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Purpose: The methods of perioperative analgesia and pain control have changed. The principle of opioid-based analgesia has been 
modified to multimodal analgesia, followed by LOA (low opioid anaesthesia) and OFA (opioid-free anaesthesia). The aim was to 
describe the effects of LOA on nausea, vomiting, and pain control during general anaesthesia and postoperative period after 
laparoscopic cholecystectomy.
Patients and Methods: The protocol included the study group-40 patients received low-opioid anaesthesia (LOA), and the control 
group-40 patients received general anaesthesia with opioid analgesia (OA). The scheme of LOA was based on ketamine, lidocaine, 
magnesium sulfate, paracetamol, and metamizole. The OA was based on standard opioid (fentanyl) administration in induction and 
maintenance phase due to clinical observation. Postoperative analgesia included 1g of paracetamol and 1g of metamizol intravenously, 
with a 6-hour interval between doses.
Results: Significant differences in the pain score in the periods of 2–6, 6–12, and 12–24 hours after anaesthesia between the groups 
were noticed (p < 0.001). Moreover, a significant difference in the frequency of nausea (p = 0.005) and vomiting (p = 0.04) between 
groups were presented. Nausea occurred in 54.05% of OA group, while in the LOA group, it occurred in a 23.08%. Vomiting occurred 
in 32.43% of control group, while in the study group, it occurred in 12.82% of patients.
Conclusion: The LOA protocol was more beneficial in reducing nausea and vomiting than the opioid-based method of anaesthesia. 
The LOA protocol of general anaesthesia during laparoscopic cholecystectomy and non-opioid postoperative analgesia have better 
outcomes in pain control, as well as nausea and vomiting, and improve postoperative patient comfort. The LOA protocol during 
anaesthesia and non-opioid postoperative analgesia should be considered in routine practice.
Keywords: analgesia, coanalgesics, perioperative safety

Introduction
The analgesia is essential element of general anaesthesia, and the postoperative period. Definition of general anaesthesia 
and the principles of the analgesic ladder present that strong opioids are the basic substances dedicated to perioperative 
analgesia.1–3 The opioid side-effects (sedation, respiratory depression, constipation, cognitive and social dysfunctions) 
are well known and widely described.4–9 Recently, many publications have highlighted new aspects of opioid therapy - 
opioid-induced immunomodulation, as well as carcinogenesis processes and oxidative imbalance.10–15

The principles of perioperative acute pain management have changed.1,3,16,17 The original principle of high-dose 
opioid analgesia has been modified to multimodal analgesia. Recent years have presented LOA (low-opioid anaesthesia) 
and OFA (opioid-free anaesthesia). The LOA provides analgesia using one dose of opioid for the induction of 
anaesthesia, followed by non-opioid anaesthesia in the next stages. From the pharmacological perspective, the LOA 
protocol is based on typical analgesics (paracetamol, metamizole, nonsteroidal anti-inflammatory drugs (NSAIDs)), and 
coanalgesics (lidocaine, ketamine, magnesium sulfate, dexmedetomidine, clonidine, steroids, gabapentinoids). OFA is 
completely method without opioid analgesics during anaesthesia and the postoperative period.18–22 Premedication with 
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benzodiazepines, as well as gabapentinoids, regional analgesia (peripheral nerve blockades) and local analgesia (wound 
infiltration) are crucial of LOA/OFA.23–30 LOA is successfully used in different types of surgical procedures, and it is 
important element of the ERAS protocol. The advantages of LOA also meet the expectations of increased perioperative 
safety and reduction in postoperative symptoms—pain, nausea and vomiting.31–34

In our study, we chose elective laparoscopic cholecystectomy, because this type of surgery, despite the minimally 
invasive surgical technique, presents very intense pain stimulation due to anatomical reasons, peritoneal innervation and 
pneumoperitoneum formation. Additionally, laparoscopic cholecystectomy is the dominant part of the surgery methods 
for chronic gallbladder stones and it consists 90% of surgical procedures.31,35,36

The aim of study was to describe the role of the unique protocol of LOA in the main aspects of postoperative 
symptoms—nausea, vomiting, and pain control during general anaesthesia for laparoscopic cholecystectomy. The scheme 
of LOA was based on ketamine, lidocaine, magnesium sulfate, paracetamol, and metamizole. Statistical analysis was 
used to present the incidence and severity of nausea, vomiting, and pain within 24 hours, postoperatively. Moreover, the 
point was to determine the influence of patient anthropometric data and surgical and anaesthesiological factors on the 
incidence of nausea and vomiting. This study was used to assess the effectiveness of the proposed method of analgesia to 
minimise postoperative nausea and vomiting syndrome (PONV) and provide postoperative analgesia. Despite the clinical 
aspect, the study tried to present the risk factors (personal, surgical, and connected with anaesthesia) of postoperative 
symptoms.

