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Backgrounds and objective: Some studies have shown that deeper anesthesia is more 

effective on postoperative analgesia and reduces the need for sedative drugs. This study 

sought to  investigate the effect of depth of anesthesia on postoperative pain in laparoscopic 

cholecystectomy.

Materials and methods: In this double-blind clinical trial, 60 patients undergoing laparoscopic 

cholecystectomy were randomly divided into two groups: low bispectral index (L-BIS=35–44) 

and high bispectral index (H-BIS=45–55). Anesthesia protocol was the same for both groups 

(propofol and remifentanil). The pain intensity (at rest and during cough) was evaluated based 

on the visual analog scale scores in recovery and at 8, 16 and 24 hours after surgery.

Results: The mean pain score was significantly lower in patients in the L-BIS group at all 

examined times at rest and during cough than that in the H-BIS group. The number of patients 

in need of additional sedative drug in the H-BIS group in recovery was significantly more than 

that in the L-BIS group (27 vs 18 patients, P=0.007). The incidence of nausea in the recovery 

room 8 hours after the surgery was significantly less in the L-BIS group than that in the H-BIS 

group, while at 16 and 24 hours, no case of nausea was reported in the two groups.

Conclusion: Given the results of this study, it seems that general anesthesia with propofol 

and remifentanil with L-BIS causes less need for additional analgesic drug and less nausea and 

vomiting compared to anesthesia with H-BIS.
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Introduction
One outcome of surgery that all patients understand after surgery is pain. Pain is an 

objective feeling the severity of which depends on the individual suffering from the 

pain. Fear of postoperative pain is one of the most common concerns among patients 

and the medical team, and lack of its adequate control may lead to the release of cat-

echolamines and metabolic hormones. They result in stress responses in the form of 

water and sodium retention and hemodynamic abnormalities such as sharp rise in blood 

pressure and tachycardia. They sometimes increase bleeding and heart attacks in elderly 

patients.1 Lack of pain control in postoperative period can cause delay in the onset of 

patients’ movement, an increase in the duration of hospitalization, and interference with 

rehabilitation.2 The use of appropriate methods of anesthesia and analgesia in patients 

undergoing surgery can be effective in reducing health costs and morbidity of patients.
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Some studies have noted the effect of monitoring depth of 

anesthesia based on bispectral index (BIS) on postoperative 

pain.3,4 BIS is an assay dependent on electroencephalography 

(EEG) introduced for monitoring depth of anesthesia and has 

replaced other methods such as Guedel’s classification.5 This 

technology is sensitive to both anesthesia and conscious-

ness. Adjusting the depth of anesthesia in adults based on 

BIS allows physicians to determine the amount of required 

anesthetic drug. Using this index can reduce the likelihood 

of awakening within surgery.6,7

Sahni et al8 showed that maintaining BIS ~40–45 during 

surgery can reduce postoperative pain and need for analgesic 

drug. However, the study of Baldini et al has reported conflict-

ing results regarding BIS effect on analgesic requirement.9

Accordingly, this study sought to evaluate the effect of 

depth of anesthesia on the analgesia and need of patients 

undergoing laparoscopic cholecystectomy for painkillers.

Materials and methods
This study was performed as a double-blind clinical trial after 

it was approved by the ethics committee of the Iran University 

of Medical Sciences. The current study has been registered 

in the Iranian Registry of Clinical Trials (IRCT) with code 

2017011412642N25.

The sample size was calculated as follows: with the level 

of confidence of 95%, ability of 80%, the common standard 

deviation, and accuracy of 0.15, the minimum required 

sample size was calculated as 24 cases in each group. We 

considered 30 in each group.

In all, 60 patients undergoing elective laparoscopic cho-

lecystectomy admitted to the Hazrat Rasul Medical Hospital 

were enrolled in a prospective, observer-blinded, and random-

ized manner study. The inclusion criteria included receipt of 

informed consent based on participating in research project, 

candidate for laparoscopic cholecystectomy, age between 18 

and 65 years, and patients  classified as Class 1–2 in the Ameri-

can Society of Anesthesiologists classification. The exclusion 

criteria were having cancer, epilepsy, problems of hearing and 

the ability to communicate, BMI >35, heart failure, liver fail-

ure, kidney failure, sensitivity to anesthesia drugs, uncontrolled 

systemic disease (such as unstable diabetes), drug addiction 

or alcoholism, chronic pain, any kind of analgesic therapy, 

prolonged surgery for >3 hours, psychological problems, and 

conversion of laparoscopy to laparotomy surgery.

