
Vol.:(0123456789)1 3

https://doi.org/10.1007/s11695-022-06012-0

ORIGINAL CONTRIBUTIONS

Opioid‑Free Anesthesia in Bariatric Surgery: a Propensity 
Score–Matched Analysis

Alessandro Torre1 · Michele Marengo2 · Nicola S. Ledingham3 · Costanza Ajani3 · Francesco Volontè4 · 
Fabio Garofalo1 · Francesco Mongelli5 

Received: 14 February 2022 / Revised: 9 March 2022 / Accepted: 9 March 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Purpose Patients undergoing bariatric surgery are at particular high risk of postoperative nausea and vomiting (PONV). 
Few studies have shown the superiority of opioid-free anesthesia (OFA) over general anesthesia with opioids in bariatric 
surgery. The aim was to investigate the potential advantages of the OFA in bariatric surgery.
Materials and Methods This is a retrospective study on a prospectively collected database that included bariatric patients 
over a 3-year period. All patients who underwent bariatric surgery at our institution were included and divided into opioid-
free or standard anesthesia. The primary endpoint was the length of hospital stay. Data was collected and analyzed using a 
propensity score.
Results We included 344 patients, of these 209 (60.8%) received opioid-free and 135 (39.2%) received a standard anesthesia. 
Mean age was 46.2 ± 11.2 years, 265 (77.0%) patients were female, and 238 (69.2%) had at least one associated medical 
problem. The two groups were similar in terms of age, gender, BMI, associated medical problems, and type of operations. 
Postoperatively, we observed no significant difference in opioid requirement, while significantly less doses of antiemetics 
were administered in the OFA group at postoperative day 1 (0.4 ± 0.7 vs. 0.7 ± 1.0 doses, p = 0.006) and 2 (0.1 ± 0.4 vs. 
0.2 ± 0.6 doses, p = 0.022). Length of stay was significantly shorter in the OFA group (2.8 ± 0.9 vs. 3.5 ± 2.0 days, p < 0.001) 
both in the overall and in the propensity score–matched analyses.
Conclusion OFA is effective for patients undergoing bariatric surgery. Perioperative outcomes are similar, while OFA patients 
required less antiemetics and were discharged earlier from hospital.
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Introduction

Bariatric surgery is the most effective treatment for obesity 
[1]. With hundreds of thousands of operations performed 
worldwide [2], many anesthesia protocols have been devel-
oped to optimize pre- and post-surgical pathways of treat-
ment [3, 4]. Particularly, patients that are at high risk of 
postoperative nausea and vomiting (PONV), and despite 
prophylaxis, up to 50% of patients require antiemetic rescue 
medication (AERM) [5, 6].

The use of volatile anesthetics can attribute to the 
increased risk of developing PONV [7], whereas total intra-
venous anesthesia (TIVA) with propofol can reduce this 
risk. However, propofol is highly lipophilic and its clear-
ance prolonged in bariatric patients [8, 9]. The combined 
use of opioids during the anesthesia is directly attributed 
to increase the risk of PONV [10]. To date, several studies 
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have investigated PONV management in pediatric and adult 
populations for general surgery [11], while no guidelines 
are available for bariatric surgery [6, 12]. There are only a 
few studies that have shown the superiority of opioid-free 
anesthesia (OFA) over general anesthesia with opioids in 
bariatric surgery [5, 8].

The present study aims to investigate the potential advan-
tages of the OFA in patients undergoing bariatric surgery.

Materials and Methods

Study Design and Patient Selection

This is a retrospective single-center study on a prospectively 
maintained dataset that included bariatric patients. Patients 
who were deemed eligible for bariatric surgery [13] were 
treated according to the standard of care [4]. Patients’ con-
sents were obtained before the inclusion and ethic committee 
approved the study (2021–01,374 CE3911).

