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Abstract

Background Opioid analgesics have been a standard

modality for postoperative pain management after total

knee arthroplasty (TKA) but are also associated with

increased risk of nausea, pruritus, vomiting, respiratory

depression, prolonged ileus, and cognitive dysfunction.

There is still a need for a method of anesthesia that can

deliver effective long-term postoperative pain relief with-

out incurring the high cost and health burden of opioids and

nerve blocks.

Questions/purposes (1) Is liposomal bupivacaine-based

periarticular injection (PAI) more effective than morphine-

based spinal anesthesia or ropivacaine-based PAI in
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controlling postoperative pain after TKA? (2) Do patients

treated with liposomal bupivacaine-based PAI experience

fewer opioid-related adverse events compared with patients

treated with morphine-based spinal anesthesia or ropiva-

caine-based PAI in controlling postoperative pain after

TKA?

Methods This multicenter, blind trial randomized 119

patients undergoing TKA with spinal anesthesia to receive

spinal anesthesia plus periarticular injection with liposomal

bupivacaine (40 patients), spinal anesthesia with bupiva-

caine plus intrathecal morphine (41 patients) but no

liposomal bupivacaine injection, or spinal anesthesia with

bupivacaine (38 patients) and no liposomal bupivacaine

injection. The two groups that did not receive periarticular

liposomal bupivacaine did receive periarticular injection

with ropivacaine, and all three groups had ketorolac (30

mg) plus epinephrine (1:1000) in the periarticular injec-

tions. Patients in all three groups received identical

perioperative multimodal analgesic and antiemetic drugs.

All patients were analyzed in the group to which they were

randomized and no patients were lost to followup. The

primary study endpoints were visual analog score (VAS)

for pain and narcotic use during postoperative day 1.

Secondary endpoints included side effects associated with

narcotic administration during the hospital stay.

Results Mean VAS pain in the liposomal bupivacaine

PAI group was lower than that for the ropivacaine PAI

group at 6 hours (1.8 ± 2.1 versus 3.3 ± 2.3, p = 0.005,

mean difference: 1.5, 95% confidence interval [CI], 0.5–

2.5) and 12 hours (1.5 ± 2.0 versus 3.3 ± 2.4, p\ 0.001,

mean difference: 1.8, 95% CI, 0.8–2.8) after surgery. The

morphine spinal group had lower pain compared with the

liposomal bupivacaine PAI group at 6 hours (0.9 ± 1.8

versus 1.8 ± 2.1, p = 0.035, mean difference: 1.0, 95% CI,

0.1–1.8), but there was no difference at 12 hours (0.8 ± 1.5

versus 1.5 ± 2.0, p = 0.086, mean difference: 0.7, 95% CI,

�0.1 to 1.5). The magnitude of the differences at 6 and 12

hours are near the lower end of minimal clinically impor-

tant differences reported in the literature, and thus the

improvement shown in this study may only represent a

small clinical improvement. Both the liposomal bupiva-

caine group (13% [five of 40]) and the ropivacaine group

(5% [two of 38]) had fewer incidents of itching (pruritus)

than the spinal morphine group (38% [15 of 41]) (p =

0.001).

Conclusions This prospective multicenter three-arm blind

randomized controlled trial showed potentially improved

pain control at 6 and 12 hours in the liposomal bupivacaine

and intrathecal morphine groups compared with the ropi-

vacaine group at the cost of much higher incidences of

pruritus (itching) in the intrathecal morphine group. Based

on these results, we prefer the use of PAI with liposomal

bupivacaine as an alternative to spinal anesthesia with

intrathecal morphine as a result of similar postoperative

pain control and the potential for reducing adverse events.

Level of Evidence Level I, therapeutic study.

Introduction

More than 1.1 million total joint arthroplasties (TJAs) are

performed annually in the United States [39], over 700,000

of which are primary TKAs. Despite its success improving

the quality of life of patients with arthritis [31], pain after

TKA can sometimes be severe and difficult to control [1].

Clinical studies have shown that severe postoperative pain

can be associated with an increased risk of complications,

including rehabilitation delay [59], prolonged return to

normal functioning [27, 28], progression to persistent pain

states [46, 68], prolonged hospital stay [49], and increased

readmission rate [21], all of which can lead to increased

cost of care [4, 42, 62, 69].

