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Abstract
Backgrounds Optimal pain management in bariatric patients is crucial for early recovery. This study aims to evaluate the effects
of magnesium and ketamine combination onmorphine consumption after open bariatric surgery (primary outcome), as well as on
postoperative pain scores and occurrence of side effects.
Method A total of 60 patients undergoing elective open gastric bypass were randomized into 3 groups. All patients received the same
general anaesthesia protocol. The magnesium and ketamine group (Mg + K) received an IV bolus of magnesium 50 mg/kg and
ketamine 0.2 mg/kg followed by continuous infusion of magnesium (8 mg/kg/h) and ketamine (0.15 mg/kg/h) until extubation. The
ketamine group (K) received the same bolus and infusion of ketamine, together with a bolus and continuous infusion of normal saline.
The placebo group (P) received normal saline. All patients received 48 h of paracetamol 1 g IV q6h and morphine sulphate 0.1 mg/kg
subcutaneous q6h PRN.Morphine consumption, VAS pain scores and occurrence of side effects were recorded for 48 h postoperatively.
Results Patients in group (Mg + K) (2.4 ± 2.62 mg) and in group (K) (2.8 ± 2.66 mg) had significantly lower morphine con-
sumption in the PACU compared with the patients in group (P) (4.85 ± 4.51 mg) (p = 0.045). Patients in group (Mg + K)
consumed significantly less morphine the first 24 postoperative hours, with a relative reduction of 87% and 21% compared with
group (K) and group (P) respectively (p = 0.028). However, this difference was not observed at 48 h. No significant difference
was shown between the three groups in terms of nausea and vomiting, time to extubation or excessive sedation.
Conclusion The association of magnesium and ketamine bolus followed by infusion in open bariatric surgery appears to be safe
and decreases morphine requirements in the first 24 h compared with both ketamine alone and placebo.

Keywords Opioid sparing . Ketamine . Magnesium . Obese .

Bariatric surgery

Introduction

The rise in the prevalence of obesity is accompanied by in-
creases in bariatric surgeries that have demonstrated their ef-
fectiveness in achieving weight loss and reducing obesity-
related comorbidities [1]. However, bariatric surgeries are
not devoid of risks, and they present significant challenges
to general anaesthesia. Obesity is a risk factor for periopera-
tive cardiovascular, thromboembolic, gastrointestinal and re-
spiratory complications [2]. Optimal management of postop-
erative pain in bariatric patients is therefore crucial, as it al-
lows better respiration and early ambulation, and thus, im-
proves procedural morbidity. Remifentanil with its strong po-
tency and short duration of action is particularly interesting in
bariatric surgery. It achieves adequate level of analgesia
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without increasing the risk of postoperative respiratory de-
pression or delayed awakening compared with longer acting
opioid such as fentanyl or sufentanil [3]. Moreover, obesity
has no impact on its pharmacokinetics [4]. However, a major
downside of remifentanil is its known potential to develop
hyperalgesia and acute opioid tolerance, manifested by an
increase in postoperative analgesics requirements [5–8].
Non-opioid analgesics acting on central excitability appear
beneficial in counteracting hyperalgesia. This category in-
cludes N-methyl-D-aspartate (NMDA) receptor antagonists,
such as ketamine and magnesium (Mg), which retain the
greatest potential for inhibition of hyperalgesia by the central
nervous system [9, 10].

Clinically, it is widely accepted that subanaesthetic doses of
ketamine decrease opioid consumption following abdominal,
orthopaedic, gynaecologic and cardiac surgery [11–15].

Furthermore, magnesium exerts its anti-nociceptive effects
via a non-competitive NMDA receptor antagonist effect and
by inhibiting the intracellular influx of calcium [16, 17]. In
1996, Tramer et al. conducted the first clinical trial showing
less postoperative analgesic requirements associated with the
perioperative administration of magnesium sulphate [18].
Multiple subsequent studies, based on this dual antagonism,
demonstrated the postoperative opioid-sparing effect of sys-
temic magnesium in cardiac, abdominal, gynaecologic and
orthopaedic surgery [19–22].

