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Background: Achieving adequate control of postsurgical pain remains a challenge in patients 

undergoing abdominal surgery. Transversus abdominis plane (TAP) infiltration has been shown 

to provide postsurgical analgesia following lower abdominal surgery. We assessed the safety 

and efficacy of a prolonged-release liposomal formulation of the local anesthetic bupivacaine 

administered via infiltration into the TAP in a cohort of patients undergoing open abdominal 

umbilical hernia repair.

Methods: Patients included in the study were 18–75 years of age, had American Society of 

Anesthesiologists physical classification status 1–3, and underwent open abdominal umbili-

cal hernia repair with ultrasound-guided TAP infiltration immediately after surgery using an 

equal-volume bilateral infusion of liposomal bupivacaine 266 mg (diluted to 30 mL in normal 

saline). Outcome measures included patient-reported pain intensity (11-point numeric rating 

scale), satisfaction with postsurgical analgesia (5-point Likert scale), incidence of opioid-related 

adverse events, and time to first use of supplemental rescue analgesia.

Results: Thirteen patients underwent surgery and received bilateral TAP infiltration with 

liposomal bupivacaine; TAP infiltration failed in the first patient. Mean numeric rating scale pain 

scores were 0.6 immediately before TAP infiltration and remained 2.3 through 120 hours after 

infiltration; mean scores at 120 hours and 10 days were 0.9 and 0.4, respectively. Ten patients 

(77%) required supplemental analgesia; median time to first use was 11 hours. At discharge 

and day 10, 54% and 62% of patients, respectively, were “extremely satisfied” with postsurgical 

analgesia (Likert score 5). There were no opioid-related or other adverse events.

Conclusion: Although the current study was limited by both its lack of a control group and its 

small size, to our knowledge, it is the first published report on use of liposomal bupivacaine for 

TAP infiltration. In this cohort, liposomal bupivacaine was observed to be well tolerated with 

encouraging analgesic efficacy.
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Introduction
Achieving adequate postsurgical pain control remains a significant challenge for 

surgical teams. Despite efforts to reduce both the incidence and severity of postsurgi-

cal pain, results from patient surveys conducted during the past two decades suggest 

that there has been little improvement in these parameters, with high incidence rates 

of moderate to severe pain after surgery.1–3
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Transversus abdominis plane (TAP) infiltration, which 

