
in each group.

Procedure and intervention

All patients were worked up in the preoperative period 
according to institutional protocol. All of them underwent 
standard laparoscopic cholecystectomy.

According to the randomisation sequence, the patients 
were allotted group A or group B. Group A patients were 
operated under low-pressure  CO2 pneumoperitoneum of 
8–10 mm Hg with Deep NMB defined at a Train of Four 
count (TOF) of 0 and Post Tetanic Count (PTC) of 1 ≤ 2 
and Group B were operated under standard pressure  CO2 
pneumoperitoneum of 12–14 mm Hg with Moderate NMB.

One dose of injection cefuroxime 1 g was given intra-
venously at the time of induction. All patients were oper-
ated under general anaesthesia with endotracheal intuba-
tion. Anaesthesia was induced with propofol and fentanyl 
and maintained with isoflurane in oxygen and air or nitrous 
oxide. Mechanical ventilation parameters were adjusted to 
maintain end-tidal carbon dioxide partial pressure between 
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35 and 40 mm of Hg. At the end of surgery, anaesthesia was 
reversed using standard drugs and endotracheal tube was 
removed when respiratory parameters were normal. Neostig-
mine was used for reversal of muscular blockade.

NMB: Group A was given deep NMB. Deep NMB was 
defined as 1 ≤  PTC ≤ 2. They required a higher dose of 
NMB. Neuromuscular monitoring was done to ensure deep 
blockade throughout the surgery. One side arm and hand 
were used for monitoring of NMB. NMB was monitored 
using neuromuscular monitor (Fig. 1). Electrodes were 
placed over the ulnar nerve proximal to the wrist at a dis-
tance of 3–6 cm. Electrical stimulus was applied to the ulnar 
nerve and contractions of the adductor pollicis muscle were 
measured through a sensor attached to the tip of the thumb. 
TOF was monitored every 1 min, and PTC every 3 min. 
Standard Moderate NMB was given to group B. The initial 
rate of cisatracurium infusion was 0.1 mg/kg/h. The infusion 
rate was adjusted in increments of 0.01 mg/kg/h to maintain 
PTC at 1–2 in the deep NMB group or TOF at 1–2 in the 
moderate NMB group. Core temperature was controlled at 
36–37 °C. The infusion was usually stopped once the gall-
bladder was almost out of the gallbladder bed to allow for a 
good reversal. Residual Neuromuscular block was reversed 
through neostigmine and glycopyrrolate, avoiding need for 
agents such as suggamadex.

After infiltration of local anesthetic 5 mL 2% lignocaine 
around the umbilicus, pneumoperitoneum was created by 
closed technique using a Veress needle (Ethicon Endo-Sur-
gery, LLC, Guaynabo, Puerto Rico, 00969, USA). Pneumo-
Sure high-flow insufflator (Styker Endoscopy, 5900 Optical 
Court, San Jose, CA, 95138, USA) with a filter was used for 
insufflation.  CO2 was introduced at standard room tempera-
ture (19–21 °C) with 0% relative humidity. The gas flow 
rate was initially set at 3 L/min and increased as and when 
required during the surgery. The pressure was initially set at 
8 mm Hg for group A and 12 mmHg for group B. A standard 
4 port laparoscopic cholecystectomy was performed in all 
the patients. In case the surgeon felt that the working space 
was inadequate then in group A the pressure was increased 
up to 10 mmHg and any further increase in pressure beyond 
10 mmHg was considered conversion to group B. In group 

B the pressure was set at 12 mmHg initially and if needed 
increased up to 14 mmHg.

The patient and the clinician assessing pain scores in the 
postoperative period were blinded.

The difficulty level of the operation was graded accord-
ing to the Nassar scale [15, 16]. Due permission was been 
obtained from the author for using the same (Online Appen-
dix). The ease in performing the operation was scored using 
a predefined surgical rating scale which measures surgeon 
satisfaction pertaining to pneumoperitoneum, in various 
stages of performing laparoscopic cholecystectomy, on a 
Likert scale of 1–5 (Fig. 2). This scale was previously used 
in a study from our institute. Time for completion of proce-
dure was defined as time from successful insertion of veress 
needle to the desufflation and removal of all ports. Time for 
extubation was defined as time from closure of skin incision 
to removal of endotracheal tube.