Patients were divided into two groups of BIS, L-BIS 

(35–45) and H-BIS (45–55), using block randomization. 

After all subjects had been assigned into blocks, randomiza-

tion was performed within each block to assign subjects to 

one of the groups. Keeping patients in a common border of 

anesthesia level in both groups was hard and the anesthesia 

score number is changing each second, so the common border 

of 45 was maintained in this study for data interpretation. On 

arrival to the operating room, all patients were monitored by 

BIS, electrocardiogram (ECG), pulse oximetry, noninvasive 

blood pressure, and capnography. Intravenous (IV) line was 

embedded, and normal saline solution was administered at a 

rate of 5 mL/kg as bolus for cardiovascular expansion before 

induction. From the induction to 10 minutes, BIS, mean arte-

rial pressure, and end tidal CO2 were recorded every 2 min-

utes. After the first 10 minutes, these criteria were recorded 

every 5 minutes for 1 hour and then every 10 minutes until the 

outset of the surgery. During surgery, ETCO2 was maintained 

in the range of 30–35 mmHg. Midazolam of 0.15 mg/kg and 

fentanyl of 3 μg/kg were injected before anesthesia induction. 

Then, induction of general anesthesia was made with 2 mg/kg 

propofol and 0.2 mg/kg cisatracurium and maintained with 

70–150 μg/kg/min propofol and 0.1 μg/kg/min remifentanil. 

If, during the surgery, BIS was in the desired range, while 

systolic blood pressure (SBP) was >140 mmHg, trinitroglyc-

erine infusion with the dose of 5–15 μg/min was used, and if 

heart rate (HR) >85/min, IV labetalol up to a maximum of 

30 mg was used. If BIS was high, the dose of propofol was 

first increased for 10 μ/kg/min twice, and if necessary, at the 

next stage, the dose of remifentanil was increased from 0.1 μ/

kg/min to 0.2 μ/kg/min. Half an hour before the outset of the 

surgery, 1 g of acetaminophen and 4 mg of ondansetron were 

administered. At the end of the surgery, the used propofol and 

duration of the surgery were recorded. The pain scores at rest 

and during cough were recorded at the recovery room and 

8, 16, and 24 hours after the surgery using the visual analog 

scale (VAS) score by an investigator who was not aware of 

intraoperative management and BIS values of both groups, 

and decoding was done at the end of research.

Opioid request was recorded at the end of 24 hours. Post-

operative nausea and vomiting were measured based on the 

scores of 0 (no nausea and vomiting), 1 (mild), 2 (moderate), 

and 3 (severe), and patient satisfaction was also recorded 

based on the scores of 0 (weak), 1 (moderate), 2 (good), 3 

(very well), and 4 (excellent).

In the recovery room, patient-controlled analgesia (PCA) 

pump containing 500 mg of fentanyl and 2 g of acetaminophen 

was set and adjusted with a flow of 4 mL/hour and bolus 

interval every 15 minutes. In patients with VAS >3, 15 mg 

of meperidine was intravenously injected and recorded.

SPSS 22 software was used for data analysis, and all 

statistical tests were done as two tailed and with the signifi-
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cance level of 5%. Quantitative and qualitative variables were 

expressed as mean±SD and number (percentage), respec-

tively. To compare the procedure of qualitative variables at 

different times, repeated measures of analysis of variance 

(ANOVA) were used and the variable value was entered into 

the model as a covariate before the surgery. Other variables 

measured at the end of the surgery were reported along with 

confidence interval of 95%.

Results
In this clinical trial, 60 patients undergoing elective lapa-

roscopic cholecystectomy were assigned to the two groups 

of high bispectral index (H-BIS) and low bispectral index 

(L-BIS). Their demographic data are given in Table 1.

