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Abstract

Background: Opioids have historically been a first-line therapy for surgical pain control. They were considered
optimum and the mainstay of balanced anesthesia, but recently, concerns about their side effects have been raised.
The concept of opioid free anesthesia (OFA) was introduced to provide a safer alternative that would provide
benefits as well as enhance recovery after surgery.

Results: Sixty patients were enrolled in the study, 30 patients in each group. The two groups, TBA and OFA, were
comparable in demographic data (age, sex, body mass index (BMI), lean body weight (LBW)) and duration of
surgery. The TBA group showed a statistically significant reduction in the time needed for extubation (P value 0.018)
and reaching an Aldrete score of 9 (P value 0.02). There was a significant decrease in pain scores, and nalbuphine
consumption in the OFA group that extended to 24 h post-operative.

Conclusions: OFA has a better profile than TBA with regard to post-operative pain score and opioid consumption
post-operative, but they have a relative increase in time to extubation and time to reach an Aldrete score of 9.
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Background
The need for effective pain control is rising nowadays as
pain is viewed as an important vital sign and is even
considered the fifth vital sign and has been equated with
quality control in the health system (Thota et al., 2019).
Although pain is a subjective experience and needs a

conscious patient to report, this does not mean that pain
does not occur under anesthesia. Increased heart rate
and elevated blood pressure in response to surgical stim-
uli, together with elevated “fight or flight” response bio-
markers such as epinephrine and cortisol, are clinical
evidence that a patient is suffering. Controlling the

autonomic nervous system response to surgical stimuli
is one of the main requirements of anesthesia and is
often referred to as analgesia. Also, opioids are usually
the drugs of choice to achieve hemodynamic stability
intra-operatively, and they belong to the group of anal-
gesics (Egan, 2019).
Opioids are still an important component of anesthesia

and offer effective analgesia at a low cost, but this is not
always the case. Opioids have a better effect on resting
pain than pain associated with activity, and their use in
high doses could lead to tolerance or hyperalgesia. Also,
opioids share various side effects that could affect pa-
tient satisfaction and length of stay and make their role
in functional recovery questionable in patients with per-
sistent post-operative pain (Echeverria-Villalobos et al.,
2020).
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Side effects of opioids could lead to significant mor-
bidity and even mortality due to their effect on con-
scious level, respiratory drive, nausea, vomiting, and
constipation. Additionally, there is evidence that opioids
could affect the outcome of surgery by increasing the
risk of infection or increasing the risk of metastasis in
patients suffering from cancer owing to their immuno-
suppressive effect (Samuels et al., 2017).
Opioid-induced respiratory depression (OIRD) is the

most serious side effect of opioids and is also the main
cause of opioid-related mortality. It was shown that the
risk of respiratory depression is increased in patients suf-
fering from cardiac disease, pulmonary disease, or Ob-
structive Sleep Apnea (OSA) and with the administration
of higher doses of opioids (Gupta et al., 2018).
All of these effects interfere with the post-operative re-

covery, contribute to a negative perioperative experience,
and add to the cost of health care (Gupta et al., 2020).
These effects are more obvious in the obese popula-

tion owing to the fact that they show a higher incidence
of cardiac and pulmonary diseases as well as OSA preva-
lence (Ortiz and Kwo 2015).
Patient harm from opioids may continue for a long

time, as in the case of opioid misuse disorder. The peri-
operative period was the first episode of opioid con-
sumption for many of these patients. Whenever possible,
perioperative opioids should be minimised or eliminated
to reduce harm. OFA has gained popularity nowadays as
a tool offering equivalent intra-operative hemodynamic
stability compared to that of an opioid, with better pain
control post-operatively, a lower incidence of nausea
and vomiting, and better patient satisfaction. OFA is a
technique that provides anesthesia without opioids, ei-
ther systemic, neuroaxial, or tissue infiltration (Soffin
et al., 2019).
An effective OFA strategy consists of a combination of

pharmacological agents and non-pharmacological tech-
niques that target different pathways of the pain mech-
anism (Echeverria-Villalobos et al., 2020).
The key concept in designing a multimodal strategy

for pain control is targeting multiple different neuro-
transmitters and neural relays in the ascending and de-
scending pathways of the nociceptive system
simultaneously by anti-nociceptive agents that can act to
disrupt information processing (Brown et al., 2018).
The concept of enhanced recovery after surgery

