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Background: Transversus abdominis plane (TAP) infiltration has been increasingly used for 

postsurgical analgesia in abdominal/pelvic procedures; however, duration/extent of analgesia 

with standard local anesthetics is limited. This pilot study assessed the preliminary efficacy and 

safety of two volumes of liposome bupivacaine administered via TAP infiltration in patients 

undergoing robotic laparoscopic prostatectomy.

Methods: In this single-center, open-label, prospective study, patients older than 18 years 

received TAP infiltration with liposome bupivacaine immediately after surgery. The first 

12 patients received a total volume of 20 mL liposome bupivacaine (266 mg); the next 12 received 

40 mL liposome bupivacaine (266 mg). The liposome bupivacaine was diluted with 0.9% normal 

saline. The primary efficacy measure was duration of analgesia, measured by time to first opioid 

administration. Secondary outcome measures included patient-assessed pain scores, opioid use, 

and opioid-related adverse events (AEs).

Results: Twenty-four patients received liposome bupivacaine (20 mL, n=12; 40 mL, n=12) and 

were included in the primary analysis. Three refused participation in a 10-day follow-up visit 

and did not complete the study. Median time to first opioid administration after surgery was 23 

and 26 minutes for the 20 and 40 mL groups, respectively. Mean total amount of postsurgical 

opioids ranged from 25.4 to 27.3 mg; after hospital discharge to day 10, both groups required 

a mean of 0.7 oxycodone/acetaminophen tablets/day. Mean pain scores of 4.4 and 5.3 were 

reported at 1 hour and 3.1 and 3.9 at 2 hours postsurgery, with 20 and 40 mL doses, respectively. 

Neither group had mean scores higher than 3.0 at any further assessments. No opioid-related 

or treatment-related serious AEs were reported.

Conclusion: Median time to first opioid administration did not differ between the two groups. 

No differences in secondary outcomes were observed on the basis of volume administered. 

These initial findings suggest further study of liposome bupivacaine administered via TAP 

infiltration as part of a multimodal analgesic regimen in laparoscopic robotic prostatectomy 

may be warranted.

Keywords: transversus abdominis plane infiltration, laparoscopic prostatectomy, postsurgical 

analgesia, liposome bupivacaine

Introduction
Appropriate management of postsurgical pain is a key factor in timely patient recov-

ery after surgery.1 Opioids are currently a mainstay of therapy for pain management 

in the postoperative abdominal/pelvic surgery patient2 and are associated with many 

potential adverse effects such as sedation, constipation, nausea and vomiting, and 
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respiratory depression.3 Multimodal analgesia strategies 

have been recognized as a potential method to improve 

postsurgical pain management while minimizing opioid-

related adverse effects.1 Regional anesthetic infiltration into 

the transversus abdominis plane (TAP) has gained enormous 

popularity in the past several years to provide postoperative 

analgesia after abdominal/pelvic surgical procedures such 

as hysterectomy, ileostomy reversals, cesarian delivery, and 

radical prostatectomy. In these settings, TAP infiltration has 

demonstrated reductions in postoperative opioid require-

ments, improvements in pain scores, reduced opioid-related 

adverse effects, faster return of gastrointestinal function, and 

earlier hospital discharge compared with traditional parenter-

ally administered analgesic techniques.4–6

The duration of postoperative analgesia with TAP infil-

tration has been reported to vary from 12 to 48 hours with 

the use of various doses and adjuncts to local anesthetics.7–9 

In a previous study of TAP infiltration conducted by our 

group in patients undergoing robotic prostatectomy using 

large-volume (79 mL) dilute 0.125% bupivacaine HCl with 

and without the addition of low-dose dexamethasone,10 the 

average duration of efficacy was approximately 12 hours 

without and 16 hours with the addition of dexamethasone. 

