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Purpose: Anesthesia for metabolic—bariatric surgery is challenging due to the increased risk of opioid-related adverse events. The
purpose of the investigation was to assess the feasibility and efficacy of multimodal opioid-free general anesthesia with transversus
abdominis plane (TAP) block for laparoscopic sleeve gastrectomy in contrast with conventional opioid-based general anesthesia.
Patients and Methods: Eighty patients who underwent laparoscopic sleeve gastrectomy and eventually 71 patients included in the
analysis. They were randomly divided into an opioid-based anesthesia group (control group) with sufentanil or opioid-free anesthesia
(OFA) group. Esketamine, dexmedetomidine, and TAP were as part of the OFA. Sevoflurane, dexamethasone, and muscle relaxants
were administered intraoperatively to all patients. The primary outcome was antiemetic rescue within 24 hours after surgery. The
secondary outcomes included pain scores, analgesic needs, extubation time, complications, the hemodynamic changes, and duration of
hospital stay.

Results: In contrast with the control group, the need for antiemetic rescue was significantly reduced (p= 0.035). Furthermore, the
visual Analog Scale (VAS) for postoperative pain was considerably lower in the OFA group (p <0.01) than it was in the control group.
There was no significant difference in the need for analgesic rescue in both groups (p= 0.155). Extubation time and post-anesthesia
care unit (PACU) stay duration were equal between the two groups (p =0.328 and p =0.54). At the end of the surgery and after
extubation, hemodynamic changes was more pronounced in the OFA group (p =0.027) than the control group. The length of the
hospital stay was significantly shorter compared with the control group (p =0.002).

Conclusion: OFA with TAP results in a significant decrease in the need for antiemetic rescue, a lower level of pain after the surgery,
and a shorter hospital stay in contrast with anesthesia based on opioids.
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Introduction
Opioids have historically served as a crucial component in balanced anesthesia regimens. Opioid-related side effects such
as respiratory depression, postoperative nausea and vomiting (PONV), constipation, hyperalgesia, drug addiction' have
been troubling many anesthesiologists and surgeons. Opioid-free anesthesia (OFA) becomes the next frontier to avoid
opioid-related side effects and enhance the patient’s comfort and safety. The principles of OFA are to abstain from the use
of mu(preceptor agonists through the use of non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen, dexme-
detomidine, lidocaine, ketamine, and low-dose glucocorticoids.” Mu receptor agonism is associated with significant
perioperative side effects, including respiratory depression, PONV, constipation, and altered immunomodulatory signal-
ing pathways.*

Patients undergoing laparoscopic bariatric surgery have a high risk of sleep apnea(78.3%),> and PONV(80%),° which
significantly affects the postoperative recovery. Even after the administration of triple PONV prophylaxis, approximately
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42.7% of patients who had bariatric surgery ultimately needed additional antiemetic medication.” Anesthetic risk factors
of PONV include nitrous oxide and postoperative opioids.®’ Therefore, anesthesiologists need to explore more comfor-
table medical strategies and precise anesthesia protocols, including reducing opioid availability, preventing PONV,
providing effective analgesia with fewer side effects, and shortening hospital stays.

OFA protocols have been used in a variety of surgeries, such as laparoscopic cholecystectomy, gynaecological

laparoscopy, thoracoscopic lung resection,'® '

and was effective in mitigating PONV, while overdoses of opioids can
lead to respiratory depression and drug addiction.” The current evidence regarding OFA is still controversial in bariatric
surgery.'> % In the present research, a prospective clinical trial in metabolic—bariatric surgery was conducted to assess
the feasibility and efficacy of multimodal OFA with transversus abdominis plane (TAP) block in contrast with conven-
tional opioid-based general anesthesia. The objectives were to explore the precise solutions to prevent PONV and reduce

the adverse effects of opioids.

Materials and Methods
Study Design and Patients

The study was designed as a randomized, assessor-blinded, and controlled clinical experiment. The protocol was
conducted at the Affiliated Hospital of Qingdao University and approved by the Ethics Committee of the Affiliated
Hospital of Qingdao University, China (QYFYKYLL 926211921). It was registered at the Chinese Clinical Trial Registry
(ChiCTR2300069061, Mar 6, 2023, available at: hppts://www.chictr.ogr.cn). The study was conducted in accordance
with the Declaration of Helsinki.