BIS values were compared between the two groups 

(P-value=0.001; Figure 1). Pain intensity at rest and during 

cough in patients in the H-BIS group at all examined times 

were significantly higher than those in the L-BIS group. 

Figures 2 and 3 show statistically different patterns of pain 

changes (P-value=0.001) in patients of both groups at rest 

and during cough.

Total dose of used meperidine, propofol and remifent-

anil in both groups has been given in Table 2. The number 

of patients in need of meperidine in the L-BIS group was 

significantly lower than that in the H-BIS group (P=0.007).

The mean dose of fentanyl for patients in both groups is 

shown in Table 2. The need for additional analgesia in the 

H-BIS group was significantly higher than that in the L-BIS 

group (P=0.013). There was no relationship between propo-

fol received during the surgery and the need for additional 

analgesia in the first 24 hours (P=0.348).

The incidence and severity of nausea during the first 

24 hours after the surgery is given in Figure 4 for both groups. 

As shown in Figure 4, in the recovery room, the number of 

patients with mild and moderate nausea was higher in the 

H-BIS group. In the 8th hour, all patients in the H-BIS group 

reported mild nausea. No nausea was reported in the H-BIS 

group in the 16th and 24th hour after the surgery; however, 

there was no nausea in the L-BIS group in none of the exam-

ined hours as well. No vomiting was recorded.

Comparing between the two groups, patients’ satisfac-

tion was higher in the L-BIS group at the time of recovery 

(P=0.025), 8th hour (P=0.001), 16th hour (P=0.001), and 

24 hours after the surgery (P=0.001; Figure 5).

Discussion
Utilizing strategies pointed particularly at interrupting the 

mechanism responsible for pain generation such as preemp-

tive analgesia, administration of intraoperative analgesics or 

both have been suggested. However, a few studies have shown 

Figure 1 BIS graph in two groups.
Note: Keeping patients in a common border of anesthesia level in both groups was hard and the anesthesia score number is changing each second, so the common border 
of 45 was maintained in this study for data interpretation.
Abbreviations: BIS, bispectral index; H‑BIS, high bispectral index; L‑BIS, low bispectral index.
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Table 1 Demographic variables in the examined patients in 
terms of the type of monitoring

Variable L-BIS H-BIS P-value

Age (years) 44.1 (±12.58) 44.67 (±11.83) 0.419
Gender
 Male 7 5 0.748
 Female 23 25
Height (cm) 162.30 (±7.29) 162.70 (±8.47) 0.845
Weight (kg) 68.77 (±9.54) 74.70 (±15.87) 0.085
Surgical time (minutes) 70.60 (±13.51) 73.66 (±10.56) 0.64

Note: Data presented as number or mean (± SD).
Abbreviations: L‑BIS, low bispectral index; H‑BIS, high bispectral index.
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that adequate intraoperative depth of anesthesia is associated 

with less postoperative pain.3,8

Based on the results, maintaining the depth of anesthesia 

within L-BIS could control postoperative pain better than 

H-BIS from recovery time to 24 hours after the surgery and 

cause better analgesia for patients at rest and during cough. 

Maintaining L-BIS was also effective in the reduction of the 

incidence of nausea and vomiting after surgery for up to 8 hours. 

It is assumed that the greater use of propofol in the L-BIS group 

might influence the decreased nausea in that group. The patient’s 

satisfaction in the L-BIS group was significantly better, which 

indicated the positive effects of deeper anesthesia level.

In one study, patients under laparoscopic cholecystectomy 

with general anesthesia in two groups with BIS=40–45 and 

BIS=45–60 were examined. Pain intensity and the need for 

analgesia were significantly lower in the first 8 hours in the 

lower BIS group.8 In another study on patients under anesthe-

sia with propofol and remifentanil, patients with higher BIS 

values specifically requested more analgesia postoperatively.3 
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Figure 2 Trend diagram of mean pain intensity (VAS) at rest.
Abbreviations: VAS, visual analog scale; h, hours; L‑BIS, low bispectral index; H‑BIS, high bispectral index.
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Figure 3 Trend diagram of mean pain intensity (VAS) during coughing.
Abbreviations: VAS, visual analog scale; h, hours; L‑BIS, low bispectral index; H‑BIS, high bispectral index.