involves infiltration of local anesthetic into the TAP between 

the internal oblique and transversus abdominis muscles, has 

been used to provide postsurgical analgesia in a range of 

surgical procedures involving the middle or lower abdominal 

wall.4,5 This analgesic technique is aimed at sensory afferents 

of the lower thoracic and upper lumbar nerves. It was intro-

duced as a landmark-based method in 2001, and has since 

been refined with the use of ultrasound guidance to improve 

the accuracy of anesthetic placement.4,5

A 2012 meta-analysis of nine studies evaluating TAP 

infiltration in abdominal surgery found that its use was asso-

ciated with significant reductions in postsurgical opioid use 

and in the incidence of postoperative nausea and vomiting 

compared with placebo, as well as a trend toward reduced 

visual analog scale (VAS) pain scores.4 In patients undergo-

ing inguinal hernia repair, randomized studies have shown 

that ultrasound-guided TAP infiltration significantly reduces 

postsurgical pain scores and postsurgical opioid use, com-

pared with ilioinguinal/iliohypogastric nerve block6 or with 

conventional wound infiltration with local anesthetic.7

In our surgical practice, we have employed ultrasound-

guided TAP infiltration using the local anesthetic bupivacaine 

HCl for patients undergoing inguinal hernia repair. There is 

little evidence in the published literature showing postsurgical 

analgesia lasting longer than 24 hours following TAP infil-

tration with traditional formulations of local anesthetics.6–9 

In our practice, we have observed that TAP infiltration with 

bupivacaine HCl typically results in persistent analgesia 

for approximately 12–18 hours after surgery. A liposomal 

formulation of bupivacaine (Exparel®; bupivacaine lipo-

some injectable suspension, Pacira Pharmaceuticals Inc., 

Parsippany, NJ, USA) was approved in 2011 for admin-

istration into the surgical site to produce postsurgical 

analgesia.10

In randomized, double-blind, controlled studies across 

a range of surgical models, liposomal bupivacaine has 

been found to reduce pain intensity scores and postsurgical 

opioid consumption, and to extend the time to first use of 

rescue analgesics, compared with placebo or bupivacaine 

HCl.11 A pooled analysis of data from ten clinical studies of 

liposomal bupivacaine showed that liposomal bupivacaine 

doses 266 mg were well tolerated, with rates of adverse 

events and serious adverse events that were lower than for 

bupivacaine HCl and comparable with placebo.12 In an 

open-label exploratory study of patients undergoing robotic 

laparoscopic prostatectomy, liposomal bupivacaine 266 mg 

administered via TAP infiltration was associated with low 

pain intensity scores (mean pain intensity scores remained 3 

beginning at 6 hours postsurgery) and low opioid require-

ments (mean of ≈0.7 oxycodone 5 mg/acetaminophen 325 mg 

tablets consumed per day through day 10).13

The objective of this small cohort study was to evalu-

ate the analgesic efficacy and safety of liposomal bupiva-

caine infiltration into the TAP in patients undergoing open 

abdominal umbilical hernia repair.

Patients and methods
This was a prospective, single-arm cohort study  

(ClinicalTrials.gov identifier NCT01801124) conducted at 

Maimonides Medical Center, Brooklyn, NY, USA, from July 

to December 2012. The protocol was reviewed and approved 

by the institutional review board at Maimonides Medical 

Center and the study was conducted in accordance with the 

International Conference on Harmonisation Guidelines for 

Good Clinical Practice. All patients provided their written 

informed consent prior to participation.

The study included adult male and female patients, 

18–75 years of age, undergoing open abdominal umbilical 

hernia repair under general anesthesia, with an incision length 

of 3–12 cm and American Society of Anesthesiologists physi-

cal classification status of 1–3.

Short-acting analgesics, such as fentanyl, were permitted 

during surgery; intraoperative use of other analgesics was 

not permitted. Liposomal bupivacaine was administered 

at the end of surgery prior to the end of general anesthesia 

using a standardized infiltration protocol, with an identical 

syringe size, needle gauge, needle placement, and infiltra-

tion rate for all patients. Using ultrasound guidance, the TAP 

was identified using hydrodissection. Once the TAP was 

identified, 5 mL of preservative-free 0.9% sodium chloride 

(normal saline) was injected followed by 15 mL of diluted 

liposomal bupivacaine; a total of 266 mg of liposomal 

bupivacaine was used bilaterally (original volume of 20 mL 

diluted with normal saline to a total volume of 30 mL was 

infiltrated bilaterally, 15 mL on each side, into the TAP). After 

surgery, all patients were provided access to supplemental 

(rescue) analgesics.

The primary outcome measure was postsurgical anal-

gesia, assessed by reviewing patient-reported pain intensity 

based on an 11-point numeric rating scale (NRS; 0= no pain, 

10= worst possible pain) prior to liposomal bupivacaine 

infiltration (time 0) and at 2, 4, 8, 12, 24, 48, 72, 96, and 

120 hours, and approximately 10±5 days after infiltration. 

Other outcome measures included time to first administration 

of supplemental analgesia after TAP infiltration; incidence 
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of opioid-related adverse events (defined as somnolence, 

respiratory depression, hypoventilation, hypoxia, dry mouth, 

nausea, vomiting, constipation, urinary retention, sedation, 

confusion, pruritus, and ileus); and overall satisfaction with 

postsurgical analgesia (patient-reported, using a 5‑point 

Likert scale whereby 1= not at all satisfied and 5= extremely 

satisfied) at hospital discharge and 10 days after surgery. 

All data were summarized and reported using descriptive 

statistics. Adverse events and serious adverse events were 

monitored and reported through postsurgical day 30.

Results
A total of 13 patients were enrolled, underwent surgery as 

planned, and completed 30 days of follow-up. All patients 

were included in the analysis, and their demographics and 

baseline characteristics are summarized in Table 1. All 

patients were younger than 65 years of age; most were 

Caucasian and had an American Society of Anesthesiolo-

gists physical classification status of 1 or 2. Eleven patients 

underwent intraperitoneal umbilical repair (ten with mesh 

and one without mesh) and two underwent preperitoneal 

umbilical repair (one with mesh and one without mesh). 

The mean surgical incision length was 4.9 (3–9) cm. Three 

patients were admitted to the hospital (one patient overnight 

and two patients for 2 days).