Since ketamine and magnesium act on different sites of the
NMDA receptor, it was postulated that the combination of
both drugs may lead to a more effective analgesia with lower
doses of each agent. An additive effect of the combination of
magnesium and ketamine with less side effects was demon-
strated in experimental and clinical trials [23, 24]. Literature
involving ketamine and magnesium in bariatric surgical pa-
tients is very sparse. To our knowledge, no studies to date
have focused on the synergistic effects of their coadministra-
tion in bariatric surgery. The purpose of this study was to
evaluate the effects of magnesium and ketamine combination
on opioid consumption during and after bariatric surgery (pri-
mary outcome), as well as its effect on postoperative pain
scores.

Materials and Methods

A prospective randomized double-blind study was conducted
between March 2015 and April 2016 at Hotel-Dieu de France
University hospital to test the hypothesis that ketamine and
magnesium association contributes to an intraoperative and
postoperative morphine-sparing effect, while providing ade-
quate analgesia. After approval from the Ethical Review
Committee of Saint Joseph University, 87 patients with mor-
bid obesity, aged between 18 and 60 years and undergoing
open One Anastomosis Gastric Bypass surgery (OAGB) were

assessed for eligibility, and were included in the study. The
exclusion criteria were patient refusal, allergy to ketamine,
magnesium or morphine, chronic kidney disease (creatinine
> 150 μmol/l), any neurological disorder, myopathy, cardiac
dysfunction (ejection fraction < 40%), uncontrolled hyperten-
sion, documented psychiatric history, preoperative opioid use,
recent magnesium intake, history of chronic pain and alcohol
or opiates addiction.

Randomisation

Patients were randomized, into 3 groups of 20 patients each,
using a computer-generated table by the hospital pharmacists:
magnesium and ketamine group (group Mg + K), ketamine
group (group K) and placebo group (group P). These same
pharmacists prepared the study solutions. Care was taken to
insure the same volume for all preparations. Investigators,
patients and all clinical staff were unaware of the treatment
group.

Treatment

All drugs were administered according to the theoretical ideal
weight (TIW) except for suxamethonium, which was admin-
istered according to the real body weight. TIW was calculated
by using the formula: TIW = 22 × (height)2 (height in meter)
[25].

All patients were pre-medicated 1 h before surgery with
oral hydroxyzine 1 mg/kg.

Monitoring included the following: electrocardiogram,
pulse oximetry, blood pressure (invasive or non-invasive),
gas analyser (EtCO2, sevoflurane), rectal temperature, train-
of-four (TOF) at the adductor pollicis and Bispectral Index
(BIS).

All patients received the same standardized general anaes-
thesia protocol. At induction propofol 3 mg/kg, bolus of
remifentanil 0.5 μg/kg over 1 min and suxamethonium
1 mg/kg were administered intravenously. Maintenance of
anaesthesia was achieved with a continuous intravenous (IV)
infusion of remifentanil 0.05 to 0.25 μg/kg/min and
sevoflurane in a gas mixture nitrous oxide/oxygen (0.6). BIS
goals varied between 40 and 60 and mean arterial pressure
between 60 and 80 mmHg. Rocuronium or cisatracurium
was titrated as soon as one twitch was recorded on the train
of four (TOF), and/or on surgeon demand when a post-tetanic
count was above 15 (PTC > 15).

Patients in group (Mg + K) received after induction IV
ketamine (racemic mixture) bolus of 0.2 mg/kg followed by
a continuous infusion of 0.15 mg kg−1 h−1 until tracheal
extubation, as well as an IV bolus of magnesium sulphate
(50 mg kg−1 in 30 min) followed by a continuous infusion
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of magnesium at a rate of 8 mg/kg/h until tracheal extubation.
Patients in group (K) received the same doses of ketamine
(bolus and IV infusion) as well as a bolus and a continuous
infusion of normal saline (placebo). Patients in group (P) re-
ceived after induction two boluses and two continuous infu-
sions of normal saline.

Forty minutes before the end of surgery, all patient received
0.1 mg/kg of morphine sulphate IV and 1 g of paracetamol.
Remifentanil infusion was stopped at skin closure. Extubation
was done as soon as T4/T1 > 90% after neuromuscular block-
ade reversal. After surgery, the patients were admitted to the
post anaesthesia care unit (PACU) where they spent an aver-
age of 3 h. Intravenous morphine was titrated as needed ac-
cording to the PACU’s protocol by a nurse that was unaware
of the treatment group assignments. On the surgical ward, all
patients received until 48 h postoperatively paracetamol 1 g
IV q6 regularly and morphine sulphate 0.1 mg/kg subcutane-
ous q6 PRN to achieve a visual analogue scale (VAS) score
less than 4.

