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Abstract

Objective. To compare pain outcome reports of patients undergoing hip or knee replacement who received single-
injection nerve/plexus blocks with plain bupivacaine (BPV) with those of patients who received injections of
buprenorphine-clonidine-dexamethasone (BCD) admixed with BPV. Design. Prospective, parallel-arm, randomized,
double-blind trial. Setting. A single veterans’ hospital. Subjects. Ninety-eight veterans scheduled for total hip or knee
replacement surgery with spinal as the primary anesthetic. Methods. Participants were randomized to BPV-BCD or
plain BPV groups. They underwent nerve/plexus blocks in the L2-L4 and L4-S3 distributions in advance of joint re-
placement surgery. The primary outcome was change in pain from baseline during the postoperative day, as
assessed by the total pain score on the short-form McGill Pain Questionnaire-v2 (SF-MPQ-2). Secondary outcomes
were pain during movement, pain interference, range of motion, mobility, and quality of recovery. Results. On post-
operative day one, the SF-MPQ-2 total score for the BPV-BCD group demonstrated greater pain reduction than that
of the plain BPV group (mean difference 1.8 points, 95% confidence interval 0.6 to 3.0, P=0.003). The BPV-BCD
group also had larger reductions in pain during movement in the surgical joint and less pain interference, along with
increased range of hip and knee flexion, compared with the plain BPV group. Outcomes of mobility and quality of re-
covery were not different between groups. Conclusions. Preoperative BPV-BCD blocks in the L2-L4 and L4-S3 nerve
distributions for hip and knee replacements led to less pain on postoperative day one and increased knee and hip
range of motion, compared with plain BPV blocks. Trial registration. ClinicalTrials.gov ID NCT02891798.
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Introduction

Multimodal perineural analgesia (MMPNA) with nerve
block adjuvants such as buprenorphine [1], clonidine [2],
and dexamethasone [3] (BCD) can extend the analgesic
duration of local anesthetic-based peripheral nerve
blocks, when compared with plain local anesthetic [4-6].
Both perineural buprenorphine [1] and clonidine [2] have
been shown to have greater perineural than systemic
value, though this question remains controversial for
dexamethasone. In vitro and in vivo animal studies have
demonstrated the neuronal and perineural safety of BCD
admixed with local anesthetics [7, 8]. We previously
reported results from a series of more than 1,300 patients
who underwent various surgical procedures with bupiva-
caine (BPV)-BCD single-injection MMPNA nerve blocks
[9]; these blocks provided an analgesic duration of
~36 hours. By the time of the start of the trial described
here, this drug combination had been used in more than
3,000 patients. We recently reported preliminary findings
of the present study on analgesia duration, and the
MMPNA nerve blocks’ duration was 26-39 hours after
BPV-BCD vs 11-21 hours after administration of plain
BPV in patients who had total hip arthroplasty (THA)
and total knee arthroplasty (TKA) [4].

For this study, we obtained Investigational New Drug
(IND) status from the U.S. Food and Drug Administration
(IND #127171). Extending the duration of blocks with
MMPNA may ultimately avoid the need for continuous
perineural catheters, a clinically complex procedure that
poses risks of infection and catheter retention. In the pre-
sent article, we specifically report on the primary outcome
of pain (and secondary outcomes) because these data were
not available for analysis at the time of our last publica-
tion [4]. The accompanying invited editorial [10]
describes how the study was modified from the original
description disclosed to ClinicalTrials.gov. The study hy-
pothesis was that BPV-BCD nerve blocks would lead to
less pain on postoperative day one (POD#1) and better
range of motion, mobility, and quality of recovery than
would plain BPV nerve blocks for these patients undergo-
ing total joint replacement (TJR).

Methods

This double-blind, parallel-arm, randomized controlled
trial was conducted at a single United States Veterans
Administration (VA) hospital. Participants signed informed
consent approved by the Institutional Review Boards from
the University of Pittsburgh, the VA Pittsburgh, and the
Human Research Protection Office of the Department of
Defense. The study was monitored by a Data and Safety
Monitoring Board and registered at ClinicalTrials.gov
(NCT02891798). This report follows the Consolidated
Standards of Reporting Trials (CONSORT).

