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Deep versus moderate neuromuscular block in laparoscopic bariatric
surgeries: effect on surgical conditions and pulmonary complications
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ABSTRACT
Background: The aim of this study was to evaluate the effect of deep and moderate
neuromuscular block on surgical exposure quality, intraoperative lung mechanics, and post-
operative respiratory functions, during laparoscopic bariatric surgery.
Methods: Sixty adult morbid obese patients were enrolled in the study. They were randomly
distributed in two equal groups: the deep block group, where rocuronium infusion was given
to maintain the post-tetanic counts above 1, and the moderate block group, where incre-
ments of rocuronium were delivered to maintain the train of four 1–2. The surgeon was asked
to assess intraoperative relaxation. The increase in intra-abdominal pressure and reported
abdominal or diaphragmatic movements were recorded. Intraoperative lung mechanics were
studied, and preoperative and postoperative pulmonary function tests were done.
Results: The scores reported by the surgeons for intraoperative surgical exposure were
indifferent among the two groups (5 (4–5) in the deep block group and 4 (3–5) in the
moderate block group, P = 0.243). The difference in the increase in intra-abdominal pressure
and reported abdominal or diaphragmatic movements was insignificant between both (P =
0.299 and 0.424). Intraoperative pulmonary mechanics and postoperative pulmonary func-
tions were comparable (P > 0.05), and the postoperative pain score was indifferent between
both groups (P > 0.05).
Conclusion: During laparoscopic bariatric surgery of morbidly obese patients, the quality of
abdominal relaxation and surgical exposure, intraoperative lung mechanics, and postopera-
tive pulmonary functions were indifferent with the use of moderate or deep neuromuscular
block.
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1. Introduction

The introduction of neuromuscular blocking agents in
anesthesia has been associated with numerous bene-
fits. It specifically improves the intubation condition,
increases the depth of anesthesia, decreases airway
edema, and improves surgical exposure [1–3]. Despite
that, it has also been associated with several draw-
backs, such as postoperative dysfunction of respira-
tory muscles that predispose to postoperative
pulmonary complications [4,5]. The risk of postopera-
tive respiratory complications increases significantly in
morbidly obese patients, sometimes approaching
100% incidence, especially with increasing body
mass index (BMI) and presence of obesity hypoventi-
lation syndrome [6]. Respiratory complications must
be considered and properly managed in the perio-
perative management of bariatric surgeries, as they
account for about 12% of mortality rates [7].

Laparoscopic surgeries for morbidly obese patients
require deep muscle relaxation from the surgeons’
point of view, as they require good visualization.
However, anesthesiologists give special consideration
to postoperative pulmonary dysfunction, which may

be associated with abuse of muscle relaxants [8].
Maintaining deep neuromuscular blockade was
thought for long to be hazardous due to the potential
risk of awareness and residual curarization postopera-
tively [9,10]. A deep neuromuscular block is consid-
ered when the train of four (TOF) count is zero, with
post-tetanic counts (PTC) of 1 or more, while
a moderate block is considered when the TOF count
is 1–3.

Kopman suggested that deep neuromuscular block
provides satisfactory surgical exposure during laparo-
scopic surgery [11]. In addition, studies support this in
laparoscopic cholecystectomy [12] and gynecological
[13] and urological surgeries [14]. However, the evi-
dence is still under debate. The use of deep neuro-
muscular block in laparoscopy may shorten the
recovery period of non-depolarizing muscle relaxants,
with an increased risk of postoperative residual block-
ade and respiratory complications [15].

Sugammadex, a new muscle relaxant reversal
agent, allows rapid and complete reversal of rocuro-
nium, compared to the traditionally used muscle
relaxant reversal agent neostigmine [16]. Thus, it
may allow the use of deep neuromuscular block
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during the intraoperative period for satisfactory surgi-
cal exposure and rapid reversal of deep relaxation, to
decrease the incidence of postoperative pulmonary
complications [17].

When anesthetizing obese patients, the question
that comes to the minds of all anesthesiologists is,
which is better, deep or moderate neuromuscular
block? The purpose of this study is to compare the
effects of each on the intraoperative surgical space
conditions, the intraoperative pulmonary mechanics,
and the postoperative pulmonary functions, in mor-
bidly obese patients undergoing laparoscopic baria-
tric surgeries.