Data Collection

The following variables were recorded: age, sex, weight, body
mass index (BMI), operative time (time from incision to skin
closure), time to endotracheal extubation (from discontinua-
tion of sevoflurane to the extubation), total doses of
remifentanil, rocuronium and cisatracurium and morphine re-
ceived before extubation. In the PACU at 1 h (H1), 2 h (H2)
and 3 h (H3), morphine titration doses, VAS at rest, with
movement and cough, sedation scores (0 = fully awake, 1 =
responds to verbal stimulation, 2 = responds to tactile stimu-
lation, 3 = responds to painful stimuli) were also recorded. On
the floor total morphine consumption at 24 h and 48 h post-
operatively, morphine side effects (nausea, vomiting, pruritus
and sedation), ketamine side effects (hallucinations, agitation)
andmagnesium side effects (hypotension, dysrhythmias) were
also recorded.

Statistical Analysis

Statistical analysis was performed using the SPSS v21 soft-
ware (IBM Corp. Released 2013. IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY: IBM Corp.). When
required, analysis of variance was performed using Fisher test.
Variables were tested for normality using Kolmogorov-
Smirnov test when needed. Continuous normally distributed
data are reported as mean ± standard deviation, and were
compared by one-way analysis of variance (ANOVA) be-
tween the 3 groups. The Chi-square test was used for differ-
ences in proportions and Mann-Whitney U test for ordinal

variables. A two-sided p < 0.05 was considered statistically
significant.

Results

A total of 60 patients who met the inclusion criteria completed
the study, with 20 patients in each group. Patients’ demo-
graphic and surgical characteristics are summarized in
Table 1 and were comparable between the three groups.

Concerning morphine titration, patients in the group (Mg +
K) and in the group (K) had significantly lower morphine
consumption in the PACU compared with patients in the
group (P). This difference was noted from H2 (Table 2).

Patients in the group (Mg + K) consumed significantly less
morphine in the first 24 postoperative hours, with a relative
reduction of 87% and 21% compared with group (K) and
group (P) respectively. However, this difference was not ob-
served at 48 H (Table 3). No difference was noted concerning
the number of patients that received morphine in the first 24 h
between the three groups (Group (Mg + K) (15); Group (K)
(17); Group (P) (16)).

The remifentanil consumption tended to be lower in Group
(Mg + K) (1834 μg ± 640 for group (Mg + K) versus 2131 μg
± 587 for group (K) and 2146 μg ± 502 for group (P)), but the
difference was not statistically significant. The total dose of
rocuronium and cisatracurium was similar in both groups
(Table 4).

Concerning pain scores, only at H3 in the PACU patients in
Group (K) experienced a higher VAS at rest (p = 0.049), with
movement (p = 0.048) and cough (p = 0.043) compared with
the other two groups (Fig. 1).

Regarding the occurrence of side effects related to analge-
sia, no significant difference was demonstrated between the
three groups in terms of nausea and vomiting. No significant
difference appeared in terms of time to extubation and seda-
tion scores. There were no cardiovascular, respiratory or neu-
rological side effects reported in the three groups.

Discussion

Bariatric surgery exposes patients to the following paradox:
the more severe the obesity, the greater the expected beneficial
results, but also the greater the associated perioperative com-
plications. Since obese patients are more prone to periopera-
tive pulmonary, cardiovascular and thromboembolic compli-
cations [2], effective analgesia is crucial for early recovery and
ambulation, and thus improving procedural morbidity.
However, opioid administration consequences are neither
scarce nor benign for the patient. From this perspective, the
Canadian consensus statement strongly recommends a re-
duced opioid use as part of a multimodal approach for

OBES SURG (2020) 30:1452–14581454



enhanced recovery after surgery (ERAS) in bariatric surgery,
as decreased opioids usage helps shortening patient recovery
time and the duration of stay in hospital [26].