Materials and Methods
This study was approved by the Bioethics Committee of the Medical University of Bialystok, Poland (R-I-002/105/ 
2019), and all patients were informed and provided written consent. The study was conducted in compliance with the 
Declaration of Helsinki. The study was conducted during the period from September 2019 to December 2019.

The study included a total of 80 adult patients qualified for general anaesthesia for laparoscopic cholecystectomy due 
to chronic cholecystitis calculosa with a preoperative health assessment according to the American Society of 
Anaesthesiologists Scale (ASA) I and II. The criteria for excluding a patient from the study and the control group 
included refusal to participate in the study, health status according to ASA III and IV, a history of cancer or initial cancer 
diagnosis, and chronic pain, liver cirrhosis, and epilepsy. Moreover, the study did not include patients with an addiction 
to drugs, alcohol and psychoactive substances or a history of postoperative nausea and vomiting, allergic reactions or 
contraindications to analgesics.

This study included 80 adult patients divided into two groups according to the method of anaesthesia: the study group 
—40 patients who received general anaesthesia with the low-opioid protocol (low-opioid anaesthesia—LOA)—and the 
control group—40 patients who received general anaesthesia with the use of the opioid drug fentanyl (opioid anaesthesia 
—OA). Postoperative analgesia included the administration of 1g of paracetamol and 1g of metamizol intravenously, 
with a 6-hour interval between doses. Depending on the degree of pain control, patients could opt out of the planned 
doses of analgesics or receive additional analgesics, and in the case of nausea or vomiting, ondansetron at a dose of 4 mg 
intravenously was administered.

The primary endpoint was the incidence of postoperative nausea, vomiting and pain within 2 hours after surgery. 
Secondary endpoints included most severe intensity of the nausea, vomiting and pain within next postoperative periods: 
2–6, 6–12, 12–24 h after surgery.

Both methods of anaesthesia are equal in perioperative safety. Firstly, the study group was recruited, and then the 
control group with the maintenance of the same surgical and anaesthesiological team. Similarly, in the group of surgeons, 
the team consisted of 5 specialists performing laparoscopic surgeries using the same technique. During the study, no 
conversion to laparotomy was recorded. The preliminary analysis did not present any statistically significant differences 
in the duration of the operation. The recruiting data and patient management and pharmacotherapy during anaesthesia in 
both groups are presented in Figure 1.

The anthropometric parameters: sex, age, weight, height, BMI (Body Mass Index), BSA (body surface area) by 
Dubois formula, duration of anaesthesia, duration of pneumoperitoneum and duration of surgery were recorded. 
Additionally, the total dose of fentanyl used during anaesthesia in the control group was noted.
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The occurrence and severity of nausea and vomiting were controlled during the first 2 hours after surgery and 
between 2 and 6, 6 and 12 and 12 and 24 hours after surgery using a postoperative questionnaire based on a numerical 
scale from 0 to 2, where 0 = no nausea or no vomiting, 1 = nausea, and 2 = vomiting, and a verbal analogue scale was 
used to present the intensity of nausea or vomiting (mild, moderate, strong). The pain intensity was also assessed in 
subsequent time intervals using the Verbal Analogue Scale (mild, moderate, strong). In order to assess the correlation 
between the pain and the use of planned analgesics in the postoperative period, the mean NRS (Numerical Rating Scale) 
value (sum of pain numerical value NRS in the periods of 0–2, 2–6, 6–12, 12–24 h divided by the number of 
measurements) was counted.

Figure 1 The schedule of general anaesthesia and analgesia. The bold black text is characteristic of the study group, and the bold red text is characteristic of the control 
group. 
Abbreviations: ECG, electrocardiography; BP, blood pressure; SAP, systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean arterial pressure; HR, heart rate; 
SpO2, oxygen saturation; TOF, Train of Four; TOFR, Train-of-Four Ratio; p.o, per os.
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The Shapiro‒Wilk test was used to check the normality of the data distribution. Continuous variables were presented 
with descriptive parameters (mean, median, min-max, interquartile ranges), categorical variables with absolute numbers 
and percentages. The Mann–Whitney U-test was used to present differences between groups in continuous variables. 
Spearman’s rank test was used to describe correlations between variables. Chi-square was used to compare groups in 
terms of the categorical variables without normal distribution. All calculations were performed in Statistica 13.1 software 
(StatSoft, Krakow, Poland). The level of significance was p <0.05. This was a pilot prospective study; therefore, the 
sample size was determined as 40 subjects in the experimental group.