Participants

Adults 18-85 years old who were scheduled for primary
elective TJR, were English speaking, were decision com-
petent, were willing to complete all study visits, were
able to walk >3 meters independently, and had a body
mass index <40 kg/m?* were invited to participate. Adults
who had major psychiatric disorders, who were at risk of
postoperative substance abuse, or who had a contraindi-
cation to peripheral nerve block or spinal anesthesia were
excluded [4]. Participants were enrolled from November
2016 to October 2018.

Randomization

Allocation to BCD-BPV or plain BPV was performed in a
4:1 ratio because MMPNA was the standard of care at
our institution [9]. Randomization used permuted blocks
of five and was stratified by procedure (THA, TKA), dia-
betes, and age (<69, >69 years). Sequentially numbered
and sealed envelopes with assignment allocation were
prepared by the data manager and placed by the pharma-
cist into the automated drug cabinet; the pharmacist was
not involved with other study procedures.

Interventions

We used analgo-sedation intravenously (up to 100 pg fen-
tanyl, 4 mg midazolam, and/or 40 ug dexmedetomidine)
after the usual monitors and supplemental oxygen had
been applied. Blocks for nerves/plexi originating from the
L4-S3 distribution were comprised of 20mL of 0.1%
BPV, with or without the combination of buprenorphine
300 pg, clonidine 25 pg, and dexamethasone 1 mg [4, 9].
Blocks for the L2-1.4 distribution were comprised of
20 mL of 0.25% BPV if the patient was nondiabetic and
0.2% BPV if the patient was diabetic [4, 9]. The additives
in the L2-1.4 blocks and the L4-S3 blocks were identical.
The nerve blocks (and antiemetic prophylaxis strategy
used, entailing perphenazine and ondansetron, with or
without aprepitant [11-14]) were described in detail in
our block duration article [4].

Spinal anesthetics were comprised of isobaric bupiva-
caine (7.5 mg/mL) and sterile water and were adminis-
tered in the same room as the nerve blocks, with
ephedrine and phenylephrine pre-drawn syringes avail-
able at the bedside. Intraoperatively, spinal anesthesia
was supplemented by propofol sedation and ketamine in-
termittent boluses for a total of 0.5 mg/kg. Patients re-
ceived antiemetic prophylaxis preoperatively and
intraoperatively. During surgical closure, orthopedic sur-
geons applied multimodal local anesthesia entailing
30 (body weight <100 kg) or 40 mL (body weight >100
kg) of 0.5% bupivacaine, 300pug of epinephrine, and
30 mg of ketorolac. These procedures and the postsurgi-
cal pain management were the same for both study
groups [4].
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Outcome Measures

The primary outcome was the change in patient-reported
pain on POD#1 compared with baseline on the Short-
Form McGill Pain Questionnaire-v2 (SF-MPQ-2 [15]) to-
tal score, with specific focus on “continuous” and
“intermittent” pain subscores. Secondary outcomes were
based on previously published recommendations [16]
and included: 1) pain intensity and interference assessed
by the Defense and Veterans Pain Rating Scale (DVPRS
[17-19]), which was modified (mDVPRS) to include
questions about pain with movement and at rest, as these
predict chronic pain in joint replacement surgery [20]; 2)
quality of recovery (QoR) related to postoperative symp-
toms [21], including those specific to postoperative nau-
sea/vomiting [11-14]; 3) surgical joint range of motion;
and 4) mobility measured by self-selected gait speed and
standing balance tests [22, 23]. Outcome assessments
were performed at baseline (~1 week before surgery), at
the primary time point of POD#1, and also at days 2 to 5
and 6 weeks after surgery. The assessments were per-
formed by research staff blinded to group assignment.