Adult patients undergoing an inpatient laparoscopic sleeve gastrectomy (no sexual limitation, who were aged between
18 and 65 years old, American Society of Anesthesiologists (ASA) physical status class I-1II) were eligible and provided
written informed consent before participation. Exclusion criteria included being allergic to any medication, being
pregnant, taking analgesics before the operation for chronic pain, having chronic kidney disease (Cr>200 pumol/dl),
having a history of emotion sickness, motion sickness, mania, or depression, and participating in another interventional
trial.

In the study, preoperative assessment included the risk of PONV by the Apfel risk score'® and assessed obstructive
sleep apnea (OSA) by this scale STOP-Bang questionnaire'” in addition to basic data (age, sex, Body Mass Index (BMI),
and underlying diseases, etc).

Randomization and Blinding

Patients were classified into a control group and an OFA group at random using computer-generated random numbers
that were created by an independent researcher using Microsoft Excel with a 1:1 allocation ratio and random block sizes.
The participants except for the anesthesiologist were unaware of the group allocation because of significant differences
between the anesthetic techniques.

Procedures

The patients underwent preoxygenation and were positioned on a slope prior to the administration of anesthesia.
Electrocardiogram, invasive arterial blood pressure, pulse oximetry, end-tidal CO, (EtCO,), and bispectral index (BIS)
were used for performing routine monitoring.

In the OFA group, esketamine 0.5 mg/kg (I.V injection) was administered after a bolus of dexmedetomidine 0.5 ug/kg
was administered 10 minutes (the patients received an infusion of the same dose of normal saline in the control group).
Sufentanil was given to the patients in the control group (0.2-0.3 ug/kg). All patients then had standardized intravenous
anesthesia induction that included midazolam (0.05mg/kg), propofol (1-2 mg/kg, total body weight), and rocuronium
(0.6 mg/kg) before endotracheal intubation. After endotracheal intubation, the patient in the OFA group received bilateral
transversus abdominis plane (TAP) block procedures (ropivacaine 0.3%, 20mL) guided by ultrasound. The ventilator
parameters were adjusted to maintain EtCO, levels between 35 and 45 mmHg.
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For maintaining anesthesia, the OFA group was administered a continuous intravenous infusion containing dexme-
detomidine (0.2-0.3 pg/kg/h), esketamine (0.3 mg/kg/h), propofol (2 to 3 mg/kg/h), and sevoflurane (with a MAC:
minimum alveolar concentration, of 0.8—1), as well as cisatracurium besilate (0.04—0.05mg/kg/h) given intravenously.
The control group, on the other hand, received repetitive doses of sufentanil (0.3 pg/kg) and propofol (2 to 3 mg/kg/h) as
needed, determined by the anesthesiologist, and the usage of sevoflurane as well as cisatracurium besilate is same to the
OFA group. All anesthetic drug dosages were based on the ideal body weight (IBW). The anesthesia depth was adjusted
to achieve and maintain BIS between 40 and 60 (BIS sensor, Covidien LLC, USA) with sevoflurane in an oxygen—air
mixture to obtain SpO2 > 94%. Vasoactive agents were administered to maintain hemodynamic stability.

Dexmedetomidine, sufentanil, and propofol were stopped at the end of the operation, whereas esketamine was stopped 30
minutes earlier. Neostigmine (0.04—0.06 mg/kg) and atropine (0.02 mg/kg) were used to reverse any remaining neuromuscular
blockade after the procedure. All patients were administered dexamethasone 5 mg, intravenous infusion,10 min after
anesthesia induction and ondansetron 8 mg, intravenous infusion, 20 min before the completion of surgery for the purpose
of standardizing antiemetics. Ropivacacocaine stock solution was used for local anesthesia for a surgical incision. All patients
were transferred to the post-anesthesia care unit (PACU), where the visual analogue scale (VAS) was utilized to measure pain.
If the VAS value was seven or above, 50 mg intravenous tramadol (rescue analgesia) was provided, and the VAS value was 4—
7 or in need of analgesia, intravenous administration of 50 mg of flurbiprofen axetil was provided to patients both groups.
PONV quantitative score >5, ondansetron (8mg i.v) and droperidol (10~15ug/kg i.v) were administered, or patients have
needs although the score of 14, ondansetron (8mg i. v) was given.