From January 2019 to November 2021, all patients who 
underwent bariatric surgery at our institution were retrospec-
tively assessed for eligibility. Inclusion criteria were the fol-
lowing: bariatric operations and age ≥ 18 years. No exclusion 
criteria were applied. Patients were divided into two groups 
according to the type of anesthesia they underwent, either 
OFA or standard anesthesia with opioids. The anesthesia 
type was chosen according to the anesthesiologists’ personal 
preference and experience only, with no institutional change 
in anesthesia policy. No other factors (e.g., surgeon prefer-
ence, insurance system issues) influenced such a decision.

The primary endpoint we considered to be the length of 
stay. Secondary endpoints are the requirement of opioids and 
antiemetics, recovery room time, and complications.

Collected data included the following: age, gender, body 
mass index (BMI, expressed in kg/m2), Apfel score, associ-
ated medical problems (e.g., hypertension, obstructive sleep 
apnea, dyslipidemia, diabetes, depression, reflux), type of 
surgery, intraoperative complications, operative time, recov-
ery room time, length of hospital stay, requirement of both 
opioids and antiemetic medication, postoperative compli-
cations according to the Clavien-Dindo classification [14]. 
The Apfel score was calculated to predict the likelihood of 
PONV on four parameters: female gender, history of motion 
sickness or PONV, nonsmoking, and opioid use within 24 h 
after surgery [15]. Operative time was defined as the “skin 
to skin” time, while recovery room time was defined as the 
time spent after successful tracheal extubation before admis-
sion to the surgical ward. Antiemetic medications were cal-
culated as the number of single antiemetic doses required, 
either metoclopramide, ondansetron, or granisetron. Opioids 
as required were calculated as cumulative dose of morphine 
milligram equivalents (morphine mg-eq) [16].

All patients were pre-assessed in a multidisciplinary 
manner, evaluated by bariatric surgeons, physician nutri-
tion specialists, dieticians, anesthesiologists, and/or 
pulmonologists, cardiologists, and endocrinologists if 
required. Patients were placed in a supine position with 
both legs in an open position, compressive pneumatic 
stocking, antibiotic prophylaxis, and using laparoscopic 
technique. Postoperative care included basis analgesia, res-
cue medications, and regular respiratory physiotherapy. 
All patients started drinking the day of surgery and could 
eat on the first postoperative day. Patients were discharged 
from hospital once adequate mobilization, feeding, and 
pain control were achieved.

Opioid‑Free and Standard Anesthesia with Opioids

We developed a very standard protocol using a multimodal 
anesthesia technique. All patients received double PONV 
prophylaxis with dexamethasone 0.1 mg/kg and ondan-
setron 8 mg (or metoclopramide 10 mg in case of known 
allergy or side effects to ondansetron).

OFA protocol included the following: an infusion of 
dexmedetomidine with a bolus of 0.5µcg/kg followed by 
an infusion of 0.1–1µcg/kg, a lignocaine bolus of 1.5 mg/
kg with an infusion running at 1–2 mg/kg, magnesium sul-
fate 20% given as a bolus of 40–60 mg/kg followed by an 
infusion of 5 mg/kg, and a ketamine bolus of 0.25–0.5 mg/
kg, followed by an infusion of 0.25 mg/kg/h. Ideal body 
weight was used to calculate medication doses.

Standard anesthesia protocol included the following: an 
infusion of propofol with a bolus of 2–3 mg/kg followed 
by an infusion of 6–8 mg/kg and an infusion of rocuro-
nium with a bolus of 0.9–1.2 mg/kg followed by an infu-
sion of 0.5 mg/kg. Finally, repeatable boluses of fentanyl 
100µcg were also administered.