Sample Size and Study Interruption

A sample size of 100 participants for THA and 100 for
TKA was determined to provide 80% power for primary
analysis and was reported previously [4]. However, the
target sample size was not achieved, as the study was
interrupted because of institutional changes in the stan-
dard of care after 98 participants had been enrolled.
When the study was planned, the analgesia duration was
appropriate for the institutional standard of care that ini-
tiated physical therapy on POD#1. However, in mid-
2018, same-day physical therapy became the new hospi-
tal guideline for TJR. This required a modification of
drug dosage, as study participants could not engage in
same-day physical therapy because of significant motor
and/or sensory-proprioceptive impairment from BPV.
The study Data and Safety Monitoring Board suspended
study enrollment until revised analgesia of shorter dura-
tion enabled safe engagement in same-day physical ther-
apy. The newly modified protocol kept the same block
volume and adjuvant doses of BCD but diluted the BPV
concentrations to 0.125% for the L2-L4 distribution
blocks and 0.0625% for the sciatic nerve (for patients
undergoing TKA). This modified drug protocol was ap-
proved in May 2019, and the study enrolled a second
small cohort of participants from May 2019 until study
closeout in January 2020.

Statistical Analysis

Continuous variable normality of distributions was
assessed with the Shapiro-Wilk test, where P < 0.05 indi-
cated a non-normal distribution; all continuous variables
were normally distributed. Baseline values across groups
were compared by ¢ test or Wilcoxon rank sums test for
continuous variables and chi-squared or Fisher’s exact

tests for discrete variables. Data on SF-MPQ-2 (primary
outcome) at POD#1 (primary endpoint) were compared
between groups with the ¢ test with the Levene correc-
tion, when applicable. Outcome measures were analyzed
on the basis of difference scores (POD#1 data subtracted
from baseline data). We also ran adjusted analyses con-
trolling for stratification factors (THA vs TKA proce-
dure, age, and diabetes status) using linear mixed-models
regression with random intercept and unstructured co-
variance. Data on THA and TKA were pooled for analy-
sis, as they were in our earlier article [4]. We used the
same data analysis method for the secondary study out-
comes. For all statistical tests, P <0.05 was considered
statistically significant. With regard to the smaller-than-
expected sample size, we did not adjust alpha for multi-
ple comparisons to prevent type 2 error.

The Data and Safety Monitoring Board recommended
not combining data from the main and second study
cohorts because of the different BPV concentrations for
the nerve blocks. The goal of continuing to collect data
after study interruption was to describe whether the
observations from the main cohort would replicate after
the BPV concentrations had been changed. To that end,
we deliberately did not use statistical hypothesis tests for
the second cohort. Instead, we ran descriptive statistics
for the outcome measures and calculated the means, dif-
ferences, and 95% confidence intervals across groups, as
recommended for pilot studies, to enable visual compari-
son with results from the main study cohort [24]. All
study data were collated and managed with REDCap
(project-redcap.org, Nashville, TN, USA) [25]. We used
SPSS  Statistical Software version 25 (IBM Corp.,
Armonk, NY, USA).

Results

Of the 571 patients screened in the main study cohort,
473 failed eligibility screening, resulting in 98 enrolled
patients (Figure 1). From these, 20 were terminated from
the trial early, and 78 patients received the interventions
and completed the trial: 62 were allocated to the BPV-
BCD group, and 16 were allocated to the plain BPV
group (27 THA and 51 TKA). Of the 215 patients
screened in the second cohort, 40 were determined to be
eligible, and 37 patients received the interventions: 29
were allocated to the BPV-BCD group and 8 were allo-
cated to the plain BPV group (12 THA and 25 TKA;
Figure 2). The randomization provided adequate balance
across groups with no differences in baseline characteris-
tics (Table 1).