The discharge standards of the PACU were as follows: the VAS score of less than 4, respiratory rates within 12 to 22/
min with SpO, 94% or higher on room air, and the heart rate and blood pressure within 15% of the baseline value.

Outcome

A simplified PONV impact scale was used to determine the incidence and severity of PONV 24 hours following
surgery.'® The primary outcome included antiemetic rescue during PONV. The secondary outcomes included post-
operative pain scor es as measured using the VAS and analgesic needs, extubation time, complications, the hemodynamic
changes at different times, the hemodynamic changes, length of hospital stay and assessment of overall patient
satisfaction using a 5-point Likert scale.

At various times (2 hours,6 hours,12 hours,24 hours) throughout the course of 24 hours, patients were monitored for
PONYV, antiemetic needs, and VAS pain levels. The hemodynamic changes were measured at different times (T1: Base
value, T2: intubation, T3: during the operation, T4: at the end of the surgery, T5: after extubation, T6: From PACU to the
ward) Their medical records were used to collect information regarding the medical history, surgeries, and length of
hospital stay of the patients.

Sample Size Estimation and Statistical Analysis

Sample Size Estimation

The antiemetic rescue after PONV served as the primary outcome, and the PASS 15 software was utilized to determine
the required sample size. Based on preliminary experimentation, the antiemetic rescue in the opioid-based anesthesia
group was 50%, while in the OFA group was 18%. A bilateral test o of 0.05 and a power of 0.80 were applied. By
inputting these values into the software, it was determined that a minimum of 35 participants needed to be enrolled in
each group. Considering a 10% attrition rate, 80 patients were ultimately required.

Statistical Analysis

The data collection was done through the preoperative visit as well as the HIS system of the hospital. The data were
tested for normal distribution. Nonnormally distributed data are depicted by the median and interquartile range (IQR),
and categorical variables are summarized in terms of counts and percentages. The two groups of data adhering to the
normal distribution were analyzed using an independent sample ¢-test, whereas the non-parametric rank sum test was
employed for comparing data that did not follow a normal distribution. Categorical data were analyzed with Fishers’s
exact test or 2 test, and risk estimates were calculated using odds ratio and 95% confidence intervals (Cls). The
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statistical software IBM SPSS 25.0 was used to examine the data. The data were expressed as the mean + standard
deviation (SD), median, or percentage (%). Data were regarded as significant when two-sided p values were < 0.05.

Results

In total, 80 patients underwent laparoscopic sleeve gastrectomy. Five patients were not eligible for the trial; three did not
meet the requirements, and two patients declined to participate. In addition, one patient failed to follow-up visit, one
patient was conversed to laparotomy, and two patients were excluded as they were transferred to the ICU post-operation
(Figure 1). Opioid-based anesthesia was administered in 48.64% of patients (n=36), while OFA was used in 47.39% of
patients (n=35).

Patient Characteristics

The study included and examined 71 patients, Table 1 depicts the clinical characteristics of the patients in both groups.
The only significant difference between the baseline characteristics of the two groups was age (control group 32.0+£7.4 vs
28.7 £ 6.4 OFA group, p =0.045). The median age was 30.4+7.1. Other clinical baseline data were similar for the two
groups. Between the two groups, the preoperative PONV risk score did not differ significantly (p = 0.815). The length of
the surgery, the length of the PACU stay, and the total duration of anesthesia did not substantially differ between the two
groups (p > 0.05), as shown in (Table 1).

[ Assessed for eligibility(n=80)