Multiple anesthesia and analgesia modalities have been

proposed and used over the past decade with an emphasis

on rapid recovery and improve outcomes. Unfortunately,

many complications after TKA may be associated with

pain management strategies themselves. Opioid analgesics,

including intravenous, patient-controlled, and oral, have

been a standard modality for postoperative pain manage-

ment but are also associated with increased risk of nausea,

pruritus, vomiting, respiratory depression, prolonged ileus,

and cognitive dysfunction [18, 64, 85]. Regional pain

control techniques such as femoral nerve blockade may

limit exposure to opioid-related adverse events but may

lead to other complications such as quadriceps weakness,

neuropathy, and postoperative falls [8, 75].

There is still a need for a method of anesthesia that can

deliver effective postoperative pain relief without incurring

the high cost and health burden of opioids and nerve blocks.

A periarticular injection (PAI) administered at the end of the

surgical procedure has been shown to decrease pain,

increase function, and reduce opioid-related adverse events

after TJA in both case series and randomized controlled

trials [15, 48, 66]. Published studies have suggested that PAI

is more cost-efficient and easier to perform than other

regional modalities such as femoral neck blocks [1, 54].

PAI cocktails may include local anesthetics along with

various additions such as nonsteroidal antiinflammatory

drugs and epinephrine. They also can contain antibiotics,

steroids, or other locally active agents. These cocktails

have been shown to be effective in the acute perioperative

period but have finite periods of action. Traditional amide

local anesthetics such as bupivacaine or ropivacaine (which

is reported to have a faster onset than bupivacaine but with

a similar duration of action [2, 7, 11, 12, 22, 25, 37,

41, 50, 52, 55, 58, 74, 86]) have been the mainstay of most
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TKA PAI cocktails. In addition to amide local anesthetics,

some investigators have chosen to also include intrathecal

morphine as part of their pain management protocol. A

single-dose local analgesic has been introduced that

delivers bupivacaine over time (Exparel; Pacira Pharma-

ceuticals, Parsippany, NJ, USA). This formulation has been

associated with decreased postoperative pain in patients

undergoing TJA [6]. However, early comparative studies

either had major methodological flaws [5] or were ade-

quately powered but lacked randomization or anesthesia/

injection protocol standardization [6]. We therefore

undertook a multicenter, double-blind, three-arm, ran-

domized controlled trial (RCT) to investigate the

effectiveness of a liposomal bupivacaine-based PAI (Ex-

parel) versus ropivacaine-based (Naropin; Fresenius Kabi

USA, Lake Zurich, IL, USA) PAI with a third arm that

included a morphine-based spinal (Duramorph; West-Ward

Pharmaceuticals, Eatontown, NJ, USA) in controlling

postoperative pain in patients undergoing TJA.

Specifically, we asked: (1) Is liposomal bupivacaine-

based PAI more effective than morphine-based spinal

anesthesia or ropivacaine-based PAI in controlling post-

operative pain after TKA? (2) Do patients treated with

liposomal bupivacaine-based PAI experience fewer opioid-

related adverse events compared with patients treated with

morphine-based spinal anesthesia or ropivacaine-based

PAI in controlling postoperative pain after TKA?

Patients and Methods

This study was a prospective, multicenter (Columbus, OH,

USA, and Plano, TX, USA), double-blind (patients and

data-recording research teams were blinded to the identity

of the anesthetic), three-arm, RCT of patients undergoing

primary unilateral TKA. Patients were recruited between

November 2013 and October 2015. Five surgeons at the

two centers (three surgeons in Ohio, two surgeons in

Texas) provided treatment for the enrolled patients. The

study was approved by the institutional review board at

each respective facility.