For the main cohort, the SF-MPQ-2 total score during
POD#1 demonstrated greater pain reduction in the BPV-
BCD group than in the plain BPV group. These differen-
ces resulted from pain reduction in both continuous and
intermittent subscores of the SF-MPQ-2 (Table 2). For
the mDVPRS, all change scores (other than “pain af-
fected mood” and “pain contributions to stress”) favored
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Assessed for eligibility
(n=571)

Excluded (n = 473)
1. Patient opted to not participate (n = 177)

arly Terminations (n = 20)
Study temporarily on-hold (n = 6)

2. Patient opted to defer surgery (n = 38)

3. Pre-op clinic did not seek permission for patient
contact (n = 36)

Patient interested, lost further contact (n = 30)

Risk of post-op drug and/or alcohol abuse (n = 28)
Condition contraindicating spinal anesthesia (n = 27)

ASA Status > 4 (n = 19)

Neuropathy / Neuromuscular Disease (n = 17)
Unable to walk > 3m unassisted (n = 17)

10. Behavioral risk or psychiatric disorder (n = 16)
11. Insufficient lead time (n = 14)

12.  Study temporarily on-hold (n = 12)

13.  Patient referred to another hospital (n = 11)

14.  Revision of same extremity (n = 11)

© 0N A

Failed screening (n = 3)
Failed spinal block (n =2)

Consented &
(Il = 98) 17. No study staff available (n = 3)

Randomized

15. Age>85(n=38)
16. BMI> 40 kg/m’ (n = 5)

Surgery deferred (n = 2)
Current participation in another clinical trial (n= 1)

Intra-operative peri-prosthetic fracture (n = 1)

E

1.

2

3.

4. No study staff available (n = 2)

5

6

7

8 Patient chose another hospital (n = 1)
9

18.  Current participation in another clinical trial (n= 1)
19. Kidney/Liver Transplant (n = 1)

20. Local anesthetic hypersensitivity (n = 1)

21. Severe opioid induced nausea & vomiting (n= 1)

Surgery cancelled due to profuse vomiting after spinal
anesthesia (n = 1)
10.  Uni-compartmental knee arthroplasty (n = 1)

Patients in Study
(n=178)

1-Drug Control

(n=16)

4-Drug MMPNA

(n=62)

24-hour Post-Op

(n=16)

24-hour Post-Op

(n=062)

* one patient was early-terminated on post-
operative day 4, but nerve block data still

analyzed. Due to protecting double-blinded
nature of study, unknown if control vs

2-week Post-Op

(n=16)

MMPNA,

2-week Post-Op

(n=62)

6-week Post-Op

6-week Post-Op

(n=16)
Analyzed
(n=16)

(n=62)
Analyzed
(n=1062)

Figure 1. CONSORT diagram: first cohort. Reproduced, with permission, from Williams BA, Ibinson JW, Ritter ME, et al. Extended
perineural analgesia after hip and knee replacement when buprenorphine-clonidine-dexamethasone is added to bupivacaine:
Preliminary report from a randomized clinical trial. Pain Med 2020;21(11):2893-902. PubMed PMID 33027531, Oxford Publishing.

BPV-BCD (Table 2). When adjusted modeling was con-
ducted for each pain outcome (in Table 2, main cohort)
with adjustment for stratification factors, inclusion of all
factors did not change the significance of study drug on
listed measurements. However, diabetes was also associ-
ated with higher SF-MPQ total scores and listed sub-
scores, and older age group was also associated with
more pain at rest and with movement on the mDVPRS
(P <0.05 for each), over and above the BPV-BCD drug
treatment effect.

The results from the second cohort did not show any

differences (Table 2).

The Supplementary Data show exploratory pain out-
come data in the main cohort stratified by surgical proce-
dure, demonstrating that SF-MPQ-2 continuous pain
reductions were present after THA and TKA in patients
receiving BPV-BCD, while TKA patients also had lower
intermittent and total SF-MPQ-2 pain scores after BPV-
BCD. Meanwhile, both THA and TKA patients receiving
BPV-BCD treatment had lower mDVPRS scores at rest
and with movement, as well as lower scores involving
pain activity interference and pain sleep interference;
TKA BPV-BCD patients also had lower scores involving
pain affecting mood (Supplementary Data). There were