(ERAS) was first introduced by the colorectal surgeon,
Kehlet, in 1997. He published a paper that suggested the
use of evidence-based interventions targeted at the peri-
operative period to improve patient outcomes (Green-
shields and Mythen, 2020).
ERAS protocols intend to reduce the physiological re-

sponse to surgical stimuli, and they make use of new evi-
dence that comes to light to reduce complications.

There is a sufficient body of evidence that links ERAS
protocol implementation to a reduction in opioid con-
sumption (Echeverria-Villalobos et al., 2020).
The current study was done to measure the efficacy of

opioid free general anesthesia in achieving Enhanced Re-
covery After Surgery (ERAS) in laparoscopic bariatric
surgery and to provide a safer alternative that would
provide benefits to patients.

Methods
After receiving ethical approval (FMASU M D 182/
2019) from the Research Ethical Committee, in our insti-
tute this interventional, randomized, and double–blind
controlled trial was conducted in the institute hospitals.

� Study population

Inclusion criteria: Patients undergoing scheduled lap-
aroscopic bariatric surgery under general anesthesia with
a BMI between 40 and 59.9 kg/m2 and an age between
18 and 65 years old.
Exclusion criteria: ASA >3, or whenever there is a

contraindication or allergy to dexmedetomidine, keta-
mine, or fentanyl.

� Sample size: Using the STATA program, setting
alpha error at 5% and power at 80%, the results
from previous study (El Sayed et al., 2017) showed
that the mean extubation time in the opioid group
was 8.92±2.02 while among the opioid free it was
7.65±1.11. Based on this, the needed sample size was
25 cases per group. Each group included 30 patients,
taking into account possible dropouts 20%.

In the anesthesia clinic, an informed written consent
was taken from every patient 1 day before the surgery.
The VAS score was explained to the patients.
Anesthesia was provided according to the hospital

protocol with respect to preoperative investigations, fast-
ing hours, and intra-operative monitoring and drugs.
Patients were randomly allocated by computer gen-

erated randomization and using opaque sealed enve-
lopes to one of the two groups according to the used
analgesia:
Group TBA: Traditional balanced anesthesia
Analgesia was offered by fentanyl as a bolus then by

intravenous infusion during maintenance according to
Ideal Body Weight (IBW).
Group OFA: Opioid free anesthesia
Analgesia was offered by syringe containing keta-

mine and dexmedetomidine as a bolus then by intra-
venous infusion during maintenance according to
IBW for ketamine and Total Body Weight (TBW) for
dexmedetomidine.
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� IBW was calculated according to the gender-specific
Acute Respiratory Distress Syndrome Network
(ARDSnet) formulas to calculate IBW (Acute Re-
spiratory Distress Syndrome Network et al., 2000).

� In men, IBW was calculated as 50 + (0.91 [height in
[height in centimeters] x 152.4]).

� In women, 5 + (0.91 [height in centimeters])
� After a proper assessment of the airway and

anticipation of a difficult airway, all patients received
midazolam 2 mg IV for sedation, and pre-
oxygenation began with 100% O2 on 8 L/min via
face mask for 3 min.

� All patients received general anesthesia induction by
propofol 1.5–2 mg/kg lean body weight (LBW),
analgesia according to patient group, lidocaine 1.5
mg/kg (IBW), and muscle relaxation by rocuronium
0.5 mg/Kg IBW. An endotracheal tube was inserted.
Anesthesia was maintained by isoflurane whose
concentration was adjusted according to the
patient’s hemodynamics.