Exclued (n=5)
® Not meeting inclusion criteria(n=3)
® Declined to participate(n=2)
Randomised(n=75)
Allocation to intervention(n=39) Allocation to intervention(n=36)
Lost to follow up(n=1) Lost to follow up(n=0)
Postoperative trasfer to ICU(n=2) Conversion to laparotomy(n=1)
Analysed(n=36) Analysed(n=35)
Figure | Consort patient enrolment flow diagram.
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Table | Baseline Patient Characteristics and Perioperative Data
All Patients Control Group OFA Group P-value
(n=171) (n = 36) (n =35)
Sex 0.259
Male 20 (28.2%) 8 (22.2%) 12 (34.3%)
Female 51 (71.8%) 28 (77.8%) 23 (65.7%)
Age 304 +£7.1 32074 287 + 64 0.045
Height (cm) 170.1 £79 169.2 + 8.6 171.0 £ 7.2 0.363
Weight (kg) 1169 £ 19.9 1132 £ 19.2 120.8 + 20.0 0.108
BMI (kg/mz) 40.2 £ 5.2 392 +47 413 5.6 0.097
ASA n (%) 0.673
| 21(29.6) 12(33.3) 9(25.7)
I 27(38.0) 12(33.3) 15(42.9)
1Ll 23(32.4) 12(33.3) 11(31.4)
Alcohol 0.71
No 63 (88.7%) 31 (86.1%) 32 (91.4%)
Yes 8 (11.3%) 5 (13.9%) 3 (8.6%)
Smoking 0.25
No 51 (77.3%) 22 (71%) 29 (82.9%)
Yes 15 (22.7%) 9 (29%) 6 (17.1%)
Diabetes 0.945
No 53 (74.6%) 27 (75%) 26 (74.3%)
Yes 18 (25.4%) 9 (25%) 9 (25.7%)
Hypertension 0.737
No 48 (67.6%) 25 (69.4%) 23 (65.7%)
Yes 23 (32.4%) 11 (30.6%) 12 (34.3%)
OSAS 0.626
No 28 (40.0%) 13 (37.1%) 15 (42.9%)
Yes 42 (60.0%) 22 (62.9%) 20 (57.1%)
PONY risk score 0.815
0 9 (12.7%) 4 (11.1%) 5 (14.3%)
| 20 (28.2%) 9 (25%) Il (31.4%)
2 35 (49.3%) 20 (55.6%) 15 (42.9%)
3 7 (9.9%) 3 (8.3%) 4 (11.4%)
Duration of surgery (min) 136.5 £ 31.2 137.9 £ 347 135.0 £ 27.5 0.702
Duration of anesthesia (min) 176.4 + 37.8 175.8 + 45.4 177.0 + 285 0.898
MAP
Tl 984 + 9.6 100.0 + 10.8 96.9 + 8.1 0.18
T2 958 £ 86 944 + 88 97.1 £+ 84 0.185
T3 88.1 £ 49 88.0 £ 5.0 88.2 + 49 0.909
T4 88.7+76 86.7 £ 9.1 90.7 £ 5.1 0.027
T5 90.0 + 4.9 888 + 3.7 913 £ 5.6 0.027
Té 90.1 £ 42 895+ 39 90.8 + 44 0.213
HR
Tl 774 £ 93 79.1 £ 10.1 757 £ 82 0.127
T2 740 £ 9.1 735 +89 745+ 94 0.65
T3 725 +73 722 +74 727 £ 73 0.803
T4 727 £ 69 728 £ 74 727 £ 6.6 0.956
T5 729 + 64 729 +70 73.0+£ 58 0.941
Té 737 £ 68 729 +72 745 + 64 0.343
Notes: Data are summarised by number (%), or mean (standard deviation). T1: Base value,T2: intubation, T3: during the
operation, T4: at the end of the surgery,T5: after extubation,Té6:From PACU to the ward.
Abbreviations: BMI, Body Mass Index; ASA, American Society of Anesthesiologists; OSAS, Obstructive Sleep Apnea Syndrome;
MAP, mean arterial pressure; PACU, post-anesthesia care unit.
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Study Endpoints

Postoperative Nausea and Vomiting

Patients developed different degrees of nausea and vomiting within 24 hours after surgery. In contrast with the control
group, the need for antiemetic rescue was significantly reduced (p= 0.035) (Table 2). Both groups experienced a higher
score of PONV within the first 6 hours following surgery, which steadily decreased after 12 hours. Two hours after
surgery, the PONV score was higher in the control group, with a score of 3.5, in contrast with the OFA group, with
a score of 2.1 (p <0.01). Similarly, 6 hours following surgery, the PONV score was 3.4 in the control group and 2.6 in the
OFA group (Figure 2).

