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Introduction
Gallstones are the most common cause of recurrent 
abdominal pain, which is often accompanied by nausea 
and vomiting. The frequency of gallstones increases 
with age, in women and in obese people, and most of 
them are asymptomatic. Gallstone disease is the most 
common reason for patients with abdominal symptoms 
to visit the hospital. Complications caused by gallstones 
include chronic inflammation, cholecystitis, abscess 
formation, and obstruction of the bile ducts, which lead 
to jaundice, severe ascending infection, and pancreatitis 
which effectively treated with cholecystectomy surgery. 
The rate of total cholecystectomy (both laparotomy 
and laparoscopy) was 62-213 per 100 000 in European 
countries in year 2003.1 The golden treatment for 
gallstones is laparoscopic cholecystectomy (LC) with 
advantages of shorter hospitalization, smaller incisions, 

faster return to normal function, and fewer side effects.2 
Operation conditions in LC are important factors in the 

success rate of surgery and are controlled by factors either 
related or non-related to the patient. Obesity, previous 
pregnancies, and history of abdominal surgeries are 
factors related to the patient, and the type of anesthesia, 
the amount of intra-abdominal pressure (IAP), and the 
position of the patient during surgery are not-related 
factors to the patient.3 LC benefits from deep relaxation 
since small movement of the patient may cause significant 
effects in surgical conditions. A surgeon who has to work 
in a closed space with limited visibility and to facilitate 
surgery, they use carbon dioxide insufflation, but at the 
same time, it should be kept in mind that IAP causes 
many pathophysiological changes in the cardiovascular 
and respiratory systems. After insufflation the gas in the 
abdominal cavity, systemic resistance and pulmonary 
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ARTICLE INFO Abstract
Background: Deep relaxation leads to improved surgical outcomes by providing more 
successful surgical conditions. In this study, the effect of rocuronium-induced deep relaxation 
on abdominal compliance and surgeon satisfaction in total intravenous anesthesia (TIVA) and 
inhalation anesthesia (IA) methods is investigated. The xiphopubic distance (XPD) is proposed 
as a simple measure of abdominal laxity.
Methods: After premedication, 70 candidate patients for laparoscopic cholecystectomy (LC) are 
divided to TIVA and IA groups. In TIVA, propofol infusion at a dose of 60-100 μg/kg/min, and in 
IA isoflurane with MAC of 1-2 were used. After stabilization of intra-abdominal pressure (IAP), 
rocuronium is injected at a dose of 0.3 mg/kg to provide train of four (TOF) = 0 and post tetanic 
count (PTC) = 0. To check the degree of abdominal wall relaxation, the XPD is measured at 3 
stages. The level of satisfaction of the surgeon is recorded. At the end of surgery, when TOF 
receiving at least two responses, the anesthetic drugs are discontinued and antagonized. 
Results: The mean and frequency of most of the studied variables were the same in TIVA and 
IA groups and the observed differences were not statistically significant. The average change of 
heart rates in TIVA was significantly more than IA, and the arterial oxygen saturation in IA was 
more than TIVA. Deep relaxation and IAP of 15 mm Hg provided better surgical conditions, 
peritoneal compliance and surgeon’s satisfaction in both TIVA and IA methods and recovery 
was associated with the acceptable postoperative outcomes. The employed procedure does not 
require sugammadex as a reversing agent which reduces the cost of surgery.
Conclusion: The deep relaxation induced by rocuronium in LC along with favorable IAP, good 
vision on the field and suitable surgical conditions in both IA and TIVA methods, and the 
difference in the findings related to the methods were not significant. Considering all aspects, 
the use of deep relaxation is recommended in LC with both anesthesia methods.
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vascular resistance increase and cardiac output decreases 
by 1%-30%.4 The increase in IAP caused by insufflation 
more gas and with high pressure causes more changes 
in hemodynamics, and in the meantime CO2 absorption 
increases and exerts more physiological effects on the 
cardiovascular, pulmonary and renal systems. Any 
factor such as anesthesia or deep muscle relaxation that 
reduces IAP and reduces CO2 absorption will decrease 
hemodynamic changes in LC.5 The level of neuromuscular 
block and IAP are important factors in the success of 
laparoscopic procedure and managing the postoperative 
complications.6 Deep relaxation effects with rocuronium 
increase the compliance of the abdominal cavity and 
improve the field of vision at the same pressure. On the 
other hand, the use of deep relaxation has problems in 
the recovery of the patients, and the available evidence 
shows that the relaxation remains up to 50%, even after 
the use of muscle relaxants with moderate effect and the 
use of anticholinesterases to reverse the relaxation. With 
the introduction of sugammadex, there is a possibility of 
rapid reverse of relaxation, even after deep relaxation7 and 
if sugammadex is available, there is no reason to avoid 
using deep relaxation. It should be noted that the benefits 
of maintaining a deep muscle block during surgery have 
not been fully studied.8 Results of further studies show 
that the costs of using high doses of sugammadex are 
significant and may be an obstacle to the use of deep 
relaxation, especially in low-income communities.9