� LBW was calculated according to the Janmahasatian
equation (Janmahasatian et al., 2005)

� In men, it is calculated as (9270 * Total Body
Weight [kg])/(6680 + (216 * BMI [kg/m2])

� In women, it is calculated as (9270 * Total Body
Weight [kg])/(8780 + (244 * BMI [kg/m2]).

� The analgesia used in the study was prepared in the
pharmacy and was given a code so that the
anesthetist in charge was blind to the analgesia used.
The analgesia was prepared as follows:
� Fentanyl 2 μg/kg (IBW) as a bolus dose in a 10

ml syringe to be given over 10 min, and the same
dose was added to a 50-ml syringe adjusted to a
rate of 25 ml/h (1 μg/kg/h in 50) as an infusion
during the operation starting before skin incision.

� Ketamine and dexmedetomidine were prepared
in the same syringe (10 ml as bolus and 50 ml for
infusion) with the following doses:

� Ketamine: 0.5 mg/kg (IBW), dexmedetomidine: 1
mg/kg (TBW) as bolus to be administered over a
10-min period
� The same dose used as bolus was added to a

50-ml syringe adjusted to a rate of 25 ml/h
(ketamine 0.25 mg/kg/h (IBW) and dexmede-
tomidine 0.5 μg/kg/h (TBW)) as an infusion
during the operation starting before skin
incision.

� Analgesic infusion and inhalation anaesthesia were
stopped after skin closure.

� Intra-operatively, Paracetamol 1 gm and diclofenac
75 mg (incorporated in IV infusion fluids) were
given before emergence.

� Patients were kept after extubation for observation
in the PACU until fulfilling an Aldrete score of 9.

� Post-operative analgesia was offered in regular doses
of paracetamol 1 gm IV every 6 h for the following
48 h, and rescue doses of IV nalbuphine 5 mg if the
VAS score is > 3.

� Measured outcomes

The time between the end of analgesic use and extuba-
tion and the time between the end of analgesic use and
an Aldrete score of 9. Postoperative pain score for 48 h
using the visual analog scale (VAS), 30 min after recov-
ery, hourly for 2 h and every 6 h for 48 h, and nalbu-
phine consumption during the 48 h following
extubation. Postoperative hypoxemia (defined as periph-
eral oxygen saturation (SpO2) < 92% on room air). Num-
ber of episodes of PONV (during the 24 h following
extubation). The number of bradycardia, hypotension,
and hypertension events during surgery (bradycardia is
defined as HR ≤ 50 bpm, hypotension is defined as a de-
crease in systolic blood pressure >20% of basal, hyper-
tension is defined as an increase in systolic blood
pressure >20% of basal).

Results
Data was analyzed using the statistical package for Social
Science (SPSS) version 22.0. The data was tested for nor-
mality. The mean standard deviation (SD) was used to
express quantitative data. Qualitative data was expressed
as frequency and percentage.
The following tests were used:
� An independent-samples t test was used when com-

paring quantitative data.
� A chi-square (X2) test was used in order to compare

qualitative parameters.
� The confidence interval was set at 95% and the

margin of error accepted was set at 5%. So, the P
value was considered significant as the following:

� Probability (P value) < 0.05 was considered
significant.