Table 2 Type of drug injected in two groups

Drug Group Patients (n) Mean SD P–V

Meperidine (mg) L‑BIS 18 20.00 0.00 0.007*
H‑BIS 27 20.00 0.00

Propofol (mg) L‑BIS 30 627.07 274.14 0.103
H‑BIS 30 624.57 342.69

Remifentanil (mg) L‑BIS 30 986.31 486.55 0.665
H‑BIS 30 723.90 699.57

Bolus fentanyl (mg) L‑BIS 14 28.57 17.03 0.013*
H‑BIS 22 49.09 25.99

Note: *Statistically significant.
Abbreviations: L‑BIS, low bispectral index; H‑BIS, high bispectral index.
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The results of the abovementioned studies were similar to 

the results of our study. BIS effects, especially in terms of 

complications, have been evaluated on long-term basis, which 

has shown controversial results.10

Another study chose L-BIS (20–30) and H-BIS (50–60) 

groups while using sevoflurane along with nitrous oxide and 

remifentanil for anesthesia. The researcher has concluded 

that a deeper anesthesia with increasing the concentration 

of sevoflurane leads to a decline in postoperative pain and 

extra analgesic need.11 Our study results showed similarity 

as well. Since the depth of anesthesia depends on changing 

the dose of drugs in each treatment protocol and not the drug 

type and measurement tool,5 the possibility to review and 

explain the possible mechanism of pain relief after surgery 

with increasing anesthesia depth requires further studies. 

In the study of Sahni et al,8 the impossibility to explain the 

pain relief mechanism in patients with deeper BIS has been 

studied. Another study showed that anesthesia with propofol 

had a better postoperative pain control and pointed out that the 

isoflurane-induced hyperalgesic action is due to the inhibition 

of nicotinic acetylcholine receptors in the brain and spinal 

cord, while no mechanism has been proposed for propofol.12 

In this study, patients in both groups received propofol and 

remifentanil, and the final prescribed dose had no significant 

difference between them; it seems that increasing anesthesia 

depth has caused less pain in the L-BIS group. The study of 

Hand et al13 showed that the injection of subhypnotic dose of 

propofol could cause postoperative analgesia. In the current 
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study, the analgesic request by PCA was lower in L-BIS, 

which cannot be caused by the effect of propofol because the 

final dose of propofol had no significant difference. L-BIS 

was achieved through administering propofol without dif-

ference in the final dose of propofol, which can be justified 

by longer duration of anesthesia for patients in the H-BIS 

group, although it was not statistically significant.

In one study, patients were evaluated with 50<BIS<60, 

40<BIS<50, and 30<BIS<40 in terms of postoperative cogni-

tive function. They concluded that 30<BIS<40 with remifent-

anil and propofol has little significant effect on postoperative 

cognitive function.14 In the study of Baldini et al, no differ-

ence was reported between the score of postoperative pain 

and the opioid need for patients with BIS=25 compared to 

BIS=50. No difference was observed in the levels of cortisol, 

glucose, and lactate in both groups.9 Based on the results of 

Law et al, increasing the anesthesia depth (BIS<25) is not a 

clinically useful strategy for reducing postoperative pain. The 

differences between the study by Law et al15 and the previous 

studies were related to larger sample size, considering dif-

ferent types of surgeries with different pain scores and lack 

of using nitrous oxide as an analgesic during anesthesia.  In 

the study by Sahni et al, the group with lower BIS had less 

nausea, which was in line with our results. It is presumed 

that less nausea is associated with less usage of narcotic 

drugs in the L-BIS group.16 Using BIS on hemodynamics 

and recovery profile, especially in pediatric patients, has been 

recommended as well. The associations between anesthesia 

depth and death and myocardial infarction or postoperative 

cognitive decline and long-term survival have been studied, 

but the available evidence is inconclusive.17,18

Conclusion
Given the results of this study, it seems that general anesthe-

sia with propofol and remifentanil with L-BIS causes less 

need for additional analgesia and less nausea and vomiting 

compared to anesthesia with H-BIS.
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