Pain assessment: Pain was assessed by numeric rating 
scale at 1 h, 6 h, 24 h and 7 days. Incidence of shoulder pain 
was also recorded at 1 h, 6 h, 24 h and 7 days. Analgesia was 
standardized as IV paracetamol 1 g TDS. Rescue analgesia 
was given as bolus doses of fentanyl as and when required. 
Total consumption of fentanyl was recorded and compared.

Complication: Any complication like bile duct injury/bile 
leak, injury to adjacent organ, bleeding, surgical site infec-
tion, pulmonary complications were recorded.

Statistics: Raw data was maintained and tabulated in 
Microsoft excel spreadsheet. Intention to treat analysis was 
done primarily and per protocol analysis also reported. 
One sided non inferiority analysis was done for the score 
and time for completion of surgery. All statistical analysis 
was carried out using statistical software STAT16.0 12.1 
(StataCorp LP, Texas, USA) by the dept of statistics in the 
institute. Descriptive statistics of the baseline characteristics 
is presented as frequency and percentage distribution for 
categorical variables, as mean ± SD for normally distributed 
continuous variables and as median ± IQR for non-normally 
distributed continuous variables. Quantitative data was ana-
lyzed by application of independent t-test/Mann–Whitney 
test. The qualitative data was analyzed by Chi-squared test/
Fisher’s exact test. A p value < 0.05 was considered signifi-
cant. Other appropriate tests were used as required.

Results

A total of 222 patients underwent laparoscopic cholecys-
tectomy in the unit during the study period (June 2021 
to May 2023) of which 41 were excluded as they did not 
meet inclusion criteria, were asymptomatic patients, indi-
cation other than symptomatic gallstone disease or patient 
did not agree to participate. A final of 181 subjects were 
randomized, 90 to group A and 91 to group B. Majority Fig. 1  NMT neuromuscular monitoring probe
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were women [F: 138 (76.2%); M: 43 (23.8%)]. There were 
significantly higher numbers of women in both groups. 
The demographic profile was statistically similar in both 
the groups as shown in Table 1. All patients in both the 
groups were symptomatic for gallstone disease. Imaging of 
all patients showed cholelithiasis. Of the 181 participants 
111 (61.3%) were Nassar grade I, 47 (25.9%) Nassar grade 
II, 18 (9.9%) Nassar grade III and 5 (2.7%) Nassar Grade 
IV based on the intra operative difficulty rating scale. The 
flowchart of the study is shown in Fig. 3.

On intention to treat analysis the total surgeon satisfaction 
score (Table 2) was not statistically different among group 
A and B. The time required to complete the procedure was 
slightly higher in group A compared to group B; however, 
the difference was not statistically significant. On per pro-
tocol analysis also total surgeon satisfaction score and time 
for completion of surgery were not statistically different. 
We conducted a one-sided non-inferiority analysis with a 
predefined non-inferiority margin of 10% for the difference 
between the means. As shown in the Fig. 4 for both ITT and 
PP analysis Non inferiority was proven in terms of total sur-
geon satisfaction score as the mean and confidence interval 
of difference between means was greater than the set lower 
limit of non-inferiority margin (Lower Equivalence limit: 
− 2.6). However, in case of the time for completion of the 
procedure non-inferiority could not be proven as the con-
fidence interval of the difference of means between group 
A and B crossed the upper limit of non-inferiority margin 
(Upper Equivalence Limit = 5.3).

The result remained the same even when we analyzed 
only Nassar grade 1 and 2 patients and also even after elimi-
nating patients with prior abdominal surgery or BMI above 
25. However, when we eliminated the subjects with a time 
for completion of surgical procedure ≥ 100 min, non-infe-
riority was upheld for time for completion of surgery. The 
subjects eliminated were 10 in number, 8 of them had BMI 
above 25, 2 patients each were Nassar grade 2, 3 and 4 and 
rest 4 were grade 1. 8 were group A and 2 group B. This may 
indicate that a greater number of patients had a prolonged 
surgery ≥ 100 min in group A that led to a wider confidence 

Fig. 2  Surgical rating scale for 
surgeon satisfaction score

Table 1  Demographic profile

Group A (n = 90) Group B (n = 91) p value

Age (years) 38.6 ± 11.9 41.9 ± 14.1 0.09
Height (cm) 157.8 ± 9.3 158.0 ± 7.8 0.87
Weight (kg) 61.8 ± 13.1 63.7 ± 9.3 0.24
BMI 24.7 ± 4.5 25.6 ± 3.8 0.17
Females n (%) 71 (78.9) 67 (73.6) 0.68
Males n (%) 19 (21.1) 24 (26.4) 0.46
Prior abdominal 

surgery n (%)
8 (8.9) 10 (11) 0.65

Comorbidities n (%)
 Diabetes 5 (5.6) 3 (3.3) 0.46
 Hypertension 0 3 (3.3) 0.08
 Hypothyroidism 6 (6.7) 6 (6.6) 0.98
 Others 4 (4.4) 3 (3.2) 0.69
 Total 15 (16.7) 18 (19.8) 0.62
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Fig. 3  CONSORT flowchart

