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Abstract
Background A standard approach for postoperative analge-
sia in laparoscopic surgery is to infiltrate the incisions with
local anesthetic in combination with systemic opioids. The
intraperitoneal introduction of local anesthetic in this setting
has the potential to provide appropriate analgesia without the
side effects of systemic opioids. We performed a randomized
clinical trial of the On-Q pump delivery system to determine
the safety and efficacy of this device for this novel purpose.
Methods Thirty patients undergoing laparoscopic adjust-
able gastric banding were randomly assigned to one of two
groups. The treatment group received On-Q pump systems
filled with 0.375% bupivacaine, while the control group
received pumps filled with 0.9% normal saline. The pump’s
catheter was introduced intraperitoneally, and bupivacaine
or saline was then delivered for the first 48 h after surgery.
Patient’s subjective pain scores were evaluated at preset
intervals. In addition, shoulder pain, morphine require-
ments, and anti-emetic requirements were tabulated.
Results A statistically significant decrease in patient’s sub-
jective reports of pain by visual analog score was noted in the
On-Q group 1.8±1.93 vs. control 3.5±2.4, p<0.046 and
remained significant until the end of the study (48 h). No
statistical difference was noted in shoulder pain, morphine
requirements, or anti-emetic requirements at any time point.

Conclusion Our trial was able to provide evidence of
significant reduction in postoperative pain as measured by
subjective pain scores with the use of continuous intraper-
itoneal bupivacaine using the On-Q pain pump system.
Further investigation is warranted to evaluate the cost
effectiveness of this technique.
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Postoperative pain

Background

Postoperative pain control, even in this age of minimally
invasive surgery, is considered by many to be inadequate. A
standard approach has been to use a local long-acting
anesthetic at the trocar sites in combination with systemic
opioids. Although subcutaneous local anesthetics have been
shown to diminish pain scores and the use of opioid
supplemental analgesics [1, 2], their duration is relatively
brief (4–6 h). Furthermore, they do little to control shoulder,
subscapular, and generalized visceral pain [3]. On the other
hand, systemic opioid analgesics are often associated with
insufficient pain control, drowsiness, postoperative nausea
and vomiting (PONV), ileus (POI), dry mouth, urinary reten-
tion, and pruritus. Inadequate pain control leads to delayed
return to full activities and reduces patient satisfaction.

The intraperitoneal introduction of local anesthetic would
seem to be an ideal pain control option in laparoscopic
surgery. By blocking visceral nociceptive signals, intraperito-
neal bupivacaine (IPB) has the potential of producing long-
lasting analgesia without the side effects of systemic opioids.
Unfortunately, the literature in this area is conflicted: reports
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of varying routes, dosages, and sites of intraperitoneal
injection in a myriad of different procedures has demon-
strated inconsistent results [4–12].

The On-Q PainBuster™ (I-Flow Corporation, Lake
Forest, CA, USA) consists of an elastomeric bulb contain-
ing local anesthetic. The bulb is coupled to a catheter via a
capillary flow-restricting orifice that maintains a constant
soaking effect at the catheter tip. The On-Q system can run
for up to 5 days and has been shown to decrease opioid use,
patient’s perception of the level of pain, and length of
hospital stay when used in a preperitoneal position to block
somatosensory nerve fibers [13].

Although there are no reports in the medical literature of
using the On-Q system for IPB, this device has all the
characteristics that would make it the ideal delivery vehicle
for this purpose. We performed a prospective, randomized,
double-blind, placebo-controlled study of patients under-
going laparoscopic adjustable gastric banding (LAGB) to
test the hypothesis that IPB via the On-Q system would be
associated with significant reduction in pain scores,
referred pain, and the need for opioids and antiemetics
after surgery.

Materials and Methods

Study Design

The research protocol for this prospective, randomized,
double-blind controlled clinical trial was approved by the
Maimonides Medical Center institutional review board.
Written informed consent was obtained from all patients
enrolling in the study. This study was registered with
clinicaltrials.gov identifier # NCT00533845.

Eligibility and Randomization

All patients fulfilled the National Institute of Health (NIH)
criteria for bariatric surgery and successfully completed
extensive preoperative screening and counseling as part of
the routine Maimonides Bariatric Center protocol. Addi-
tional inclusion criteria were patients between the ages of
18 and 65 and an American Society of Anesthesiologists
score of equal to or less than 3. Any patient allergic to
bupivacaine, morphine, ondansetron, or ketorolac was
excluded. Of the 32 consecutive patients screened, 30
patients gave consent to take part in the study (Fig. 1).

Patients were randomly assigned to either the study
group or the control group. The study group (group 1)
underwent LAGB with insertion of an intraperitoneal On-Q
pump containing 0.375% bupivacaine. The control group
(group 2) underwent LAGB with insertion of an intraper-
itoneal On-Q pump containing 0.9% normal saline. The
surgeon, the patient, and the examiner were blinded as to
the contents of the pump.

