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ABSTRACT 
Objectives: We aimed to compare the total amount of inhalation anesthesia consumed and the amount of fen-
tanyl used as an additional dose in cases where transversus abdominis plane and rectus sheath blocks were ap-
plied for postoperative analgesia.  
Methods: Eighty patients aged 18-75 years, classified as ASA I-II, who were scheduled for laparoscopic chole-
cystectomy, were included. The patients were divided into two groups: those who received a combination of 
transversus abdominis and rectus sheath blocks under general anesthesia (Group B, n=40), and those who re-
ceived analgesia with tramadol under general anesthesia (Group C, n=40). Throughout the procedure, both 
groups were monitored to maintain the entropy target value between 40-60 with a maximum MAC value of 
1.3. At the end of the procedure, the total amount of inhalation agent consumed, and the additional need for 
superficial anesthesia/analgesia, as well as the total amount of fentanyl added as an extra dose, were recorded.  
Results: Comparing the total amount of inhalation agent consumed throughout the case, it was found to be 
27.05±7.43 mL in Group C (Control group) and 12.25±4.34 mL in Group B (Block group), with a statistically 
significant difference between the groups. There was a significant difference in the need for additional intra-
operative and the total amount of fentanyl consumed between the groups (P<0.05). 
Conclusions: In laparoscopic cholecystectomy cases, we observed that the use of transversus abdominis plane 
block and rectus sheath block combined with standardized general anesthesia monitored by entropy reduced 
the amount of inhalation agent consumed, as well as the need for additional intraoperative and total opioid 
consumption.  
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 Inhalation anesthetics combined with opioid drugs 

are commonly used to prevent responses to pain 
but have side effects like prolonged recovery, 

nausea, vomiting, bowel dysfunction, respiratory de-
pression, increased postoperative pain, environmental 
pollution, and higher healthcare costs. Therefore, min-
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imizing intraoperative anesthetic and analgesic use is 
important for perioperative physicians [1].  
      Electroencephalography (EEG) is widely recog-
nized as one of the most objective methods for deter-
mining the depth of anesthesia [2]. In general 
anesthesia, changes in the EEG begin with induction, 
sedation, and maintenance [3-5]. Anesthesia depth 
neuromonitoring is based on the analysis of EEG 
changes resulting from the effect of anesthesia on 
cerebral blood flow and brain metabolism, and moni-
tors that use it include the bispectral index (BIS), Nar-
cotrend index, patient state index (PSI), entropy, 
SNAP index, and cerebral state index (CSI) [6].  
      Entropy provides two numerical values: state en-
tropy (SE) and response entropy (RE), measured by 
using a low-impedance sensor on the frontal cortex 
EEG [7]. SE ranges from 0 (very deep anesthesia) to 
91 (alertness), and RE ranges from 0 to 100, as dis-
played on the monitör [4]. SE (state entropy) reflects 
the cortical state more accurately and measures the 
hypnotic level. Instead of interpreting the RE (re-
sponse entropy) value alone, it is more accurate to 
consider the difference between RE and SE, known as 
ΔRE-SE, which reflects the frontal muscle EMG [8].  
      Peripheral blocks, aided by ultrasonography, have 
gained prominence in recent years as a crucial com-
ponent of multimodal postoperative analgesia. These 
blocks effectively manage pain in the initial postoper-
ative phase and help diminish the reliance on systemic 
opioids [9].  
      In this study, we aimed to compare the amount of 
inhalation and narcotic (fentanyl) used in anterior ab-
dominal wall blocks applied for analgesia in laparo-
scopic cholecystectomy patients in whom anesthesia 
depth monitoring "entropy" monitor (target is in the 
40-60 range) was used. 
 