Secondary Outcomes
There were significant differences observed between the two groups in terms of pain scores throughout the study (p<0.001).
The VAS score was highest 2 hours following surgery in both groups. None of the patients in either group received any
postoperative opioid analgesic medications such as tramadol. The changing trend of VAS scores recorded after surgery were
similar between both groups (Figure 3). There was no significant difference in the extubation time and length of stay in the
PACU between the control group (22.9 + 11.5 minutes and 42.5 + 16.4 minutes) and the OFA group (20.3 + 10.7 minutes and
44.9 £ 16.7 minutes) (p>0.05) (Table 2). However, the length of the hospital stay was significantly different, with the OFA
group having a shorter stay (5.8 £+ 1.0 days) in contrast with the control group (6.6 + 1.1 days) (p=0.002). By observing the
hemodynamic changes in patients at different times, the variation tendency of heart rate (HR) and mean arterial pressure
(MAP) was consistent in the two groups (Figure 4). However, MAP fluctuated greatly at the end of surgery and extubation in
the OFA group (p<0.05), as shown in Table 1.

One patient in the OFA group developed postoperative delirium, which may have been caused by incomplete
elimination of the anesthetic drugs but improved with treatment using dexmedeto-midine. The patient satisfaction in
the OFA group was higher than the control group (4.1 + 0.6 vs 3.4 = 0.6).(p<0.001), as indicated in (Table 2).

Discussion

The clinical trial demonstrates the significant impact of using multimodal opioid-free anesthesia in bariatric surgery
patients. TAP guided by ultrasound as well as esketamine, dexmedetomidine, and sevoflurane were the major compo-
nents of multimodal opioid-free anesthesia. In comparison to conventional opioid-inclusive anesthesia, it can signifi-
cantly lower the severity of PONYV, alleviate postoperative pain and shorten length of hospital stay.

Table 2 Analgesic Requirements, Complication and Recovery

Outcome Total Control Group OFA Group Value
(n=171) (n=36) (n =35)

Antiemetic rescue n (%) 0.035

No 44 (62.0) 18 (50) 26 (74.3)

Yes 27 (38.0) 18 (50) 9 (25.7)

Length of Hospital stay(d) 62+ |.1 6.6 £ 1.1 58+ 1.0 0.002

Extubation time (min) 216 £ 11.1 229+ 115 20.3 + 10.7 0.328

Length of stay PACU (min) 43.7 £ 16.5 425 + 164 449 = 16.7 0.54

Satisfaction 38+07 3406 4.1 £0.6 < 0.001

Analgesic rescue n (%) 0.155

No 47 (66.2) 21 (583) 26 (74.3)

Yes 24 (33.8) 15 (41.7) 9 (25.7)

Postoperative irritability, n (%) |

0 67 (94.4) 34 (944) 33 (94.3)

| 4 (5.6) 2 (5.6) 2(57)

Delusion, n (%) 0.486

0 69 (98.6) 36 (100) 33 (97.1)

| I (1.4) 0 (0) 1 (2.9)
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[l Control Group [] OFA Group

<0.001 0.013 <0.001 <0.001

2h 6h. 12h 24h

Figure 2 The impact scale of PONV within 24h after surgery.a,b.
Notes: P < 0.05, OFA vs Control group at the same time point.

[ control Group [CJOFA Group

<0.001 <0.001 <0.001 <0.001 <0.001

VAS

3.6

33
3.1

25 25
24

0.5

Oh 2h 6h 12h 24h.

Figure 3 Visual Analogue Scale (VAS) score at different times after surgery.a,b.
Notes: P < 0.05, OFA vs Control group at the same time point.
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w=@== Control group ==@== OFA group

Control group === OFA group

105 82

100

95

90

85

MAP{mmHg)

80

75 66
1 2 3 4 5 6 1 2 3 4 5 6

Time Time

Figure 4 Changes in the patient’s vital signs.
Notes: *P < 0.05, OFA vs Control group. T1: Base value,T2: intubation, T3: during the operation, T4: at the end of the surgery, T5: after extubation, Té: From PACU to the
ward.