Total intravenous anesthesia (TIVA) and inhalation 
anesthesia (IA) are the most common methods of general 
anesthesia, and the selection of each of these methods 
is based on the experience of the anesthesiologist.10 
The total number of side effects observed in TIVA was 
higher than that of IA, and the length of stay in the ICU 
was longer for IA (1.23 vs. 0.87 days). The results of 
investigations on intraperitoneal shunt and oxygenation 
in chest surgeries indicated the superiority of TIVA. In 
terms of hemodynamic parameters and cardiovascular 
complications, the situation has been in favor of IA.11 

Neuromuscular blocking agents (NMBs) provide many 
advantages such as facilitated intubation and mechanical 
ventilation, maintained stable hemodynamics, longer 
surgery time without any reflex movements, and reducing 
the dose of anesthetic agents. Their metabolism is rapid 
and the metabolites are inactive and also could be used in 
renal and liver diseases.12 Among these drugs, rocuronium 
is an intermediate acting with the maximum blockade in 
1-2 minutes, with 33% renal excretion and < 75 % hepatic 
elimination.13 

In this study, the effect of deep block in LC will be 
studied in TIVA and IA groups. The reason for using 
a intermediate-acting NMB agent (rocuronium) is the 
relatively quick reverse of the deep neuromuscular 
blockade to the moderate block at the end of the 
surgery, which provides the possibility of reversing 
with neostigmine, and with this, it avoids the high cost 
of reversing the deep relaxation with sugammadex. In 

addition, the effects of deep neuromuscular block in 
two anesthesia methods (TIVA and IA) on surgical 
conditions and abdominal compliance were studies by 
surgeon’s scaling and measuring the xiphopubic distance 
(XPD) as a proposed measure of abdominal laxity. XPD is 
proposed as a simple quantitative measure for the extent 
of neuromuscular block in this work.

Materials and Methods
Participants
Seventy patients who are candidates for LC surgery after 
obtaining informed consent and meeting the inclusion 
criteria were enrolled in this study. 

Randomization and blinding
The patients enrollment in this study is non-random, and 
after premedication they are randomly assigned to IA or 
TIVA group. The surgeon and the statistician are blinded 
on the details of the anesthesia procedure.

