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ABSTRACT
Objective: The objective of the study was to systematically investigate the outcomes of Liposomal
Bupivacaine following major colorectal resections.
Patients and methods: We conducted a comprehensive literature search of PubMed, Medline, Google
scholar, Cochrane Central Registry and clinical trials.gov databases through May 2017 for studies pub-
lished regarding liposomal bupivacaine. Studies were filtered based on relevance to perioperative anal-
gesia in colorectal resections. Data comparing type of study, techniques of resection, mode of
administration of liposomal bupivacaine, details of control group, outcomes were collected.
Results: A total of 1008 patients from seven studies were included in this systematic review and meta-
analysis. The studies were mostly retrospective or prospective cohort studies with one randomized con-
trolled trial (RCT). Meta-analysis showed that liposomal bupivacaine was associated with decreased
length of stay, standard mean difference in days (SMD)� 0.34, (95% confidence intervals [CI]� 0.56,
�0.13, p¼ .001) and decreased IV opioid use (expressed as intravenous morphine equivalent in milli-
grams) in the first 48–72h, SMD �0.49 (95% CI �0.69, �0.28, p< .00001). Pain scores were also signifi-
cantly low in patients who received liposomal bupivacaine, SMD �0.56 (95% CI �1.07, �0.06, p¼ .03].
There was no significant difference in hospitalization costs between the two groups.
Conclusions: Use of liposomal bupivacaine is associated with decreased IV opioid use, length of stay
and lower pain scores. However, our data needs to be interpreted cautiously given the relative paucity
of randomized controlled trials.
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Introduction

Multimodal approach is recommended as a primary modality
for management of postoperative pain by the American Pain
Society and American Society of Anesthesiologists [1]. Using
a combination of multiple agents targeting various receptors
within central and peripheral nervous systems allows additive
or synergistic effects of different medications. Multimodal
analgesia after abdominal operations including colorectal
resections includes opioids, nonsteroidal anti-inflammatory
drugs (NSAIDs), local anesthetic injection, and other adjuncts.

NSAIDs are limited by daily dosage and side effects,
including renal injury, platelet inhibition, increased risk of
bleeding, and negative impacts on intestinal anastomoses
[2]. Local anesthetic injections, lidocaine or bupivacaine
hydrochloride, have short half-lives and do not provide long-
term pain control postoperatively. Neuraxial anesthesia tech-
niques such as epidural anesthesia can provide efficient pain
control, but are associated with disadvantages of hypoten-
sion, respiratory depression, and possible spinal cord compli-
cations [3]. Regional blocks such as transversus abdominis
plane (TAP) block is an attractive option for patients who
undergo laparotomy or laparoscopic colectomy, but is limited

by the half-life of the drug injected and lack of wide-
spread use.

Intravenous and oral opioids have become the predomin-
ant agents used for postoperative pain control. Increasing
dosage of opioids provides efficacious pain control at the
cost of increased side effects, including respiratory depres-
sion, delirium, nausea, vomiting, ileus, tolerance, constipation,
and urinary retention [4]. More importantly though, the use
of opioids postoperatively has been shown to be associated
with chronic opioid use resulting in addiction of epidemic
proportions. Opioid-related adverse events (ORAE) signifi-
cantly impact patients’ recovery postoperatively and prolong
length of stay (LOS). Thus, the search continues for an opioid
sparing analgesic that provides long-lasting pain control
without the side effects.

Liposomal formulations have been used in the delivery of
antifungals, antineoplastics, and antibiotics [5]. Encapsulating
an aqueous core containing the drug with a non-concentric
phospholipid bilayer gives a multivesicular structure to the
liposome with unique properties. Liposomal bupivacaine (LB)
was introduced as an alternative to standard bupivacaine
with the advantage of providing long-lasting pain relief
due to a 9.8-fold increase in the terminal half-life [6].
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Formulating bupivacaine in multivesicular liposomes provides
characteristic drug release patterns, leading to increased sta-
bility and longer duration of drug release.

Though liposomal bupivacaine was introduced many years
ago, data on its efficacy in colorectal resections is limited.
While multiple RCTs have been published investigating the
use of liposomal bupivacaine for abdominal hysterectomy,
data on colorectal resections is limited [7–9]. The available lit-
erature on liposomal bupivacaine in colorectal resection is
limited by mostly retrospective nature and small sample size
[10,11]. We performed a systematic review and meta-analysis
to evaluate the efficacy of liposomal bupivacaine compared
to other analgesic approaches in the management of postop-
erative pain following colorectal resections. Specifically, the
outcomes evaluated were length of stay, postoperative intra-
venous opioid use expressed in morphine equivalents, pain
score and hospitalization costs.