However, patients often experience pain beyond the dura-

tion of TAP block after abdominal/pelvic surgery, and 

once the block wears off, patients are typically treated 

with opioids to manage their pain.2 Techniques to prolong 

TAP infiltration efficacy include the addition of adjunctive 

agents such as dexamethasone, increasing the dose of local 

anesthetics, and placing catheters in the TAP and continu-

ously infusing dilute local anesthetic into the plane, but 

this option is associated with the possibility of infection 

and catheter dislodgement, as well as limitations on patient 

mobility postoperatively.2

Liposome bupivacaine (EXPAREL, bupivacaine lipo-

some injectable suspension; Pacira Pharmaceuticals, Inc., 

Parsippany, NJ, USA) is a novel multivesicular formulation 

of bupivacaine shown to provide postsurgical analgesia 

and reduce opioid use for up to 72 hours in a soft tissue 

surgical model (hemorrhoidectomy) after a single intraop-

erative administration via local infiltration into the surgical 

site.11 The objectives of this pilot study were to assess the 

preliminary efficacy and safety of liposome bupivacaine in 

TAP infiltration in patients undergoing robotic laparoscopic 

prostatectomy and to assess whether gross changes in the 

volume of liposome bupivacaine infiltrated, while delivering 

the identical dose, influenced the magnitude and duration of 

resultant analgesia.

Materials and methods
This single-center, prospective, open-label, nonrandomized 

study evaluated the preliminary efficacy and safety of two dif-

ferent volume levels of liposome bupivacaine via TAP infiltra-

tion in the setting of robotic laparoscopic prostatectomy. The 

study was conducted at Steward St.  Elizabeth’s  Medical Center 

(Brighton, MA, USA) from March 2012 to May 2012. TAP infil-

trations were performed by three attending anesthesiologists; 

all surgeries were performed by a single surgeon. The protocol 

was approved by the Steward St Elizabeth’s institutional review 

board, and the study was conducted in accordance with the 

International Conference on Harmonisation Good Clinical 

Practice guidelines.12 All patients provided written informed 

consent before any study procedures were conducted. The 

study has been registered at http://www.clinicaltrials.gov under 

Clinical Trials Identifier NCT01582477.

Patients
Male patients between 18 and 75 years of age with an 

American Society of Anesthesiologists Physical Status 

classification of 1, 2, or 3 undergoing robotic laparoscopic 

prostatectomy were eligible for inclusion in the study.

Patients were excluded from participation in the study if 

they demonstrated hypersensitivity or idiosyncratic reactions 

to amide-type local anesthetics; were unable to tolerate oxy-

codone with acetaminophen; had anatomy or required a surgi-

cal procedure that, in the opinion of the investigator, would 

preclude the successful performance of TAP infiltration; 

had received any investigational drug within 30 days before 

study drug administration; or had planned administration of 

another investigational product or procedure during partici-

pation in this study.

Study procedures
Bilateral TAP infiltrations were performed in the operating 

room immediately after robotic prostatectomy while the 

patient was still anesthetized. All patients were to receive a 

total of 266 mg liposome bupivacaine (133 mg liposome 

bupivacaine per side) to establish bilateral TAP infiltration. 

The first twelve patients received this dose in a total volume 

of 20 mL (10 mL per side). The next twelve patients received 

this same dose in a total volume of 40 mL (20 mL per side); 

liposome bupivacaine was diluted with preservative-free 0.9% 

normal saline. Ultrasound guidance was required, and every 

effort was to be made to ensure that all anesthesiologists par-

ticipating in this study followed a standardized technique for 

TAP infiltration, including using the same syringe size, needle 

gauge, needle placement, and rate of injection in all patients. 
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Using an in-plane technique, the ultrasound probe was placed 

on the caudad (infraumbilical) anterolateral abdominal wall 

between the iliac crest and the subcostal margin to view the 

three abdominal muscle layers. The needle was inserted 

through the muscle layers until the tip entered the layer 

between the internal oblique muscle and transversus muscle, 

at which point the liposome bupivacaine was injected.

