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Abstract
Background Dexmedetomidine is an «, receptor agonist with sedative and analgesic properties. During bariatric surgery, its use
may reduce postoperative opioid requirements, reduce their side effects, and improve quality of recovery.

The aim of this prospective randomized controlled trial was to compare the effect of dexmedetomidine bolus and infusion
versus morphine bolus given prior to the end of laparoscopic bariatric surgery.
Methods Sixty morbidly obese patients (BMI>40 kg m %) aged 18 to 60 years, undergoing laparoscopic sleeve gastrectomy,
received morphine sulfate (bolus 0.08 mg kg™ followed by a saline infusion) (group M, n =30) or dexmedetomidine (loading
dose of 1 pg kg ™' followed by 0.5 ug kg ™' h™") (group D, 1 = 30) 30 min before the end of surgery.

Data collected included morphine consumption in the post-anesthesia care unit (PACU) (primary outcome) and at 24 h, pain
intensity, nausea, heart rate, blood pressure, vomiting, sedation, and quality of recovery.
Results There was no significant difference in morphine consumption in the PACU (group D 12.2 +5.44 mg, group M 13.28 +
6.64 mg, P=0.54) or at 24 h (group D 40.67 +24.78 mg, group M 43.28 +27.79 mg, P =0.75); when accounting for intraop-
erative morphine given group M had significantly higher morphine consumption when compared to group D (23.48 +6.22 mg
vs. 12.22 +5.54 mg, respectively, P <0.01). Group D patients had more cardiovascular stability.
Conclusions Dexmedetomidine given prior to end of laparoscopic sleeve gastrectomy provides the same level of postoperative
analgesia as morphine with better hemodynamic profile.
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Introduction

Dexmedetomidine (Precedex®, Hospira, IL) is a potent
and highly selective «-, adrenoreceptor agonist with
sedative, anxiolytic, sympatholytic, and analgesia-
sparing properties [1-5]. Systemic administration of
dexmedetomidine has been reported to reduce both the
anesthetic and opioid requirements in the perioperative
period. In addition, it has minimal effects on ventilation
[1, 6, 7] and has been increasingly used as an adjuvant
drug during general anesthesia to improve the manage-
ment of morbidly obese patients [8—10]. It has even
been used as a sole substitute for intraoperative opioids
in a few reports [11, 12].

Enhanced Recovery after Surgery (ERAS) protocols
are suggested as the state of the art approach to the
care of the surgical patient. In the most recent ERAS
published protocol for bariatric surgery, there was strong
evidence and recommendations to reduce the consump-
tion of opioids by using multimodal analgesia [13].
Furthermore, respiratory function is compromised after
bariatric surgery because obesity induces severe restric-
tive syndrome and lying flat can induce atelectasis [13].
Moreover, perioperative opioids promote obstruction of
the upper airways which might induce postoperative
hypoxemia [14]. Therefore, the ultrashort-acting opioid
remifentanil is frequently used during laparoscopic bar-
iatric surgery to replace long-acting opioids intraopera-
tively. However, morphine supplementation at the end
of surgery remains mandatory to avoid hyperalgesia
and postoperative pain. Previous studies on bariatric pa-
tients used dexmedetomidine as a sole agent throughout
the surgery [9, 11] and/or after surgery [8, 11], but none
have examined the influence of dexmedetomidine given
at the end of laparoscopic sleeve gastrectomy versus
morphine for the control of postoperative pain following
a remifentanil-based anesthetic.

The purpose of this prospective, randomized, double-
blind study was to demonstrate that the analgesic effi-
cacy of dexmedetomidine is equivalent to that of mor-
phine. Both medications, when administered at the end
of surgery, should have the same efficacy with regard to
opioid requirements and pain scores in the early post-
operative period in morbidly obese patients undergoing
laparoscopic sleeve gastrectomy. Secondary outcomes
included intraoperative and postoperative hemodynam-
ics, sedation scores, nausea and vomiting, pruritus, re-
spiratory complications, and readiness to discharge col-
lected in the post-anesthesia care unit (PACU). Quality
of recovery using (QoR-40) scoring system 24 h after
surgery was also compared between the two groups, in
addition to an overall satisfaction score collected
1 month after surgery.