2. Material and methods

This clinical randomized double-blind study was
approved by the local research ethics committee
(Tanta Faculty of Medicine Research Ethics
Committee, Tanta Faculty of Medicine, Tanta, Egypt)
on the 23rd of August 2017 (registration number:
31,724/08/2017). It was then registered in the Pan-
African Clinical Trial Registry (unique identification
number: PACTR201710002663258). The study was
conducted at Tanta University Hospitals for 6 months
(October 2017-April 2018). Patients who accepted to
participate in the study signed informed written con-
sent. Patients 25 to 45 years old, American Society of
Anesthesiologists (ASA) class III, BMI above 40 kg/m2

and less than 50 kg/m2 and scheduled for laparo-
scopic bariatric surgeries were enrolled. They were
reassured and given an adequate explanation of the
benefits, technique, and potential hazards of this
research work. All obtained data of the patients
were kept in secret files to maintain their privacy.

The patients were properly assessed preopera-
tively. Patients’ history was taken, general and local
examination was done, and an analysis of complete
blood count, liver function test, renal function test,
and coagulation studies were requested. Preoperative
pulmonary function test was done for measurement
of the basal peak expiratory flow rate (PEFR) (L/min),
forced expiratory volume 1 (FEV1) (L), forced vital
capacity (FVC) (L), and FEV1/FVC. Pregnant and lactat-
ing patients, patients who suffer moderate or severe
obstructive sleep apnea, psychologically unstable,
have neuromuscular or skeletal diseases, or have
a history of congestive heart failure or hepatic or
renal failure, were excluded from the study.

The randomization of the study was carried out by
the aid of computer-generated software, results intro-
duced in closed sealed envelopes containing cards
presented to each patient to choose from. Patients
were randomly distributed in two groups according to
the maintenance dose of muscle relaxants given:
deep neuromuscular block group and moderate neu-
romuscular block group.

Monitors were attached to all patients once they
were admitted to the operating theatre, with a pulse
oximeter, non-invasive blood pressure monitor, and
a 3-lead ECG. An 18-gauge cannula was inserted for
each patient to provide intravenous access for an
infusion of lactated ringer solution 10 ml/kg, as
a fluid preload.

Quantitative neuromuscular function was moni-
tored using an acceleromyograph (TOF-watch-SX,
MSD BV, Oss, Netherlands) that measures the adduc-
tor pollicis muscle response. Two electrodes were
placed over the course of the ulnar at the radial side
of the flexor carpi ulnaris muscle 1 cm proximal to the
wrist joint. The contractions of the ipsilateral adductor
pollicis muscle (causing adduction of the thumb) were
detected by attaching a sensor to the tip of the
thumb and placing it in a flexible adaptor to generate
preload. TOF-watch-SX was calibrated and stabilized
after induction of general anesthesia and before
rocuronium administration, according to manufac-
turer specifications. Neuromuscular block was
assessed after endotracheal intubation at 15-second
intervals.

A well-fitted face mask was used for adequate
preoxygenation of all patients, with 80% oxygen
for 5 minutes. Anesthesia was induced using fenta-
nyl 1.5 ug/kg (ideal body weight) and propofol
2 mg/kg (lean body weight). The neuromuscular
monitor was then stabilized through a 50-Hz tetanic
stimulation application for 5 s, with calibration of
the TOF-watch-SX and documentation of a series of
TOF measurements for >2 min, until a stable base-
line was obtained (<5% variation in the TOF ratios).
An intubating dose of rocuronium (Esmeron®,
10 mg/ml, N.V. Organon, Oss, Netherlands) 0.6 mg/
kg (lean body weight) was then injected, and
a cuffed endotracheal tube of suitable size was
inserted when TOF count reached 1 or less. The
patients were then attached to a mechanical venti-
lator (Anesthesia machine: GE Datex-Ohmda Avance
CS2, USA) using a flow rate of 1 L/min composed of
1:1 oxygen to air, with adjustment of the ventilation
parameters to keep end-tidal CO2 between 32 and
36 mmHg. Ventilator parameters were (Pressure-
controlled volume guarantee mode, tidal volume of
6 ml/kg, respiratory rate: 12/min, I:E ratio: 1:2, max-
imal airway pressure (Pmax) 40 cmH20, and optimal
PEEP which was reached by stepwise titration to
maintain recruitment of the basal alveoli).
Maintenance of anesthesia was conducted through
propofol total intravenous anesthesia (150–200 ug/
kg/min) to maintain the values of bispectral index at
40–50, incremental doses of i.v. fentanyl (1 ug/kg/
hr), and the determined maintenance dose of rocur-
onium according to the group of patients.