202 11dy 60 U0 15NB Aq 29202#9/2S/L/€Z/2I0IME/aUIDIpaLIUIEd/WOd"dNO"D1WaPED.//:SA)Y WOy PAPEOJUMOQ


https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnab325#supplementary-data
https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnab325#supplementary-data

Multimodal Perineural Analgesia for Joint Replacement

61

Assessed for eligibility
(n=215)

Excluded (n =173)

1. Patient opted to not participate (n = 29)

2. Patient opted to defer surgery (n=8)

3. Pre-op clinic did not seek permission for patient

contact (n =9)
4 Patient interested, lost further contact (n = 3)
5 Risk of post-op drug and/or alcohol abuse (n = 12)
6.  Condition contraindicating spinal anesthesia (n = 11)
7.  ASA Status >4 (n=28)
8. Neuropathy / Neuromuscular Disease (n = 12)
9. Unable to walk > 3m unassisted (n = 15)

Consented &

Randomized 1

10.  Behavioral risk or psychiatric disorder (n =9)
Insufficient lead time (n = 16)

‘ K _ (n =40) 12.  Study temporarily on-hold (n = 12)
Early Terminations (n = 6) 13.  Revision of same extremity (n = 3)
1. Surgery deferred (n=1) 14. Age>85(n=2)
2. Intra-operative peri-prosthetic fracture (n = 1) 15. BMI > 40 kg/m* (n = 4)
3. 1&D prior to Follow-Up Visit 1 (n=1)* 16.  No study staff available (n = 9)
4 Revision surgery prior to Follow-Up Visit 2 (n = 2)* . | 17.  Kidney/Liver Transplant (n = 1)
5. BMI>40 on DOS (n=1) Patients in Study* 18.  Surgery cancelled (n = 6)
(m=37) 19.  Uni-compartmental knee arthroplasty (n = 2)
20. Patient chose another hospital (n = 2)
Plain BPV BPV-BCD
(n = 8) (1'1 = 29) Three patients were early-

terminated prior to Follow-Up
Visit 1 (approximately 2 weeks

post-op), but nerve block data

24-hour Post-Op

(n=38)

Figure 2. CONSORT diagram: second cohort.

no treatment group differences for the SF-MPQ-2 or
items in the mDVPRS at the 6-week follow-up (data not
shown).

In the main cohort, there were no differences in the
QoR-15 total score or the nausea/vomiting score on
POD#1 (Table 3), indicating that there was no effect of
perineural buprenorphine on postoperative nausea/vomit-
ing with the perphenazine/ondansetron antiemetic strat-
egy [11-14] used. There were also no differences in the
standing balance test or in gait speed between BPV-BCD-
treated and plain BPV—treated patients. Significant differ-
ences were found, however, between drug treatment
groups, favoring BPV-BCD for the knee and hip range of
motion on POD#1, particularly flexion (Table 3).
Adjusted modeling for stratification factors did not cancel
the treatment-related significant findings. In the second
cohort, no differences were seen (Table 3). There were
no differences between groups at 6-week follow-up for
these secondary outcomes (data not shown).

Discussion

The study results supported the hypothesis that BPV-
BCD blocks lead to less pain on POD#1 than do plain
BPV blocks for patients undergoing THA or TKA. This
was confirmed by our primary (SF-MPQ-2) and second-
ary (mDVPRS) outcomes of pain. The present article

were still analyzed for POD#0-3.

24-hour Post-Op

(n=29)

complements our first report [4] from this randomized
trial that demonstrated longer analgesic duration in the
BPV-BCD group than in the plain BPV group for patients
undergoing primary TJR with dual blocks in the L2-1.4
and L4-S3 distributions. This finding verifies the short-
term superiority of BPV-BCD over plain BPV, similar to
the results that reported perineural BCD (admixed with
ropivacaine) being superior to systemic BCD (and peri-
neural ropivacaine) for shoulder arthroplasty [5]. In our
study, there was no apparent pain detriment from BCD
adjuvant use on subsequent postoperative days in the
hospital or at 6 weeks. Study findings also indicate that
the improved analgesia from BPV-BCD seems to help
with early recovery of range of motion in the operated
joint.