Anesthesia protocol
The patients are premedicated using midazolam (0.03 
mg/kg) + fentanyl (1.5 µg/kg) injection. The electrodes 
of the neuromuscular stimulation device are placed in 
the path of the ulnar nerve to stimulate the adductor 
pollicis muscle. After premedication with fentanyl and 
midazolam, single twitches with the intensity of 20, 30, 
40 and 50 are performed with Xavant Stimpod brand 
neurostimulator to obtain the basic response and the 
amount of supramaximal stimulation is calculated. 
Then they undergo induction with lidocaine (1.5 mg/
kg) + propofol (1.5-2.5 mg/kg) + rocuronium (0.4 mg/
kg). Muscle block is monitored every 15 seconds until 
train of four (TOF) = 0 (onset time), then intubation of 
patients is done and the patients are randomly divided 
into IA and TIVA groups. In IA group, isoflurane with 
MAC of 1-2, and in TIVA group, a continuous infusion 
of propofol (60-100 µg/kg/min) were administered. 
Infusion of remifentanil (0.05-0.1 µg/kg/min) along 
with a mixture of oxygen and air (in equal proportions) 
were used to maintain anesthesia in both groups. The 
data of all monitors are recorded every 3 minutes until 
insufflation gas in the peritoneal cavity. After insufflation 
CO2, stabilizing the IAP below 15 mm Hg and data 
collection, rocuronium is injected with a bolus dose of 0.3 
mg/kg to obtain TOF = 0 and post tetanic count (PTC) = 0 
(deep relaxation), and in this condition, the required 
data including IAP, hemodynamics and end-tidal CO2 
are recorded. To check the degree of abdominal wall 
relaxation, the XPD (distance from xiphoid to symphysis 
pubis) was measured in three steps using a sterile ruler; 
i.e. before induction (D1), after gas insufflation (D2) and 
after deep relaxation following re-injection of rocuronium 
bolus dose and achieving TOF of zero (D3). The changes 
of XPD are calculated as 2 121 D D∆ = − , 3 131 D D∆ = −
, and 3 232 D D∆ = −  at different stages. The change in 
the flow of CO2 into the peritoneum, and the surgeon’s 
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satisfaction with the surgical conditions are evaluated to 
increase the compliance of the abdomen and the comfort 
of the surgeon’s work. The surgeon reports satisfaction 
with the quality of the surgical conditions based on 
the five criteria.14 At the end of surgery, when TOF 
produces at least two responses, anesthetics are stopped 
and the muscle relaxation is reversed with the usual 
doses of neostigmine and atropine, and after achieving 
sufficient spontaneous breathing (negative inspiratory 
pressure > 20), the patients extubated and delivered to the 
recovery. The duration of TOF is recorded from 0 to 2, 
and in recovery, when TOF ratio is 0.9 and the Aldrete 
score is 10, the patient is discharged. Details of the study 
and allocation of the patients is illustrated as a flow chart 
in Figure 1.

Sample size
Based on the sample size of similar studies, for example, 
54 patients in the study of Turhanoğlu et al,15 70 patients 
who were candidates for elective LC surgery were included 
after obtaining the written consent. 

Statistical methods
Collected data were analyzed using SPSS version 15.0. The 
differences among mean values in TIVA and IA groups 
were tested employing t-test. The χ2 analysis was used to 
test the differences in the frequencies and P < 0.05 was 
considered as a significant level.

Inclusion criteria
Patients who undergo LC surgery, aged 18-65 years, body 
mass index (BMI) less than 35, no allergy to the used 
drugs and have signed the informed consent form.

Exclusion criteria
No consent for contribution, BMI > 35, patients who are 
finally operated on and having any underlying diseases 
such as hypertension, short stature, having scars, having 
lung problems and the possibility of aspiration, liver and 
kidney problems, neuromuscular diseases and patients 
with current infection were the exclusion criteria.

Results and Discussion
Table 1 reports the mean and standard deviation (SD) of 
demographic and bio data of the patients. The differences 
observed are not statistically significant (P > 0.05). These 
findings indicate that the patients in TIVA and IA groups 
are matched which according to the random grouping 
method used in this study, were expected.

Table 2 lists the mean and SD of the interoperative 
measured data of the patients and the P values for the 
t-test. The result of the t-test showed a significant (P = 0.02) 
difference between mean of SPO2 in TIVA (SPO2 = 96) and 
IA (SPO2 = 97) groups. This finding is not in agreement 
with the decreased PaO2 in IA group reported by others.16,17 
However, two other works18,19 reported no significant 
change in pulmonary oxygen exchange.

Figures 2a-2c show the average changes in XPD 
in different stages of the surgery. The changes in IA 
group (∆21 = 4.8) were slightly more than in TIVA 
group (∆21 = 4.1), but this difference was not statistically 
significant (P = 0.19). This trend is also the case for the 
mean comparison before and after deep relaxation. The 
changes in the amount of relaxation in the IA group 
(∆31 = 7.2) is more than TIVA group (∆31 = 6.6), however 
the observed difference is not statistically significant 
(P = 0.37). The changes in ∆32 in TIVA group were slightly 
more than IA group, but again the difference was not 
statistically significant (P = 0.62).