 
METHODS 
 
The research was started with the approval of the 
Tekirdağ Namık Kemal University Non-Interventional 
Clinical Research Ethics Committee on 26.07.2022 
with the research protocol number 2022.138.07.05. 
The research period was planned as one year after 
ethics committee approval or until the specified num-
ber of cases was reached.  
      Eighty ASA I-II patients, aged between 18-75, 

who were planned to undergo elective laparoscopic 
cholecystectomy, were included in the study by being 
divided into 2 groups using the randomization (sealed 
envelope method) method, whose written and verbal 
consent was obtained after being informed about the 
research protocol during the preoperative evaluation 
in the recovery unit. Group C (Control group) (n=40) 
was determined as Group B (Block group) (n=40), 
where analgesia was provided with tramadol during 
general anesthesia and analgesia was provided by 
adding transversus abdominis plane (TAP)+rectus 
sheath (RS) block to general anesthesia. The study, 
planned as randomized and single-blind, was con-
ducted in a single center, in the operating room of 
Tekirdağ Namık Kemal University Hospital.  
      Sick sinus syndrome, kidney and liver failure, his-
tory of allergy to local anesthetics, intracranial vascu-
lar accident, patients with difficulty in establishing 
cooperation, chronic substance abuse, history of 
chronic opioid analgesia use, history of intraoperative 
awareness, pregnant women, morbidly obese patients, 
patients over 18 years of age. Patients who were 
younger, older than 75 years of age, diagnosed with a 
psychiatric disease, or had hemodynamic instability 
during the intraoperative period were not included in 
the study.  
      The same amount of correctly prepared drugs, in 
accordance with the literature, was administered to the 
patients in the preoperative, intraoperative and postop-
erative periods by the same experienced anesthesiolo-
gist, who did not monitor the patients during the study. 
The patients were monitored in the recovery unit for at 
least 20 minutes by another healthcare personnel who 
was not involved in the study. Those who were hemo-
dynamically stable were sent to their services. 
      Demographic data (age, weight, height, body kite 
index) and ASA scores of the patients in both groups, 
who were taken to the operating room and monitored 
on the table in the supine position, were recorded. The 
patients were standardly monitored (ECG, SpO2, 
NBP). Vascular access was established with a 20-gauge 
intravenous cannula and 0.9% NaCl solution was pro-
vided. Entropy (GE Healthcare CARESCAPE Monitor 
B850, Entropy module) monitoring was added to both 
groups before induction as anesthesia depth monitor-
ing. Two numerical entropy parameters were obtained 
on the monitor with the three electrodes of the entropy 
sensor placed in the frontotemporal region. 
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      - SE-state entropy 
      - RE-response entropy (Fig. 1)  
      These values were recorded together with the ini-
tial entry hemodynamic parameters as baseline param-
eters. After 3 minutes of 100% preoxygenation, 
fentanyl (1-2 µcg/kg), propofol (1-2.5 mg/kg), and 
rocuronium (0.6 mg/kg) were administered intra-
venously for standard induction of general anesthesia. 
After waiting for the neuromuscular blocker effect, all 
patients were orotracheally intubated with a laryngo-
scope. Anesthesia maintenance was provided with 
sevoflurane and an oxygen-air mixture of 50% O2 and 
50% air was used. Sevoflurane in anesthesia mainte-
nance was started with the age-adjusted minimum 
alveolar concentration (MAC) value and the sevoflu-
rane concentration was increased or decreased by eval-
uating the depth of anesthesia under the guidance of 
hemodynamics and entropy. The MAC was allowed 
to be increased up to a maximum of 1.3. 'Avance CS2 
Anesthesia Delivery System' (GE Healthcare) was 
used as the anesthesia device in the study. For venti-

lation, the volume control mode (VCV) of the anes-
thesia device was selected with a tidal volume of 6-7 
ml/kg, respiratory frequency 11-14/min, I: E ratio 1:2, 
and PEEP between 4-6.  
      For Group C (n=40), selected by randomization, 
patients were followed up under general anesthesia, 
and analgesia was administered with 100 mg tramadol 
intravenously after removal of the gallbladder. Group 
B (n=40) patients were intubated under general anes-
thesia and regional analgesia was performed with TAP 
(20 mL 0.25% bupivacaine) +RS (10 ml of 0.25% 
bupivacaine to coincide with the right trocar entry site) 
block under ultrasound guidance.  
      Sevoflurane concentration was adjusted to keep 
the entropy target value between 40-60 in both groups 
throughout the case, with a MAC value of maximum 
1.3; starting, before and after induction, 1st minute 
(min.) after incision, pneumoperitoneum 5-10-15th 
min., 1st min. after pneumoperitoneum, post extuba-
tion, postoperative recovery 1st and 5th min.; The stan-
dard monitoring data of the cases, endtidal CO2 values 
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after orotracheal intubation, SE and RE entropy val-
ues, endtidal sevoflurane concentration (%) that kept 
the entropy value within the target range and simulta-
neous MAC values were measured and recorded at 5-
minute intervals. Throughout the case, the need for 
analgesia/anesthesia status was monitored through he-
modynamic parameters and clinical findings, along 
with the depth of anesthesia from the entropy monitor, 
hypertension (increase in the entrance mean arterial 
pressure by more than 20%), tachycardia (heart 
rate>120/min.), tears. In cases such as breathing, 
sweating, etc., or spontaneous breathing effort on the 
ventilator, an additional dose of fentanyl 1µcg/kg was 
administered intravenously and the total number of ad-
ditional doses required was recorded. The maximum 