In the deep block group, rocuronium infusion at
a dose of 0.6 mg/kg/hr (lean body weight) was started
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after endotracheal intubation, to maintain a TOF
count of 0, with PTC > 1. Rocuronium (100 mg) was
prepared in 50 ml normal saline 0.9% syringe pump.
The moderate block group, on the other hand,
received repeated top-up doses 0.1 mgt/kg of rocur-
onium to keep the TOF count at 1–2. The total dose
consumption of rocuronium and fentanyl was calcu-
lated and recorded.

The laparoscopic interventions were conducted
by the same surgeon with CO2 pneumoperitoneum
set at 15 mmHg using a flow of 5 L/min. An increase
in intra-abdominal pressure above 15 CmH2O, not
related to pressure exerted by the surgeon or instru-
ments on the abdominal wall, was recorded. Any
abdominal muscle movement or spontaneous dia-
phragm movement during the operation reported
by the surgeon or anesthesiologist was recorded.
The anesthesiologist who was involved in anesthesia
of the patients was not blinded to the groups and
did not participate in the collection of the data or
any measurements. Both the patients and the sur-
geon were blinded to the groups. The surgeon was
kept blind by use of a syringe pump connected to
the patient and labeled to contain rocuronium; for
patients in the deep block group, the syringe con-
tained actual rocuronium, while in the moderate
block group it contained normal saline.
Neuromuscular monitoring and its interpretation
were also kept hidden from the surgeon.

To prevent nausea and vomiting postoperatively,
dexamethasone 4 mg was given after induction of
general anesthesia, and ondansetron 4 mg was
given at the end of surgery. Thirty minutes before
the end of the surgery, pethidine 50 mg was adminis-
tered intravenously. At the end of the surgery, propo-
fol infusion was stopped. Rocuronium infusion was
also stopped in the deep block group when the sur-
geon started closing the wound. When the TOF count
reached 3 or 4, the muscle relaxation was reversed
using sugammadex 2 mg/kg for the deep block group
and neostigmine 0.05 mg/kg plus atropine 0.01 mg/
kg for the moderate block group.

After awake tracheal extubation, the patients were
transported to the PACU for postoperative monitor-
ing. Oxygen supplementation was provided via
a nasal cannula at a flow of 2–3 L/min, and paraceta-
mol 1 g/6 hr i.v. infusions were given for postopera-
tive analgesia. Pethidine 50 mg was given as rescue
analgesia when the postoperative pain score was
higher than 3. Postoperative pain was evaluated on
admission to PACU; 15 min, 30 min, 60 min, and 90
min later; and on discharge from PACU using the
visual analogue scale (VAS), ranging from 0 (no pain)
to 10 (worst level of pain). The time spent in PACU
and total consumption of rescue analgesia there was
recorded. “The patients were discharged from the
PACU when their modified Aldrete scale reached 10.”

The quality of surgical space conditions was the
primary outcome. Before the end of surgery, the sur-
geon was asked to evaluate the surgical space condi-
tions using a special 5-point rating scale [14]: 1 =
extremely poor, 2 = poor, 3 = accepted, 4 = good,
and 5 = optimal. Intraoperative pulmonary mechanics
and postoperative pulmonary functions were second-
ary outcomes. The pulmonary mechanics included
peak airway pressure (Ppeak), plateau pressure
(Pplat), mean airway pressure (Pmean), and dynamic
compliance of the respiratory system (Cdyn), moni-
tored in both groups immediately after endotracheal
intubation and before starting the maintenance dose
of rocuronium (T1), 30 minutes after insufflations (T2),
and at the end of surgery (T3).