Table 2  Surgeon satisfaction 
scores and time for completion

a Based on intention to treat analysis

Group A Group B p  valuea

Entry into the peritoneal cavity 4.0 ± 0.8 4.4 ± 0.7 0.002
Exposure of fundus and body of the gallbladder 4.4 ± 0.8 4.4 ± 0.7 0.95
Exposure at Calot’s triangle 4.3 ± 0.8 4.4 ± 0.8 0.51
Dissection at Calot’s triangle 4.3 ± 0.8 4.3 ± 0.8 0.95
Exposure during separation of the gallbladder from the 

liver bed
4.5 ± 0.7 4.4 ± 0.7 0.70

Dissection of the gallbladder from the liver bed 4.5 ± 0.7 4.4 ± 0.8 0.52
Total score 26.0 ± 3.7 26.4 ± 3.4 0.52
Time for completion (min) 55.2 ± 23.4 52.5 ± 24.9 0.46
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interval hence leading to disproving of non-inferiority. When 
non inferiority was analyzed for entry into peritoneal cavity 
separately it was found Group A was inferior to group B 
(Fig. S1 supplementary).

Postoperative pain and hospital stay

No significant difference was found in pain scores between 
the two groups at 1 h, 6 h, 24 h and 7 days of follow up 
(Table 3). Five (5.5%) patients in Group A and 4 (4.4%) 
patients in group B needed additional analgesia for pain 
which was provided in the form of bolus fentanyl doses on 
SOS basis in the postoperative period, this was statistically 
comparable among both groups (p = 0.72). Among these 9 
patients who required additional analgesia the mean fen-
tanyl consumption by group was 35.0 ± 25.4 for group A 
and 51.3 ± 15.5 for group B; p = 0.30. In terms of pain and 
additional requirement of analgesia Group A and Group B 
were comparable. Incidence of shoulder pain was higher in 
group B up to 24 h; however, it was not significant statisti-
cally (Table 4). Mean hospital stay also was comparable 
between the groups A and B (2.1 ± 0.4 and 2.1 ± 0.3 days; 
p = 0.4). There was no significant difference in pain scores 

at all follow-ups whether a drain was placed or not, though 
numerically, it was slightly less in patients with no drain.

Need for increase in pressure/Conversion from group A 
to B (low pressure to standard pressure) (Fig. 5).

Group A had 56.6% cases (51 of 90) needing increase 
in pressure from 8 to 10 mmHg which was significantly 
higher (Fisher’s exact test; p < 0.000) compared with group 
B which had 31.9% (29 of 91) needing increase in pressure 
from 12 to 14 mmHg.

4 (4.4%) patients of group A (n = 90) were converted 
to group B; this was, however, not statistically significant 
(p = 0.07). The reason for conversion in these cases were 
mainly inadequate space, in 2 of the cases the omentum 
was bulky and was encroaching the Calots triangle and 
blocking the view. Even after conversion to group B (with 
increase in pressure to 14 mmHg) the situation improved 
only marginally according to the surgeons. In one case the 
entry was very difficult as the abdomen was lax and this 
improved after increasing the pressure to 14 mmHg. In 
another case the overall working space was less and hence 
the surgeon decided to increase the pressure.

One patient of group B was converted to open surgery 
in view of difficult Calots dissection and a subtotal chol-
ecystectomy was performed with suturing of the stump 
with Vicryl 2-0. The surgeon admitted that it was due to 
the difficult Calots dissection.