Demographics
Sixty patients were enrolled in the study. Thirty patients
in each group, TBA and OFA.
Groups were comparable in demographic data (in

terms of age, sex, BMI, LBW) and duration of surgery (P
value > 0.05) (Table 1).
Intraoperative vital data events in the form of

hypotension, hypertension, and bradycardia were com-
pared between the 2 groups (Table 2). The OFA group
showed more hypotension events with a significant p
value (p= 0.03).
Although OFA showed more bradycardia and fewer

hypertension events, there was no statistical difference
between the two groups as regards bradycardia and
hypertension events.
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The TBA group showed a statistically significant re-
duction in the time needed for extubation and reaching
an Aldrete score of 9 (Table 3).
Data is expressed as mean ± SD, T = Student’s t test
The TBA group showed a higher incidence of PONV

but was statistically insignificant (Table 4).
There was no significant difference in post-operative

hypoxemia events between both groups (Table 5).
As regards postoperative nalbuphine consumption, the

TBA group showed statistically significantly more nalbu-
phine consumption (P < 0.001) (Table 6).
The two groups were compared as regards pain con-

trol post operatively. A visual analog scale (VAS) was
used to assess pain post operatively and was used at
regular intervals (30 min, 1 h, 2 h, 6 h, 12 h,18 h, 24 h,
30 h, 36 h, 42 h, and 48 h) (Table 7).
After 30 min and 1 h, OFA showed significantly better

pain control. Then, after 2 h, there was no statistical dif-
ference between them. After that, OFA showed better
pain control again till 24 h. After that, for 48 h, there
was no difference between the two groups.

Discussion
The patients enrolled in the current study were compar-
able in both groups as regards to the demographic data
(age, sex, weight, and BMI). Most patients were females.
Intraoperative hemodynamic events showed no significant

difference between the 2 groups except for hypotension in
the OFA group. Hypotension events were not associated
with bradycardia. This may be due to the definitions adopted
by the current study for hypotension (20% decrease in BP
from basal BP) and bradycardia (HR ≤ 50 bpm).

Both extubation time and the time patients reached an
Aldrete score of 9 were longer in the OFA group.
There was no statistically significant difference be-

tween the two groups in post-operative hypoxemia
events.
Although there was a decrease in the number of pa-

tients who experienced vomiting in the OFA group (5
patients) as compared to that in TBA (11 patients), this
turned out to be statistically not significant.
There was a significant decrease in pain scores and

nalbuphine consumption in the OFA group that ex-
tended to 24 h, except for at 2 h post-operative. Patients
in the TBA group received a nalbuphine rescue dose in
response to their elevated VAS score in the first hour.
This may explain the similarity in VAS score at 2 h
post-operative between both groups.
Many studies compared OFA with TBA in obese pa-

tients. They differed in the composition of the OFA regi-
men, the way of giving the drug (infusion or boluses),
the outcomes they measured, and also the way they cal-
culated the doses in obese people (based on IBW, LBW,
or TBW).
Ibrahim et al. (2022) in their study that compared

OFA in the form of a mixture of dexmedetomidine, lido-
caine, and ketamine infusions with opioid based
anesthesia (OBA) agreed with the current study that
OFA showed more time to extubation and readiness to
PACU discharge although dexmedetomidine was given
according to IBW. Ketamine and fentanyl were also
given according to IBW. Also, Beloeil et al. (2021) in a
study that included different surgery types showed de-
layed extubation time and PACU stay in OFA in com-
parison to remifentanil where both groups received
ketamine. This was not the case in the study done by El
Sayed et al. (2017) that compared the use of dexmedeto-
midine infusion to placebo infusion (control group) with
fentanyl boluses in both groups in response to
hemodynamic changes, and the results showed a de-
crease in time to extubation and time to PACU dis-
charge in the dexmedetomidine group. The total
fentanyl consumption intra-operative was significantly

Table 1 Comparison between groups with regard to
demographic data and duration of surgery