Figure 1. Flow chart of the study

Table 1. The mean and standard deviation of demographic and bio data of 
the patients in two groups

Total IV 
anesthesia

Inhalation 
anesthesia P 

value
Mean SD Mean SD

Age (y) 45 12 46 10 0.61

Weight (kg)  76 11 79 11 0.33

Height (cm)  165 6 165 9 0.59

BMI (kg/m2)  28 4 29 4 0.16

SBP (pre deep relaxation) (mm Hg)  129 13 133 17 0.41

DBP (pre deep relaxation) (mm Hg)  79 10 84 12 0.05

MAP (pre deep relaxation) 96 10 100 12 0.09

HR (pre deep relaxation) 87 14 87 18 0.93

BMI, body mass index; SBP, systolic blood pressure; DBP, Diastolic blood 
pressure; MAP, Mean arterial pressure; HR, Heart rate.

Assessed eligibility (n=80)

Excluded (n=10)
Not meeting inclusion criteria

Randomized (n=70)

All allocated 
to total intra-

venues 
anesthesia 
groups (35)

All allocated 
to inhalation 
anesthesia  
groups (35)

Loss to 
follow up(0)

Loss to 
follow up(0)

Analyzed(35)Analyzed(35)

premedication

Muscles relaxant
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The comparison of the findings related to the 
surgical conditions declared by the surgeon’s in TIVA 
and IA groups is shown in Figure 3. The results of χ2 
analysis show that there is no significant difference 
in the frequencies observed in two groups (P = 0.41). 
The sums of relative frequencies for optimal and good 
conditions in TIVA and IA groups are 97% and 91%, 
which is more than the reported value by Koo et al for 
deep relaxation group ( = 69%) in LC surgeries. The 
corresponding value for moderate relaxation was 34%8 
according to four point scale. The reported values for 
laparoscopic hysterectomy in deep relaxation group was 
90% and in moderate relaxation group was 66%.20 The 
relative frequencies for optimal and good conditions for 
laparoscopic prostatectomy or nephrectomy were 99% 
and 82%, respectively for deep and moderate relaxation 
groups.14 Beside the differences in the type and location of 
the surgeries, the surgeon’s satisfaction in deep relaxation 
groups was better than moderate relaxation group.

Figure 4 illustrate the hemodynamic changes during 
deep relaxation in TIVA and IA groups. Comparison of 
the effect of propofol (TIVA) and isoflurane (IA) on LC 
revealed that there were lower systolic blood pressure 
(SBP), diastolic blood pressure (DBP), heart rate (HR) 
and mean arterial pressure (MAP) of post deep relaxation 
than pre-deep relaxation suggested that both TIVA and 
IA can stabilize hemodynamics after deep relaxation. 
An intra-abdominal pressure of 30 to 40 mm Hg does 
not pose a serious risk of hemodynamic changes.21,22 
The results of an experimental study on the mechanism 
of hemodynamic changes caused by CO2 insufflation at 
a pressure of 15 mm Hg compared to blowing nitrogen 

Table 2. The mean and standard deviation of the measured parameters of the 
patients in two groups

Total IV 
anesthesia

Inhalation 
anesthesia P 

value
Mean SD Mean SD

Rocuronium (mg) 33.5 5.7 36.2 6.3 0.07

SBP (post deep relaxation) (mm Hg) 116 13 117 15 0.89

SBP difference 14 11 18 15 0.27

DBP (post deep relaxation) (mm Hg) 71 7 75 12 0.11

DBP difference 9 7 11 9 0.35

MAP (post deep relaxation) 86 8 89 11 0.23

MAP difference 10 7 12 10 0.32

HR (post deep relaxation) 75 11 80 15 0.10

HR difference 14 9 9 9 0.03

SPO2 96 2 97 2 0.02

ETCO2 31 4 31 2 0.80

Drug onset (Sec) 159 31 150 32 0.23

TOF ratio (pre deep relaxation) 0.3 0.1 0.3 0.2 0.78

TOF count (reverse) 2.9 0.8 2.6 1.1 0.18

Post tetanic count (pre deep 
relaxation)