Most of the trials on opioid-free anaesthesia (OFA) have
studied the analgesic and morphine-sparing effects of keta-
mine and magnesium when used alone [20, 21]. The syner-
gistic effects of the two drugs were mostly described in animal
models [23], and some orthopaedic surgeries [19]. But none
have evaluated their coadministration in bariatric surgery.

This placebo-controlled double-blind study was designed
to assess the effect of magnesium and ketamine on perioper-
ative opioid requirements and pain scores in patients undergo-
ing bariatric surgery. We have shown that the association of
magnesium and ketamine reduces early morphine needs after
bariatric surgery, when compared with ketamine alone, or to a
control (placebo) group. However, it does not reduce intraop-
erative remifentanil consumption.

It is known that intraoperative remifentanil infusion could
lead to the development of acute opioid tolerance, and could
increase postoperative pain [5–8]. The mechanism of this
hyperalgesia seems to involve the inactivation of NMDA re-
ceptors in the dorsal horn of the spinal cord.

Open OAGB is a painful surgery and it is crucial to achieve
effective analgesia in order to improve procedural morbidity
and patient outcomes [2]. Although opioids are the analgesics
of choice, their use is associated with many side effects, in-
cluding respiratory depression [27] that could exacerbate post-
operative pulmonary complications in the more vulnerable
obese patients, nausea and vomiting, sedation, ileus, confu-
sion, hyperalgesia and chronic postoperative pain [28]. The

American Society of Anesthesiologists Task Force on acute
pain management therefore recommends adopting a multi-
modal approach for providing optimal analgesia while reduc-
ing the doses of different drugs and their related side effects
[29]. From this perspective, opioids are usually combined to
other analgesics such as paracetamol or non-steroid anti-in-
flammatory drugs (NSAIDs), and co-analgesic agents such as
alpha-2-agonists or anti-NMDA receptors like ketamine or
magnesium.

We found that the addition of magnesium to ketamine re-
duces morphine consumption in obese patients undergoing
open bariatric surgery during the first 24 h postoperatively,
and reduces the pain scores at rest, with movement and during
cough before discharge from the PACU. Pain control was
adequate since the average VAS in the three groups was con-
stantly lower than 4/10. Many authors have shown that intra-
operative use of low doses of NMDA receptor antagonists
decreases morphine consumption during and after various sur-
geries [11–15, 20–22]. Moreover, Liu et al. described the “su-
per-additive effect” of these two antagonists [24]. Nitrous ox-
ide is also an NMDA receptor antagonist. However, its effect
on pain intensity at rest or on movement is not clinically rel-
evant [30]. It was also used in the three study groups with the
same concentration, and therefore it was not a confounding
factor.

In this study, pre-operative anti-nociception was based on
remifentanil, knowing that this agent can be precisely titrated
to reach the adequate desired effect. Thus, it represents a good
model to study the real effects of co-administered analgesics.

The ketamine dose we used (0.2 mg kg−1 followed by
continuous infusion of 0.15 mg kg−1 h−1) was chosen based
on several previous studies that proved its safety and effec-
tiveness [31]. At these analgesic doses (< 1 mg kg−1), the

Table 1 Demographic and
surgical characteristics. Values
represent means ± standard
deviation. BMI body mass index,
TIW theoretical ideal weight

Group (Mg + K) Group (K) Group (P)

Age (years) 34.90 ± 11.08 32.15 ± 7.90 33.40 ± 12.39

Sex ratio (M/F) 7/13 11/9 8/12

Weight (kg) 125.35 ± 20.65 132.25 ± 23.94 113.60 ± 17.80

TIW (kg) 62.15 ± 6.22 65.4 ± 6.90 61.2 ± 7.10

BMI (kg/m2) 44.77 ± 6.62 44.6 ± 6.23 41.12 ± 4.44

Operative time (min) 110.11 ± 30.60 127.50 ± 32.46 114.10 ± 36.82

Time to extubation (min) 26.33 ± 7.14 29.37 ± 10.83 22.80 ± 8.38

Morphine dose (mg) 5.07 ± 1.50 5.40 ± 1.60 5.00 ± 0.97

Table 2 Mean consumption of morphine at H1, H2 and H3. Values are
presented as means ± standard deviation. H1, 1 h postoperatively; H2, 2 h
postoperatively; H3, 3 h postoperatively; PACU post anaesthesia care unit