fresh gas flow at the end of surgery was set to 4 l/min. 
Atropine 0.01 mg/kg and Neostigmine 0.03 mg/kg 
were administered intravenously to the patients to re-
verse the neuromuscular blockade effect. Patients 
whose spontaneous breathing was achieved were ex-
tubated. The patient, who remained under observation 
on the operating room table for another 5 minutes, was 
delivered to the recovery unit after the postoperative 
recovery 1st min. and the postoperative recovery 5th 
min. hemodynamic parameters were recorded.  
      In all patients included in the study, the total dura-
tion of surgery (min.), the pneumoperitoneum pressure 
applied during the case (mmHg), the total amount of 
fentanyl used (µcg), the total amount of inhalation anes-
thetic consumed at the end of the case (mL) were noted. 
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Statistical Analysis  
      SPSS Windows 25.0 (Statistical for social sciences 
for windows) statistical package program was used for 
data entry and statistical analysis. The study data were 
summarized with descriptive statistics (mean, median, 
standard deviation, minimum-maximum value, per-
centage, frequency). In the evaluation of the data, t-
test, Mauchly's analysis of variance, Bonferroni 
correction analysis for repeated measures were ap-
plied. Chi-square test was used to compare categorical 
data. A value of P<0.05 was considered statistically 
significant.  
 
 
RESULTS 
 
Our study included adult patients aged 18-75 years 
who were planned for ASA I and II laparoscopic 
cholecystectomy. We planned to compare the effect of 
transversus abdominis plan and rectus sheath block on 
sevoflurane and fentanyl consumption with entropy 
monitoring in these patients. For this purpose, the ages 
of the patients included in our study ranged between 
22 and 70 years. When demographic data, ASA scores 
and comorbidities of the patients were compared be-
tween the groups, no statistically significant difference 
was found (P>0.05). Demographic data, ASA scores 
and patient comorbidity data of the study are shown 
in Table 1. (Table 1)  
      There was no statistically significant difference 
between the mean operation time and pneumoperi-

toneal pressure of the patients. (P>0.05) (Table 2) 
When the total amount of inhalation agent consumed 
during the total case duration was compared between 
the two groups, it was 27.05±7.43 ml in Group C and 
12.25±4.34 mL in Group B, and a statistically signif-
icant difference was found between the groups 
(P<0.05) (Table 2).  
      The need for additional fentanyl doses during the 
intraoperative period was required in 30% of the cases. 
The need for additional fentanyl doses during the in-
traoperative period and the total amount of fentanyl 
consumed showed significant differences between the 
groups. Group C required more additional fentanyl 
doses intraoperatively than Group B (21 in Group C 
and 3 in Group B). In total, 115±33.62 µcg and 
84±22.10 µcg fentanyl were consumed, respectively, 
and a statistically significant difference was found be-
tween the two groups (P<0.05) (Table 2).  
      According to our randomized controlled trial re-
sults, we demonstrated that preoperative TAP and rec-
tus sheath block combined with general anesthesia 
reduced the intraoperative opioid and anesthetic agent 
consumption in laparoscopic cholecystectomy cases. 
We found that the amount of inhalation anesthetic 
agents consumed throughout the case, the need for in-
traoperative additional dose of fentanyl, and the total 
amount of fentanyl given throughout the case were 
significantly less in the laparoscopic cholecystectomy 
group (Group B) with TAP and RC block compared to 
the laparoscopic cholecystectomy group (Group C) 
without block (P=0.002, P<0.001, P=0.001).  
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      The pre-induction SE (static entropy, entropy of 
state) values of Group B were statistically significantly 
higher than Group C (P=0.042, P<0.05). When SE 
measurements were compared between the groups, 
there was no statistically significant difference 
(P>0.05) between baseline, post-induction, 1st min. 
after incision, 5th min., 10th min. and 15th min. after 
pneumoperitoneum, 1st min after pneumoperitoneum, 