To be considered for the study, subjects had to be at

least 18 years of age, be willing and able to complete

surveys, and sign a consent form approved by the institu-

tional review board of the participating centers. Patients

with severe hepatic or renal impairment were excluded

from participation. Patients with lower back conditions,

which could potentially complicate the administration of

the spinal anesthesia, were also excluded. One hundred

nineteen patients with 119 TKAs were enrolled in the study

and randomized into the three investigated groups. Patients

in the first group (40 patients) were given a bupivacaine

spinal and periarticular injections with liposomal bupiva-

caine (Exparel), bupivacaine, ketorolac, and epinephrine

(Table 1). Hereafter this group is referred to as the ‘‘lipo-

somal bupivacaine PAI’’ group. Patients in the second

group (41 patients) were given a spinal with bupivacaine

and intrathecal morphine and periarticular injections with

ropivacaine, ketorolac, and epinephrine. Hereafter this

group is referred to as the ‘‘morphine spinal’’ group.

Patients in the third group (38 patients) were given a

bupivacaine spinal and periarticular injections with ropi-

vacaine, ketorolac, and epinephrine. Hereafter this group is

referred to as the ‘‘ropivacaine PAI’’ group.

Subject randomization was completed per CONSORT

guidelines [57] using the ‘‘Random Sequence Generator’’

from www.random.org to provide a random order list.

Initially, randomization was set for a sample size of 50,

after which the appropriate sample size was determined

using power analysis. Patients were enrolled in each group

until the minimum sample size was achieved for all three

groups.

An initial power analysis was performed to determine

the number of patients required to show a minimally

clinically important difference (MCID) of 1.3 in visual

analog scale (VAS) scores between groups. This difference

is at the lower end of the range of MCIDs reported in the

literature [13, 32, 33, 56, 73, 81, 82] and thus the sample

Table 1. Drug regimen for each of the three treatment groups involved in the study

Analgesic modality Group 1 (liposomal bupivacaine*) Group 2 (intrathecal morphine�) Group 3 (ropivacaine Hcl�)

Spinal anesthesia 1.2 mL of 0.75% bupivacaine (9 mg) 1.2 mL of 0.75% bupivacaine (9 mg) 1.2 mL of 0.75% bupivacaine (9 mg)

0.2–0.25 mg intrathecal morphine

Periarticular injection

cocktail

20 mL of 1.3% liposomal bupivacaine 50 mL of 0.5% ropivacaine 50 mL of 0.5% ropivacaine

25 mL of 0.5% bupivacaine

30 mg ketorolac 30 mg ketorolac 30 mg ketorolac

1 mg of 1:1000 epinephrine 1 mg of 1:1000 epinephrine 1 mg of 1:1000 epinephrine

Normal saline to make 60 mL total

injectate

Normal saline to make 60 mL total

injectate

Normal saline to make 60 mL total

injectate

* Exparel, Pacira Pharmaceuticals, Parsippany, NJ, USA; �Duramorph, West-Ward Pharmaceuticals, Eatontown, NJ, USA; �Naropin, Fresenius

Kabi USA, Lake Zurich, IL, USA.
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size would be expected to ensure the ability to observe

differences that are clinically meaningful. The calculation

assumed an 80% power at an a level of 0.05. Using a

primary endpoint of pain at 1 day postoperatively, the

analysis determined that 38 patients were required to be

enrolled in each group (assuming a SD of 2). Although the

initial power analysis is only valid for two groups, we

conducted a post hoc analysis for three groups to determine

the number of patients required to show a Cohen’s effect

size, f, of 0.30 (80% power at an a level of 0.05). The

analysis determined a similar number of patients required

for each treatment group (n = 37). Therefore, the larger

sample size of 38 patients per group was selected to meet

both requirements.

The PAI technique used a 22-G, moving-needle, multi-

site injection technique. Both spinal anesthesia and PAI

techniques were standardized at both sites and among

surgeons. For the PAI technique in particular, surgeons

were trained by use of an educational video demonstrating

the technique, location, and amount for injection. The

technique included injecting the entire capsule with

approximately 50 injections, including the quadriceps and

subcutaneous layer. Injecting near the midline was

avoided. All patients received standardized, preemptive

multimodal perioperative analgesia (Table 2). Postopera-

tive opioid administration was done only on an as-needed

basis. Patients were mobilized with the assistance of a

physical therapist on the day of surgery, when possible.

The inpatient rehabilitation program included isometric

exercises, active and active-assisted knee ROM (without a

continuous passive motion machine), and assisted gait

progressing to walking as tolerated by the patient. Ameri-

can Association of Orthopaedic Surgeons guidelines were

followed for risk-stratified venous thromboembolism

(VTE) prophylaxis [71]. A majority of patients in the study

received multimodal VTE prophylaxis with mechanical

compression devices and aspirin.