Statistical Analysis

Descriptive statistics were presented as absolute frequen-
cies for categorical variables and mean with standard 
deviation (SD) for continuous variables. The comparison 
of dichotomous values was performed with the chi-square 
test, while continuous variables were compared with the 
Student t-test. A propensity score–matched (PSM) analy-
sis [17] with 1:1 ratio was carried out according to age, 
sex, BMI, associated medical problems, type of surgery, 
associated surgical procedures, and postoperative com-
plications. A p-value < 0.05 was considered statistically 
significant. MedCalc® Statistical Software version 20.014 
(Ostend, Belgium; 2021) was used.
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Results

Demographics and Clinical Characteristics

Over a 3-year period, 344 consecutive patients under-
went bariatric surgery at our institution. They were 
assessed for eligibility and included in the present study 
(Fig. 1). Of these, 265 (77.0%) were female, mean age was 

46.2 ± 11.2 years, and 238 (69.2%) patients had at least one 
associated medical problem. In our study population, 209 
(60.8%) patients received OFA and 135 (39.2%) received 
a standard anesthesia. In Table 1, reported demographics 
and clinical characteristics of the two study populations 
resulted similar in terms of age, gender, BMI, associated 
medical problems, smoking status, and Apfel score.

Performed operations were as follows: 150 (43.6%) sleeve 
gastrectomy (SG), 137 (39.8%) Roux-en-y gastric bypass 

Fig. 1  Flowchart of the study

Table 1  Patients’ characteristics

Dichotomous variables are expressed as number with percentage. Continuous variables are expressed as mean with standard deviation (SD)

Variables Unmatched analysis Propensity score–matched analysis

Opioid-free anesthesia
N = 209

Standard anesthesia
N = 135

p Opioid-free anesthesia
N = 126

Standard anesthesia
N = 126

p

Age, years (SD) 46.1 (11.1) 46.5 (11.5) 0.768 45.8 (11.7) 45.8 (11.5) 0.971
Gender, female (%) 163 (78.0) 102 (75.6) 0.601 104 (82.5) 97 (77.0) 0.273
Body mass index, kg/m2 (SD) 40.9 (5.7) 40.9 (6.6) 0.931 40.7 (5.4) 40.9 (6.5) 0.883
Comorbidities

  • Arterial hypertension, n (%) 29 (13.9) 19 (14.1) 0.959 17 (13.5) 15 (11.9) 0.706
  • Obstructive sleep apnea 

syndrome, n (%)
94 (45.0) 68 (50.4) 0.328 56 (44.4) 64 (50.8) 0.314

  • Dyslipidemia, n (%) 32 (15.3) 15 (11.1) 0.269 20 (15.9) 13 (10.3) 0.192
  • Diabetes mellitus, n (%) 42 (20.1) 18 (13.3) 0.107 19 (15.1) 15 (11.9) 0.462
  • Arthralgia, n (%) 15 (7.2) 13 (9.6) 0.417 9 (7.1) 11 (8.7) 0.642
  • Depression, n (%) 29 (13.9) 14 (10.4) 0.338 16 (12.7) 13 (10.3) 0.554
  • Gastroesophageal reflux 

disease, n (%)
39 (18.7) 30 (22.2) 0.421 26 (20.6) 27 (21.4) 0.877

Active smokers, n (%) 55 (26.3) 27 (20.0) 0.180 31 (24.6) 26 (20.6) 0.452
Apfel score

  • 0 points, n (%) 9 (4.3) 8 (5.9) 0.778 5 (4.0) 8 (6.3) 0.738
  • 1 point, n (%) 58 (27.8) 35 (25.9) 30 (23.8) 32 (25.4)
  • 2 points, n (%) 115 (55.0) 78 (57.8) 73 (57.9) 72 (57.1)
  • 3 points, n (%) 27 (12.9) 14 (10.4) 18 (14.3) 14 (11.1)
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(RYGB), 5 (1.5%) single anastomosis duodenal switch 
(SADI-S), 33 (9.6%) cases of conversional surgery (mainly 
from SG to RYGB), and 29 (8.4%) cases of revisional sur-
gery. Associated procedures were performed in 90 (26.2%). 
The analysis showed that the distribution of operations and 
associated procedures was uniform between OFA and stand-
ard anesthesia groups. Similarly, other perioperative results 
such as operative time, conversion to open surgery, anesthe-
sia and time for preparation of the patient, recovery room 
time, and opioid administration in the recovery room were 
similar (details in Table 2).