Materials and Methods

This prospective, randomized, double-blind trial was conduct-
ed at the American University of Beirut Medical Center
(AUBMC), registered with ClinicalTrials.gov
(NCTO02213159) on August 8, 2014, and adheres to
CONSORT guidelines. This study obtained ethical approval
(Institutional review Board, ID: ANES.CZ.02) by the Ethical
Committee of the American University of Beirut, Beirut,
Lebanon on May 15, 2014. After IRB approval, patients
who were scheduled for laparoscopic sleeve gastrectomy were
identified and approached by a member of the research team.
Subsequently, written informed consent was obtained from
American Society of Anesthesiologists (ASA) II patients with
morbid obesity aged 18 to 60 years (body mass index (BMI)
>40 kg/m or > 35 kg/m with comorbid conditions such as
hypertension, diabetes, and/or sleep apnea). Patients were ex-
cluded if they had allergy to morphine or x-2 adrenergic ag-
onists, weight over 180 kg, history of uncontrolled hyperten-
sion, heart block greater than first degree, or other clinically
significant morbidities. Also, patients were excluded if they
received an opioid analgesic within a 24-h period prior to
surgery, had history of alcohol, drug abuse, chronic opioid
intake, psychiatric disorder, or were pregnant or breastfeeding.

Patients were randomly assigned using a computer-
generated random number table with block randomization
(10 blocks, 6 patients each) to one of two treatment groups:
group D received dexmedetomidine and group M received
morphine. Boluses were filled in identical 20-ml syringes la-
beled BOLUS and were run at 120 ml/h, and infusions of
saline and dexmedetomidine were filled in identical 20-ml
syringes labeled INFUSION and run at a rate of 0.05 ml/kg/
h. Study medications were prepared by an anesthesia staff
member not involved in data collection. Doses were based
on the patient’s actual body weight. The investigators, anes-
thesiologists, PACU and ward nurses, as well as the patients
were blinded to the randomization schedule.

Patients were premedicated with midazolam 20 pug/kg iv
prior to entering the operating room. Standard ASA monitor-
ing devices were used. Induction of anesthesia was achieved
using propofol 2 mg/kg, fentanyl 1 pg/kg, and lidocaine
1 mg/kg. Rocuronium 0.6-1.2 mg/kg or succinylcholine 1—
2 mg/kg were administered to facilitate tracheal intubation.
All patients received dexamethasone 8§ mg iv after induction.
Maintenance of anesthesia was provided using a mixture of
oxygen and air (FiO, =50%) and sevoflurane 2%. A
remifentanil infusion (0.1-0.5 pug/kg/min) was started after
intubation and stopped at the completion of wound closure.
Mean arterial pressure values were maintained within 20% of
baseline values by varying the infusion of remifentanil. Thirty
minutes prior to the anticipated completion of surgery, patients
in group D received dexmedetomidine 1 pg/kg over 10 min
followed by 0.5 pg/kg/h until removal of the laparoscope, and
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patients in group M received morphine 0.08 mg/kg over
10 min followed by a saline infusion until removal of the
laparoscope. Ondansetron 8 mg iv was then given and
sevoflurane was turned off. After completion of wound clo-
sure, residual neuromuscular block was antagonized with neo-
stigmine 40 pg/kg iv and glycopyrrolate 10 pg/kg iv or
sugammadex. The oxygen flow rate was then increased to
8 I/min. Patients were extubated in the operating room and
transported to the PACU.

In PACU, a morphine PCA machine (baseline 0, bolus
2 mg, lockout 6 min, 4 h maximum dose 40 mg) was attached
to the patient. NRS pain scores were obtained upon arrival and
repeated at regular intervals. Postoperative morphine therapy
was titrated in both groups by increments of 2 mg if the NRS
pain score was >4. Patients were allowed to self-administer
morphine using the PCA when judged capable by the PACU
nurse. The primary outcome measure was total morphine con-
sumption in PACU.