The groups did not differ in regard to age, body mass

index, or sex (Table 3). Sixty-seven percent of the patients

were female (80 of 119) and 33% were male (39 of 119).

There were no differences in terms of preoperative opioid

use for patients between groups (liposomal bupivacaine

PAI: 38% [15 of 40], morphine spinal: 39% [16 of 41],

ropivacaine PAI: 24% [nine of 38], p = 0.288). In addition,

there were no differences in terms of preoperative ROM,

preoperative Knee Society Score (KSS), or preoperative

KSS function score (Table 3).

There were no withdrawals from the study nor were any

patients lost to followup (Fig. 1). All patients were analyzed

in the groups to which they were randomized. Primary

outcome measures included 10-point numerical, or visual

analog, pain scores at rest (VAS [29, 34, 40, 44, 47, 79,

81, 84]) at 1, 6, and 12 hours postoperatively; VAS pain

scores at postoperative days 1 (at the hospital), 2, 3, 4, 5, and

6 (upon awakening in the morning); and in-hospital narcotic

use (converted into morphine equivalents). Pain scores were

collected both in and out of the hospital. The primary end-

point of pain at 1 day postoperatively was used to determine

the appropriate sample size. Total narcotics were calculated

over the full length of stay of each patient. Secondary out-

come measures included day of surgery ambulation;

postoperative day 1 straight leg raise and maximum active-

assisted ROM; postoperative nausea/vomiting resulting in

additional medications or a change in diet; complaints of

itching; additional opioid-related adverse events such as

constipation/obstipation, urinary retention or recatheteriza-

tion, dizziness, confusion, excessive somnolence, or

hypoventilation/hypoxia; and hospital length of stay. Each

patient was asked about complications by the research

coordinator while in the hospital and during followup calls

on postoperative day 7 and day 14. The research coordinator

was not blinded to the study group.

Statistical Analysis

Statistical analysis was performed with the assistance of

the Exponent, Inc team using SAS software (SAS Institute

Table 2. Standardized preemptive multimodal perioperative analgesia protocol adopted for all patients in the study

Medication Dosage

Celebrex* 200 mg PO 9 1 preoperatively; 200 mg QD 9 10 days postoperatively

Oxycontin� 20 mg PO 9 1 preoperatively (10 mg for patients[ 70 years old)

Tylenol� 1 g IV on induction, 4 mg IV in the morning of postoperative day 1

Decadron§ 10 mg IV on induction; 4 mg IV in the morning of postoperative day 1

Zofran|| 8 mg IV on induction; 4 mg IV PRN

Tranexamic acid 1 g IV on induction; 1 g at 3 hours postoperatively

* G.D. Searle LLC Division of Pfizer Inc, New York, NY, USA; �Purdue Pharma, LP, Stamford, CT, USA; �McNeil Consumer Healthcare, Fort

Washington, PA, USA; §Merck & Co, Inc, Kenilworth, NJ, USA; ||GlaxoSmithKline, Brentford, UK; PO = orally; QD = per day; PRN = as

needed.
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Inc, Cary, NC, USA) Version 9.4. Demographics, pain

scores, narcotic use, complications, and length of stay were

assessed for normality and analysis of variance test results

are presented to compare groups for continuous variables

and chi square tests for categorical variables. A Bonferroni

correction was used to adjust for multiple testing, giving an

a of 0.00185 (0.05/27) to test for significance. Pairwise

multiple comparisons were adjusted based on Tukey’s

methods. For result variables that are not normally dis-

tributed, the medians and ranges are also provided and

nonparametric Kruskal-Wallis tests to compare treatment

groups were applied using the Dwass, Steel, Critchlow-

Fligner method for multiple comparisons.