Postoperative Results

Postoperatively, we observed no significant differ-
ence in opioid use the day of surgery or at postopera-
tive days 1, 2, and 3 (details in Table 3), while signifi-
cantly less doses of antiemetics were administered in 
the OFA group at postoperative days 1 (0.4 ± 0.7 doses 
vs. 0.7 ± 1.0 doses, p = 0.006) and 2 (0.1 ± 0.4 doses vs. 
0.2 ± 0.6 doses, p = 0.022). The overall rate of postop-
erative antiemetic use was also lower in the OFA group. 
Subgroup analyses showed that the antiemetics were 
used similarly between groups in patients undergoing SG 

(40.0% vs. 46.2%, p = 0.481), conversional surgery (31.6% 
vs. 50.0%, p = 0.292), and revisional surgery (50.0% vs. 
40.0%, p = 0.708), while significantly less antiemetics 
were used in patients undergoing RYGB (47.7% vs. 66.1%, 
p = 0.026).

Overall, 7 complications graded I Clavien-Dindo 
occurred (stomatitis, dysphagia, pancreatitis, epigastralgia, 
anemia, bronchospasm, and superficial wound infection). 
Five complications graded II Clavien-Dindo included two 
cases of pneumonia (in the OFA group), two self-limiting 
hemorrhages, and one case of pulmonary edema. Four com-
plications graded III Clavien-Dindo included two cases of 
gastric leak treated endoscopically, one hemorrhage, and 
one bowel occlusion which were managed laparoscopi-
cally. Finally, three complications graded IV Clavien-Dindo 
occurred: two hemorrhagic and one septic shock which 
required re-operations and admission in intensive care unit.

The overall length of hospital stay was 3.1 ± 1.5 days. 
In the OFA group, it was significantly shorter than in the 
standard anesthesia group (2.8 ± 0.9 days vs. 3.5 ± 2.0 days, 
p < 0.001). Subgroup analyses showed that the length of 
hospital stay was shorter in the OFA group both in patients 
receiving RYGB (3.0 ± 1.0 days vs. 3.4 ± 1.6 days, p < 0.001) 
and SG (2.7 ± 0.9 days vs. 3.2 ± 1.8 days, p < 0.001).

Table 2  Perioperative results

Dichotomous variables are expressed as number with percentage. Continuous variables are expressed as mean with standard deviation (SD). 
Bold is used to highlight statistically significant p-values

Variables Unmatched analysis Propensity score–matched analysis

Opioid-free 
anesthesia
N = 209

Standard anesthesia
N = 135

p Opioid-free 
anesthesia
N = 126

Standard anesthesia
N = 126

p

Type of surgery
  • Gastric bypass, n (%) 85 (40.7) 52 (38.5) 0.765 42 (33.3) 49 (38.9) 0.761
  • Sleeve gastrectomy, n (%) 88 (42.1) 62 (45.9) 65 (51.6) 61 (48.4)
  • Single-anastomosis duodeno-ileal bypass, n (%) 3 (1.4) 2 (1.5) 1 (0.8) 2 (1.6)
  • Conversional surgery, n (%) 19 (9.1) 14 (10.4) 11 (8.7) 10 (7.9)
  • Revisional surgery, n (%) 14 (6.7) 5 (3.7) 7 (5.6) 4 (3.2)

Associated procedures
  • Hiatal hernia repair, n (%) 37 (17.7) 32 (23.7) 0.587 35 (27.8) 30 (23.8) 0.379
  • Cholecystectomy, n (%) 5 (2.4) 8 (5.9) 2 (1.6) 8 (6.3)
  • Lysis of peritoneal adhesions, n (%) 2 (1.0) 1 (0.7) 1 (0.8) 1 (0.8)
  • Abdominal wall hernia repair, n (%) 1 (0.5) 1 (0.7) 1 (0.8) 0
  • Partial gastrectomy, n (%) 2 (1.0) 1 (0.7) 2 (1.6) 1 (0.8)