4.9 1.4 4.4 2.3 0.26

D1 (cm) 36.2 3.5 36.8 3.2 0.47

D2 (cm) 40.3 4.1 41.6 3.8 0.18

D3 (cm) 42.9 4.0 44.0 4.3 0.25

∆21 (cm) 4.1 2.1 4.8 2.3 0.19

∆31 (cm) 6.6 2.3 7.2 2.8 0.37

∆32 (cm) 2.6 1.3 2.4 1.3 0.62

SBP, systolic blood pressure; DBP, Diastolic blood pressure;  MAP, Mean 
arterial pressure; HR, Heart rate.

Figure 2. Average changes in the XPD in different stages of the surgery, (a) distance before induction and after gas insufflation, (b) distance before induction and after 
deep relaxation, and (c) distance after gas insufflation and deep relaxation. XPD: xiphopubic distance, TIVA: total intravenous anesthesia, IA: inhalation anesthesia
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showed that the main hemodynamic changes were caused 
by the absorption of carbon dioxide and at this pressure 
the effect of mechanical pressure was not significant.23 
The effects of standard (12.16 mm Hg) and low (8.10 mm 
Hg) pressure insufflation of CO2 on intracranial pressure 
of patients under LC were investigated and found no 
significant effect on intracranial pressure.24 

The average drug onset time (Figure 5) in the two 
studied groups were compared and despite the slightly 
longer onset time (9 seconds) for TIVA group, the 
observed difference with IA group was not statistically 
significant (P = 0.23).

Figure 6 compares the TOF ratio for TIVA and IA 
groups. The relaxation in both groups is equivalent and 
no significant difference (P = 0.78) was observed.

The mean PTC (Figure 7) in TIVA group was slightly 

Figure 3. The frequency of surgeon’s declared satisfaction. TIVA: total intravenous anesthesia, IA: inhalation anesthesia

Figure 4. Average changes in hemodynamic parameters; a: diastolic blood pressure difference, b: systolic blood pressure difference, c: heart rate difference (*: 
difference was statistically significant), p < 0.05, and d: mean arterial blood pressure difference. TIVA, total intravenous anesthesia; IA, inhalation anesthesia; 
SBP, systolic blood pressure; DBP, Diastolic blood pressure;  MAP, Mean arterial pressure; HR, Heart rate

Figure 5. Drug onset time for TIVA and IA groups, TIVA: total intravenous 
anesthesia, IA: inhalation anesthesia
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more ( = 0.5) than IA group, but this difference was not 
significant (P = 0.26).

The responses of different muscles against the NMBs 
are not uniform and usually abdominal muscles and 
diaphragm recover faster than adductor pollicis muscle 
which is used for monitoring of the relaxation25,26 and 
the movement of diaphragm is even possible in deep 
relaxation.27 In our study, in four cases (11.4%) of TIVA 
group (or 5.7% for all studied patients in this work) which 
is more than that of 3.1 % for deep relaxation group 
reported by Koo et al.8

As an overall discussion, each method has certain 
advantages, and there is no general consensus regarding 
their priority and there is also a controversy among 
anesthesiologists.28-31 Duan et al. conducted a meta-
analysis on 10 controlled clinical trials and observed 
that the QoR-40 measure was higher for TIVA than 
IA.10 This finding is contrary to the findings of Min et al, 
who did not report a significant difference between the 
two groups.32 The length of hospital stay of patients also 
indicated that there was no significant difference between 
the two anesthesia methods.10 This finding is in agreement 
with the results of a meta-analysis on the data of hospital 
stay of non-cardiac surgeries using TIVA and IA methods 
reported by Miller et al.33