Variable TBA (n=30) OFA (n=30) T/Z p value

Age (years) 35.1 ± 9.4 39.77 ± 11.3 1.7 0.09

Sex (male) 6 (20%) 5 (16.7%) X2=0 1

BMI (kg/m2) 50.38 ± 8.25 49.54 ± 6.87 0.43 0.67

LBW(kg) 70.08 ± 8.7 69.5 ± 7 0.3 0.78

Duration of surgery (min) 99.17 ± 29.8 107.7 ± 32.7 1.05 0.3

Data is expressed as mean ± SD or proportion, T = student t
test, X2=chi-square

Table 2 Comparison between groups as regards vital data
events

Event TBA (n=30) OFA (n=30) X2 P value

Hypotension 1 (3.3%) 8 (26.7%) 4.7 0.03

Hypertension 5 (16.7%) 0 (0%) 3.5 0.06

Bradycardia 1 (3.3%) 3 (10%) 0.27 0.61

Data is expressed as proportion, X2= chi-square

Table 3 Comparison between groups with regard to
extubation time and time to reach an Aldrete score of 9

Time TBA (n=30) OFA (n=30) t P value

Extubation time (min) 4.1 ± 2.4 7.5 ± 7.06 2.48 0.018

Aldrete score of 9 time (min) 7.07 ± 3.2 11.1 ± 8.5 2.4 0.02

Table 4 Comparison between groups as regards PONV
incidence

TBA (n=30) OFA (n=30) X2 P value

PONV incidence 11 (36.67%) 5 (16.67%) 3.017 0.0824

Data is expressed as proportion, X2= chi-square
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higher in the control group than in the dexmedetomi-
dine group, and fentanyl was given based on TBW, and
not IBW, as in the current study, that may have led to
opioid overdose and accounts for the longer time in the
control group. Also, the maintenance dose of dexmede-
tomidine was slightly lower in the mentioned study than
in the current study.
Ziemann-Gimmel et al. (2014) in their study of OFA ac-

companied by total intravenous anesthesia (TIVA) in
comparison with OBA and inhalational anesthesia, they
found no difference in time to extubation or time to
PACU readiness to discharge between the two groups.
Dexmedetomidine was given on TBW as in the current
study, but both loading and maintenance doses were lower
than (about half) of those used in the current study. Also,
fentanyl was given based on TBW and not IBW.
Mulier et al. (2018) did not find a significant difference

between OFA and OBA regarding intra operative
hemodynamic events in bariatric surgeries. This may be
explained by the fact that dexmedetomidine was given
adjusted to IBW and even the loading dose was lower
than that in the current study. In fact, the dexmedetomi-
dine and ketamine loading doses used in the current
study were half of what was used in the previous study.
Elsaye et al. (2019) in their comparative study between
OFA and OBA in laparoscopic cholecystectomy in mor-
bid obese patients, they showed a difference between the
two groups in the form of decreased HR and BP in the
OFA group. Although dexmedetomidine was given at a
lower dose than in the current study, lidocaine and mag-
nesium sulphate were given both for loading and main-
tenance based on TBW. This may explain the
augmented effect on HR and BP intra-operatively.
Beloeil et al. (2021) study showed more bradycardia
events in the dexmedetomidine group, which may be at-
tributed to the high dose adopted by the study at first
before modification.
Aronsohn et al. (2021) did not find a significant differ-

ence between OFA and OBA as regards to pain intensity
and post-operative opioid consumption. The study regi-
men was either dexmedetomidine, ketamine, or lido-
caine, dexmedetomidine was not given as a loading dose,
and the maintenance dose was lower than that of the

current study (0.2–0.6 μg/kg/hr). Also, a meta-analysis
study for randomized controlled trials for OFA by Sal-
omé et al. (2021) found no significant difference between
OFA and OBA in terms of pain and opioid consumption
post-operative. The trials included did not share the
same drugs, doses, or combinations of drugs.
Mulier et al. (2018) found that patients receiving OFA

require fewer analgesics, have a better quality of recovery
after surgery, have a better VAS score, and require fewer
opioids in the PACU and ward, despite the fact that the
doses used were lower than those used in the current
study. Also, Ibrahim et al. (2022) study showed a reduc-
tion in pain scores in PACU and till 6 h postoperatively
in the OFA group. Toleska and Dimitrovski (2019),
Mansour et al. (2013), Abdelmoniem et al. (2020), and
Beloeil et al. (2021) also reported that patients who re-
ceived fentatnyl showed higher pain scores in compari-
son to opioid free anesthesia.
As regards to post-operative nausea and vomiting,