Results

Mean VAS pain in the liposomal bupivacaine PAI group

was lower than that for the ropivacaine PAI group at 6

hours (1.8 ± 2.1 versus 3.3 ± 2.3, p = 0.005, mean dif-

ference: 1.5, 95% confidence interval [CI], 0.5–2.5) and 12

hours (1.5 ± 2.0 versus 3.3 ± 2.4, p\ 0.001, mean dif-

ference: 1.8, 95% CI, 0.8–2.8) after surgery (Table 4). The

morphine spinal group had lower pain compared with the

liposomal bupivacaine PAI group at 6 hours (0.9 ± 1.8

versus 1.8 ± 2.1, p = 0.035, mean difference: 1.0, 95% CI,

0.1–1.8), but there was no difference at 12 hours (0.8 ± 1.5

versus 1.5 ± 2.0, p =0.086, mean difference: 0.7, 95% CI,

�0.1 to 1.5). With the numbers available, there were no

other differences in pain among the three groups beyond 12

hours. Median and range for all VAS scores are also pre-

sented because the outcomes were not normally distributed

(Table 4). For all treatment groups, pain levels were

highest at postoperative day 2; however, patients in the

ropivacaine PAI group experienced an early peak in VAS

scores at 6 hours followed by a plateau and a second peak

at day 2 (Fig. 2). The magnitude of the differences at 6 and

12 hours are near the lower end of MCIDs reported in the

literature [13, 32, 33, 56, 73, 81, 82] and thus the

improvement shown with this sample may only represent a

small clinical improvement. However, it is noted that pain

scores for all groups were low, near, or below 3 at post-

operative day 1, and thus it may add perspective to

consider that the difference at 12 hours is 55% of the

ropivacaine PAI score, well beyond the high end of MCID

percentages reported in the literature (35%).

Both the liposomal bupivacaine group (13% [five of 40])

and the ropivacaine group (5% [two of 38]) had fewer

incidents of itching (pruritus) than the spinal morphine

group (38% [15 of 41]) (p = 0.001) (Table 5). Using the

liposomal bupivacaine group as the reference, the odds ratio

for itching in the morphine spinal group was 4.2 (95% CI,

1.4–13.1, p = 0.0132), whereas the odds ratio for the ropi-

vacaine group was 0.4 (95% CI, 0.1–2.1, p = 0.278). With

the numbers available, we found no difference in the inci-

dence of postoperative nausea among the three groups (p =

0.445) (Table 5). There were also no differences in the total

narcotics consumed for the liposomal bupivacaine PAI (71

± 93 mg), ropivacaine PAI (75 ± 58 mg), and morphine

spinal groups (89 ± 14 mg) (p = 0.910) (Table 4).

There were no differences between groups in day 1

maximum active ROM (p = 0.101), length of stay (p =

0.816), percentage of patients who could ambulate on day 1

(p = 0.901), or perform a straight leg raise on day 1 (p =

0.602) (Table 5). There were also no differences in post-

operative KSS and KSS function scores (Table 5).

Table 3. Patient demographics with regard to age, BMI, sex, side of surgery, and preoperative functioning

Variable Liposomal bupivacaine PAI Morphine spinal Ropivacaine PAI p value

Mean (SD)

Age 69 (9) 69 (8) 69 (9) 0.976

BMI 34 (8) 34 (6) 34 (8) 0.808

Operating room time (minutes) 74 (20) 74 (22) 64 (26) 0.076

Preoperative ROM (degrees) 108 (14) 109 (14) 112 (11) 0.496

Preoperative Knee Society functional score 46 (14) 48 (12) 51 (15) 0.241

Preoperative Knee Society total score 35 (15) 33 (19) 38 (18) 0.514

Number

Female 29 (73%) 25 (61%) 26 (68%) 0.534

Male 11 (28%) 16 (39%) 12 (32%)

TKA on left side 24 (60%) 22 (54%) 18 (47%) 0.535

TKA on right side 16 (40%) 19 (46%) 20 (53%)

Preoperative opioid use (yes) 15 (38%) 16 (39%) 9 (24%) 0.288

PAI = periarticular injection; BMI = body mass index.
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Discussion