Fig. 4  Noninferiority analysis graphs for total surgeon satisfaction score and time for completion of surgery

Table 3  Post-operative pain scores

Group N Mean ± SD p value

1 h Group A 90 4.9 ± 1.6 0.67
Group B 91 4.8 ± 1.5

6 h Group A 90 3.7 ± 1.8 0.78
Group B 91 3.6 ± 1.7

24 h Group A 90 2.1 ± 1.4 0.91
Group B 91 2.1 ± 1.2

7 days Group A 73 0.6 ± 0.9 0.49
Group B 78 0.5 ± 0.8

Table 4  Incidence of shoulder pain

Group A (n = 90) Group B (n = 91) p value

1 h n (%) 1 (1.1) 2 (2.2) 0.5
6 h 1 (1.1) 3 (3.3) 0.3
24 h 1 (1.1) 3 (3.3) 0.3
7 days 1 (1.1) 0 0.3
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There were no mortalities, bile duct or visceral injuries in 
both the groups, incidence of iatrogenic gallbladder perfora-
tion and bile spill were comparable in both groups. Drain 
placement was decided by the surgeon and this was also 
comparable. One case in each group had bleed from cystic 
artery due to slippage of clip, both of them were reclipped 
and controlled on table, there was no incidence of postop-
erative bleeding or bile leak in any of the patients. At insuf-
flation 4 (4.4%) patients had bradycardia in group A. This 
was not statistically higher when compared with group B in 
which 2 (2.2%) patients experienced it, p = 0.4 (Table 5).

Anesthesia related parameters

There was no statistical difference in mean, heart rate, MAP 
and maximum peak inspiratory pressure (Table 6). The mean 
time for extubation was slightly longer in group A, however, 
this was not statistically significant. In the post operative 
period there were no patients with residual paralysis in both 
the groups. This was assessed with clinical parameters such 
as the patient’s inability to smile, swallow and speak; general 
muscular weakness; inability to lift the head for 5 s, to lift 
the leg for 5 s and inability to sustain a hand grip for 5 s.

Fig. 5  Need for increase in 
pressure in both groups

Table 5  Intraoperative findings 
and procedure related events

Group A (n = 90) Group B (n = 91) p value

Conversion to open surgery n (%) 0 1 (1.1) 0.3
Bile spill n (%) 21 (23.3) 23 (25.3) 0.8
Gallbladder perforation during dissection 
n (%)

20 (22.2) 26 (28.6) 0.4

Bile duct injury n (%) 0 0
Intra-opearative bleed n (%) 1 (1.1) 1 (1.1) 0.9
Drain placed n (%) 33 (36.7) 39 (42.9) 0.5
Bradycardia n (%) 4 (4.4) 2 (2.2) 0.4

Table 6  Anesthetic parameters Group A (n = 90) Group B (n = 91) p value

Time for extubation (min) 8.4 ± 3.5 8.1 ± 3.1 0.5
Mean heart rate (/min) 76.9 ± 9.9 77.8 ± 9.4 0.6
Mean MAP (mmHg) 87.6 ± 11.7 87.1 ± 11.1 0.7
Peak inspiratory pressure max 21.9 ± 6.5 22.5 ± 4.6 0.5
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Cost analysis

The mean cisatracurium consumption in group A was 
8.2 ± 3.4 mg and in Group B was 7.8 ± 3.2 mg. At 50₹ 
(0.6USD) per mg the cost amounted to 411.5 ± 170₹ 
(4.9 ± 2.1USD) per patient in group A and 390.5 ± 160₹ 
(4.7 ± 1.9USD) in group B.  CO2 consumption was 
higher in group A (Group A = 112.9 ± 129.4 L vs Group 
B = 94.08 ± 62.84 L). At 49₹ (0.6USD) per L of  CO2 
the cost per patient in group A was 5532.1 ± 6343.1₹ 
(66.9 ± 76.8USD) and for group B it was 4609.9 ± 3079.2₹ 
(55.8 ± 37.3USD).

*₹- INR, 1₹ = 0.012USD = 0.11 EU49.
Higher BMI correlated with a lower surgeon satisfaction 

score irrespective of groups [Group A (r = − 0.22), Group B 
(r = − 0.3)]. The correlation was not significantly different 
between the groups (p = 0.34). It was found that the mean 
total surgeon satisfaction score was significantly lower in 
the subgroup with BMIs > 25 compared with those with 
BMIs < 25 (25 ± 3.4 vs 27.2 ± 3.3; p < 0.000). BMI was an 
important predictor of the total surgeon satisfaction score 
as determined by logistic regression. This can indicate that 
BMI of the patient independently influences the space dur-
ing pneumoperitoneum, this may be due to the weight of the 
abdominal wall itself.