Only short-acting opioids (fentanyl) were permitted intra-

operatively; longer-acting opioids, such as morphine or hydro-

morphone, acetaminophen, nonsteroidal anti-inflammatory 

drugs, and other analgesics, were not permitted unless used 

to treat adverse events (AEs). After surgery, patients received 

intravenous morphine sulfate or hydromorphone HCl, as 

needed, to manage postsurgical pain. After the patient’s first 

request and receipt of opioid rescue medication, other anal-

gesics were permitted in accordance with the site’s standing 

orders and pain management protocol. The analgesic medica-

tion prescribed after hospital discharge was oxycodone with 

acetaminophen (5/325 mg) in all patients.

All patients were discharged within 24 hours of study 

drug administration based on the hospital’s predetermined 

care management plan. A follow-up visit was scheduled for 

postsurgical day 10.

Assessments
The primary efficacy measure was the duration of analgesia, 

as measured by time to first opioid administration after TAP 

infiltration. Key secondary measures included total postsurgical 

opioid use from TAP infiltration through hospital discharge, 

reported as morphine equivalents; total postsurgical opioid use 

from hospital discharge through day 10, reported as number of 

tablets of oxycodone with acetaminophen (5/325 mg); incidence 

of opioid-related AEs (somnolence, respiratory depression, 

hypoventilation, hypoxia, dry mouth, nausea, vomiting, con-

stipation, sedation, confusion, pruritus, or ileus) until time of 

discharge; postsurgical pain intensity, as assessed by the patient 

on an 11-point numeric rating scale (0=no pain, 10=worst pos-

sible pain),13 at 1, 2, 6, 12, 24, 48, 72, and 96 hours after the 

surgery and at follow-up on day 10 (patients discharged from 

the hospital were to be contacted by telephone at the scheduled 

time points and asked to record their pain intensity scores); 

postsurgical pain intensity, as assessed by the health care pro-

vider on an 11-point numeric rating scale (0=no pain, 10=worst 

possible pain),13 at 1, 2, 6, 12, and 24 hours after the surgery; 

and patient satisfaction with postsurgical pain control, rated on 

a 5-point Likert scale (1=extremely dissatisfied, 2=dissatisfied, 

3=neither satisfied nor dissatisfied, 4=satisfied, and 5=extremely 

satisfied), at discharge, 72 hours, and day 10.

Safety, including the incidence of AEs, serious AEs, 

and treatment-emergent AEs through day 10 (±3 days), was 

also assessed.

Data analyses
The safety analysis set included all patients who underwent 

the planned surgery and received any amount of liposome 

bupivacaine. The efficacy analysis set included all patients 

who underwent the planned surgery and received bilateral 

TAP infiltration with liposome bupivacaine. All analyses were 

summarized with descriptive summary statistics.

Results
Twenty-four consecutive patients provided informed consent, 

were enrolled in the study, and were included in the primary 

safety and efficacy analysis sets. Of these, 21 patients com-

pleted the study (ten in the 20 mL group and eleven in the 

40 mL group). The three patients who did not complete the 

study refused to participate in the follow-up visit. Patient 

demographics and baseline characteristics were similar 

between patients receiving liposome bupivacaine 20 mL 

and those receiving liposome bupivacaine 40 mL (Table 1). 

Table 1 Patient demographics and baseline characteristics (safety 
analysis set)

Variable Liposome 
bupivacaine 
20 mL 
(n=12)

Liposome 
bupivacaine 
40 mL 
(n=12)

Total 
(N=24)