Results
A total of 39 patients (26 women and 13 men) from the LOA group and 37 patients (26 women and 11 men) from the OA 
group were included in analysis. The LOA group consisted of 11 patients with ASA 1 and 28 patients with ASA 2. In the 
OA group, there were 11 patients with ASA1 and 26 patients with ASA 2. Hypertension arteralis, diabetes mellitus, 
nicotinism, asthma, and arrhythmias were the most common clinical conditions in ASA 2. The groups did not differ in 
anthropometric parameters: age, weight, BSA, and BMI. There were no events of surgical conversion to laparotomy.

In the analysis, no statistically significant differences were noticed between the groups in pain intensity up to 2 hours 
after surgery. The analysis showed significant differences in the VAS scale in the periods of 2–6, 6–12, 12–24 hours 
between the groups (p < 0.001).

The dynamics of pain intensity were more favourable in the LOA group. In the period 2–6 hours after surgery, the 
number of patients with strong pain increased in the OA group, while in the LOA group, it was stable. In the next period 
6–12 h, the number of patients with mild pain increased, while the number of patients with moderate pain decreased in 
LOA. In the same period in the OA, the number of patients with moderate pain was increased compared with that in the 
LOA group and remained constant. At the end of the first day after surgery, the number of patients without pain was 
higher than that at the beginning of the observation in the LOA group. The mean NRS value in first postoperative day 
was 2.34 in the LOA group, while it was 4.11 in the OA, respectively. Additional analgesics were administered only in 
the OA after 12 h in cases of moderate pain (tramadol was used in 10 patients) and strong pain (oxycodone was used in 
one patient).

The trajectory of analgesia in the postoperative period in both groups and the numbers of patients without pain and 
with mild pain, moderate pain, and strong pain are presented in Figure 2.

The analysis confirmed a significant difference of incidence of nausea (p = 0.005) and vomiting (p = 0.04) between 
groups. Nausea occurred in 54.05% of the patients in the OA group, while 23.08% in the LOA group. Vomiting occurred 
in 32.43% of people in the control group, while in the study group, it occurred in 12.82% of patients. Moreover, 87.18% 
of the patients from the LOA group did not experience vomiting, and 76.92% of patients did not experience nausea.

The numbers of patients with nausea and vomiting and without symptoms in both groups and the significant 
differences are presented in Figure 3.

The severity of nausea within 0–2 hours after surgery differed significantly (p = 0.04). In the OA group, the incidence 
of mild (6 patients, 85.71% of the group), moderate (3 patients, 75% of the group) and severe (1 patient) nausea was 
higher than that in the LOA group—1, 1 and 0, respectively. Significant differences between the groups were observed 
between 2 and 6 h (p = 0.025). In the OA group, the incidence of mild nausea (7 patients, 87.5%) was higher. In addition, 
moderate and severe nausea occurred only in the OA group. In the period 6–12 h and 12–24 h, there were no significant 
differences in the intensity of nausea between the groups. The incidence of mild nausea in the LOA group was lower than 
that in the OA group, while moderate nausea occurred only in the OA group. In addition, no moderate or severe nausea 
was noted in the LOA group.

The numbers of patients without nausea symptoms in the postoperative period in both groups and the significant 
differences are presented in Figure 4.

The analysis presented no significant differences between the groups in the incidence of vomiting up to 2 hours after 
the operation; in 97.44% of the patients in the LOA group and in 91.89% of the patients in the OA group, no vomiting 
was reported. However, mild and moderate vomiting occurred only in the OA group, in three patients (8.11% of the 
group).
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In the periods of 2–6, 6–12, and 12–24 hours after surgery, no significant differences in the severity of vomiting 
between the groups were described, and severe vomiting was observed only in the OA group in the period of 6–12 hours 
(1 patient, 2.7% of the group).

The numbers of patients without vomiting symptoms in the postoperative period in both groups and the significant 
differences are presented in Figure 5.