Operative time, min (SD) 107 (41) 111 (45) 0.466 103 (42) 107 (42) 0.492
Conversion to open surgery, n (%) 0 1 (0.7) 0.215 0 1 (0.8) 0.365
Intraoperative complications, n (%) 0 0 - 0 0 -
PONV prophylaxis

  • Dexamethasone and ondansetron, n (%) 202 (96.7) 132 (97.8) 0.544 123 (97.6) 123 (97.6) 1.000
  • Dexamethasone and metoclopramide, n (%) 7 (3.3) 3 (2.2) 3 (2.4) 3 (2.4)

Anesthesia and preparation time, min (SD) 85 (19) 81 (22) 0.087 87 (20) 81 (22) 0.017
Recovery room time, min (SD) 117 (71) 108 (89) 0.305 117 (76) 108 (89) 0.381
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Propensity Score–Matched Analysis

As reported in tables, there were no differences in patients’ 
characteristics and many perioperative outcomes. Anesthesia 
and time for surgery preparation were slightly prolonged in 
the OFA group (87 ± 20 min vs. 81 ± 22 min, p = 0.017) in 
the PSM analysis.

The two groups were also matched for postoperative 
complications, which could influence the use of opioids 
and antiemetics and the length of hospital stay. The PSM 
analysis did not show any significant difference in opioid 
use. On the contrary, the requirement for antiemetics was 
significantly less in the OFA group in the first (0.4 ± 0.7 
doses vs. 0.6 ± 1.0 doses, p = 0.016) and the second postop-
erative day (0.1 ± 0.3 doses vs. 0.2 ± 0.5 doses, p = 0.030). 
Finally, the length of hospital stay was significantly shorter 
in the OFA group also in the PSM analysis (2.7 ± 0.9 days 
vs. 3.0 ± 0.9 days, absolute difference 0.3 days, 95% confi-
dence interval for the mean 0.1–0.5 days, p = 0.009).

Discussion

In our study, the use of OFA reduced the length of hospi-
tal stay and antiemetics requirement in patients undergoing 
bariatric surgery, while no difference in the other peri- and 
postoperative outcomes was demonstrated.

Patients undergoing bariatric surgery are particularly at 
risk of PONV and the incidence can reach up to 50% of 
the patients [5, 6]. The best evidence suggest a multimodal 
pharmacological approach to PONV, including multi-agent 
antiemetic prophylaxis with dexamethasone in combination 
with lignocaine, ondansetron, droperidol, dexamethasone, 
metoclopramide, scopolamine, opioid-free analgesia, and 
TIVA [18]. However, even the recent evidence regarding 
OFA in bariatric surgery is concluded on small sample size 
studies. In our cohort, TIVA was the technique of choice in 
all cases either without or in combination with intraopera-
tive opioids. We administered systematically double PONV 
prophylaxis. The overall incidence of PONV in our cohort 

Table 3  Postoperative results

Dichotomous variables are expressed as number with percentage. Continuous variables are expressed as mean with standard deviation (SD). 
Bold is used to highlight statistically significant p-values

Variables Unmatched analysis Propensity score–matched analysis

Opioid-free 
anesthesia
N = 209

Standard anesthesia
N = 135

p Opioid-free 
anesthesia
N =

Standard anesthesia
N =

p

Intraoperative opioid (fentanyl) use (morphine-eq), mg 
(SD)

0 23.8 (12.3) - 0 23.4 (11.8) -

Opioid use in recovery room (morphine-eq), mg (SD) 4.0 (4.8) 4.7 (5.9) 0.234 3.8 (4.3) 4.6 (5.5) 0.187
Opioid use as needed