Secondary outcome measures were intraoperative hemody-
namic values, total morphine consumption at 24 h, NRS pain
scores at rest in PACU and at 24 h, time to discharge readiness
from PACU, incidence of pruritus, nausea and vomiting, and
respiratory complications in PACU, as well as quality of re-
covery at 24 h through the QoR-40. This questionnaire con-
sists of 40 items related to five domains linked to quality of
life with scores ranging from 40 to 200 and has been validated
as a reliable tool to assess postoperative quality of recovery
[15, 16]. Furthermore, hemodynamic values, NRS pain
scores, and modified Observer’s Assessment of Alertness/
Sedation Scale (OAA/S) scores were recorded at 5-min inter-
vals for the first 15 min after arrival to the PACU, and subse-
quently at 15-min intervals until transfer to the ward.

The NRS nausea scores and episodes of emesis, as well as
the need for rescue antiemetic therapy, were recorded at 30-
min intervals until PACU discharge. Patients reporting a NRS
nausea score >3 were given metoclopramide 10 mg iv.
Respiratory complications including obstruction requiring
chin lift/jaw thrust or nasopharyngeal airway, number of
desaturation episodes of <92% for 10 s despite O, supple-
mentation, and need for reintubation were recorded. Patients
were contacted by phone 1 month after discharge and asked to
rate their overall satisfaction with their surgical experience on
an NRS scale.

The sample size was computed after calculating A as fol-
lows: A = o — 1i/y (1o = mean dose of morphine in the mor-
phine group, p; =mean dose of morphine in the
dexmedetomidine group, and <y = standard deviation). The
following values were obtained based on Arain’s study [17]:
Ho=9, 1y =4.5, v =6. Therefore, with 3 0of 0.2 and & of 0.05
and two-sided test, the calculated number of patients is 28 in
each group. The sample size was increased to 30 per group to
compensate for potential subject loss during the course of the
study. Continuous data (demographics, intraoperative
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characteristics, morphine consumption, time to first morphine
requirement, intraoperative and PACU hemodynamics,
vomiting and rescue antiemetics, episodes of desaturation,
and chin lift/jaw thrust) were represented as means + SD and
analyzed using Student’s ¢ test, categorical data (respiratory
complications, pruritus) were represented as numbers and per-
centages and analyzed using x> or Fisher’s exact test as ap-
propriate. Scores (NRS pain and nausea scores, OAA/S
scores, QoR-40 scores, and NRS satisfaction scores) were
represented as medians and interquartile ranges and analyzed
using Mann-Whitney U test. P values < 0.05 were considered
significant. We used SPSS version 23 (SPSS Inc., Chicago,
IL) for our statistical analysis.

Results

A total of 145 patients were assessed for eligibility between
August 2014 and July 2015. Sixty patients were enrolled in
the study, one patient was excluded due to morphine allergy,
and three patients were excluded due to surgical complications
requiring early surgical re-exploration. The final number of
patients included was 27 patients for group D and 29 patients
for group M (Fig. 1).

Both groups were similar regarding baseline demographics
and intraoperative data except for a higher incidence of history
of hypertension in group M (Table 1).

There were no significant differences in morphine con-
sumption in the PACU or at 24 h (Fig. 2). Also, NRS pain
scores were similar (Table 2). However, when accounting for
intraoperative morphine given, group M had significantly
more morphine consumption (intraoperative plus PACU mor-
phine) than group D (23.48 £6.22 mg vs 12.22+5.54 mg,
respectively; P <0.01). Time to first morphine requirement
was not significantly different between groups (group D
8.89+10.68 min vs group M 7.62 + 8.49 min, respectively;
P=0.74).

Intraoperatively systolic (SBP) and diastolic blood pres-
sures (DBP) were significantly lower in group D than in group
M at different time points after the start of the study drugs and
at extubation (Fig. 3a, b). However, severe hypotension
(SBP <90 mmHg) did not occur in either group.
Furthermore, heart rate (HR) was significantly lower in group
D compared to group M at extubation (Fig. 3c).

In PACU, at most time points, SBP, DBP, and HR were
significantly lower in group D compared to group M (Fig. 4a—
).

Although NRS nausea scores (Table 2), episodes of emesis
0 (IQR 0 to 0) for group D vs. 0 (IQR 0 to 1) for group M, and
rescue antiemetic use 0 (IQR 0 to 0) for group D vs. 0 (IQR 0
to 1) for group M were higher in group M than in group D, the
difference did not reach statistical significance. Only one pa-
tient in group M complained of pruritus, none in group D. No
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Fig.1 Consort flow diagram

Assessed for eligibility
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I
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Allocated to intervention Group M (n=30)
Received allocated intervention (n=30)

Did not receive allocated intervention (n=0)

A

Lost to follow-up (n=0)
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Follow-Up ] v

7

Lost to follow-up (n=0)
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Discontinued intervention (n=1): 1 surgical re-

Analysed (n=27)

Excluded from analysis (n=0)
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=

patient required chin lift/jaw thrust maneuvers, nasal airway

insertion, or was re-intubated in PACU.