IV morphine (mg) Group (Mg + K) Group (K) Group (P) p

H1 2.3 ± 2.09 2.55 ± 1.99 3.55 ± 2.25 0.305

H2 0.1 ± 0.44 0.2 ± 0,61 1.3 ± 2.27 0.014

H3 0 ± 0.00 0 ± 0.00 0.1 ± 0.44 0.374

Total PACU 2.4 ± 2.62 2.8 ± 2.66 4.85 ± 4.51 0.045

Table 3 Total doses of morphine sulphate at 24 and 48 h. Values are
presented as means ± standard deviation

Morphine (mg) Group (Mg + K) Group (K) Group (P) p

24 H 10.50 ± 8.99 19.73 ± 13.58 12.70 ± 8.76 0.028

48 H 6.61 ± 7.46 9.89 ± 7.90 7.85 ± 5.04 0.347
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mind-altering effects of ketamine seem to be absent. Although
ketamine is indicated for its opioid-sparing effect in patients
with chronic pain or opioid dependency [12], these patients
were excluded from this study, since a tendency to high mor-
phine consumption could lead to biased outcomes.

In the present study, we chose the bolus (50 mg kg−1) and
continuous (15 mg kg−1 h−1) infusion doses of magnesium
sulphate based on previous investigations [20–22]. Levaux
et al. have demonstrated a beneficial effect on pain relief after
administering a single bolus dose of magnesium (50 mg kg−1)
in major lumbar orthopaedic surgery [32], but O’Flaherty
et al. failed to show any significant efficacy of a single bolus
30 mg kg−1 of magnesium sulphate during anaesthesia induc-
tion for tonsillectomy in children [33]. Therefore, using mag-
nesium sulphate bolus injections alone seems to be insuffi-
cient, and should probably be complemented with either a
continuous infusion or repeated boluses. In the current study,
a magnesium bolus was given at induction of anaesthesia,
followed by a continuous infusion throughout the surgery.

It should be noted that magnesium toxicity begins at serum
concentration of 2.5–5 mmol L−1 [34]. We did not measure
serum magnesium concentrations after the surgery, but in an-
other study where the same magnesium sulphate bolus and
twice the infusion doses were used, the measured serum mag-
nesium levels were was much lower than the toxic levels [35].
Moreover, the reported doses in all of the above-mentioned
studies are well below those administered usually during pre-
eclampsia and cardiac arrhythmias. This suggests that

intraoperative magnesium sulphate for analgesic purposes is
safe to use.

In this study, the morphine-sparing effect did not only in-
volve the early postoperative period after PACU discharge,
but also lasted up to 24 h. These same results were found in
scoliosis surgery using the same doses of magnesium and
ketamine [19]. The possible synergy between these two agents
as describe by Liu et al. [24] could explain the longer lasting
morphine-sparing effect observed in our study when com-
pared with Tramer’s study, where only a 6-h benefit was re-
ported with the administration of magnesium alone [18]. The
cumulative morphine dose was the lowest in the group (Mg +
K), but was interestingly higher in the group (K) compared
with the group (P), despite the well-known opioid-sparing
effect of ketamine (Table 3). The same results were found
when interpreting the VAS scores for the three groups (Fig.
1). This could be explained by the relatively low dose of
ketamine used. In fact, although we used ketamine at a com-
monly accepted subanesthetic dose, the analgesic effects at
such doses can sometimes be clinically insignificant (5 points
reduction on a 100 points pain score as shown by Brinck et al.
in their Cochrane review [30]). Therefore, the use of periop-
erative ketamine at the higher spectrum of the subanesthetic
dose range has recently been encouraged (bolus doses up to
0.35 mg/kg and infusions up to 1 mg/kg/h) [36].