1st min., and 5th min. after postoperative recovery 
(Table 3).  
      When RE (respond entropy) measurements were 
compared between the groups, there was no statisti-
cally significant difference (P>0.05) between baseline, 
pre-induction and post-induction, 1st min. after inci-
sion, 5th min., 10th min. and 15th min. after pneu-
moperitoneum, 1st min. after pneumoperitoneum, 1st 
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min. after extubation, 1st min. and 5th min. after post-
operative recovery (Table 4).  
      Since there should be no difference between the 
entropy values to make a statistical comparison be-
tween the groups, we were able to achieve this value 
with the statistical results in Tables 3 and 4.  
 
 
DISCUSSION 
 
The commonly preferred combination of anesthesia in 
laparoscopic cholecystectomy cases is induction of gen-
eral anesthesia followed by maintenance with a combi-
nation of inhalation agents and opioids. However, these 
agents have undesirable effects such as prolonging re-
covery time, causing postoperative nausea and vomit-
ing, causing intestinal dysfunction and respiratory 
depression, causing postoperative rebound pain, in-
creasing environmental pollution and increasing health 
costs [10, 11]. Therefore, minimizing intraoperative 
consumption of anesthetic and analgesic agents should 
be a priority for every anesthesiologist [12]. 
      Fascial plane blocks performed after intubation for 
preemptive analgesia to minimize the trauma of the 
surgical incision and to reduce the incidence of post-
operative chronic pain have become popular [13-15]. 
TAP and rectus sheath block is a peripheral block 
method that blocks somatic nerves in the anterior ab-
dominal wall. Bilateral TAP and rectus sheath block 
has been successfully used for pain control in laparo-
scopic cholecystectomies [16, 17].  
      There are a limited number of studies in the litera-
ture on intraoperative anesthetic agent consumption in 
laparoscopic surgeries combining TAP and rectus 
sheath block with general anesthesia [18, 19]. Our 
study aimed to evaluate the effect of TAP and RC block 
on inhalation agent and opioid consumption. In our 
study, we found that sevoflurane consumption was less 
in the Group B compared to the Group K at the same 
depth of anesthesia. At this point, we believe that TAP 
and rectus sheath block contribute to multimodal anal-
gesia strategies by reducing inhaled gas consumption. 
      Kokulu et al. [19] compared the cost and anes-
thetic agent consumption in cases with and without 
TAP block, with intraoperative Target BIS kept at 40-
50 in laparoscopic cholecystectomy surgery. They re-
ported that anesthetic agent use decreased in the TAP 
block group. They did not find a statistical difference 