There has been a long-term effort to reduce opioid con-

sumption after TKA with a goal of reducing opioid-related

adverse events, shortening the hospital length of stay,

reducing readmission, and increasing physical therapy

participation [63, 75]. It has been proposed that liposomal

bupivacaine can improve the duration of effectiveness for

PAI and thus may provide sufficient analgesia while also

reducing the amount of opioid medications delivered for

effective pain control. The current study occurred in

settings that already had established total joint pathways in

place, including preoperative education [70], patient-fo-

cused care initiatives [3, 17, 19, 36, 43, 45, 60, 67, 87],

multimodal analgesia regimens [9, 10, 16, 20, 24, 26, 35,

38, 53, 72, 76, 78, 80, 83], and postoperative rehabilitation

pathways [16, 51, 77] to focus the results on the three

randomized treatment groups described. We found that the

primary outcome measure of pain control was better at 6

and 12 hours postoperatively in the liposomal bupivacaine

PAI and spinal morphine groups compared with the ropi-

vacaine PAI group. However, this improvement was

Study Flow Diagram

Patients Assessed for Eligibility

Excluded:
♦ Not Meeting I/E Criteria
♦ Research Staff Unavailable

Patients Presented With Study 
and Given Informed Consent

Excluded:
♦ Subject Declined to Participate
♦ Other Reasons (eg, Insurance)

Subject Randomized

Subject Signs Consent

Enrollment
n = 157

Data Analyzed

In-hospital Daily Followup

Subject Evaluated by 
Anesthesia Preoperatively

Allocation
n = 135

Analysis
n = 119

Followup
n = 119

Screen Fail:
♦ Not Meeting I/E Criteria

Allocated to Intervention

Withdrawal:
♦ Lost to Followup
♦ Subject Discontinued Intervention

POD #7 Followup Phone Call

POD #14 Followup Phone Call

Fig. 1 The study flow diagram

is shown for the three-arm ran-

domized controlled trial. I/E =

inclusion/exclusion.
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transient, because VAS scores by 20–24 hours were no

different among the groups. Mean differences in VAS

score are viewed with respect to reported thresholds for

MCIDs. There is a range of MCIDs reported in the litera-

ture, including levels reported by magnitude (from 1.3 to

2.2) [13, 32, 33, 56, 73, 81, 82] and by percentage change

in pain (15%–35%) [32, 33, 56, 73]. Although the mag-

nitude of the differences reported here fall within the range

of MCIDs reported in the literature, the percentage change

is above what could be expected to perceive given the

relatively low average pain scores in each group. Patients

receiving intrathecal morphine were more likely to expe-

rience opioid-associated pruritus, but we could detect no

difference in total opioids consumed nor in other adverse

reactions.

The primary limitation of the current study is its limited

sample size. Although this study had over 100 patients and

was well powered to test the hypothesis of lower postop-

erative pain with liposomal bupivacaine use, much larger

sample sizes may be needed to measure differences in

opioid consumption and associated adverse events. These

adverse events are detrimental to patient rehabilitation and

can be very costly to treat [63]. Potentially as a result of the

high variability in reported opioid consumption, there were

no detectable differences among groups according to this

measure. To provide perspective, to detect a doubling of an

adverse event that occurs in 20% of patients would require

164 patients in a two-arm study. Examination of the

medians and ranges reported for opioid consumption shows

the liposomal bupivacaine PAI group to have a much larger

range of opioids consumed, an observation that deserves

more consideration in future studies. In addition, there are

potential limitations in the generalizability of these results

to surgeons who are unfamiliar or unpracticed with some

form of PAI technique. In the authors’ experience, a

moving-needle, multisite injection technique is critically

important to the efficacy of liposomal bupivacaine injec-

tions. There is also a potential limitation in the amount of

Duramorph used in the morphine spinal group. The study

protocol was designed for 0.2–0.25 mg to be administered

intrathecally, allowing flexibility for patient-specific fac-

tors. Although doses up to 0.5 mg have been used for select

procedures and patients [30], it is known that adverse

events are dose-dependent and some studies recommend

using less [14]. There is a possibility that the increase in

itching in the spinal morphine group may be a direct result

of the morphine dosage. In addition, the reporting of

adverse events, including itching, may be subjective,

although any cases were referred to the treating nurse, who

followed up all reports with a medication and treatment

plan. For pain scores, interpretation of results may have

benefited from collecting more than a single pain score for

each postoperative day after day 1. Lastly, there are

potential interactions that may alter the pharmacokinetic or

physiochemical properties of liposomal bupivacaine if

mixed with other drugs. The PAI cocktail used in this study

may be different from that presented previously. Any use

of Exparel should be done in accordance with recommen-

dations made on the label.