In our retrospectively reviewed prospective case series
of BPV-BCD blocks for TJR [9], we found a surprising
association of higher rebound pain with 2 mg perineural
dexamethasone per block than with 1mg dexametha-
sone. On the basis of this, as well as other systemic con-
cerns and potential complications of escalating
perineural dexamethasone, we felt it was important to
use two additional adjuvants (buprenorphine and cloni-
dine) to confer further analgesic duration [4] and poten-
tial anti-hyperalgesic benefits.

The original knowledge translation purpose of this
study was to test the quality of pain relief after a
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Table 1. Baseline characteristics and care utilization for patients undergoing THA or TKA

Main Cohort (THA and TKA)

Second Cohort (THA and TKA, Exploratory Only)

Characteristic

BPV-BCD (n=62) Plain BPV (n=16) P Value

BPV-BCD (n=29) Plain BPV (n=8)

Baseline demographic and biomedical

Age, years, mean (SD) 67 (7) 66 (8)
Female, n (%) 6 (10%) 1(6%)
Body mass index, kg/m?, mean (SD) 33 (5) 32(5)
Race, n (%)
White 53 (85%) 15 (94%)
Non-White 9(15%) 1(6%)
Hispanic or Latino, n (%) 0(0%) 0(0%)
College/trade school education or 29 (47%) 10 (63%
more, n (%)
Lives alone, n (%) 16 (26%) 4(25%)
Diabetes, n (%) 23 (37%) 6 (38%)
On chronic opioids/tramadol, n 8 (13%) 2 (13%)
(%)
Currently smoking, n (%) 6 (9%) 1(6%)
ASA-PS, n of II/n of III 11/51 3/13
CIRS total score, mean (SD) 20 (3) 20 (2)
Care utilization
Pre-OR midazolam, mg, mean (SD) 1.9 (0.3) 1.8 (0.4)
Pre-OR fentanyl, ug, mean (SD) 91 (21) 86 (29)
*Pre-OR dexmedetomidine, pg, 22 (14) 20 (3)
mean (SD)
Hospital length of stay, hours, 83 (47) 69 (24)
mean (SD)
Study procedure, n of Hip/N of 21/41 6/10
knee

0.617 (W) 66 (8) 67 (7)
0.669 S5(17%) 1(13%)
0.707 (W) 33 (4) 34 (4)
0.678
26 (90%) 8 (100%)
3(10%) 0
N/A 0(0%) 0(0%)
0.262 15 (52%) 2(25%)
0.948 8 (28%) 1(13%)
0.976 7 (24%) 3(38%)
0.966 5(17%) 1(13%)
0.669 none none
0.925 7122 1/7
0.788 (W) 20 (2) 22 (3)
0.637 1.3 (0.8) 1.6 (0.7)
0.423 84.5(27.1) 91 (19)
0.660 22 (12) 20 (n=1, no SD)
0.263 68 (21) 64 (19)
0.786 20/9 5/3

ASA-PS= American Society of Anesthesiologists Physical Status classification; CIRS= Cumulative Illness Rating Scale; hip= patients undergoing THA, who re-

ceived lumbar (both cohorts) and parasacral (main cohort only) plexus blocks; knee= patients undergoing TKA, who received femoral and sciatic nerve blocks;

N/A= not analyzed or not applicable; OR = operating room.

For the main cohort, continuous variables were assessed with ANOVA for normally distributed data and with Wilcoxon rank-sum tests for non-normally dis-

tributed data, as indicated by (W) after the P values.

*Dexmedetomidine was available as an alternative sedative to midazolam for veterans with post-traumatic stress disorder. This was used for only nine and

four main-cohort BPV-BCD and plain BPV patients, respectively, and for five second-cohort BPV-BCD patients; these mean (SD) values reflect the totals of only

the patients who received dexmedetomidine.

prolonged nerve block by BPV-BCD in TJR, for possible
use in active-duty soldiers with lower-extremity poly-
trauma. We forecast utility of the described BPV-BCD
single-injection nerve blocks before prolonged transport
for definitive medical care. Moreover, the clinical analge-
sic duration value combined with the relatively low cost
of BPV-BCD could be considered in scenarios for which
liposome bupivacaine (off-label in these contexts) may be
considered.

