
PPuurrppoossee::  Several non-opioid drugs have been shown to provide
analgesia during and after surgery. We compared sevoflurane anes-
thesia with fentanyl analgesia to sevoflurane and non-opioid drug
treatment for gastric bypass surgery and recovery.
MMeetthhooddss::  Thirty obese patients (body mass index > 50 kg·m–2)
undergoing gastric bypass were randomized to receive sevoflurane
anesthesia with either fentanyl or a non-opioid regimen including
ketorolac, clonidine, lidocaine, ketamine, magnesium sulfate, and
methylprednisolone. Morphine use by patient-controlled analgesia
(PCA) pump and pain score measured by visual analogue scale were
determined in the postanesthesia care unit (PACU) and for the first 16
hr after surgery. Sedation was evaluated in the PACU. Investigators
assessing patient outcomes were blinded to the study group.
RReessuullttss::  Fentanyl treated patients were more sedated in the PACU
compared to the non-opioid group. Non-opioid treated patients
required 5.2 ± 2.6 mg·hr–1 morphine by PCA during their stay in
the PACU while patients anesthetized with fentanyl used 7.8 ± 3.3
mg·hr–1 (P < 0.05). Fentanyl and non-opioid treated patients
showed no difference in pain score one or 16 hr after surgery.
CCoonncclluussiioonn::  Our results show that non-opioid analgesia produced
pain relief and less sedation during recovery from gastric bypass
surgery compared to fentanyl.

Objectif : On reconnaît à certains médicaments non-opioïdes des
qualités analgésiques pendant et après une intervention chirurgicale.
Nous avons comparé l’anesthésie au sévoflurane accompagnée d’une
analgésie, soit avec fentanyl, soit avec un non opioïde pendant et
après le pontage gastrique.

Méthode : Trente patients obèses (index de masse corporelle > 50
kg·m-2) devant subir un pontage gastrique ont été répartis au hasard et
ont reçu une anesthésie au sévoflurane avec, soit du fentanyl, soit un
schéma posologique comportant kétorolac, clonidine, lidocaïne, kéta-
mine, sulfate de magnésium et méthylprednisolone. L’usage de morphine

par une pompe d’analgésie auto-contrôlée (AAC) et le score de douleur
par l’échelle visuelle analogique ont été enregistrés à la salle de réveil
(SDR) et pendant les seize premières heures après l’opération. La séda-
tion a été évaluée à la SDR. L’évaluation des patients a été faite par des
chercheurs impartiaux.

Résultats : La sédation, notée à la SDR, était plus importante chez
les patients traités au fentanyl, comparés à ceux traités avec un
médicament non-opioïde. Les patients traités aux non-opioïdes ont
demandé 5,2 ± 2,6 mg·h–1 de morphine en AAC pendant leur séjour
en SDR tandis que les patients anesthésiés au fentanyl en ont utilisé
7,8 ± 3,3 mg·h–1 (P < 0,05). Les scores de douleurs des patients des
deux groupes n’ont présenté aucune différence, une ou 16 h après
l’opération. 

Conclusion : L’analgésie avec des non opioïdes, comparé au fen-
tanyl, a mieux soulagé la douleur et provoqué moins de sédation pen-
dant la récupération qui suit un pontage gastrique.

HE body mass index (BMI), calculated as
the weight in kilograms divided by the
height in metres squared, has been used in
clinical and epidemiological studies as a pre-

dictor of health risk.1 A BMI of 25 kg·m–2 is considered
normal, > 30 kg·m–2 obese, > 35 kg·m–2 morbidly obese
and > 55 kg·m–2 super morbidly obese. Respiratory
problems are associated with morbid obesity, including
obstructive apnea during sleep, decreased functional
residual capacity and lung compliance and increased
work of breathing.2,3 Obese patients may be sensitive to
the respiratory depressant effect of opioid analgesic
drugs and more likely to require postoperative ventila-
tion to avoid hypoxic episodes.4
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It has been recommended that opioid drugs be
avoided for analgesia in the morbidly obese patient
because of the risk of respiratory depression.5 This
requires that alternative drugs be used in place of opi-
oids to provide analgesia during surgery. Several
drugs, including clonidine, ketamine, magnesium,
lidocaine, ketorolac, and steroids have all been shown
to be analgesic.6–11 Combining these drugs may
potentiate analgesia by separate actions and decrease
the risk of side effects by lowering the effective dose
for each agent.12,13 The purpose of this study was to
compare fentanyl analgesia with a combination of
non-opioid drugs for gastric bypass surgery.
Anesthesia was provided with sevoflurane in both
groups and postoperative scores of pain, sedation,
morphine use by patient-controlled analgesia (PCA),
and the requirement for intubation in the postanes-
thesia care unit (PACU) were measured.