Methods

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA) [12]. We con-
ducted a comprehensive search of PubMed, Medline, Google
scholar, Cochrane Central Registry of controlled trials, clinical
trials.gov databases for studies published in English lan-
guage, through 1 May 2017, that investigated the use of lipo-
somal bupivacaine (Exparel, Pacira pharmaceuticals,
Parsippany, NJ). Search terms included ‘liposomal
bupivacaine’, ‘Exparel’, ‘liposomal bupivacaine and
colectomy’, ‘liposomal bupivacaine and colon resection’,
‘liposomal bupivacaine and colorectal surgery’ with Boolean
operators “AND” or “OR.” We did not set a time limit to the
period when the articles were published, although most
were within the last 10 years.

Articles were filtered by relevance to colorectal surgery,
and included if they involved colorectal resections. Studies
were included only if LB was utilized as a local anesthetic in
the study population irrespective of the method of adminis-
tration (TAP block or local injection) and was compared to a
control group, with or without local anesthesia. Excluded
articles were: studies relating to pure anorectal procedures
(hemorrhoidectomy), ileostomy closures, review articles, case
reports, published abstracts, combination surgeries (colorectal
resections with hernia surgery), gynecological procedures,
and the like. Pooled studies of individual articles were
excluded but individual articles were considered and
included if related to colorectal resection. Studies evaluating
the pharmacokinetic profile, safety profile, and animal studies
of liposomal bupivacaine were excluded.

The clinical trials.gov website was searched using the
same search terms. Only completed studies were considered,
while open studies or terminated studies were excluded.
Abstracts of potential studies were evaluated, and full texts
of articles meeting inclusion criteria were obtained and
reviewed; further articles were selected from references.
There was no limit on age or sample size while screening the

manuscripts for inclusion. Disagreement between the
reviewers was resolved by discussion and consensus.

The retrieval process is presented in Figure 1. Data from
individual studies was extracted independently; we sought to
clarify from investigators via email regarding incomplete
data. Data extracted were author names, type of colorectal
resection, number of patients in experimental and control
group, demographic variables, drugs utilized in each group,
mode of administration. Main outcome measures studied
were mean difference in LOS, amount of intravenous opioid
used, pain score and costs, expressed in US $. ORAE, and
other relevant data were extracted. Individual studies were
evaluated using the Methodological Index for
Nonrandomized Studies (MINORS) for nonrandomized trials
[13] and modified Jadad score [14] was used for RCT. A ‘risk
of bias’ table to assess RCT was created containing the fol-
lowing points: random sequence creation, allocation conceal-
ment, blinding, incomplete outcome data, free of selective
reporting and other bias [15]. Consensus was reached
through discussion.

Statistical analysis was performed using Review Manager
(RevMan. Version 5.3. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration). For continuous out-
comes, mean differences with 95% confidence intervals (CI)
with inverse variance were used. p value less than .05 was
considered statistically significant. Statistical heterogeneity
was evaluated with the values of Q statistic, p and I2. If
the I2 <50% and p> .1, studies were considered to be of
low heterogeneity. To derive pooled estimates of outcomes
with 95% CI, random effects model was used. In studies
where means and or standard deviation were not reported,
we estimated them from reported medians and ranges as
described by Hozo et al. [16]. In studies where means were
reported without standard deviation, the standard deviation
was imputed from the mean of the SDs, as previously
described in other studies [17]. Amount of opioids con-
sumed was converted to intravenous morphine equivalent
and expressed in milligrams. Some studies reported the
cumulative amount of opioids consumed white others
reported this is a mean daily dose. In this situation the ear-
liest reported dose was taken into consideration for calcu-
lating the amount of IV opioid used. Further sensitivity
analysis was performed to analyze the results of removal of
any single study and compare the differences between
local and TAP infiltration. Also, we compared patients
undergoing open operations and laparoscopic operations
separately by sub analysis of data from the studies. This
systematic review was prospectively registered with
PROSPERO #CRD42017062683.