  • Day of surgery, mg (SD) 1.9 (2.8) 1.8 (3.1) 0.715 1.8 (2.6) 1.8 (3.1) 0.960
  • Postoperative day 1, mg (SD) 2.6 (3.9) 2.7 (3.9) 0.869 2.8 (4.0) 2.5 (3.8) 0.493
  • Postoperative day 2, mg (SD) 0.4 (1.8) 0.5 (1.8) 0.740 0.3 (1.7) 0.3 (1.1) 0.923
  • Postoperative day 3, mg (SD) 0.1 (0.4) 0.2 (1.3) 0.065 0 0.1 (1.0) -
  • Cumulative opioid use, mg (SD) 7.4 (8.2) 8.5 (9.4) 0.286 7.3 (7.6) 7.8 (8.7) 0.596

Antiemetic drugs as needed
  • Day of surgery, doses (SD) 0.3 (0.6) 0.4 (0.7) 0.139 0.3 (0.7) 0.5 (0.8) 0.112
  • Postoperative day 1, doses (SD) 0.4 (0.7) 0.7 (1.0) 0.006 0.4 (0.7) 0.6 (1.0) 0.016
  • Postoperative day 2, doses (SD) 0.1 (0.4) 0.2 (0.6) 0.022 0.1 (0.3) 0.2 (0.5) 0.030
  • Postoperative day 3, doses (SD) 0.0 (0.2) 0.1 (0.2) 0.068 0.0 (0.2) 0.0 (0.2) 0.242

Cumulative antiemetic use, doses (SD) 0.8 (1.3) 1.4 (1.8) 0.001 0.8 (1.3) 1.3 (1.8) 0.005
Cumulative incidence of antiemetic use, n (%) 89 (42.6) 74 (54.8) 0.027 51 (40.5) 68 (54.0) 0.032
Postoperative complications (Clavien-Dindo)

  • No complications, n (%) 203 (97.1) 122 (90.4) 0.037 121 (96.0) 122 (96.8) 0.678
  • Grade I, n (%) 2 (1.0) 5 (3.7) 2 (1.6) 2 (1.6)
  • Grade II, n (%) 3 (1.4) 2 (1.4) 3 (2.4) 2 (1.6)
  • Grade III, n (%) 1 (0.5) 3 (2.2) 0 0
  • Grade IV, n (%) 0 3 (2.2) 0 0

Reoperations, n (%) 1 (0.5) 4 (3.0) 0.060 0 0 -
Length of hospital stay, days (SD) 2.8 (0.9) 3.5 (2.0)  < 0.001 2.7 (0.9) 3.0 (0.9) 0.009
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was 163/344 (47.4%) patients, which is similar to other stud-
ies in the literature [5, 6, 8, 18].

Since the implementation, years ago, of the enhanced 
recovery after surgery (ERAS) for patients undergoing bari-
atric surgery at our institution [19], we observed improved 
postoperative courses and shorter length of hospital stay. 
As shown by our results, we believe a step further might 
be the implementation of opioid-free protocols for all type 
of bariatric surgery patients. The effectiveness of OFA 
in bariatric surgery was also demonstrated by the signifi-
cantly lower incidence of antiemetic use. In fact, 42.6% of 
patients in the OFA and 54.8% in the standard anesthesia 
group required antiemetics despite good intraoperative 
prophylaxis. Ziemann-Gimmel et al. [8] reported an inci-
dence of PONV of 37.3% in patients undergoing bariatric 
surgery and receiving inhalation anesthetics with opioids 
vs. 20.0% in patients receiving opioid-free TIVA. Another 
study of Ziemann-Gimmel et al. [5] reported that 34.8% of 
patients receiving hydromorphone patient-controlled anal-
gesia required antiemetics vs. 20.2% of patients receiving 
intravenous acetaminophen and ketorolac. The higher rate 
of antiemetic use in our cohort could be justified by the 
fact that we did not apply systematically the intraoperative 
triple PONV prophylaxis [18]. As opposed to the study of 
Ziemann-Gimmel et al. [8], subgroup analyses showed that 
patients undergoing RYGB seem to require more antiemetics 
than patients undergoing SG and they may be the patients 
who profit the most from OFA.