Analysed (n=29)
Excluded from analysis (n=0)

Time to discharge readiness from PACU was not statisti-
cally different between the groups 78.37+27.10 min for

Table 1  Demographic characteristics and intraoperative data
Variable Dexmedetomidine Morphine Pvalue
n=27 n=29

Age (years) 38.04+12.43 38.03+£10.44 0.89

Height (m) 1.67+0.09 1.70£0.10 0.33

Weight (kg) 117.67+18.75 120.69 +£21.68 0.64

BMI (kg m ?) 42.14+6.53 41.78 +5.86 0.86

Baseline SBP (mmHg) 139.48 £20.59 138.66+16.91 0.78

Baseline DBP (mmHg) 81.89+14.14 84.34+13.21 0.73

Baseline HR (bpm) 86.22+14.03 83.21+12.41 0.52

Surgical duration (min) 100.15+25.23 103.72 £24.36 0.45

Time to extubation (min) 108.52 +24.83 110.28 £22.66 0.58

Total intraoperative remifentanil (mg) 1.63+0.77 1.92+0.77 0.17

Obstructive sleep apnea No 17 (63.0) 18 (62.1) 0.94
Yes 10 (37.0) 11 (37.9)

Hypertension No 14 (51.9) 25 (86.2) 0.005
Yes 13 (48.1) 4 (13.8)

Diabetes mellitus No 24 (88.9) 22 (75.9) 0.30
Yes 3(11.1) 7 (24.1)

Reversal agent Prostigmine 10 (37.0) 12 (41.4) 0.74
Suggamadex 17 (63.0) 17 (58.6)

Values are means + SD and numbers, percentages
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Fig.2 Morphine consumption in post anesthesia care unit and at 24 h

group D vs 76.62 +19.92 min for group M, P=0.77. PACU
OAA/S sedation scores were not significantly different be-
tween groups (Table 2). Quality of recovery scores and NRS
scores for satisfaction 1 month post-discharge were compara-
ble between groups (Table 2).

Discussion

Our findings support the administration of dexmedetomidine
as an alternative to morphine toward the completion of bariat-
ric surgery following a remifentanil-based anesthetic. This is
based on equivalent morphine requirements and pain scores in

Table 2 NRS pain, nausea, OAA/S, and QoR-40 scores

PACU, with the advantage of more hemodynamic stability
during emergence and the early postoperative period in the
dexmedetomidine group compared with the morphine group.

Remifentanil infusion is commonly used during bariatric
surgery for its rapid onset and short analgesic duration inde-
pendent of dose and duration. However, considerable evi-
dence suggests that exposure to high-dose remifentanil para-
doxically enhances pain sensitivity and increases analgesic
requirements [18-20]. Therefore, a longer acting drug such
as morphine is given at the end of the procedure. There is
recent advocacy for opioid-free anesthetics that may contrib-
ute to improved recovery. We have shown that
dexmedetomidine administered at the end of the procedure
is equivalent to morphine for the control of postoperative pain.

Enhanced tyrosine phosphorylation of the NR2B subunit
of the NMDA receptor contributes to nociceptor activity-
induced spinal plasticity and the development of central sen-
sitization leading to remifentanil-induced postoperative
hyperalgesia [21]. Dexmedetomidine decreases spinal tyro-
sine phosphorylation of the NR2B subunit, therefore, decreas-
ing remifentanil induced postoperative hyperalgesia.
Furthermore, dexmedetomidine may reduce inflammation re-
sponse [22, 23] and hyperalgesia resulting from it [24, 25]. It
also modulates norepinephrine release from the locus ceruleus
centrally and stimulates -2 receptors directly in the spinal
cord, inhibiting nociceptive neuron firing [26]. In addition,
dexmedetomidine appears to potentiate the analgesic effect