Surgeon satisfaction score sub analysis revealed that 
the score for entry into peritoneal cavity was significantly 
lower in Group A compared to Group B (ITT: 4.0 ± 0.8 vs. 
4.4 ± 0.7, p = 0.002; PPA: 4.1 ± 0.8 vs 4.4 ± 0.7; p = 0.005). 
Rest of the scores were comparable statistically (Table 2). 
Of the total 181 cases there were 142 (78.5%) consultant 
cases and 39 (21.5%) trainee cases. Group A had 66 (73.3%) 
consultant and 24 (26.6%) trainee cases while group B had 
76 (83.5%) consultant and 15 (16.4%) trainee cases. When 
the surgeon satisfaction scores were analyzed between con-
sultants and trainees the total surgeon satisfaction score and 
time for completion of surgery were comparable among 
group A and B (Table S1 supplementary). It was found that 
numerically the scores were lower for group A among both 
consultants and trainee for entry in to the peritoneal cavity 
in both group A and group B.

Total surgeon satisfaction scores and time for completion 
were comparable among the 4 Nassar grades among both the 
groups. However, score for entry into the peritoneal cavity 
was significantly lower in Group A compared to Group B in 
both Nassar grade 1 (3.9 ± 0.7 vs 4.4 ± 0.7; p = 0.005) and 
Nassar Grade 2 (4.1 ± 0.8 vs 4.5 ± 0.6; p = 0.04). There was 
weak negative correlation of initial volume of  CO2 required 
to achieve set pressure and the total surgeon satisfaction 
score (r = − 0.18, p = 0.02). This suggested that lesser the 
distension lesser was the working space. Overall, there was 
no significant variations in pulse rate, blood pressure and 
saturation.

Discussion

In the present study we found that LPP with deep NMB 
was non inferior to SPP with moderate NMB in terms of 
working space determined by total surgeon satisfaction 
score which was a subjective assessment of the working 
space. However, in terms of time for completion of surgery 
which is an objective measure the study did not prove non-
inferiority. Hence when it comes to time for completion of 
surgery Group A is inferior to Group B.

We did not find any clinical differences in terms of post 
operative pain, incidence of shoulder pain or hospital stay. In 
terms of anesthesia, there was no significant residual paraly-
sis post deep NMB with neostigmine reversal. On sub analy-
sis of the surgeon satisfaction scores it was noted that entry 
into peritoneal cavity was significantly difficult in group A.

Our study is a clinically important comparison. Only one 
previous study by Barrio et al. [13] did such a comparison. 
They compared patients undergoing laparoscopic cholecys-
tectomy under LPP with deep NMB with SPP. They found 
significantly better working conditions in standard pressure 
group, in contrast to our study, where working conditions 
were similar in both groups. There was no significant differ-
ence in the time for completion of procedure in their study 
while our study showed that LPP with deep NMB was infe-
rior in terms of operating time. They, however had a small 
sample size of 30 in each group and 3 surgeons who were 
well experienced operated on patients. In our study multi-
ple surgeons including experienced consultants and trainees 
operated on the patients and our sample size was also larger 
which could be the reason for a different result.

Studies have proven that working conditions are signifi-
cantly poorer in LPP when done without deep NMB. Neogi 
et al. demonstrated that the scores for entry, visibility, port 
manipulation and dissection were significantly lower in the 
low-pressure group than the standard pressure group [17].

Our research pointed that BMI was an independent 
and significant influence on the working space. This may 
signify that the sheer weight of abdominal wall may also 
influence the working space especially in an Indian popu-
lation where central obesity is more common [18]. In the 
obese patient the pressures are usually kept higher up to 
18 mmHg for achieving good working space. Various stud-
ies have shown that deep NMB helped improving working 
space in obese individual [19–21]. Rye et al. compared 
deep versus moderate NMB in LPP in laparoscopic chol-
ecystectomy and found marginally better surgical condi-
tions with deep NMB [22]. Various studies have studied 
deep NMB in LPP in different laparoscopic surgeries 
including cholecystectomy, donor nephrectomy, colorec-
tal surgery and metabolic surgery found that it improves 
surgical working conditions significantly [23–27].
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In terms of postoperative pain studies have demonstrated 
LPP has better pain score and lower incidence of shoulder 
pain than SPP in laparoscopic cholecystectomy [28] and it 
has been demonstrated use of deep NMB further reduces 
postoperative pain and incidence of shoulder pain. In our 
study however, we did not find any clinically significant 
difference in pain outcomes in terms of postoperative pain 
scores or incidence of shoulder pain. We had blinded the 
assessors for pain and the patients were also blinded for 
group to avoid bias but since 56% group A patients had 
required increase in pressure from 8 to 10 mmHg the pres-
sure difference between group A and B might have been 
small to bring about significant difference in pain. Similar 
to our findings in the randomized trial by Sandhu et al. [29], 
where they compared LPP with SPP they did not find any 
statistically significant difference in pain scores or incidence 
of shoulder pain. This was also supported by the meta-anal-
ysis [30] by Wei et al., the NISCO trial [25, 31].