The mean total dose of fentanyl in the control group for the patients who did not experience nausea was 0.24mg, 
while for those who experienced nausea, it was 0.25 mg, and no statistical significance was noted. In addition, there was 
no significant correlation between fentanyl and nausea and vomiting.

The statistical analysis did not present correlation between the duration of pneumoperitoneum and nausea (study 
group, p = 0.205; control group, p = 0.156). The mean duration of pneumoperitoneum among the patients who did not 
experience nausea (38.77 minutes) was similar to that in the control group with nausea (38.30 minutes). LOA provided 
better postoperative comfort in nausea protection. In the OA group, a significant correlation was shown between nausea 
between 12 and 24 hours after surgery and the duration of pneumoperitoneum (p = 0.028).

Figure 2 The trajectory of analgesia in the postoperative period in both groups. The numbers of patients without pain, and with mild pain, moderate pain, and strong pain 
are noted.
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There was no significant correlation between the duration of surgery and the duration of anaesthesia and the 
occurrence of nausea. Therefore, it was observed that the duration of anaesthesia was longer in those who did not 
experience nausea in the LOA group.

The analysis did not present a correlation between gender and the occurrence of nausea. Nausea occurred more often 
among women (61.54%) than among men (36.36%) in the OA group. There was also no correlation between gender and 

Figure 3 The numbers of patients with nausea and vomiting, and without symptoms in the study and control groups. *p<0.05.

Figure 4 The numbers of patients without nausea symptoms in the study and control groups.*p<0.05.
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the occurrence of vomiting. In the analysis, no correlations were noted between anthropometric factors (age, BMI, BSA) 
and the occurrence of nausea.

Discussion
The main goal of our study was to determine whether the reduction in the use of opioid drugs during anaesthesia and 
postoperative period will maintain the patient’s comfort of analgesic control, nausea and vomiting. In the proposed study, 
LOA protocol based on the use of a single dose of fentanyl in the induction phase of anaesthesia with multimodal 
analgesia based on pharmacotherapy with coanalgesics—ketamine, lidocaine, magnesium sulfate, and repeated doses of 
paracetamol and metamizole in the postoperative period was used.

Various pharmacological models of LOA or OFA have been described. In premedication, benzodiazepines, gaba
pentinoids, alpha 2 agonists, dexmedetomidine, and clonidine were presented. Additionally, paracetamol, metamizole, 
anti-inflammatory non-steroid drugs, and steroids were also presented in the analgesic method. Toleska et al proposed an 
OFA protocol based on combined general anaesthesia with intravenous induction (propofol) and volatile maintenance 
(sevoflurane) with preoperative dexamethasone at 0.1 mg/kg and 1.0 g of paracetamol, followed by a lidocaine infusion 
at 2 mg/kg/h and magnesium sulfate at 1.5 mg/h in the maintenance phase. The authors did not observe statistical 
significance in the occurrence of postoperative nausea and vomiting. However, it was indicated that the pain score was 
significantly higher both at rest and coughing at 1 and 24 hours after surgery in the group with opioid anaesthesia.35,36

Multimodal techniques for OFA anaesthesia were also developed by Jan Mulier and Igor Zadonsky. The newest 2020 
modifications suggest premedication with 150 µg p.o. of clonidine or 150–300 µg p.o. of gabapentin. The MULIMIX 
syringe means composition of 50 µg of dexmedetomidine, 50 mg of ketamine or 25 mg of s-ketamine, 500 mg of 
lidocaine, 2.5 g of magnesium sulfate filled up to 50 mL with NaCl. Preinduction means a bolus of 0.25 µg/kg of 
dexmedetomidine 10–20 minutes before anaesthesia. The induction phase of anaesthesia is an infusion of 1–1.5 mL/ 
10 kg connected with propofol infusion followed by a bolus of 25–50 mg of ketamine before the skin incision is made. 
Moreover, 75 mg of diclofenac, 40 mg of parecoxib, or 30 mg of ketorolac are recommended before laparoscopy. Local 