Results

A total of 340 studies were identified by searching through
databases, of which 275 were screened after removing dupli-
cates. There were 259 records excluded after applying exclu-
sion criteria, and 16 full text articles were assessed for
eligibility. Of these, 9 articles were excluded, leaving 7 stud-
ies to be included in the qualitative assessment, as shown

44 S. RAMAN ET AL.



in Figure 1. Table 1 shows studies included in the final ana-
lysis. There was 1 randomized double-blind trial [18], while
others were cohort studies [10,11,19–22]. Of these 6 cohort
studies, there were 2 retrospective matched studies [11,22], 2
prospective cohort studies [10,21], and 2 retrospective cohort
studies [19,20]; except the last study [19], all had prospect-
ively collected data.

Cumulatively, 1008 total patients underwent either open
or laparoscopic colorectal resections, of which 538 underwent
infiltration of LB either locally or via TAP block, while 470
patients served as controls. Number of study participants in
each study ranged from 39 to 407. Table 1 details the type
of study, surgical intervention, demographic outcomes and
quality assessment.
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Figure 1. Flow diagram showing article selection process.

Table 1. Studies included in the systematic review.
Study Type Indications Patients (n)

in LB group
Control
group

Mean age
in years

(LB/Controls)

Males %
(LB/Controls)

Mode of
administration
in LB group

Quality
score

Beck et al. [19] Retrospective cohort study Lap/open colectomy 66 167 59.8/54.7 39.4/46.1 Local injection 16
Knudson

et al. [18]
Randomized double-blind

controlled trial
Lap/open colectomy 27 30 66.2/67.9 56/50 Local injection See Table 2

Keller et al. [11] Retrospective, Matched study Laparoscopic colectomy 25 25 59.4/59.7 50/50 TAP block and
local infiltration

20

Cohen et al. [10] Phase IV open label Sequential
cohort study

Open colectomy 21 18 53/54 33/44 Local 19

Candiotti
et al. [21]

Prospective phase IV multi-center
sequential cohort study

Laparoscopic colectomy 26 56 55/59 46/50 Local 19

Stokes et al. [20] Retrospective cohort study Lap/open colectomy 303 104 53.8/51.8 49.2/56.2 TAP block 19
Keller et al. [22] Retrospective, Matched study Single incision lap

colectomy
70 70 58.7/56.3 50%/51.4% Local 19

LB: liposomal bupivacaine; TAP: transversus abdominis plane.
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Quality assessment

Quality assessment of the nonrandomized studies is shown
in (Table 1). The risk of bias table evaluating the quality of
the RCT showed that the trial was of good quality, as
shown in (Table 2). There was adequate random sequence
generation, allocation concealment, appropriate blinding
and incomplete outcome data, and avoidance of selective
reporting. The MINORS evaluation for the nonrandomized
studies demonstrated that mostly they were of high quality.
Due to the nature of the studies, participants were not
blinded, resulting in bias in assessing the study endpoint.
Only one study [22] provided prospective calculation of
study size.

Main outcomes

Length of stay
Data regarding length of stay from six studies [11,16–20]
involving 969 patients were included in the meta-analysis.
Results of meta-analysis showed heterogeneity: Tau2¼ 0.03;
Chi2¼ 9.88, df¼ 5 (p¼ .08); I2¼ 49%. A random effects model
was used for analysis. This showed that use of liposomal

bupivacaine was associated with significantly decreased
length of stay, standard mean difference (SMD)� 0.34, (95%
CI �0.56, �0.13, p¼ .001; Figure 2).

Amount of IV opioid consumed
Data about amount of IV opioid consumed from seven stud-
ies [10,11,16–20] involving 1008 patients were included in
the meta-analysis. Heterogeneity was low, Tau2¼ 0.03;
Chi2¼11.29, df¼ 6 (p¼ .08); I2¼47%. Random effects model
was used. The results of meta-analysis showed that use of
liposomal bupivacaine was associated with decreased IV opi-
oid used (expressed in IV morphine equivalent) SMD �0.49
(95% CI �0.69, �0.28, p< .00001; Figure 3)

Pain score
Information regarding earliest documented postoperative
pain score that could be used for meta-analysis was available
from five studies [11,16–18,20], involving a total of 887
patients. Heterogeneity was high, Tau2¼ 0.28; Chi2¼ 39.24,
df¼ 4 (p< .00001); I2¼ 90%. Random effects model was used.
Liposomal bupivacaine was associated with lower pain
scores, expressed in visual analog scale, SMD �0.56 [95% CI
�1.07, �0.06, p¼ .03; Figure 4)

Cost
Data regarding cost was available from four studies
[10,18–20], involving 668 patients. Meta-analysis using the
random effects model was performed. Heterogeneity was
low, Tau2¼ 0.00; Chi2¼ 0.27, df¼ 3 (p¼ .97); I2¼ 0%.
Liposomal bupivacaine was associated with decreased cost of
hospitalization, SMD �0.09 (95% CI �0.26, �0.08). However,
this was not statistically significant, p¼ .29 (Figure 5).