Complications

One patient was excluded from analysis due to dysphagia
requiring urgent re-operation and band replacement with a
larger band. Subsequently, the patient was not re-enrolled
into the study. No complications related to bupivacaine or
the On-Q system were noted throughout the study period.

Treatment and Surgical Technique

All procedures were performed using a standard technique
by one of three experienced bariatric surgeons (DS, JM,
HA) [14]. In addition, a dedicated bariatric anesthesia team

Fig. 1 Enrollment and data
analysis
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using a standardized protocol was employed (Table 1). No
preemptive morphine was given to patients. Patients at high
risk for PONV were given dexamethasone 4 mg and
metoclopramide 10 mg. Following Lap-Band (Inamed,
Santa Barbara CA, USA) placement, the On-Q infusion
catheter was introduced intraperitoneally and placed under
laparoscopic guidance adjacent to the site of maximal
dissection (Fig. 2). Prior to insertion, the On-Q soaker
catheter was separately flushed with 0.9% normal saline.
The Lap-Band port was tacked to the fascia on a mesh
platform [15]. A total of 20 ml of 0.5% bupivacaine was
injected subcutaneously for port site incisional analgesia
prior to skin closure. Postoperative analgesia was given
in the form of IV ketorolac every 6 h and IV morphine
as needed for pain. All On-Q pumps were removed at
48 h postoperatively.

Intraperitoneal bupivacaine was administered via the
On-Q system at 7.5 mg/h for a daily dosage of 180 mg
and a total of 360 mg over the 48-h study period (0.375%
bupivacaine at 2 ml/h for 48 h).

Outcome Measures

Our primary endpoint was postoperative pain as measured
by pain scores on a visual analog scale (VAS) as well as
total postoperative morphine utilization. Patients subjec-
tively rated their pain from 0 to 10, with 0 being no pain
and 10 the worst pain they had ever experienced. The VAS
was measured while the patient was at rest (VAS-R) and
during cough (VAS-C). Morphine usage was tracked by
computer documentation for morphine dispensing. Other
variables including the presence of shoulder tip pain,
PONV, and the need for antiemetic medication were also
recorded. All measurements were obtained at 30 min and 6,
12, 24, and 48 h postoperatively by a blinded investigator.

Sample Size and Power Calculation

Using a combination of historical data from similar studies,
as well as a power calculation, we determined that we

would recruit 15 patients in each group [16]. Our primary
assumption was that using a two-tailed unpaired t test with
a probability of a type I error (α) of 0.05 and an assumed
SD of ±10 mg in mean morphine utilization at 48 h, we
would have an 80% power to detect a difference of
approximately 11 mg of morphine between the two
groups—a clinically significant result. The power calcula-
tion was performed using a commercial software package
(StatMate2, GraphPad Software, San Diego, CA, USA).

Statistical Analysis

Comparisons between groups were made with an unpaired
Student’s t test unless otherwise specified. An F test was
performed to determine whether the assumption of equal
standard deviations were found to be unequal, then the
more conservative Welch Student’s t test was used. When
comparing percentages between groups, we used Fischer
exact test. A Mann–Whitney rank sum test was performed
when a nonparametric data analysis was required. We
considered p<0.05 to be significant. Data were presented as
the mean±SD unless otherwise specified. All the analysis
was performed using a commercial software package
(InStat, GraphPad Software, San Diego, CA, USA).

Results

Baseline Demographics and Operating Room Times

Patients in both groups were well matched with regards to
age, gender, body mass index (BMI), and presence of
medical comorbidities (Table 2). There was also no
significant difference in mean operating room time,

Fig. 2 Schematic of On-Q Catheter placement. Arrows mark course
of On-Q intraperitoneal catheter placed between gastric band

Table 1 Anesthesia protocol

Induction Propofol 2 mg/kga

Intubation
(muscle relaxation)

Succinylcholine 1.5 mg/kga

Maintenance Sevoflourane or desflurane + rocuronium
2 mg/kga

Analgesia Fentanyl 2–7 mcg/kga

Prophylactic analgesia Ketorolac 30–60 mg
Reversal Glycopyrrolate 1 mg + neostigmine 5 mg
Anti-emetic Ondansetron 4 mg

a Ideal weight
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estimated blood loss, or preoperative baseline VAS between
the two groups.

Postoperative Pain

Beginning at 6 h time period, the VAS was lower in the
On-Q group (group 1, 1.8±1.93 vs. group 2, 3.5±2.4,
p<0.046) and remained significant until the end of the
study (48 h; group 1, 0.93±1.4 vs. group 2, 3.0±2.39; p=
0.0091) (Fig. 3). Similar data were seen with VAS-C,
again with the scores becoming significantly different
at 6 h (group 1, 2.6±1.86 vs. group 2, 4.6±2.59; p=
0.0280) and remaining statistically separated at 48 h (group
1, 1.7±1.94 vs. group 2, 3.9±2.88; p=0.0266; Fig. 4). The
difference between groups was most marked at 24 h
(VAS-R, p<0.0072; VAS-C, p<.0022).