MMaatteerriiaall  aanndd  mmeetthhooddss
This study received Institutional review board
approval for clinical research. Thirty obese patients
(BMI > 50 kg·m–2) undergoing gastric bypass were
recruited and provided an informed signed consent.
Gastric bypass was performed by open laparotomy and
dissection of the stomach with reanastomosis of the
small intestine. Exclusion criteria were: age < 18 yr, a
positive pregnancy test, patients with a history of drug
abuse or who were dependent on opioid drugs,
patients with chronic pain, or patients with severe car-
diac, pulmonary, liver or neurological disease.

Patients were randomized using a randomization
table to receive either sevoflurane and fentanyl or the
non-opioid drug regimen for intraoperative anesthe-
sia. The patient and the investigator scoring patient
outcome after surgery were blinded to the anesthetic
treatment. Patients in the fentanyl group received
sevoflurane anesthesia supplemented with intermittent
boluses of 50 µg fentanyl up to a total dose not to
exceed 6 µg·kg–1 of ideal body weight. Ideal body
weight was calculated in men as: ideal body weight (in
kilograms) = 50 ± 2.3 kg per 2.5 cm over 160 cm,
women: ideal body weight (in kilograms) = 45.5 ± 2.3
kg per 2.5 cm over 160 cm.

Patients in the non-opioid group were ventilated
with sevoflurane and anesthesia was supplemented
with ketorolac, 30 mg iv given at the beginning and
end of the case, clonidine, 300–500 µg iv starting
within the first hour of anesthesia as tolerated for
maintenance of blood pressure, lidocaine, 100 mg
bolus given during induction of anesthesia followed
by 4 mg·min–1 for the first hour, 3 mg·min–1 for the
second hour and 2 mg·min–1 until the end of the case,

ketamine, 0.17 mg·kg–1·hr–1 with a maximum dose of
1 mg·kg–1 given with the iv saline fluid maintenance
infusion, magnesium sulfate, 80 mg·kg–1 total dose
given in the iv saline fluid maintenance infusion dur-
ing the case, and methylprednisolone, 60 mg given as
an iv bolus in the holding area before the start of
surgery. Doses were calculated according to ideal body
weight. Brain electrical activity (Bispectral Index,
Aspect Biomedical, Natick, MA, USA) was maintained
at 40–60 during surgery in both groups.

Patient age, height, weight and gender were
obtained from the preanesthetic record. Total fentanyl
dose and duration of anesthesia were obtained from
the anesthetic record. Systolic, diastolic and mean
blood pressures, heart rate, and end-tidal sevoflurane
concentration were determined every five minutes
during anesthesia.

At the end of surgery, extubation was performed
when the patient was able to follow commands, there
was recovery from muscle relaxation as indicated by a
full train-of-four, end-tidal carbon dioxide pressure
was less than 45 mmHg with a respiratory frequency
less than 25·min–1, and arterial oxygen saturation was
> 95% with an inspired oxygen concentration of 50%.
In the PACU, sedation level was scored by the inves-
tigator every hour using the following scale: 0 = alert,
1 = relaxed, 2 = sedated, 3 = asleep, arousable, 4 = not
arousable. Total morphine use by PCA pump was
determined in the PACU and for the first 16 hr after
surgery. Pain level and patient satisfaction were mea-
sured by visual analogue scale (VAS) one hour and 16
hr after surgery. The VAS was rated from low to high
pain or satisfaction from 0–100 mm. Systolic and dias-
tolic blood pressures, heart rate and arterial oxygen
saturation, determined by pulse oximeter, were
recorded every 15 min. Oxygen supplementation was
given by mask as needed. Arterial oxygen saturation
was measured every 15 min in the PACU.

Statistics
Data are reported as mean ± SD for parametric data or
median with a 25% and a 75% range for non-parametric
data. Blood pressure, heart rate, pain VAS, and satisfac-
tion VAS were compared between groups over time
using a two-way repeated measures analysis of variance.
Sevoflurane concentration during anesthesia was com-
pared between groups using a rank order analysis of
variance. Non-repeated parametric data were compared
between groups using an unpaired t test. If data failed
requirements for parametric analysis including normali-
ty and equal variance then non-parametric tests were
used for comparison between groups. Gender data were
analyzed by a test of proportions.



RReessuullttss
Patient demographics are shown in Table I. There was
no difference in age, weight, BMI or duration of anes-
thesia for the fentanyl and non-opioid treatment
groups. Fentanyl anesthetized patients received an
average of 331 ± 65 µg fentanyl during anesthesia.