Having said that, the intraoperative avoidance of opioid 
use did not affect the requirement of opioid and pain per-
ception in the postoperative period. Interestingly, Ziemann-
Gimmel et al. [8] found similar results. In addition, the rate 
of anesthesia-related complications was extremely low. In 
the OFA group, no patient suffered from severe or relevant 
events. Interestingly, two cases of pneumonia occurred in 
the OFA group, but given the mechanism of opioid-related 
respiratory depression, we would have expected this com-
plication in the standard anesthesia group. This finding did 
not result statistically significant and may be due to chance, 
but further studies would be needed to address this topic.

One of the most criticized aspects of OFA at our institu-
tion was the additional time needed to prepare and manage 
perfusions, e.g., lignocaine. Although it was perceived by 
our team to have an impact, it did not actually affect operat-
ing theater schedule or any change over time. Anesthesia 
and patient preparation time resulted slightly shorter in the 
standard anesthesia group (6 min difference in the PSM 
analysis). Such difference is hard to be interpreted as clini-
cally relevant, and also the time spent in recovery room was 
similar in OFA and standard anesthesia groups.

In our study, the overall length of hospital stay was short-
ened in patients receiving OFA in the overall analysis, in 
the PSM analysis, and in subgroup analyses performed 

according to the type of surgery. It seems that patients under-
going all types of bariatric surgery may profit from OFA. It 
seems reasonable as these patients experienced less PONV, 
similar complications, and pain and could be discharged ear-
lier. Our results are consistent with other studies published in 
the literature in regard to the length of hospital stay [19–21]. 
The overall hospital stay was reduced by 0.7 days in the 
unmatched analysis and 0.3 in the PSM analysis. According 
to hospital cost calculation in Switzerland [22], the average 
potential saving is about 300 Swiss franc per patient (ca. 323 
US dollars) and 32,300 US dollars/100 patients. A thorough 
economic analysis is needed to assess this aspect and will be 
the topic of our future research.

Our study has some limitations. First of all, the retro-
spective analysis on a prospectively maintained database of 
bariatric surgery which collected a large number of patients. 
The lack of randomization and the choice of OFA or stand-
ard anesthesia that was based on anesthesiologists’ personal 
preference and experience may represent a selection bias. 
All anesthesia cases were reviewed and also the statisti-
cal analysis did not show any reliable criteria for choos-
ing between OFA and standard anesthesia. However, the 
thorough PSM analysis we performed should be considered 
the best option for our study design and should minimize 
the inherent bias. During the study period, no institutional 
change in anesthesia policy was decided; indeed, OFA and 
standard anesthesia patients were uniformly distributed over 
the time. Also, the surgeons did not take part in this deci-
sion process and patients did incur in the same costs. In 
fact, the diagnosis-related group-based reimbursement pro-
vided is exactly the same for OFA and standard anesthesia. 
Another limitation is the lack of blinding procedure with 
regard to the OFA or standard anesthesia by the caretak-
ers (i.e., surgeon, anesthesiologists, and nurses). No scale 
(visual analogue scale, Likert scale) to assess severity of 
PONV was retrievable from the database. Heterogeneity is 
an important limitation that exists among group allocation, 
operations, associated procedures, and chosen day of dis-
charge. However, such differences should be minimized in 
the PSM analysis. We decided to match also for postopera-
tive complications, which has to be considered with utmost 
importance when aiming at comparing length of hospital 
stay and antiemetic use.

Conclusion

Our study showed that OFA is effective for patients undergo-
ing bariatric surgery. Intra- and perioperative outcomes are 
similar, while OFA patients required less antiemetics and 
were discharged earlier from hospital.
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