IA intensifies the effects of muscle relaxants, an effect 
that is less observed for TIVA. Honing et al34 systematically 
reviewed the effect of deep muscle relaxation on surgical 

conditions and their relationship with TIVA or IA. They 
showed that the operating conditions in laparoscopic 
kidney surgeries in deep and moderate relaxation did not 
have a significant difference after maintaining anesthesia 
with sevoflurane and insufflation of carbon dioxide 
with a pressure of 12 mm Hg, and the satisfaction of the 
surgeon in most cases have been good or excellent, even 
in the medium relaxation.34 This finding is contrary to 
a previous report of Staehr-Rye et al35 which evaluated 
the effect of deep relaxation caused by rocuronium 
(bolus + maintenance infusion with PTC of 0-1 and 
moderate relaxation (bolus injection of rocuronium and 
repetition if needed) on 48 patients undergoing elective LC. 
After receiving propofol, remifentanil and rocuronium, 
the patients were randomly divided into two groups of 
deep relaxation (n = 25) and moderate relaxation (n = 23). 
Surgery with a pressure of 8 mm Hg was started and 
increased to 12 mm Hg or more if necessary. In the deep 
relaxation group, surgery was performed on 15 patients 
with a pressure of 8 mm Hg, and in 10 patients, increased 
pressure was used to meet the surgical conditions. The 
numbers in the moderate relaxation group were 8 and 15 
patients, respectively. The overall results indicated that 
the proportion of optimal surgical conditions in the deep 
relaxation group was somewhat more than that of the 
moderate relaxation group.35

According to Bruintjes et al,3 deep relaxation at both 
standard pressure (12 mm Hg) and low pressure (8 mm 
Hg) increased the intra-abdominal space. Another study 
that compared the combination of deep relaxation + low 
pressure and moderate relaxation + standard pressure 
showed a reduction in shoulder pain after surgery in the 
deep relaxation + low pressure group without increasing 
the duration of surgery. In three other studies, in 
patients with deep and moderate relaxation, surgery was 
started with low pressure and if the working space was 
insufficient, the pressure was increased. The results of 
these three studies showed that the need to increase the 
pressure in deep relaxation was less. Finally, in a study 
that measured the minimum pressure necessary to create 
a suitable working environment, the average pressure was 
significantly lower in the group with deep than moderate 
relaxation.3 Barrio et al36 studied the effect of relaxation 
depth on surgical conditions in low IAP on 90 patients 
undergoing LC. Patients in three groups, (1) low IAP (8 
mm Hg) with moderate relaxation during surgery, (2) low 
IAP (8 mm Hg) with deep relaxation during surgery and 
3) standard IAP (12 mm Hg). Group 1 patients received 
rocuronium infusion (at a concentration of 1 mg/mL) 
and titrated to achieve a TOF of 1-3, group 2 patients 
received an additional bolus dose of 0.6 mg/kg following 
rocuronium infusion and a PTC of 1-5. This group 
received sugammadex (with a dose of 2 mg/kg for group 1 
and 4 mg/kg for group 2) and relaxation monitoring was 
continued until the TOF ratio of > 90%. In group 3 patients, 
who were considered as the control group, the standard 
clinical method of the hospital was used for preoperative 

Figure 6. Train of four ratios before deep relaxation for TIVA and IA groups, 
TIVA: total intravenous anesthesia, IA: inhalation anesthesia