An electronic portable peak flowmeter was used
for assessment of the pre- and postoperative pul-
monary functions. The mean of three readings of
PEFR (L/min), FEV1 (L), FVC (L), and FEV1/FVC had
been recorded pre- and postoperatively. These mea-
surements were recorded while the patients were in
a semi-sitting position (45°) in the anesthesia clinic,
during the preoperative visit and in the PACU post-
operatively. In postoperative measurements of pul-
monary functions, the effect of sedation is excluded
first by the aid of the modified observer’s assess-
ment of alertness [18]. The time elapsed between
reversal of muscle relaxant (TOF 3 or 4) and per-
forming postoperative pulmonary function assess-
ment was recorded. Patients who required
postoperative non-invasive ventilation support by
CPAP or BiPAP or required re-intubation were also
reported.

3. Statistical analysis

The sample size was calculated based on the quality
of surgical space conditions. Based on the results of
a previous study (pooled standard deviation of the
two groups = 1.051) [8], at least 21 patients were
needed from each group to detect a mean difference
of 1.2 in the surgical rating scale at α value of 0.05 and
power of study 95%. The SPSS 17 (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis of the col-
lected data. The Kolmogorov-Smirnov test was per-
formed to check the assumption of normality. The
quantitative parameters that normality distributed
were expressed as mean ± standard deviation (SD)
and analyzed using the Student t-test. Quality of sur-
gical space conditions was expressed as a median
with interquartile range and analyzed for the studied
groups using the Mann-Whitney U test. The categori-
cal data were expressed as a number and
a percentage and compared via the Chi-square test
or Fisher’s exact test as appropriate. A significant
change was considered when the P value was less
than 0.05.

EGYPTIAN JOURNAL OF ANAESTHESIA 59



4. Results

Seventy-seven patients were assessed for eligibility to
participate in this study. Seventeen were excluded (7
refused to participate in the research and 10 were not
meeting the inclusion criteria of the study: 6 suffered
moderate to severe obstructive sleep apnea, 2 had
renal impairment, and 2 had liver impairment). The
remaining 60 patients were equally and randomly dis-
tributed in two groups (30 patients each) (Figure 1).

The statistical analysis of the basic criteria of the
patients that included age, gender, and body mass
index showed a statistically insignificant difference
between the two groups (P = 0.218, 0. 785, and 0.126,
respectively). The type and duration of surgery were also
statistically indifferent between the two studied groups
(P = 0. 789 and 0.313, respectively) (Table 1).

The surgeon did not find a significant difference
between the surgical exposure scores of the two
groups (5 [4,5] in the deep neuromuscular block
group versus 4 [3–5] in the moderate neuromuscular
block group, with 95% confidence interval 0–1 and
P = 0.243) (Figure 2). Besides, there was an insignif-
icant difference between the two groups in the dis-
tribution of surgical exposure score on the 5-point
scale (0/1/3/7/19 in the deep block group and 1/2/5/
8/14 in the moderate block group, with P = 0.618).
There was also a statistically insignificant difference
between the two groups regarding the increase in
intra-abdominal pressure above 15 CmH2O, not

related to pressure exerted by the surgeon or instru-
ments on the abdominal wall, and intraoperative
abdominal or diaphragmatic movements (P = 0.299
and 0.424, respectively) (Table 2).

The measurements of the intraoperative pulmon-
ary mechanics that included Ppeak, Pplat, Pmean, and
Cdyn revealed a statistically insignificant difference
between the two groups across all time intervals
(P > 0.05) (Table 3).

The preoperative pulmonary function tests, includ-
ing PEFR, FEV1, FVC, and FEV1/FVC, in the two groups,
were comparable (P = 0.337, 0.227, 0.258, and 0.467).
There was also a statistically significant decrease in
the mean values of postoperative PFTs compared to
preoperative values in both groups. However, there
was an insignificant difference between the two
groups in the mean values of postoperative PFTs
(P = 0.691, 0.507, 0.293, and 0.828) (Table 4).

The time elapsed between the reversal of muscle
relaxation and performing postoperative pulmonary
functions in the two groups was comparable (P =
0.245). There was a statistically significant increase in
the mean value of the total dose consumption of
rocuronium in the deep neuromuscular block group
compared to the moderate neuromuscular block
group (P < 0.0001). However, the mean value of the
total dose consumption of fentanyl in the two groups
was comparable (P = 0.221) (Table 2).