most studies showed a significant reduction in OFA, as
Salomé et al. (2021), Ziemann-Gimmel et al. (2014),
Mulier et al. (2018), Abdelmoniem et al. (2020), and
Beloeil et al. (2021), while Aronsohn et al. (2021) study
and Mansour et al. (2013) showed no difference.
Nalbuphine, the rescue medication used, is a mixed

agonist antagonist, and some may argue that its use
after fentanyl in the postoperative period may result
in the reversal of analgesia, that could be the reason
for the higher pain scores in the TBA group, but nal-
buphine antagonistic action on pure opioid agonists
was examined before.

Table 5 Comparison between groups as regards postoperative
hypoxemia

TBA (n=30) OFA (n=30) X2 P value

Hypoxemia 2 (6.7%) 4 (13.3%) 0.185 0.67

Data is expressed as proportion, X2= chi-square

Table 6 Comparison between groups as regards postoperative nalbuphine consumption

TBA (n=30) OFA (n=30) t P value

Postoperative nalbuphine consumption (Mg) 23.67 ± 4.5 8.17 ± 4.8 12.8 < 0.001

Data is expressed as mean ± SD, T = Student’s t test

Table 7 compares the visual analog scores of different groups

Visual
analog
score

TBA
(n=
30)

OFA
(n=30)

Mann-Whitney test

z P value

30 min 6 (5–7) 2 (0–4) 4.7 < 0.001

1 h 8 (7–8) 3.5 (2–5) 5.86 < 0.001

2 h 4 (3–5) 4 (3–5) 0.6 0.53

6 h 7 (7–8) 4 (3–5) 5.8 < 0.001

12 h 7 (7–8) 4 (3–5) 5.8 < 0.001

18 h 6 (5–7) 3 (3–4) 5.3 < 0.001

24 h 5 (4–5) 3 (2–4) 3 0.003

30 h 4 (3–4) 3 (2–4) 1.8 0.07

36 h 3 (3–4) 3 (3–3) 1.9 0.06

42 h 3 (2–3) 3 (2–3) 1.6 0.1

48 h 3 (1–3) 3 (1–3) 0.02 0.98

Data is expressed as median (IQR): interquartile range
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The study done by Gunion et al. (2004) reported that
nalbuphine and other opioids can be used concurrently
with better analgesia and fewer side effects as nalbu-
phine has the potential to attenuate the mu-opioid ef-
fects and to enhance the kappa-opioid effects. Also,
Davis et al. (2018) reported that low doses of nalbuphine
when combined with potent opioids reduces side effects,
particularly respiratory depression without loss of
analgesia.
Moreover, Yeh et al. (2008) examined mixing nalbu-

phine and morphine together in PCA in different ratios
and concluded that the interaction between morphine
and nalbuphine in PCA admixture on analgesia is
additive.
Also, Seol et al. (2003) examined mixing nalbuphine

and fentanyl in PCA and concluded that nalbuphine
with fentanyl in combination is a useful method for
intravenous PCA.
Back to the current study, the results showed that

the VAS score for both groups at 2 h after operation
was equal and the authors attributed that to the fact
that the TBA group showed a high vas score at 1 h
post-operative and received nalbuphine as a rescue
medication.

Limitations
The current study did not use the BIS module or Train
Of Four (TOF) intra-operative. This may have played a
role in intraoperatively adjusting inhalational anesthesia,
which may have affected the outcome and standardized
the extubation process.

Conclusions
OFA has a better profile than TBA with regard to post-
operative pain score and post-operative opioid consump-
tion, but they have a relative increase in time to extuba-
tion and time to reach an Aldrete score of 9.
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