Mean patient-reported NRS scores for pain intensity 

remained below 2.3 from prior to liposomal bupivacaine infil-

tration (mean NRS score 0.6) through 120 hours after infiltra-

tion (mean NRS score 0.9; Figure 1) and decreased to 

0.4 by day 10. TAP infiltration failed in the first patient, 

who reported no analgesia from the TAP block, experienced 

significant postsurgical pain, and was hospitalized overnight 

for pain control. Pain scores for this patient were recorded 

at the 2-hour and 24-hour pain intensity assessments only. 

Individual NRS scores of 5 were reported by three of the 

remaining 12 patients at one or more time points during the 

first 48 hours after surgery; thereafter, all observed scores 

were 5.

A total of ten patients (77%) required supplemental 

(rescue) analgesia during the first 72 hours postsurgery; the 

time to first postsurgical use of supplemental analgesia for 

these patients is shown in Figure 2. The median time to first use 

of supplemental analgesia was 11 (range 1 to 71) hours.

At the time of discharge, 54% of patients reported that 

they were extremely satisfied (a score of 5 on the 5-point 

Likert scale) with their postsurgical analgesia; at day 10, 

62% reported that they were extremely satisfied (Figure 3). 

The mean patient-reported scores for satisfaction with post-

surgical analgesia were 4.4 (maximum 5) at discharge and 

4.6 at the day 10 postsurgical assessment. Of the three patients 

who were admitted for a hospital stay, two reported that they 

were “satisfied” with their postsurgical analgesia, and the 

third reported being “extremely satisfied”. There were no 

adverse events or serious (including opioid-related) adverse 

events reported during the study.

Discussion
Based on the postsurgical pain assessments that we 

used, ultrasound-guided TAP infiltration with liposomal 

bupivacaine appears to have provided good postsurgical 

analgesia in this exploratory study conducted in patients 

undergoing open abdominal umbilical hernia repair. Mean 

pain intensity scores remained low from the first postsurgical 

assessment (mean NRS score of 2.3 at the 2-hour assessment) 

through the 5-day and 10-day assessments (mean NRS scores 

of 0.9 and 0.4, respectively). Most patients were satisfied 

or extremely satisfied with their postsurgical analgesia at 

discharge and on day 10; and there were no opioid-related 

adverse events reported during the study.

Results from several recent systematic reviews and meta-

analyses have shown TAP infiltration to provide good efficacy 

for postsurgical analgesia and a reduction in opioid use in 

various abdominal surgery settings,4,14–17 although there are 

only a few published studies in the setting of hernia repair.6–9 

In a randomized, double-blind study (n=64), Salman et al8 

compared a semi-blind approach to TAP infiltration using 

bupivacaine 0.25% with placebo infiltration in patients 

Table 1 Patient demographics and baseline characteristics (n=13)

Parameter Value

Age, years 
 � Mean (SD) 

Minimum, maximum

 
46 (13) 
28, 64

Race, n (%) 
 � White 

African American 
Asian

 
10 (77) 
2 (15) 
1 (8)

Height, cm 
  Mean (SD)

 
175 (10)

Weight, kg 
  Mean (SD)

 
96 (23)

ASA physical status classification, n (%) 
 � 1 

2 
3

 
3 (23) 
9 (69) 
1 (8)

Proportion of patients taking opioids regularly  
within previous 3 months

0

Abbreviations: ASA, American Society of Anesthesiologists; SD, standard 
deviation.
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undergoing inguinal hernia repair. Compared with placebo, 

TAP infiltration was associated with a significant reduction 

in pain intensity scores (P0.001), postsurgical opioid use 

(P0.001), and intravenous acetaminophen use (P0.02) 

during the 24-hour postsurgical period. Milone et al7 con-

ducted a randomized study comparing ultrasound-guided 

TAP infiltration using levobupivacaine 0.5% plus con-

ventional local anesthesia (n=50) with conventional local 

anesthesia alone (n=100). In their study, TAP infiltration 

significantly reduced VAS pain scores at rest and during 

movement at 6 hours and 12 hours postsurgery (P=0.001 at 

both assessments) but not at 24 hours postsurgery (P=0.1 

for rest pain; P=0.07 for pain on movement). Significantly 

fewer patients in the TAP infiltration group required rescue 

analgesia with ketorolac compared with the control group 

(14% versus 32%; P=0.01).
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Figure 1 Mean patient-reported postsurgical pain intensity scores based on the NRS (0= no pain, 10= worst possible pain) following open abdominal umbilical hernia repair 
(n=13 for 8-hour and 24-hour time points; n=12 for all other postsurgical time points). Error bars represent SD.
Abbreviations: NRS, numeric rating scale; SD, standard deviation.
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Figure 2 Time to first postsurgical use of supplemental analgesia for ten patients who requested rescue analgesia. Three patients (of 13) did not require supplemental 
analgesia.
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The studies by Salman et al8 and Milone et al7 compared 