PONYV has multifactorial etiologies and it significantly reduces the comfort of patients undergoing laparoscopic bariatric
surgery. Previous studies had shown that up to 82% of patients undergoing metabolic and bariatric surgery suffer from PONV
in the PACU.%'® Our research showed that OFA with TAP is effective in reducing antiemetic rescues within 24h after surgery,
that the scores of PONV were all less than four. While a PONV impact scale score of >5 defines clinically important PONV.'®
Consistent with our study, Ziemann-Gimmel P demonstrates a significant reduction in relative risk of PONV in the opioid-free
group compared with balanced anaesthesia even when triple PONV prophylaxis was given to both groups undergoing elective
bariatric surgery.'” A Systematic Review and Network Meta-Analysis, OFA was more effective at reducing PONV (relative
risks [RR], 0.6, 95% confidence interval [CI], 0.5-0.9, moderate-quality evidence) compared to opioid-sparing anesthesia
(OSA) protocols.?’ Notably, Massoth et al discovered that opioid-free multimodal general anaesthesia is feasible but did not
decrease the incidence of PONV compared to an opioid-containing anaesthetic regimen and all patients received dexametha-
sone 4 mg and ondansetron 4 mg for PONV prophylaxis.'' Different from the previous clinical trial, we optimized the anti-
vomiting protocol by using dexamethasone (5mg intravenous infusion)10 min after anesthesia induction and ondansetron
(8mg intravenous infusion) 20 min before the completion of surgery in the both group. Therefore, the timing of antiemetic
medication during surgery may require further investigation. Moreover, we combined TAP in the OFA group, which partly
reduced the pain stimulation in the abdomen, and probably reduced the severity of PONV.

To reduce opioid consumption and opioid-based adverse effects, esketamine or ketamine is an anesthetic with
analgesic action that has recently been used in opioid-free anesthesia treatment.'”*' Esketamine, as an S-enantiomer
of ketamine and twice as potent and with fewer side effects than Ketamine, and attracts much attention in treating
depression.”' Dexmedetomidine is a selective a2-adrenergic receptor agonist that blocks sympathetic nervous system
activity by directly acting on spinal preganglionic sympathetic neurons and widely used for sedation, anxiolysis, and
analgesia to reduce the requirement of anesthetics during general anesthesia.”? Unlike dexmedetomidine, esketamine
increases in sympathetic tone, hypotension and cardiac depression is less common.*® Several studies have shown that as
regular medication in OFA, esketamine with dexmedetomidine did not cause significant respiratory depression and
postoperative pain. Zeballos et al reported that ketamine decreased postoperative pain scores and opioid consumption in
bariatric surgery patients when given preoperatively.”* Similarly, Yang et al found intraoperative esketamine was
effective at reducing acute postoperative pain in bariatric surgery patients by a randomized control trial.>> Our study
showed that TAP with the above two drugs did not increase the postoperative analgesic rescue. Furthermore, TAP block
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and trocar site infiltration resulted in controlled postoperative pain in laparoscopic sleeve gastrectomy due to the
convenient application and fewer adverse effects.”®

In another study, it was found that dexmedetomidine-inclusive anesthesia was linked to a significantly longer stay in
the PACU and extubation time.?’ In the study, we adjusted the anesthetic dose and withdrawal duration in the trial,
extubation time and length of stay PACU were not significantly longer. Notably, the MAP changed significantly after
surgery and extubation, fluctuations of MAP occurred at the end of surgery and during the extubation period. It may be
related to the increased sympathetic tone by esketamine,”® as well as sensitivity to endotracheal intubation and bucking
during the time when anesthetic patients were awakening.

Limitations

There are several limitations to the current trial. First, the small sample size was insufficient to distinguish minute
variations between the results of the two groups, with the potential for selection bias(such ages). A postoperative delusion
was found as an adverse event in OFA, which was influenced by a number of parameters. However, there is still a lack of
literature on the side effects and/or complications that might be associated with it. Second, the anesthesiologists cannot
be blinded due to differences in technique and anesthesia management. Third, the dose of esketamine and dexmedeto-
midine could be further explored. Elshazly et al discovered that bilateral erector spinae plane (ESP) block was a more
practical and efficient procedure for patients undergoing laparoscopic bariatric surgery when in contrast with TAP
block.® As for a multimodal analgesia plan, an erector spinae plane block can be used in overweight patients.

Conclusion

TAP block with dexmedetomidine and esketamine in patients undergoing laparoscopic sleeve gastrectomy offers clear
advantages over opioid-based anesthesia in terms of PONV. Furthermore, OFA with TAP can offer an important, very
effective pain-controlling technique and a shorter hospital stay. The protocol can be tried for application to other
procedures in the future.
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