Postoperatively, there was an insignificant statistical
difference between the two groups in the time spent in

Figure 1. CONSORT flow chart of the study.
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Table 1. Demographic data of the studied patients.
Deep NMB Group Moderate NMB Group P Value CI (95%)

Age (years) 37.17 ± 6.12 35.27 ± 5.68 0.218 −1.15; 4.95
Gender Male 11 (36.67%) 9 (30.00%) 0. 785 0.52; 1.44

Female 19 (63.33%) 21 (70.00%)
BMI (kg/m2) 44.73 ± 3.05 43.50 ± 3.10 0.126 −0.36; 2.83
Type of surgery Sleeve gastrectomy 18 (60.00%) 20 (66.67%) 0. 789 0.52; 1.44

Gastric Bypass 12 (40.00%) 10 (33.33%)
Duration of surgery (min) 88.50 ± 9.66 85.8 ± 10.6 0.313 −2.58; 7.91

Data were presented as mean ± SD or patients number (%).

Figure 2. The surgical exposure score in the two groups.

Table 2. Intraoperative criteria of both groups.
Deep NMB group Moderate NMB group P CI (95%)

Total dose of Rocuronium (mg/kg) 1.49 ± 0.10 0.77 ± 0.13 < 0.0001* 0.66;0.78
Total dose of Fentanyl (ug/kg) 2.41 ± 0.18 2.47 ± 0.17 0.221 −0.15;0.04
The distribution of the SRS on 5 points scale (1/2/3/4/5) 0/1/3/7/19 1/2/5/8/14 0.618
Number of increased intra-abdominal pressure (IAP) > 15 CmH2O 3 (10%) 7 (23.3%) 0.299
Intraoperative abdominal or diaphragm movement 2 (6.7%) 5 (16.7%) 0.424
Time from reversal of ms relaxation till PFT (min) 95.00 ± 19.80 101.70 ± 23.90 0.245 −18.03; 4.70

Data were presented as mean ± SD or patients number (%).
PFT, Pulmonary function tests.

Table 3. Intraoperative pulmonary mechanics in the studied groups.
Deep NMB Group Moderate NMB Group P Value CI (95%)

Ppeak T1 24.07 ± 2.61 23.00 ± 2.65 0.122 −2.428; 0.294
T2 29.00 ± 3.29 29.97 ± 2.75 0.223 −0.601; 2.535
T3 29.33 ± 3.18 30.53 ± 2.53 0.111 −0.286; 2.686

Pmean T1 13.37 ± 1.83 13.90 ± 1.63 0.238 −1.428; 0.361
T2 14.47 ± 1.85 15.03 ± 1.90 0.247 −1.537; 0.404
T3 14.60 ± 1.79 15.37 ± 1.71 0.096 −1.673; 0.140

Pplat T1 21.73 ± 3.16 20.90 ± 2.64 0.273 −2.341; 0.674
T2 27.20 ± 3.07 28.03 ± 1.63 0.196 −0.445; 2.111
T3 27.23 ± 3.42 28.27 ± 1.64 0.143 −0.365; 2.432

Cdyn T1 49.20 ± 6.99 49.60 ± 5.32 0.804 −3.62; 2.82
T2 35.20 ± 5.47 33.93 ± 5.43 0.372 −4.08; 1.55
T3 34.93 ± 5.38 33.43 ± 4.77 0.258 −4.13; 1.13

Data were presented as mean ± SD.
T1, immediately after endotracheal intubation and before starting maintenance dose of rocuronium, T2, 30 minutes after insufflations, T3, at the end of
the surgery.
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the PACU (P = 0.602). Postoperative pethidine consump-
tion was also indifferent between the two groups (P =
0.611). In addition, postoperative VAS was comparable,
until discharge from PACU (P > 0.05). Moreover, there
was an insignificant difference between both groups in
the incidence of postoperative nausea and vomiting or
the need for postoperative respiratory support by BiPAP
or CPAP (P = 0.612 and 1.00, respectively) (Table 5).