Group

Dexmedetomidine Morphine
Variable Median (IQR) Median (IQR) Pvalue
NRS pain at arrival to PACU 6.00 [5.00 to 8.25] 7.00 [3.50 to 9.50] 0.62
NRS pain at 60 min 4.00 [3.00 to 6.00] 5.00 [4.00 to 6.00] 0.24
NRS pain at first morphine requirement 7.00 [5.00 to 8.00] 7.50 [5.25 t0 9.00] 0.83
NRS pain at 24 h 4.00 [2.00 to 6.00] 4.00 [2.00 to 4.50] 0.46
NRS nausea at arrival to PACU 2.50 [0.00 to 7.00] 3.00 [0.00 to 7.00] 0.85
NRS nausea at 60 min 2.50 [0.00 to 5.00] 0.50 [0 to 4.75] 0.84
NRS nausea at 24 h 2.00 [0.00 to 6.75] 3.00 [3.00 to 7.00] 0.26
OAA/S at arrival to PACU 4.00 [3.00 to 5.00] 4.00 [4.00 to 5.00] 0.27
OAA/S at 60 min 4.00 [3.00 to 5.00] 4.00 [3.50 to 5.00] 0.34
QoR-40 165.00 [141.00 to 173.00] 169.00 [154.00 to 181.00] 0.14
QoR Comfort 44.00 [39.00 to 50.00] 46.00 [38.00 to 50.50] 0.70
QoR Emotional state 38.00 [31.00 to 43.00] 40.00 [35.00 to 43.00] 0.85
QoR Psychological support 33.00 [29.00 to 35.00] 34.00 [30.00 to 35.00] 0.77
QoR Physical independence 19.00 [13.00 to 23.00] 21.00 [18.00 to 24.00] 0.16
QoR Pain 28.00 [25.00 to 32.00] 28.00 [25.50 to 31.50] 0.99
NRS for satisfaction at 1 month 10.00 [9.00 to 10.00] 9.00 [8.00 to 10.00] 0.29

Values are medians and interquartile ranges

NRS numerical rating scale, OAA/S observer’s assessment of alertness/sedation scale, QoR quality of recovery score, min minutes
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of opiates (synergistic action) [27-29]. It may therefore be an
effective treatment option for preventing remifentanil-induced
hyperalgesia.

Initially, dexmedetomidine acts peripherally on vascular
smooth muscle x-2B receptors, resulting in vasoconstriction,
transient increases in blood pressure (BP), and reflex de-
creases in HR mainly seen after rapid administration of large
doses. Following this initial peripheral effect, a more gradual
central effect results in a decreased sympathetic outflow and
circulating catecholamine levels, with an increased vagal ac-
tivity, causing a decrease in HR and BP [1, 30]. The transient
increase in BP was not seen with the bolus dose in our study,
probably blunted by the sevoflurane and remifentanil.
However, the sympatholytic effects were evident during emer-
gence as the SBP, DBP, and HR were significantly lower in

group D vs. group M. These findings concur with those of
other studies [31, 32] and confer the advantage of better he-
modynamic stability at emergence in a patient population that
may have significant cardiac comorbidities.

Following intravenous administration, dexmedetomidine
has a rapid distribution phase (6-min distribution half-life)
and a terminal half-life of 2 h. In our study, dexmedetomidine
was given around 30 min before the end of the surgery in order
to achieve a sustained postoperative therapeutic analgesic lev-
el. Dexmedetomidine is extremely lipophilic and it is likely
that, in the morbidly obese patient, it will be taken up by the
fatty tissue thereby prolonging its elimination and providing
prolonged postoperative analgesia. The analgesic effect might
have lasted as long as the hemodynamic effect; as a matter of
fact, in our study, the difference in BP and HR between the
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two groups disappeared at 75 min and 90 min, respectively,
from PACU admission time.