TAP infiltration with placebo (or no TAP infiltration) in 

patients undergoing open hernia repair procedures and 

showed TAP infiltration to be associated with significant 

reductions in VAS pain scores and less use of rescue analgesia 

compared with controls. In both studies, mean VAS scores 

in the placebo/no TAP infiltration group appeared to peak at 

around 6 hours postsurgery and declined thereafter; between-

group differences remained statistically significant through 

24 hours after surgery in the study by Salman et al.8 The 

lack of a control group and small sample size in the current 

study limits the ability to compare our results with those of 

these controlled studies, but the pattern of VAS scores in the 

TAP infiltration groups in the controlled studies was broadly 

similar to those we observed.

In a randomized study of ultrasound-guided TAP infil-

tration using levobupivacaine 0.5% (n=134) compared 

with conventional ilioinguinal/iliohypogastric nerve 

block (n=139), Aveline et  al6 found that patients in the 

TAP infiltration group had significantly less pain at rest 

at 4 hours, 12 hours, and 24 hours postsurgery, but there 

were no between-group differences on postsurgical days 1 

or 2. Another randomized, active-controlled and placebo-

controlled study conducted by Petersen et al9 compared 

ultrasound-guided TAP infiltration with ropivacaine 0.75% 

(n=29) versus ilioinguinal nerve block plus wound infiltra-

tion using ropivacaine 0.375% (n=30) or placebo (n=27). 

There were no significant differences between the three 

treatment groups with respect to cumulative VAS pain 

scores from 0 to 24 hours postsurgery; however, cumula-

tive pain scores from 0 to 6 hours postsurgery were sig-

nificantly lower in the iliohypogastric nerve block group 

versus the TAP and placebo groups. Postsurgical morphine 

use was similar between the TAP and ilioinguinal nerve 

block groups.

The studies by Aveline et al6 and Petersen et al9 compared 

TAP infiltration with conventional analgesic approaches 

(iliohypogastric nerve block or ilioinguinal nerve block 

plus infiltration). In the Aveline et al6 study, TAP infiltration 

provided significantly improved analgesia through 24 hours, 

but pain scores in the two groups converged over time so the 

differences were no longer significant on postoperative days 

1 and 2. In the study by Petersen et al,9 use of TAP infiltration 

proved no better than ilioinguinal nerve block plus infiltra-

tion with respect to pain scores and postsurgical morphine 

use. The results of the study by Petersen et  al9 appear to 

contradict the results observed in the other controlled stud-

ies, which demonstrated significantly improved analgesia 

with TAP infiltration compared with traditional analgesic 

approaches.4

Taken as a group, the four studies described above are 

consistent with respect to the pattern of pain following hernia 

repair; in the placebo/no TAP infiltration groups, pain intensity 

appeared to peak around 6–12 hours postsurgery and declined 

thereafter. Given this pattern and the short duration of action 

of local anesthetics, the analgesic efficacy we observed with 

liposomal bupivacaine in this small study is encouraging.

Important limitations to interpretation of our results 

include the lack of a control group and the small size of our 

study cohort. In addition, several of the studies described 

above measured pain at rest and during movement, which may 

be advisable for evaluation of pain following hernia repair 

surgery, although the accepted “movement” after ventral 

hernia repair is not standardized.
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Figure 3 Patient-reported satisfaction (n=13) with postsurgical analgesia, from responses on a 5-point Likert scale where “extremely satisfied” =5; “satisfied” =4; “neutral” =3. 
For each time point, response from one patient was not obtained.
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Conclusion
Although there were limitations, the positive results observed 

in this study (low postsurgical pain scores, high levels of 

patient satisfaction, and lack of opioid-related adverse events 

when used in open abdominal umbilical hernia repair), sug-

gest that liposomal bupivacaine may hold promise for pro-

viding prolonged postsurgical analgesia when administered 

for TAP infiltration.
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