Average duration of anesthesia was 3.3 hr in both
groups. During anesthesia, mean arterial pressure (MAP)
was significantly lower in non-opioid (73 ± 6 mmHg)
compared to fentanyl treated patients (80 ± 7 mmHg, P
< 0.05). Less end-tidal sevoflurane was required to main-
tain anesthesia in non-opioid (median = 1.0%, 25% range
= 1.0%, 75% range = 1.5%) compared to fentanyl treated
patients (median = 1.5%, 25% range = 1.4%, 75% range =
2.0%) during surgery (P < 0.001).

The median time in the PACU was two hours in
both treatment groups. In the PACU, the non-opioid
group was less sedated compared to the fentanyl
group (Table II). There was no difference in pain
scores measured at one hour and 16 hr between the
two groups. Morphine use in the PACU was 5.2 ± 2.6
mg·hr–1 in the non-opioid group and 7.8 ± 3.3
mg·hr–1 in the fentanyl group (P < 0.05). Total mor-
phine use 16 hr after surgery was 41.3 ± 18.0 mg and
45.1 ± 25.3 mg in the non-opioid and fentanyl groups
respectively (P > 0.05).

Satisfaction level, analyzed by analysis of variance,
was higher in non-opioid anesthetized patients com-
pared to fentanyl anesthetized patients over both the

PACU and 16 hr postsurgery measurements (P <
0.05), but not at either time period alone. Two of the
15 patients in the fentanyl anesthetized group
remained intubated during their stay in the PACU
compared to no patients in the non-opioid group.
Arterial oxygen saturation was > 95% in all patients in
the PACU, with no difference between the groups.

DDiissccuussssiioonn
In this study we found that a non-opioid drug combi-
nation (ketorolac, clonidine, lidocaine, ketamine,
magnesium sulfate and methylprednisolone) produced
adequate anesthesia with less cardiovascular stimula-
tion compared to fentanyl anesthesia during gastric
bypass surgery. MAP was significantly lower in non-
opioid compared to fentanyl treated patients and end-
tidal sevoflurane required to maintain anesthesia was
lower in non-opioid treated patients. In the PACU,
non-opioid treated patients were less sedated,
required less morphine by PCA and had similar pain
scores compared to fentanyl anesthetized patients. It
was necessary to maintain intubation and ventilation
in two of the 15 fentanyl anesthetized patients in the
PACU due to inadequate respiration compared to
zero of 15 for the non-opioid drug treatment. These
results are consistent with reports that preemptive
analgesia and multi-modal drug strategies are effective
in reducing surgical and postoperative pain and
improving outcome for the patient.14–16 These drugs
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TABLE I Patient demographics, body mass index and duration of anesthesia in patients anesthetized with fentanyl or non-opioid anes-
thetic

Group n Age (yr) Gender (m/f) Weight (kg) Height (cm) Body mass index Duration
(kg·m–2) anesthesia (hr)

Fentanyl 15 41 ± 7 3/12 146 ± 36 167 ± 10 54 ± 12 3.3 ± 0.4
Non-opioid 15 44 ± 8 5/10 151 ± 26 167 ± 8 56 ± 9 3.3 ± 0.4

Mean ± SD for parametric data; no statistical differences between groups.

TABLE II Patient sedation, pain, satisfaction scores and morphine used by patient controlled analgesia pump during recovery and 16 hr
after the end of surgery

Measure Location Time (hr) Type of score Fentanyl Non-opioid P

Sedation PACU 1 median 2 (2,3) 1 (1,2) 0.01
Pain VAS PACU 1 mean 61 ± 21 53 ± 26 0.80
Satisfaction VAS PACU 1 mean 82 ± 21 90 ± 8 0.27
PACU morphine (mg) PACU per hr mean 7.8 ± 3.3 5.2 ± 2.6 0.04
Pain VAS Floor 16 mean 55 ± 22 54 ± 29 0.97
Satisfaction VAS Floor 16 mean 84 ± 22 95 ± 4 0.07
Total morphine (mg) Floor 16 mean 41.3 ± 18.0 43.1 ± 25.3 0.71

PACU = postanesthesia care unit; Median = 25% and 75% range for non-parametric data; or mean ± SD for parametric data; PACU mor-
phine = morphine given by patient controlled analgesia in PACU, calculated per hour; Floor indicates patient was transported from the
PACU; VAS = visual analogue scale. 



may potentiate analgesia in the obese patient without
producing excessive sedation and respiratory depres-
sion during recovery from anesthesia.

Ketamine is a unique anesthetic that may be best uti-
lized as an analgesic adjuvant during anesthesia.17 In
higher doses ketamine has undesirable side effects,
including cardiovascular and metabolic stimulation and
nightmares.6,18 However, low dose ketamine has less
frequent incidence of adverse events and can obviate
respiratory depression produced by opioids and pro-
duce opioid sparing for postoperative analgesia.10,19,20

This is consistent with the results of this study. It has
been reported that fentanyl can activate N-methyl-D-
aspartate (NMDA) mediated pain processes, enhancing
pain sensitivity, and that this effect is reversed by keta-
mine pretreatment.21,22 In addition to possible analgesic
and opioid sparing effects, ketamine has local anesthet-
ic and anti-inflammatory properties.23 However, the
clinical significance of ketamine mediated analgesia is
controversial and there is concern for the cognitive and
cardiovascular side effects of the drug.