In their retrospective study, Dholakia et al. [33] demon-
strated that a dexmedetomidine infusion can safely be ad-
ministered perioperatively to morbidly obese patients.
Furthermore, they provided data suggesting that a periop-
erative dexmedetomidine infusion may result in less need
for opioids and earlier discharge, particularly after laparo-
scopic gastric bypass surgery. In a prospective randomized
study on the effects of different infusion rates of
dexmedetomidine on postoperative variables in laparo-
scopic bariatric surgery, it was shown that a
dexmedetomidine infusion of 0.2—0.8 ug/kg/h of actual
body weight produced anesthetic sparing effects and a re-
duction in the need for opioids and antiemetics. The
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patients had lower mean arterial pressure values in the ear-
ly postoperative period [9]. Another study in bariatric pa-
tients comparing dexmedetomidine 0.8 pg/kg bolus
followed by 0.4 ug/kg/h continuous infusion with placebo
showed decreased fentanyl and propofol consumption for
maintenance of anesthesia and more stable hemodynamics
while postoperative pain and total amount of morphine
were decreased [34].

There are limited studies in the literature comparing
dexmedetomidine to opioids head to head post bariatric sur-
gery. A previous study compared dexmedetomidine directly to
fentanyl as an adjunct to desflurane anesthesia and showed
decreased HR, BP, desflurane requirement, postoperative pain
level, and morphine use in the PACU [12]. Another study
compared intravenous infusion of dexmedetomidine initiated
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and continued for 24 h following laparoscopic bariatric sur-
gery with morphine infusion and found no difference in mean
rescue morphine and paracetamol requirements. However, the
dexmedetomidine group received a significantly lower total
amount of morphine over 24 h [8]. We compared
dexmedetomidine versus morphine on the characteristics of
recovery following a remifentanil-based anesthetic.
Likewise, our patients in the morphine group received a larger
dose of morphine compared to the dexmedetomidine group
when taking into account intraoperative morphine given.

A review of the literature yielded only one prospective
study comparing dexmedetomidine to morphine in the early
perioperative period in non-bariatric surgery [17]. Similar to
our study, patients received either dexmedetomidine or mor-
phine infusion based on their actual body weight 30 min be-
fore the anticipated completion of each procedure. These in-
vestigators determined that the dexmedetomidine-treated pa-
tients required significantly less supplemental morphine to
achieve equivalent analgesia and that they had a significantly
slower HR in the PACU. Of note, this study was performed on
non-obese patients undergoing different types of major intra-
abdominal or orthopedic surgeries, which could explain the
difference with our results.

A meta-analysis has shown that dexmedetomidine admin-
istration significantly decreases postoperative pain and has an
opioid sparing effect compared to placebo. Additionally, it
seems to reduce opioid-related adverse events, although clear
statistical significance was not reached for most variables
(PONYV, pruritus, and respiratory depression) [35]. Similarly,
in our study, NRS nausea scores and rescue antiemetic use did
not show a statistically significant difference between groups.
The intraoperative use of dexamethasone and ondansetron
may have influenced the incidence and severity of PONV; in
addition, our study may be underpowered to detect a differ-
ence in PONV and other opioid-related side effects.

A recent study evaluating the postoperative effects of a
single intraoperative dose of dexmedetomidine (1 mg/kg de-
livered over 10 min) vs. placebo administered at the time of
surgical closure in patients undergoing laparoscopic Roux-en-
Y gastric bypass surgery showed no reduction in the immedi-
ate PACU usage of opioids but a significant reduction in re-
ported pain scores and a decrease in the number of PCA at-
tempts for opioids made by patients [36].

Unlike other studies where dexmedetomidine was shown
to improve quality of recovery scores [37—39], in our patient
population, there were no differences between groups regard-
ing QoR-40 at 24 h. This could be explained by the fact that
both groups received morphine postoperatively hence damp-
ening the advantages conferred by avoiding opioids intraop-
eratively. A limitation of our study is that we did not continue
the infusion of the study medication in the PACU to achieve a
more prolonged opioid-sparing effect. We also did not assess
NRS pain scores at cough; our patient population having had

laparoscopic surgery could have had significant shoulder pain
during cough.

Conclusions

In conclusion, this study showed that dexmedetomidine at the
end of surgery is a good alternative to morphine for the control
of postoperative pain following a remifentanil-based anesthet-
ic. The hemodynamic stability provided by dexmedetomidine
may confer an advantage in the obese population where the
incidence of comorbidities is high and has significant impact
on the perioperative management. More importantly, in this
era of concern over perioperative opioid use,
dexmedetomidine should be considered as part of the arma-
mentarium that may facilitate the recovery process of obese
patients who are at increased risk of postoperative respiratory
complications.
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