in the amount of intraoperative opioid consumption 
between the two groups. Contrary to the results of this 
study, sevoflurane consumption was lower in laparo-
scopic cholecystectomy cases where we applied TAP 
and rectus sheath block in our study. In addition, the 
need for intraoperative additional fentanyl dose and 
the total amount of fentanyl consumed were found to 
be lower in Group B. We think that this is due to the 
preemptive fascial plane blocks. Monitoring the depth 
of anesthesia with entropy gave us different results.  
      Karaman et al. [1] studied the intraoperative 
remifentanil and sevoflurane consumption in the 
group in which TAP block was combined with patients 
undergoing total abdominal hysterectomy (TAH) 
under general anesthesia. They found that total 
remifentanil and sevoflurane consumption was signif-
icantly lower in the group in which TAP block was 
added. They found that QoR-40 (Quality of Recovery 
score) was significantly higher in Group TAP patients. 
They reported that combining TAP block with general 
anesthesia reduced opioid and anesthetic consumption 
in TAH cases and provided a better postoperative pe-
riod. In our study, the total amount of inhalational 
anesthetic consumed during the case was statistically 
significantly lower in Group B than in Group K. Our 
study also obtained similar results with this study.  
      Bhattacharjee et al. [20] investigated the effect of 
TAP block and saline infusion after general anesthesia 
on intraoperative hemodynamic parameters and intra-
operative fentanyl consumption in patients undergoing 
TAH surgery. They found that the heart rate, systolic 
blood pressure and intraoperative fentanyl requirement 
during surgery were significantly higher in the saline 
group compared to the block group. In conclusion, 
they showed that TAP block combined with general 
anesthesia before incision reduced intraoperative fen-
tanyl requirement, prevented hemodynamic responses 
to surgical stimuli and provided appropriate postoper-
ative analgesia. Our study was parallel to this study 
and the amount of intraoperative additional fentanyl 
dose administered was statistically significantly higher 
in Group K compared to Group B.  
      Opioid agents contribute to postoperative pain by 
inhibiting nociception. However, due to undesirable 
side effects, different methods and various drugs are 
used for postoperative pain management instead of 
opioids [21]. Regional regional regional anesthesia is 
a very popular method in this sense. In our study, we 
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used a combination of two facial plan blocks for post-
operative analgesia.  
      Insufficient depth of anesthesia may not suppress 
somatic and autonomic reflexes sufficiently and may 
be harmful especially in patients with limited cardiac 
reserve. Excessive depth of anesthesia may also sup-
press vital functions and may cause complications 
such as coma and death [3]. To prevent anesthesia 
complications especially in high-risk patient groups, 
anesthesia depth measurement should be added to 
standard monitoring [22]. In our study, we used en-
tropy monitoring, which is considered more recent, to 
monitor the depth of anesthesia.  
      The importance of environmentally sustainable 
health services has also become more on the agenda 
[23]. The provision of various health services, such as 
operating rooms, consumables, waste volumes, high 
energy systems, anesthesia gas systems, etc. causes a 
considerable amount of greenhouse gas emissions 
[24]. In the study examining the effect of anesthesia 
types on carbon footprint, McGain et al. [25] men-
tioned that general, regional and combined anesthetics 
have similar effects in terms of CO₂ equivalence in 
greenhouse gas emissions. However, of the 3 main 
factors affecting the carbon footprint (disposable 
equipment, electricity consumption of devices, and 
drugs used), it is stated that the biggest change can be 
made through drugs. It has been shown that sevoflu-
rane, one of the inhalation anesthetic agents, occupies 
a significant place in greenhouse gas emissions, espe-
cially in patients undergoing general and combined 
anesthesia. In a study by Struys et al. [26] on the en-
vironmental effects of anesthesia, it was reported that 
inhalation anesthetics such as nitrogen oxide and halo-
genated ethers have a serious global warming potential 
because they are important greenhouse gases. As a re-
sult, inhalation anesthetics consumed during the oper-
ation were found to cause more than 50% of the 
peroperative greenhouse gases. Therefore, reducing 
the amount of inhalation anesthetic agents consumed 
by measuring the depth of anesthesia is an ethical ob-
ligation for every anesthesiologist in these days of 
global climate change.  
      One of the Principles of Environmentally Sustain-
able Anesthesia in the Global Consensus Statement of 
the World Federation of Societies of Anesthesiologists 
aims to reduce atmospheric waste of volatile agents to 
reduce the carbon footprint [27]. However, in the face 

of ever-increasing health expenditures, cost control is 
also important. It should be aimed to identify various 
strategies to reduce the use of inhalation anesthetic 
agents due to their high costs [28].  
 
Limitations  
      Our study was conducted at a single center; con-
ducting multicenter randomized controlled trials with 
larger numbers of patients under similar standards 
would raise awareness for reducing consumption of 
inhalation anesthetic agents. 
 
 
CONCLUSION 
 
The strengths of our study include the use of the en-
tropy monitor during the operation, the fact that the 
TAP and rectus sheath block were performed by an ex-
perienced anesthesiologist and similar block success 
was achieved in each block application (we visually 
monitored the distribution of local anesthesia in the 
target area simultaneously with ultrasonography and 
confirmed that the blocks were performed effectively), 
the same physician performed the data collection 
phase, and we standardized anesthesia for both groups 
with patient group selection factors. The weaknesses 
of our study are that the operations were performed by 
different surgeons even though the same surgical tech-
nique was applied, dermatomal sensory block levels 
could not be determined after TAP and rectus sheath 
block, and postoperative analgesia follow-up was not 
performed in every patient. As a result, we have shown 
that monitoring the depth of anesthesia of patients un-
dergoing preoperative block may support cost and en-
vironmental protection, in addition to less drug use 
and fewer side effects. 
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