The use of clonidine with ketamine has been rec-
ommended because of the ability of α2-agonists to
inhibit ketamine mediated sympathetic, cardiovascular
and metabolic stimulations, nightmares and other
undesirable side effects.12,18,24 Low dose clonidine is
also reported to prolong postoperative analgesia with
no clinically relevant side effects.9 Clonidine may act
as a central or peripheral sympatholytic agent, resolv-
ing sympathetically mediated pain.25 In lower doses as
used here, the sedative and hypotensive effects of
clonidine are attenuated and act to offset the stimulat-
ing effects of ketamine.

In addition to ketamine, magnesium is reported to
enhance analgesia by blocking the NMDA receptor.13

Magnesium also has properties as a sympatholytic and
has been promoted as a safe component for balanced
general anesthesia.8 Although others reported that
intraoperative magnesium treatment did not enhance
postoperative analgesia, they did observe an inverse
relationship between cerebrospinal fluid magnesium
levels and postoperative analgesic consumption.26 The
ability of magnesium and ketamine to inhibit NMDA
receptor activity by separate mechanisms may explain
why combinations of the drugs are more effective
analgesics than either compound alone.13

The ability of lidocaine to improve bowel recovery
after intra-abdominal surgery, decrease postoperative
pain and decrease the hospital stay of patients under-
going abdominal surgery has been shown repeated-
ly.7,27,28 In part, the ameliorative action of lidocaine
may be mediated by its ability to inhibit cytokine
activity and inflammation in the gut.29,30 Lidocaine

significantly inhibits gut fluid losses and colitis when
administered topically or intravenously, perhaps by
inhibition of intrinsic or extrinsic nerves in the gut
wall.31,32 Lidocaine is reported to have significant anal-
gesic effects that are distinct from that produced by
morphine.33 It has been suggested that this analgesic
effect of lidocaine may be important in its ability to
decrease the requirement for inhalation anesthetics.34

Ketorolac is a non-steroidal anti-inflammatory drug
that has been used to inhibit the inflammatory
response to surgical trauma and improve postoperative
analgesia.17 In addition, ketorolac was associated with
decreased incidence of postoperative nausea and vom-
iting and provided an earlier discharge compared to
patients receiving opioid drugs.35 Ketorolac provided
similar postoperative pain relief to that of fentanyl and
produced less nausea and sedation and an earlier
return of bowel function after ambulatory surgery.36

Compared to morphine, ketorolac-induced analgesia
develops more slowly but is longer lasting.37 This sug-
gests an important role for ketorolac in the postoper-
ative period for pain management.

Analgesic effects have been reported for corticos-
teroids after general surgery and back surgery,38,39 but
these results are controversial.40 Intramuscular
betamethasone (12 mg), given before the start of
ambulatory surgery for foot and hemorrhoid proce-
dures, significantly reduced postoperative pain and
nausea compared to a placebo.41 The use of perioper-
ative opioids and local anesthetics were minimized in
that study to reveal differences in postoperative anal-
gesia. A significant analgesic effect of the steroid was
revealed only after three to four hours postoperatively,
perhaps related to a delayed effect of protein media-
tors.41 These results suggest that corticosteroids may
reduce postoperative pain and nausea when given at
the start of surgery.

Epidural analgesia was considered as another alter-
native to perioperative narcotics for gastric bypass
surgery. While this is possible, we found that place-
ment of epidural catheters was technically difficult and
they were often displaced within the first 24 hr
(unpublished results). The difficulties with epidural
placement is consistent with the literature42 and
prompted our search for an anesthetic drug regimen
that could replace the use of narcotics.

The hypothesis of this study was that anesthetic
adjuvants that decrease pain by mechanisms separate
from opioids could produce analgesia in lower doses
when given together, producing less side effects and
more rapid recovery compared to fentanyl. Although
the non-opioid treatment decreased sedation during
recovery from anesthesia and reduced morphine
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requirements in the PACU, it is unclear how each of
the treatment compounds contributed to this effect.
In contrast, fentanyl anesthesia may produce postop-
erative hyperalgesia and attenuate the effectiveness of
morphine to relieve pain in the postoperative period.19

The non-opioid treatment in this study produced
analgesia with stable blood pressure and heart rate
during surgery and a rapid recovery. This is an advan-
tage compared to fentanyl for gastric bypass surgery in
patients that are at risk for respiratory depression.
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