Other outcomes
Opioid related adverse events and/or medications needed for
treating them were reported in four studies [10,18,19,21].
Candiotti et al. [21] reported that there was a significant

Table 2. Risk of bias table and modified Jadad score evaluating the quality of
randomized controlled trial by Knudson et al. [16].
Type of bias Knudson et al.

Random sequence generation [selection bias] þ
Allocation concealment [selection bias] þ
Blinding of participants and personnel [performance bias] þ
Blinding of outcome assessment [detection bias] þ
Incomplete outcome data [attrition bias] þ
Selective reporting [reporting bias] þ
Other bias ?

þindicates that the study was without bias.

Figure 2. Forest plot showing the individual and pooled estimate of length of stay in patients receiving liposomal bupivacaine vs. controls.

Modified Jadad score for randomized controlled trial.

Was the study described as randomized? Yes þ1
Was the method of randomization appropriate? Yes þ1
Was the study described as double blinded? Yes þ1
Was the method of blinding appropriate? Yes þ1
Was there a description of withdrawals and dropouts? Yes þ1
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difference in opioid-related adverse events in the liposomal
bupivacaine group. [0.1 vs. 0.6 events, p¼ .002]. No opioid
related adverse events were noted by Cohen et al. [10].
Significant difference in use of antipruritic, antiemetic and
anti-constipation medication, favouring Exparel was reported
by Beck et al. [19], while antinausea medication use was not
significant in the study by Knudson et al. [18].

Sensitivity analysis

Sensitivity analysis demonstrated similar overall outcomes for
length of stay, IV opioid used and costs with the removal of
any single study. However, sensitivity analysis for pain score
showed that removal of the randomized controlled trial
resulted in significant change in SMD �0.8 (95% CI �1.29,
�0.3, p¼ .002), favoring LB. Sensitivity analysis evaluating
length of stay for patients receiving local infiltration only
showed that LB was associated with significantly decreased
length of stay, SMD �0.39 (95% CI �0.66, �0.12, p¼ .005).
Sensitivity analysis was not performed for TAP block as there
was only one study that utilized purely a TAP Block [20].

The study that included a combination of local and TAP
block was excluded from this sensitivity analysis [11].
Similarly, IV opioid use in patients receiving local infiltration
only was significantly lower among LB patients, SMD �0.44
(95% CI �0.72, �0.16, p¼ .002). When evaluating pain score
among patients receiving local infiltration, there was no sig-
nificant difference between the two groups: SMD �0.19 (95%
CI �0.75, 0.38, p¼ .52). Similarly, there was no difference in
costs between the two groups in patients receiving local
infiltration only: SMD �0.09 (95% CI �0.34, 0.16, p¼ .48).

We also studied the use of IV opioid in patients under-
going open procedures only, utilizing data from three studies
[10,18,20]. This showed that LB was not associated with sig-
nificant difference in IV opioid expressed as IV morphine
equivalent, SMD �0.45 (95% CI �1.08, 0.18), p¼ .16.
However, when analyzing laparoscopic procedures only
[11,18,20–22], LB was associated with significant decrease in
IV opioid use: SMD –0.59 (95% CI �0.88, �0.29), p< .0001.
We could not study the difference between open and laparo-
scopic approaches for other outcomes of interest as this data
was not available from the studies.

Figure 3. Forest plot showing the individual and pooled estimate of IV opioid used in patients receiving liposomal bupivacaine versus controls.

Figure 4. Forest plot showing the individual and pooled estimate of pain score in patients receiving liposomal bupivacaine versus controls.
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Discussion

To our knowledge, this is the first systematic review and
meta-analysis evaluating the efficacy of LB in patients under-
going both open and laparoscopic colectomy. In this meta-
analysis of six cohort studies and one prospective random-
ized trial including a total of 1008 patients, we found that
use of liposomal bupivacaine was associated with decreased
length of stay, decreased IV opioid used postoperatively and
lower pain scores. However, there was no significant differ-
ence in costs associated with hospitalization when comparing
the two groups. LB was associated with an acceptable safety
and tolerance profile across all studies, with no reported
complications. Sensitivity analysis showed that LB was associ-
ated with improved outcomes with local infiltration.
Laparoscopic procedures showed significantly lower IV opioid
use when compared to open procedures.