The conversion to group B was lesser in our study com-
pared with the study by Neogi et al. who did not use deep 
NMB, indicating that the deep NMB may have actually 
helped increase working space [17]. Conversion to open 
surgery was similar to their study and it was mainly due to 
surgical difficulty rather than lack of space.

The Cochrane review by Gurusamy et al. [32] demon-
strated no mortality, adverse event or difference in conver-
sion rates between low and standard pressure groups, similar 
to the present study. There was also no significant difference 
in hospital stay similar to our report. 4.4% of our patients in 
group A were converted to standard pressure group. Perrakis 
et al. [31] reported 5% conversion to higher pressure while 
on the contrary Joshipura et al. [33] reported 33% conversion 
to higher pressure, they both did not use deep NMB. This 
indicates starting with a lower pressure and increasing the 
pressure as required could allow many patients to be oper-
ated easily at a lower pressure than routine.

Previous studies have demonstrated other benefits of LPP 
in terms of better portal venous blood flow avoiding portal 
ischemia that leads to significantly raised transaminases in 
14 mmHg pneumoperitoneum compared with 10 mmHg 
group in laparoscopic cholecystectomy [9]. However, the 
clinical significance beyond the immediate postoperative 
period and in those with essentially normal liver function is 
to be studied since the raised values were also not abnormal. 
This however could not be assessed in the present study.

It has been proven by various studies that low pres-
sure has lesser postoperative pain and faster recovery and 
lesser inflammation but with reduced working space, likely 
because the peritoneum is stretched less. So, when deep 
NMB is used the working space may be good as shown by 
various studies including ours but theoretically this may 
stretch the peritoneum more [34] hence cancelling the ben-
efits of post operative pain reduction.

Strengths and weakness

In terms of sample size our study was well powered for time 
for completion of surgery but may not be so for total sur-
geon satisfaction score as per sample size calculation. The 
surgeon satisfaction score is a subjective assessment of the 
working space, objective measures may be considered in 
future studies. Only 2 patients were ASA grade 3 or 4 so 
further studies will be required to demonstrate the effects on 
those individuals. Our study may not be powered enough to 
comment on the other clinical outcomes like post-operative 
pain and hospital stay, larger studies will be required for that 
purpose. In addition, we did not study regarding the hemo-
dynamic aspects and the benefits that may be associated with 
a lower pressure in that regard. Future studies can incorpo-
rate this aspect. It might be prudent to conduct similar stud-
ies on potentially more prolonged pelvic and gastrointestinal 
procedures to determine if there might be any benefit.

Recommendations

In short laparoscopic procedures such as laparoscopic chol-
ecystectomy LPP with deep NMB can be used safely but the 
procedure may be slightly prolonged. The clinical benefits 
need to be studied further. Future studies can specifically be 
designed to evaluate the hemodynamic parameters especially 
in higher ASA grades.

There is substantial inconsistency across the literature in 
reporting the working conditions in laparoscopic surgery 
[35]. The surgeon satisfaction scores reported are usually 
subjective and difficult to compare across studies. A stand-
ardization of reporting may be considered in future studies. 
The scoring used here was part of previous study from our 
institute and was standardized for laparoscopic cholecys-
tectomy [28].

Considering our findings, we can suggest that a pressure 
of 10 mmHg with deep NMB may be considered ideal to 
start with, balancing surgical comfort and its impact on the 
patient. The pressure can be increased as and when needed, 
and we believe that a majority of the cases can be completed 
within a pressure range of 10–12 mmHg.

Conclusion

LPP with Deep NMB is non-inferior to SPP with moderate 
NMB in terms of surgeons’ satisfaction of working space 
but not in terms of time for completion of surgery for lapa-
roscopic cholecystectomy.

LPP with Deep NMB can be used safely in laparoscopic 
cholecystectomy in all ASA grade patients. Clinical rel-
evance in terms of pain outcomes and hemodynamic out-
comes needs to be studied further with large sample size.
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