Age, years
 Mean (±SD) 60.7 (±7.2) 61.7 (±7.0) 61.2 (±7.0)
 Median 63.5 61.5 62.0
 Minimum, maximum 45, 68 50, 73 45, 73
Age category, n (%), years
 ,65 6 (50.0) 9 (75.0) 15 (62.5)
 $65 6 (50.0) 3 (25.0) 9 (37.5)
Race, n (%)
 white 12 (100.0) 12 (100.0) 24 (100.0)
Ethnicity, n (%)
 Hispanic or Latino 1 (8.3) 0 1 (4.2)
  Not Hispanic or Latino 11 (91.7) 12 (100.0) 23 (95.8)
Height, cm
 Mean (±SD) 176.6 (±6.6) 178.8 (±8.8) 177.7 (±7.7)
 Median 176.5 177.8 177.8
 Minimum, maximum 163, 188 163, 193 163, 193
Weight, kg
 Mean (±SD) 88.5 (±14.4) 89.4 (±20.5) 89.0 (±17.4)
 Median 88.0 88.5 88.5
 Minimum, maximum 65.8, 111 59.9, 128 59.9, 128
ASA class, n (%)
 1 0 0 0
 2 8 (66.7) 11 (91.7) 19 (79.2)
 3 4 (33.3) 1 (8.3) 5 (20.8)

Abbreviations: ASA, American Society of Anesthesiologists; SD, standard deviation.
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No patients in either treatment group regularly took any 

opioids within the 3 months before surgery.

Efficacy
Median time to first opioid administration after TAP infiltra-

tion, the primary efficacy measure, was similar in the 20 mL 

liposome bupivacaine group (23 minutes; 95% confidence 

interval (CI), 14–42) and the 40 mL group (26 minutes; 95% 

CI, 11–37). The mean (± standard deviation) total amount of 

postsurgical opioids used during hospitalization (reported in 

morphine equivalents) was 25.4 mg (±9.2 mg) in the 20 mL 

liposome bupivacaine group and 27.3 mg (±8.5 mg) in the 

40 mL group. From hospital discharge until the final visit on 

day 10, both liposome bupivacaine groups required a mean 

of 0.7 oxycodone/acetaminophen (5/325 mg) tablets per day 

(Table 2). No opioid-related AEs were reported in patients in 

either treatment group at the time of discharge.

Mean pain intensity scores over the first postoperative day 

and successive measurement times were similar for patients 

receiving either the lower-volume or higher-volume TAP 

infiltration with liposome bupivacaine (Figure 1). Mean pain 

scores were 4.4 and 5.3, respectively, at 1 hour postsurgery, 

and 3.1 and 3.9, respectively, at 2 hours postsurgery in the 

liposome bupivacaine 20 mL and 40 mL groups; neither 

group had mean scores above 3.0 at any point after 2 hours. 

Similar findings were reported for the health care provider–

assessed pain intensity scores, with reported scores of 3.0 or 

lower at each point after 2 hours postsurgery.

Patient satisfaction with postsurgical pain control was 

comparable in both groups at discharge, 72 hours, and 

Table 2 Cumulative number of oxycodone/acetaminophen 
(5/325 mg) tablets (mean [± standard deviation]) consumed post
discharge (efficacy analysis set)

Time  
point

Liposome bupivacaine,  
20 mL (n=12)

Liposome bupivacaine, 
40 mL (n=12)

48 hours 1.9 (±2.1) 2.2 (±2.1)
72 hours 2.8 (±3.2) 3.4 (±3.8)
96 hours 3.7 (±4.3) 4.8 (±5.3)
Day 10 6.3 (±8.9) 6.1 (±7.4)

10

Liposome bupivacaine 20 mL (n=12) Liposome bupivacaine 40 mL (n=12)
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Figure 1 Mean (± standard deviation [SD]) pain intensity scores, as assessed by the patient (efficacy analysis set).
Note: Pain scores are based on a numeric rating scale, where 0= no pain and 10= worst possible pain.
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day 10, with all patients in both groups reporting they were 

“satisfied” or “extremely satisfied” with their pain control 

(Table 3). Responses for one patient in each group were not 

available at 72 hours and day 10.

Safety
A total of three patients (12.5%) experienced AEs during 

the study: two in the 20 mL liposome bupivacaine group 

(one postprocedural hematoma; one pulmonary embolism) 

and one in the 40 mL group (joint stiffness). None of these 

AEs were considered treatment-related by the investigators.