Although LB was introduced more than 20 years ago [23],
studies evaluating its efficacy have been published only
within the last 7–10 years [24]. Although �600,000 colon
resections are performed annually in the United States [25],
there is limited data available to evaluate LB in postoperative
analgesia following colorectal surgery. Introduction of LB
came with it the promise of providing long-lasting analgesia,
sparing opioids that have significant negative impact on
postoperative recovery, especially in intestinal surgery.

In this era of enhanced recovery protocols following colo-
rectal resection, ORAE such as constipation and ileus have
undesirable effects, prolonging LOS. If indeed the promise of
LB holds true, it will be an indispensable component of
enhanced recovery pathways by its ability to minimize opioid
requirement. We found that use of liposomal bupivacaine
was associated with significantly decreased IV opioid use and
length of stay. The magnitude of statistical significance for
pain score though, was somewhat smaller. This possibly is
due to factors such as only five studies reporting pain scores
and not all of them reporting pain scores at the same inter-
val. Of note, in the randomized controlled trial, patients
receiving liposomal bupivacaine had a higher mean pain
score on postoperative day 4 as compared to those in the
control group. Also, while stratifying open and laparoscopic
approaches, the decrease in IV opioid use was significant for
laparoscopic operations as compared to open operations. We
surmise that this is due to the inherent significant difference

in pain between the two approaches that gets magnified
with the utilization of LB.

Hospitalization costs trended lower in patients receiving
liposomal bupivacaine but this did not reach statistical sig-
nificance. This can be due to various reasons – only four
studies reporting costs, equipment used, type of surgery (lap
vs. open), adjustment of hospital charges to calendar year
dollars, and so on. Opioid side effects are also associated
with costs – the direct cost of prolonged LOS, nursing costs,
medication costs from managing side effects and such. In
addition, identifying soft costs from inadequate pain control
is very challenging. It is pertinent to note that a single vial of
LB costs $315 [26] and is not a trivial expense. But this
expense is a justifiable one if liposomal bupivacaine signifi-
cantly decreases length of stay and avoids the opioid side
effects following laparoscopic or open colorectal resections.

The results of our systematic review remain consistent
with previous reviews exploring LB in various surgical
domains. Vyas et al. [27] systematically reviewed the efficacy
of LB in plastic surgery and found comparable or better
favorability than control groups across multiple outcomes.
Another meta-analysis [28] evaluating the role of local infil-
tration of LB after total hip arthroplasty found better pain
control at 24 h and decreased length of stay.

Although our systematic review and meta-analysis
included cohort studies that were of good quality and a
randomized controlled trial that had minimal risk of bias, we
acknowledge that multiple limitations exist in this and other
studies we evaluated. There was some imbalance in study
design between LB and control groups. LB formed a compo-
nent of multimodal analgesia that was compared to an opi-
oid-only group. NSAIDs were freely used among LB patients,
while controls were exposed only to opioids. While most
studies used a standardized dose of liposomal bupivacaine,
(20ml vial of LB¼ 266mg of freebase bupivacaine ¼300mg
of bupivacaine hydrochloride) [29], there was variation in the
local anesthetic used in the control group and in mode of
administration.

Also, opioid related adverse events were not systematic-
ally reported across all studies. We were unable to perform
subgroup analysis or metaregression for other outcomes as
studies that included both open and laparoscopic operations
did not report breakdown by numbers in such groups. Lastly,
there are limitations to the systematic review/meta-analysis

Figure 5. Forest plot showing the individual and pooled estimate of hospitalization costs in patients receiving liposomal bupivacaine versus controls.
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because of potential errors in search methodology, selection,
and reporting bias. An ideal study to evaluate the efficacy of
LB in colectomy should be prospective, randomized, multi-
centre, double-blinded, include both laparoscopic and open
approaches, have a standardized postoperative pathway,
preferably including enhanced recovery protocol and utilize a
control group with equivalent dose of bupivacaine hydro-
chloride. Perioperative outcome measures should be rigor-
ously studied and specific attention paid to ORAE, as opioid-
sparing is the central premise of utilizing LB.

Conclusions

In conclusion, our meta-analysis shows that use of liposomal
bupivacaine may be advantageous in shortening the length
of stay, and decreasing IV opioid use following colorectal
resections. Patients receiving liposomal bupivacaine report
lower pain scores. However, considering the paucity of
randomized controlled trials, our results need to be cautiously
interpreted. Further studies are needed to identify patient
subgroups that will truly benefit from liposomal bupivacaine.
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