For the small second cohort of 37 participants, al-
though the upper bound of the confidence intervals sug-
gest larger pain reductions in the BPV-BCD group, the
confidence intervals were wide, and all crossed zero.
Larger studies testing the modified dose protocol (en
route to same-day physical therapy) are needed.

Additionally, both drug regimens seem safe. In the op-
erating room, there were no differences for continuous
phenylephrine infusion for blood pressure support (58/91
BPV-BCD patients from the main and second cohorts, re-
spectively [64%], vs 18/24 plain BPV patients from both
cohorts [75%], P =0.744 by chi-squared test), indicating
that perineural clonidine did not appear to adversely

affect hemodynamics. In the operating room and post-an-
esthesia care unit, no patients required naloxone for re-
spiratory  depression, indicating that perineural
buprenorphine was well tolerated from a respiratory
standpoint.

As previously reported [4], there was one possibly
block-related adverse event. One patient had foot drop
after TKA, which spontaneously resolved over the subse-
quent 12-16 weeks. Electromyography was ordered
3 months after surgery and showed deep peroneal nerve
acute and subacute denervation changes. The subgluteal
sciatic block for this patient was placed with ultrasound
guidance; the intraoperative tourniquet time was
125 minutes at 300 mm Hg. This patient received the
BPV-BCD treatment. Common peroneal nerve palsy can
occur frequently in small studies after TKA (0-10%)
[26]; however, the incidence in consecutive case series (of
large size) ranges from 0.3% to 1.3% [26].

There were several study limitations. First, the study
interruption occurred after 98 veterans had been enrolled
(78 completed cases) in the main study cohort, which
limits the generalizability of the results. Another
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limitation is the 4:1 randomization allocation, which
happened because, at the time the grant application was
written, the BPV-BCD was our institution’s standard of
care for perineural analgesic drugs (in the absence of in-
stitutional support for a nerve block catheter service).
Our low enrollment rate (e.g., 17% in the main study co-
hort) and exclusions after randomization due to study in-
terruption or changes in surgical procedure (e.g.,
additional fixation of periprosthetic fracture) could also
adversely influence the generalizability of the study
results. Last, although we intended to collect data for
POD#2 through POD#35, these data were not analyzed
because most patients were discharged from the hospital
on POD#2, resulting in an insufficient sample size.

Recent evidence from meta-analysis of liposomal
bupivacaine demonstrates either no clinical benefit or
clinically insignificant benefit for nerve blocks (vs plain
BPV) [27, 28], which did not necessarily include the types
of blocks performed for the present trial. We feel that
BPV-BCD provides an efficacious and extremely low-
cost alternative to patent-protected liposome bupivacaine
for clinical analgesic benefit the day of and day after
surgery.

In the accompanying Invited Editorial [10], we share a
summary of other clinical case series recently published
in Pain Medicine addressing the potential role of BCD-
based perineural motor-sparing (or mobilization-
enhancing) analgesia.

To conclude, results based on validated surveys of pain
and range of motion were superior on POD#1 in the
patients who received BPV-BCD. There was no apparent
pain detriment on subsequent postoperative days in the
hospital or at 6 weeks. These BPV-BCD blocks were gener-
ally well suited to POD#1 physical therapy efforts. These
findings complement our previous report [4] that BPV-
BCD provided 26-39 hours of analgesia in the L2-1L4 and
L4-S3 nerve distributions after hip or knee replacement,
compared with 11-21 hours for plain BPV. Furthermore,
with the use of the described multimodal perphenazine-
ondansetron antiemetic regimen [11-14], postoperative
nausea and vomiting were not influenced by the use of
perineural buprenorphine in the BPV-BCD group.
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