5. Discussion

Anesthetic management of morbidly obese patients
undergoing laparoscopic surgeries is faced with many
challenges. These include the optimal degree of the
neuromuscular blockade that should be used. Conflict
arises mainly from the degree of surgical exposure
and the effect on perioperative respiratory functions.

In this clinical study, deep neuromuscular block did
not improve the quality of surgical exposure condi-
tions during laparoscopic bariatric surgery, compared
to moderate block. The intraoperative pulmonary
mechanics, the change in postoperative pulmonary
function tests, the incidence of postoperative compli-
cations, and postoperative pain were insignificantly
different between the deep neuromuscular block
and the moderate neuromuscular block groups.

The response of different muscles to neuromuscu-
lar blocking agents is not uniform; the abdominal
muscles and diaphragm recover more rapidly from
neuromuscular block than the adductor pollicis mus-
cle [19,20]. The diaphragmatic movement remains

possible even with deep neuromuscular block [21].
Movement of the diaphragm or abdominal muscles
is possible even though there is no response to TOF
stimulation at the adductor pollicis muscle. These
movements were evaluated in the current study by
recording the increase in intra-abdominal pressure
above 15 cmH2O and any intraoperative spontaneous
diaphragmatic or abdominal muscle movement noted
by the anesthesiologist or surgeon. There was an
insignificant difference between the deep and mod-
erate neuromuscular block groups regarding both.

Baete et al. [8] compared deep with moderate
neuromuscular block in 60 adult morbidly obese
patients presented for laparoscopic bariatric surgeries.
They concluded that the use of deep neuromuscular
block was not associated with increased surgeon
satisfaction of surgical exposure, improved control of
intra-abdominal pressure, or decreased mean dura-
tion of surgery. Postoperative pulmonary functions
were equally lower postoperatively than preopera-
tively, with both deep and moderate neuromuscular
block.

Barrio et al. [22] in their study also revealed that
deep neuromuscular block had no added effect on
surgical exposure conditions, and standard pneumo-
peritoneum pressure had a greater effect on improv-
ing surgical conditions. On the other hand, Torensma
et al. [23] concluded that deep neuromuscular block
improved surgical conditions with less postoperative
pain, compared to moderate neuromuscular block,
during bariatric surgery. The inconsistency between

Table 4. Preoperative and postoperative pulmonary functions in the two groups.
Deep NMB Group Moderate NMB Group P Value CI (95%)

Preoperative PFTs PEFR (l/min) 289.0 ± 22.3 294.7 ± 23.0 0.337 −17.39; 6.06
FEV1 (L) 2.70 ± 0.65 2.47 ± 0.82 0.227 −0.62; 0.15
FVC (L) 3.22 ± 0.81 2.95 ± 0.99 0.258 −0.73; 0.20
FEV1/FVC (%) 84.10 ± 2.99 83.53 ± 2.99 0.467 −2.1; 0.98

Postoperative PFTs PEFR (l/min) 162.00 ± 12.99* 160.67 ± 12.85# 0.691 −8.01; 5.35
FEV1 (L) 1.33 ± 0.48* 1.25 ± 0.49# 0.507 −0.33; 0.17
FVC (L) 1.85 ± 0.61* 1.69 ± 0.61# 0.293 −0.48; 0.15
FEV1/FVC (%) 73.80 ± 16.97* 74.65 ± 13.18# 0.828 −6.99; 8.71

* Denotes significant change in the postoperative PFTs in comparison to the preoperative values in deep NMB group. # indicates significant changes in
the postoperative PFTs of moderate NMB group as compared to the preoperative values. P value represents comparison between the two groups.

PFTs, Pulmonary Function Tests. PEFR, peak expiratory flow rate. FEV1, forced expiratory volume 1. FVC, forced vital capacity.