Figure 7. Post tetanic counts before deep relaxation for TIVA and IA groups, 
TIVA: total intravenous anesthesia, IA: inhalation anesthesia
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preparation. Anesthesia induction and maintenance were 
performed according to the anesthesiologist’s opinion, 
and relaxant drugs were used. The use of neuromuscular 
block and maintenance of anesthesia by propofol infusion 
and titration with bispectral index of 40-60 were at the 
disposal of the anesthesiologist.37 The results of the study 
showed that in terms of good surgical conditions (level 
I: optimal conditions and level II: sufficient conditions 
for surgery) and bad (level III: acceptable conditions), 
an intervention was considered to improve surgical 
conditions, and level IV: poor conditions, surgery was not 
acceptable and intervention was necessary to continue 
the surgery) in groups 1 and 2, there was no significant 
difference in terms of surgical conditions and duration 
of surgery. When the conditions of level I surgery 
were compared in two groups, despite the fact that the 
frequency of level I conditions in group 2 (deep relaxation) 
was more than that of group 1, but the difference in 
frequency between the two groups was not statistically 
significant. The most important finding of this study was 
the lack of determining effect of the relaxation depth on 
the improvement of surgical conditions and performing 
surgery in low IAP by experienced surgeons. On the 
other hand, better surgical conditions were observed in 
standard IAP regardless of the depth of relaxation.36 Koo 
and colleagues8 studied the effects of deep relaxation and 
low IAP in LC surgeries and concluded that the use of deep 
relaxation reduces the need to increase IAP. In this study, 
64 patients were studied in the deep relaxation (PTC of 
1 or 2) and moderate relaxation (TOF of 1 or 2) groups. 
Relaxation was induced in both groups with rocuronium 
and reversed by sugammadex in the deep relaxation group 
and with neostigmine in the moderate relaxation group. 
At the beginning of the surgery, the IAP was set at 8 mm 
Hg and the condition was checked by the surgeon and 
the pressure was increased if necessary. The frequency of 
the cases in which the IAP increased during surgery was 
12.5% and 34.4% for the deep and moderate relaxation 
groups, respectively, and this frequency difference was 
statistically significant.8

Most of the studies conducted on the benefits of 
deep relaxation have been performed in patients 
undergoing low-risk intra-abdominal surgeries or 
bariatric surgeries.14,34,38-46 Today, neuromuscular block 
is commonly used in abdominal surgeries, but the 
routine use of deep relaxation is still controversial. A 
systematic review presented by Madsen et al47 showed the 
improvement of surgical conditions following the use of 
deep relaxation, while another systematic review Kopman 
and Naguib in the same year (i.e. 2016) showed the 
lack of sufficient evidence for the use of deep relaxation 
in laparoscopic surgeries, and there is no evidence of 
superiority of moderate over deep relaxation.48

Conclusion
Abdominal surgery is increasingly performed by 
laparoscopy. To improve the surgeon’s working 

conditions in laparoscopic procedures, the interest in 
the potential beneficial effects of deep muscle block to 
prevent patient movements and abdominal contractions 
has greatly increased and improved surgical outcomes 
such as reducing mortality, complications or accidents 
during surgery.

This study examined the effects of rocuronium -induced 
deep relaxation with two methods of IA and TIVA on 
the conditions and quality of surgery, the abdominal 
compliance and the recovery profile. The comparison of 
the abdominal compliance with a constant pressure of 
CO2 insufflation in LC surgery is shown in both methods 
of anesthesia. The findings showed that deep relaxation 
causes a greater increase in abdominal distention and 
an increase in the XPD and allows the surgeon for better 
performance. These effects were not significantly different 
in IA and TIVA groups. Deep relaxation decisively 
improves the conditions of surgery and provides complete 
satisfaction of the surgeon, and there is no significant 
difference of surgeon’s satisfaction and the operation 
conditions with deep relaxation between the two methods 
of anesthesia.

The effect of deep relaxation on the XPD was measured 
as a reflection of the increase in the abdomen volume. 
There is a relationship between XPD, as a feasible and 
simple measure of abdominal laxity, and the surgeon’s 
satisfaction, and it shows that the more the abdominal 
compliance increases, the more the surgeon’s satisfaction, 
and this could be achieved either by high-pressure gas 
insufflation or deep relaxation. In high-risk patients, 
where increased IAP may cause hemodynamic and 
respiratory complications, deep relaxation can be an 
alternative method to provide suitable conditions for 
surgery, prevents sudden muscle contractions during 
surgery and reduces possible complications.

According to the findings of this research, no significant 
difference was observed in the investigated interoperative 
parameters among TIVA and IA methods. Although 
TIVA has advantages for some patients, IA is still the most 
commonly used anesthesia method in many operation 
rooms. There is no overall agreement on superiority of 
TIVA or IA, both methods are safe and effective and 
their selection depends on anesthesiologists preference, 
type of surgery, patients conditions and availability of 
monitoring systems. The proposed procedure provides 
a deep relaxation without a need for costly drug, i.e. 
sugammadex, as a reversing agent and is more suitable for 
low income communities.
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