Our study did not show a statistically significant reduction
in the need for intraoperative remifentanil. But we noted a
tendency to decrease remifentanil doses with the addition of
magnesium. In contrast, Koinig et al. found a significant re-
duction in the need for fentanyl in arthroscopic knee surgery
using the same doses of magnesium (50 mg kg−1 bolus induc-
tion and 8 mg kg−1 h−1 until the end of surgery) [37]. In
another study, Ryu et al. used much higher maintenance doses
(15 mg kg−1 h−1) but did not find a significant reduction in the
consumption of remifentanil. In our study, magnesium doses
were calculated according to the ideal weight of obese

Table 4 Intraoperative need for myorelaxants. Values represent means
± standard deviation

Group (Mg + K) Group (K) Group (P)

Cisatracurium (mg) 23.14 ± 4.34 25.46 ± 6.02 24.54 ± 4.90

Rocuronium (mg) 60 ± 18.26 86 ± 32.86 58 ± 22.50

Fig. 1 VAS score in the three groups at rest, with movement and cough. H1, 1 h postoperatively; H2, 2 h postoperatively; H3, 3 h postoperatively; (Mg +
K); magnesium and ketamine; (K), ketamine; (P), placebo
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patients. Administration of magnesium according to the real
body weight would result in much higher doses. It is therefore
possible that the doses we used are relatively low and the use
of higher doses allows a more obvious reduction in perioper-
ative opioid requirements. On the other hand, a larger number
of patients could help to investigate the effect of this mainte-
nance dose on the perioperative remifentanil requirements.

On a different note, it is well known that magnesium de-
creases the release of acetylcholine at the presynaptic neuro-
muscular junction. It should, in theory, extend the neuromus-
cular block and therefore, decrease the doses of intraoperative
muscle relaxants requirements. Moreover, the risk of a possi-
ble residual neuromuscular blockade is deleterious in obese
patients because of the pre-existing reduction of their oxygen
reserve (decreased functional residual capacity, expiratory re-
serve volume and total lung capacity). Numerous studies have
validated the role of magnesium in the potentiation of the
neuromuscular block [38, 39]. In our study, we did not find
any significant difference in the need for muscle relaxants
between the three groups. This is mainly because neuromus-
cular transmission was monitored closely throughout the
study and additional doses of muscle relaxants were adminis-
tered based on strict criteria. We tend to believe that such
difference could have been more obvious with a larger sample
size.

Time to extubation depends on many confounding factors
including opioid dose, residual muscle block and level of con-
sciousness. Magnesium has been reported to increase sedation
and potentially delay endotracheal extubation after surgery.
Such effect was not observed in our study. The mean time to
tracheal extubation, measured from discontinuation of
sevoflurane, was concordant with other studies using the same
definition [40]. Our results and those reported in the literature
[35, 41] support the evidence that magnesium administration
during bariatric surgery is safe and may decrease the risk of
opioid related complications as postoperative morphine con-
sumption was reduced.

We assessed in this study the synergistic effects of magne-
sium and ketamine in patients undergoing open bariatric sur-
gery. The open approach has quickly lost terrain to laparo-
scopic techniques that have revolutionized patient care, and
lead to decreased postoperative pain scores and earlier recov-
ery [42]. However, in some situations, such as uncontrolled
bleeding, bowel injury or adhesions due to surgical revision, a
conversion to open surgery is required. In addition, the lapa-
roscopic approach in not devoid of noxious stimuli, and pa-
tients often experience discomfort at incision and surgical dis-
section sites, as well as pain linked to stretching of intra-
abdominal cavity, peritoneal inflammation and diaphragmatic
irritation and retention of insufflated CO2 in the abdomen after
surgery [43, 44]. Finally, opioid-free anaesthesia (OFA) and
low opioid anaesthesia both have indications that are proce-
dure and patient related. Obesity in particular is a well-

accepted indication for minimizing/nullifying perioperative
opioids, irrespective of the surgical technique used.
Moreover, OFA has become a part of enhanced recovery after
surgery (ERAS) protocols for bariatric interventions [26, 45].
Therefore, it would be interesting to extend the use of magne-
sium and ketamine combination in the setting of laparoscopic
bariatric surgery.

Conclusion

The association of magnesium and ketamine boluses followed
by a continuous infusion mode during open bariatric surgery
appears to be safe and decreases morphine requirements in the
first 24 postoperative hours. This association also shows a
tendency to reduce perioperative remifentanil requirements.
In the sight of these results, it would be useful to conduct a
larger study, to assess the opioid-sparing effect of this associ-
ation intraoperatively and after 24 h in the postoperative
period.
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