Figure 5 The incidence of vomiting symptoms in the postoperative period in the study and control groups. The numbers of patients without vomiting symptoms are noted.
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infiltration with 1% lidocaine with a maximum dose of 200 mg, as well as wound infiltration at the end of surgery with 
the long-acting local anaesthetic ropivacaine, with a maximum dose of 3 mg/kg are recommended. The infusion of 1 mL/ 
10 kg/h of the mixture Mulimix is dedicated in maintenance phase of anaesthesia. The authors suggest continuing 
analgesia in the Post-Anaesthesia Care Unit (PACU) and surgical department with a mixture infusion of 0.5 mL/10 kg/h, 
and even patient-controlled intravenous analgesia (PCIA) with boluses of 1mL every 15 min. The use of non - opioid 
analgesia in general anaesthesia based on target-controlled intravenous infusion (TCI) of propofol (Schnider protocol) 
increases the advantages of this method through the antiemetic effect of propofol.23,37

The goals of perioperative non-opioid analgesia are widely used in many surgical procedures, specifically endoscopic 
techniques, such as gynaecological procedures, bariatric surgery, general surgery and neurosurgery.38–40 LOA and OFA 
meet the principles of modern perioperative safety resulting from the ERAS protocol.22,24,41

Female gender, PONV in medical history, motion sickness, non-smoking status, a young age, general anaesthesia with 
volatile agents and nitrous oxide, opioid-postoperative analgesia, laparoscopic surgery, gynaecological procedures, and 
the duration of anaesthesia were described as a risk factors.42–44 Postoperative nausea and vomiting were less common 
with alfentanil than with fentanyl or sufentanil.45

The Apfel scale in dedicated to predict the occurrence of PONV. The modified scale presents five risk factors that 
each take a numerical value of one point (female gender, history of PONV, age <50, opioid use in the PACU, nausea in 
the PACU). The occurrence of 0, 1, 2, 3, 4, and 5 risk factors corresponds to PONV risks of approximately 10%, 20%, 
30%, 50%, 60%, and 80%, respectively. A score of 0–1 points indicates a 10–20% low risk of PONV, a score of 2 points 
indicates a 40% medium risk factor, and a score of 3–5 points indicates a 60–100% high risk of PONV.43,46–49 In our 
study, we used 4 mg of ondansetron at the patient’s request, and we did not routinely use it as a perioperative 
management.

In our study, we used verbal classification to assess the intensity of nausea, vomiting, and pain perception by 
describing subjective symptoms as mild, moderate, or severe. Circulatory symptoms—tachycardia and increased blood 
pressure or haemodynamic instability—are clinical symptoms of inadequate analgesia. Many technological solutions 
based on other clinical changes as a peripheral (skin) sympathetic tone, galvanic response (sympathetic tone), plethys
mographic pulse waves (sympathetic vascular tone), temperature, and peripheral vascular and cardiac sympathetic tone 
are available for pain detection during general anaesthesia.50–52

Effective analgesia is crucial for perioperative safety. Uncontrolled postoperative pain disturbs the reconvalescence 
process and induces pulmonary and circulatory complications and postoperative stress. Opioid drug therapy in acute 
postoperative pain should be particularly balanced and controlled because poorly controlled acute pain is modified into 
chronic pain. At the same time, the excessive prescription of opioid drugs leads to prolonged use and an increased risk of 
addiction and tolerance.53,54.

The conclusions of our study are promising and have clinical value. In the presented model, we proposed the use of 
LOA for laparoscopic cholecystectomy, and we analysed the impact of various elements on the occurrence and intensity 
of pain, nausea and vomiting—individual, surgical and anaesthesia factors. The proposed protocol of general anaesthesia 
significantly reduced the incidence of nausea and vomiting on the first postoperative day, with particular reduction in 
these symptoms during the period 2–12 hours after surgery. In addition, the advantage of the proposed analgesic model 
was a significant reduction in pain from 2 to 24 hours after surgery. We showed that the LOA protocol was more 
beneficial in reducing nausea and vomiting during a longer duration of pneumoperitoneum than the fentanyl dose-based 
method of anaesthesia. However, we are aware of the limitations of the study. The study based on a larger study group 
should be conducted. In the study, pharmacotherapeutic aspects were focused on. We did not use complementary 
methods, such peripheral nerve blocks or infiltration of the postoperative wound.

Conclusions
In conclusion, the LOA protocol as a main element of general anaesthesia during laparoscopic cholecystectomy and 
postoperative acute pain management is feasible and independently associated with a better outcome, in particular for 
pain, as well nausea and vomiting outcomes. The effects are better than those of traditional opioid-based anaesthesia. The 
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lower rate of postoperative complications improves perioperative safety and patient comfort. A unique protocol for LOA 
and opioid-reduced postoperative analgesia should be considered in routine surgical practice.
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