Although not statistically significant, there was a trend
towards decreased patient reporting of shoulder-tip pain in
the On-Q group (Fig. 5). The total requirement for mor-
phine used in 48 h in the bupavicaine group was 8.21±6.9
and 9.00±10.03 mg in the control group. These values as
well as anti-emetics use and subjective complaints of
nausea over the 48-h study period revealed no statistically
significant differences between the two groups.

Discussion

We have successfully demonstrated—in a randomized
clinical trial—that IPB delivered in a continuous fashion
via the On-Q pump can provide safe and effective
postoperative analgesia in patients undergoing laparoscopic
surgery. In addition, we were also able to document both a
clinically and statistically significant improvement in visual
analog pain scores—both with and without cough.

Table 2 Patient demographic, clinical, and operative data

Patient data Bupivacaine Control p value

Age (year) 45.6±9.7 42.0±11.8 0.30
Gender (% male) 3/14 (21.4) 4/15 (26.7) 1.00
BMI 46.3±5.4 45.2±4.8 0.57
Comorbidities: number (%)
Diabetes 8/14 (57.1) 4/15 (26.7) 0.14
Hypertension 8/14 (57.1) 8/15 (53.3) 1.00
OSA 5/14 (35.7) 4/15 (26.7) 0.70
Hypercholesterolemia 6/14 (42.9) 7/15 (46.7) 1.00
Othera 7/14 (50.0) 7/15 (46.7) 1.00
Operative data
Operative time (min) 76.1±23.3 89.6±32.9 0.23

Quantitative data are mean±SEM. None of the values listed are
statically significant (p<0.05).
BMI Body mass index, OSA obstructive sleep apnea
a Other co-morbidities include hypothyroid, asthma, gastroesophageal
reflux disease, hyperlipidemia, osteoarthritis, gastritis, and depression.

Fig. 3 Intensity of pain recorded on visual analogue pain scale for
control and bupivacaine groups while at rest in the 48-h postoperative
period. Values are in means. Error bars represent SD. Statically
significant (p<0.05)

Fig. 4 Intensity of pain recorded on visual analogue pain scale for
control and bupivacaine groups while coughing in the 48-h postoper-
ative period. Values are in means. Error bars represent SD. Statically
significant (p<0.05)

Fig. 5 Patients reporting pain in shoulder while in control and
bupivacaine groups in the 48-h postoperative period. Values are in the
number of patients reporting pain. Not statically significant (p>0.05)
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Although many methods of IPB administration have
been investigated, this study is the first to use a truly
continuous IPB infusion technique. The On-Q system is a
US Food and Drug Administration-approved device that is
simple to place and requires no patient intervention. In
addition, it is portable and discrete, making it an excellent
choice for laparoscopic surgery in general and ambulatory
procedures in particular.

Interestingly, our study did not provide evidence of
decreased use of systemic opioids or the incidence of
referred shoulder pain. There are multiple possible explan-
ations for these phenomena. First, patient-controlled anal-
gesia (PCA) pumps were not utilized for delivery of
systemic opioids in this study; our nursing analgesia
protocol may have allowed for patients to receive opioids
when they might not have received them had they been
using a PCA. Potential confounders such as habits in
medication administration, nursing schedules, and patient’s
reluctance to request medications may have influenced
total morphine usage. Other authors have also described
this phenomenon [17–19]. In future studies, we would
utilize a PCA to help decrease this heterogeneity. Second,
the potential exists that our study may have been
underpowered to detect a significant difference in these
outcomes (vide supra).

Cunniffe et al. [20] examined a variety of laparoscopic
procedures and demonstrated a reduction of shoulder tip
pain after irrigation of each dome of the diaphragm with
500 ml of bupivacaine irrigation. Our data did not
reproduce these results. Devised for continuous infusion,
our study employed a smaller volume and dosage of
bupivacaine, which may have led to this lack of difference
[21]. In addition, in this trial, IPB did not start until the
postoperative period. Some studies have suggested that the
ideal IPB timing for prevention of shoulder tip pain is at
pneumoperitoneum initiation [22].

In conclusion, we have shown that the use of IPB via the
On-Q system is a safe and effective method of providing
postoperative analgesia for patients undergoing LAGB, with
an associated statistically and clinically significant decrease
in subjective measures of pain after surgery. Further future
investigation is warranted to evaluate this technique’s effect
on morbidity, opioid utilization, and overall cost.

Acknowledgement The authors wish to thank I-Flow Corporation
for donating the On-Q pump device for this study.
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