Table 5. Postoperative criteria of the two groups.
Deep NMB Group Moderate NMB Group P Value CI (95%)

Time spent in PACU (min) 114.7 ± 18.4 117.6 ± 24.0 0.602 −13.98; 8.18
Rescue consumption (pethidine) (mg) 52.4 ± 10.9 54.3 ± 14.4 0.611 −9.71; 5.78
VAS Score On admission 1.5 (1–3) 2 (1–3) 0.541

15 min 1.5 (1–3) 2 (1–3) 0.603
30 min 2 (2–3) 2 (2–3) 0.771
60 min 2 (2–3) 3 (2–3) 0.370
90 min 2 (2–3) 3 (2–3) 0.187
On discharge 2 (1–2) 2 (2–2) 0.283

Postoperative complications Need for BiPAP 3 (10%) 1 (3.33%) 0.612 0.830; 2.914
Need for CPAP 2 (6.67%) 1 (3.33%) 1.00 0.584; 3.153
Nausea and vomiting 3 (10%) 1 (3.33%) 0.612 0.830; 2.914

Data were presented as mean ± SD or patients number (%).
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their results and the results obtained in the current
study may be due to their use of different methods of
delivering the maintenance dose of muscle relaxation.

Martini et al. [14] in a randomized study evaluated
the effect of deep and moderate neuromuscular block
in 24 adult patients presented for extra-peritoneal
laparoscopy, for prostatectomy or nephrectomy.
They found that deep neuromuscular block improved
the quality of surgical conditions and did not signifi-
cantly affect postoperative pulmonary functions. The
discrepancy between the current study results and
those of Martini may be explained by evaluation of
retroperitoneal surgical field, which is surrounded by
more skeletal muscles that require larger doses of
muscle relaxants. They also evaluated the surgical
field in two different surgeries managed by different
surgeons, which may significantly affect the surgical
rating score. Moreover, Blobner et al. [24] evaluated
the effect of deep neuromuscular block on surgical
exposure in patients presented for laparoscopic cho-
lecystectomy. They demonstrated that deep neuro-
muscular block was associated with an increase in
quality of surgical exposure, through improving visi-
bility, and a decrease in involuntary movements. This
difference from the findings of the current study may
be due to their comparison between deep neuromus-
cular block and no block at all.

The single-center randomized controlled study of
Dubois et al.(13 found that deep blockade significantly
improved the surgical field and reduced the unac-
cepted surgical conditions. They compared the deep
neuromuscular block with the shallow one, which
may explain the difference between their results and
those of the current study. Moreover, Anne et al. [12]
conducted a randomized assessor-blinded study on
48 patients undergoing elective low-pressure laparo-
scopic cholecystectomy. Patients were randomly dis-
tributed to two groups: deep block group and
moderate block group. Surgical exposure was found
to be better with deep neuromuscular block, which
differs from the results of the current study. This
difference may be attributed to the use of low-
pressure laparoscopy (8 mmHg), which may require
more muscular relaxation.

Intraoperative respiratory mechanics and the
decrease of postoperative pulmonary function tests
were insignificantly different between the deep and
moderate neuromuscular block groups. The morbid
obese patients, especially those undergoing bariatric
surgery, are at high risk of perioperative pulmonary
adverse effects, including atelectasis, hypoxemia, post-
operative pneumonia, and respiratory failure [25,26]. In
addition to the significant physiological alteration of
respiratory physiology and arterial oxygenation asso-
ciated with morbid obesity [27], CO2 pneumoperito-
neum during laparoscopic bariatric surgeries increases
the intra-abdominal pressure. The cephalic shift of the

diaphragm also results in an increase in intrathoracic
pressure, with a reduction in the lung volume and
compliance with early airway closure and atelectasis in
the dependent parts [28–30].

Reduction in postoperative pulmonary tests regard-
less the degree of muscle relaxation was recorded in
morbidly obese patients undergoing laparoscopic bar-
iatric surgery [8] and in non-obese patients undergoing
laparoscopic cholecystectomy [24].

6. Limitation of this study

Limitation of this study mainly arose from the use of
standard pressure laparoscopy only (15 mmHg) with-
out comparing it to low-pressure laparoscopy. The use
of different reversal agents of muscle relaxation in the
two groups was also a limitation to the study.

7. Conclusion

Finally, it can be concluded that deep neuromuscular
block in morbid obese patients undergoing laparo-
scopic bariatric surgeries, compared with moderate
block, did not improve the quality of surgical exposure
conditions. Moreover, the blockade effect on the intrao-
perative pulmonary mechanics, postoperative pulmon-
ary functions, postoperative pain, and incidence of
postoperative complications was nearly the same.
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