Previous studies on the efficacy of PAI have generally

reported encouraging results, although the study of lipo-

somal bupivacaine specifically has been limited. Crowley

et al. [23] conducted a review of studies comparing local

anesthetic techniques with placebo injections and intra-

venous morphine patient-controlled analgesia and found

that in most studies (five of six reviewed), local anesthetic

techniques reduced opioid use or lowered VAS scores. We

previously reported a modest improvement in VAS pain

scores, including more pain-free patients, after adding

liposomal bupivacaine to a multimodal analgesia regimen

for lower extremity TJA [6]. The limitations of that pre-

vious study, including the lack of standardized technique

between surgeons, confounding medications/anesthesia

protocols, and a nonrandomized design, have all been ad-

dressed in the current study design. The results of this study

are to be contrasted with a retrospective, noncontrolled

study by Bagsby et al. [5], which reported that patients

injected with liposomal bupivacaine had higher pain scores

at discharge compared with those given traditional PAI

(ropivacaine, morphine, and epinephrine). In their study,

the finding of higher pain in patients given liposomal

bupivacaine was observed in the period between the end of

the first 24 hours after surgery and discharge. In addition to

a lack of randomization, that study did not break down pain

scores by day, which is a key limitation because the SD of

the length of stay in the traditional PAI injection group was

nearly twice that for the liposomal bupivacaine group.

Also, as noted in the study, local injection of liposomal
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Fig. 2 VAS pain scores are presented for the liposomal bupivacaine

PAI, morphine spinal, and ropivacaine PAI groups evaluated at 1, 6,

and 12 hours postoperatively and on postoperative days (PODs) 1

through 6.
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bupivacaine is technique-dependent, and the authors did

not provide details on whether a moving-needle, multisite

technique was used. As stated, the authors consider mul-

tiple injections essential to the efficacy of the treatment.

Pain control outcomes obtained in the intrathecal mor-

phine group (Group 2) in this study came at a physiological

cost: more narcotic-related pruritis (itching) was reported in

the intrathecal morphine group than in the other two groups.

This is consistentwith findings fromother authors, including

a recent RCT in patients undergoing TKA showing an

increased incidence of pruritus (itching) in patients given

intrathecal morphine [65]. Many opioid-related adverse

events are an immediate health risk and could potentially

limit mobility, rehabilitation, and the patient’s ability to

sleep [61]. Opioid-related adverse events are also reported to

increase the use of hospital resources, result in longer hos-

pitalizations, increase costs, and increase the risk for

readmission [63]. With the numbers available, total nar-

cotics consumed were not shown to be different among

groups. Given the high variability in opioid consumption

among patients, additional studies with an increased sample

sizes will likely be required. To address this and the other

aforementioned limitations, a largemulticenter randomized,

double-blind study comparing local infiltration with and

without liposomal bupivacaine is currently being planned

(ClinicalTrials.gov Identifier: NCT02713490).

For the treatments considered in this study, the potential

reduction in pain and reduction in itching in the liposomal

bupivacaine PAI group should be weighed against the cost

(USD 315; data from Pacira Pharmaceuticals). Although

the direct costs of treatments in the ropivacaine PAI and

spinal morphine groups are lower (both less than approx-

imately USD 20; communication with hospital staff), an

in-depth cost analysis will be required to include the

effects of patient pain, itching, and other potential adverse

events on overall hospital costs.

In summary, this prospective multicenter three-arm

blind RCT showed potentially improved pain control at 6

and 12 hours in the liposomal bupivacaine and intrathecal

morphine groups compared with the ropivacaine group,

and there was a higher risk of pruritus (itching) in the

intrathecal morphine group. There were no other differ-

ences among the three treatment groups in the early

postoperative period. We believe these results highlight

the importance of a comprehensive arthroplasty program,

which should include incorporating a standard PAI tech-

nique regardless of which agents are used and

incorporating multimodal analgesia regimens as described.

Based on these results, we prefer the use of PAI with

liposomal bupivacaine as an alternative to spinal anes-

thesia with intrathecal morphine as a result of similar

postoperative pain control and the potential for reducing

adverse events.T
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