Discussion
In this exploratory study, liposome bupivacaine 266 mg 

administered via TAP infiltration in the setting of robotic 

prostatectomy was well tolerated when given in a total vol-

ume of 20 or 40 mL, with no treatment-related AEs reported 

in either treatment group. Median time to first postsurgical 

opioid administration was similar in both groups (23 minutes 

versus 26 minutes in the 20 and 40 mL groups, respectively), 

as was mean total amount of opioids consumed postsurgery 

through hospital discharge (25 and 27 mg, respectively) and 

mean number of oxycodone/acetaminophen (5/325 mg) 

tablets consumed per day after discharge until day 10 

(0.7 tablets/day in both groups). All patients were satisfied 

with their postsurgical pain control.

The extent of dermatomal spread with TAP infiltra-

tion may be dependent on the volume of local anesthetic 

injected.14 It is possible that increased volume may improve 

the extent of nerve coverage with TAP infiltration. In this 

study, liposome bupivacaine performed similarly in vol-

umes of both 20 and 40 mL; patient-assessed mean pain 

scores remained 3 or lower from 6 hours to up to 10 days 

after surgery in both treatment groups. However, the study 

was not powered to reach a definitive conclusion as to the 

effect of volume on the duration of analgesia with TAP 

blockade.

TAP infiltration has been associated with a number of 

favorable outcomes, including reductions in postoperative 

opioid requirements, improvements in pain scores, and 

reduced opioid-related adverse effects compared with tra-

ditional analgesic techniques.4–6 To our knowledge, this is 

the first published report of the use of liposome bupivacaine 

via TAP infiltration in the setting of robotic prostatectomy. 

Chow and colleagues10 recently presented results from a 

study comparing TAP infiltration with either bupivacaine 

HCl plus dexamethasone (n=25) or bupivacaine HCl alone 

(n=22) in patients undergoing robotic prostatectomy. 

Patients in that study required totals of approximately 

27.5–32.5 mg opioids through their hospital stay with 

similar or higher pain intensity scores than patients in the 

current study.15

This study has several inherent limitations. This was 

an open-label, nonrandomized, single-center, pilot study 

involving surgeries conducted by a single surgeon and 

TAP infiltration performed by three anesthesiologists in a 

small cohort of patients, with three patients (12.5%) lost to 

follow-up. All patients were discharged from the hospital 

within 24 hours of study drug administration. Thus, it was 

not possible to control for patients’ use of any non-protocol-

specified analgesics. Further, the study was not powered 

formally to be able to determine the differences in efficacy 

between these two different volumes of liposome bupivacaine 

tested. No concurrent control group with bupivacaine HCl 

was studied. As such, results should be interpreted with cau-

tion and only suggest that use of liposome bupivacaine for 

TAP infiltration is feasible. On the basis of initial findings 

from this pilot study, larger, randomized, well-powered, and 

controlled studies may be warranted to assess the efficacy 

and safety of liposome bupivacaine via TAP infiltration in 

abdominal/pelvic surgical procedures.

Conclusion
In this pilot study, liposome bupivacaine performed similarly 

in volumes of both 20 and 40 mL. Mean patient-assessed 

pain intensity scores remained 3 or lower from 6 hours to up 

to 10 days after surgery. No treatment-related adverse events 

were reported in the study.

Table 3 Patient satisfaction ratings

Variable Discharge 72 hours Postsurgical day 10

Liposome 
bupivacaine,  
20 mL (n=12)

Liposome 
bupivacaine,  
40 mL (n=12)

Liposome 
bupivacaine,  
20 mL (n=11)

Liposome  
bupivacaine,  
40 mL (n=11)

Liposome 
bupivacaine,  
20 mL (n=11)

Liposome 
bupivacaine, 
40 mL (n=11)

Satisfied, n (%) 4 (33) 5 (42) 4 (36) 4 (36) 3 (27) 4 (36)
extremely  
satisfied, n (%)

8 (67) 7 (58) 7 (63) 7 (64) 8 (73) 7 (64)
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