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Abstract 
Background: One common method of pain control for total shoulder arth-
roplasty is long-duration delivery of local anesthetic via interscalene brachial 
plexus block (ISB) with a continuous catheter. Alternatively, liposomal bupi-
vacaine has also been administered as an ISB as a means to prolong the analgesic 
effect. This study was completed to measure the non-inferiority of single-injec- 
tion ISB with liposomal bupivacaine compared with ISB continuous catheter 
for total shoulder arthroplasty. Methods: We performed a retrospective chart 
review of patients who underwent total shoulder arthroplasty using either an 
ISB continuous catheter or a single injection ISB with liposomal bupivacaine 
for post operative analgesia. The primary goal of this study was to determine 
if single-injection with liposomal bupivacaine conferred non-inferior pain 
scores compared to the continuous catheter. Secondary outcomes evaluated 
oxygen saturation as a measure of hemidiaphragmatic paresis, post operative 
opioid requirements, and difference in cost. Results: We identified 333 pa-
tients for the study: 126 received continuous catheter and 207 received sin-
gle-injection with liposomal bupivacaine. The median length of stay was 1 
day. Pain scores for those treated with single-injection with liposomal bupi-
vacaine were non-inferior to pain scores of those treated with the continuous 
catheter on post-op days 0, 1 and 2. Pain scores were lower for single-injection 
with liposomal bupivacaine patients on days 3 and 4, however they did not 
reach statistical significance. There was no significant difference in oxygen sa-
turation between the two groups. Both groups had similar daily morphine 
milligram equivalent requirements. Liposomal bupivacaine ISB was also 
found to be less expensive. Conclusion: Single-injection ISB with liposomal 
bupivacaine provides non-inferior analgesia at a reduced cost compared with 
continuous catheter ISB for total shoulder arthroplasty. 
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1. Introduction 

Liposomal Bupivacaine (LB) was introduced to the market in early 2012 as a 
novel formulation of bupivacaine that could be effective for pain management 
up to 72 hours following single-dose administration. Early studies demonstrated 
conflicting results on the efficacy of LB. These studies often compared liposomal 
bupivacaine infiltration at the surgical site or intra-articular to peripheral nerve 
catheters, [1] [2] [3] [4] which are two techniques that do not provide the same 
analgesia. At our institution, single-injection blocks with LB have become the 
preferred method of regional anesthesia over indwelling catheters. This change 
reflected some early studies demonstrating positive results when comparing the 
two techniques [5]. Additionally, on a very busy service, we found that single-injec- 
tion blocks with LB allowed faster placement and less nursing care and follow-up 
compared with a catheter technique. Those early studies comparing LB use in 
differing techniques were misleading and diverged from what was observed clin-
ically after we changed to Single-Injections with LB (SILB). Over time, newer stu-
dies have been conducted to compare LB to continuous catheters in regard to 
equivalent techniques. One recently published study examined LB with intersca-
lene brachial plexus blocks (ISB) versus Interscalene Continuous Catheters (ISCC) 
for shoulder arthroplasties and showed that LB produced lower opioid con-
sumption and improved pain scores [6]. 

The ISB is a well-established, regularly utilized, regional technique that pro-
vides excellent perioperative pain control in Total Shoulder Arthroplasty (TSA) [7] 
[8]. Furthermore, extending that pain control over a longer period post operatively 
with a catheter provides additional benefits as has been borne out in previous 
studies [9] [10] [11] [12]. TSA has progressively increased in frequency in both 
the inpatient and ambulatory settings [13]. Therefore, using a SILB technique to 
provide prolonged blockade rather than a catheter technique could allow for 
greater efficiency if the block quality is not sacrificed.  

ISBs are associated with complications including high-incidence ipsilateral he-
midiaphragmatic paresis, as well as Horner’s syndrome and to a lesser extent re-
current laryngeal nerve paresis [14] [15] [16]. Catheters are associated with their 
own specific complications including displacement, obstruction, patient discom-
fort, increased infection risk, and prolonged effect of known/expected complica-
tions [10] such as phrenic nerve paresis. Yet all of these potential negatives are 
still outweighed by providing appropriate post operative pain control and de-
creasing negative outcomes such as readmissions for a significantly painful sur-
gery [17]. 
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The goal of this study was to determine non-inferiority of SILB compared to 
ISCC with plain ropivacaine infusion by measuring patient pain scores while ad-
ditionally measuring post operative opioid requirements and oxygen saturation 
as a measure of phrenic nerve paresis as secondary outcomes. Additionally, the 
cost between the two modalities was compared because LB has a high initial cost, 
but minimal-to-no downstream the cost. By using LB, one avoids the cost of the 
kit, local anesthetic infusion, and follow-ups associated with catheters. The com-
piled data were evaluated for non-inferiority of SILB to the more common ISCC. 

2. Methods 

A retrospective chart review was conducted on patients who received a TSA by 
the same two fellowship trained surgeons at a single institution in an inpatient 
setting between January 1, 2008 and August 1, 2018. IRB approval was obtained 
and the data collected included basic patient identifiers (age, gender, BMI, ASA 
status), pain scores throughout the perioperative period, oxygen saturation and 
supplementation, and amount of postoperative opioids required. If a patient had 
multiple surgeries, only the first surgery was used. The nerve blocks were com-
pleted under ultrasound guidance by the same team of anesthesiologists directly 
overseeing residents executing the procedure both prior to and after changing to 
LB. The change to LB was immediate with all ISBs completed using LB rather 
than catheters. The surgical, anesthetic, and post-surgical management were not 
altered after the change to LB for these blocks. For both SILB and ISCC, the 
blocks were completed in pre-op holding and all patients received general anes-
thesia with endotracheal tube. 

Pain was charted either on a scale of 0 to 10 or as “No Pain”, “Mild”, “Mod-
erate”, “Severe” depending on the individual nurse caring for each patient. “No 
Pain” indicated 0; “Mild” indicated 1 - 3; “Moderate” indicated 4 - 6; and “Se-
vere” indicated 7 - 10. If pain was measured in a categorical manner, the mid-
point of the scale was used as a numeric imputation for analysis. If a patient had 
multiple pain measures per day, the average pain score was used. There were no 
standard times each day that the pain measurements were recorded by the 
nurses nor was there a standard protocol used to provide “as needed” pain con-
trol. Data was gathered until the patients left the hospital or up to post-op day 5 
and no further follow up occurred. Other outcomes of interest include oxygen 
saturation and post operative opioid requirements. For the opioid medications, 
all were put into Morphine Milligram Equivalences (MME) for comparisons.  

The primary goal of this study was to determine if SILB pain control had 
non-inferior pain scores compared to ISCC pain control. Pain scores within 1 
point were deemed as non-inferior. One-sided t-test was used to determine 
non-inferiority. General descriptive statistics (means, standard deviations, fre-
quencies, medians, quartiles) were used to summarize patient characteristics for 
the entire cohort and separately for each treatment group. Student’s t-test was 
used to compare continuous characteristics and Chi-square test or Fisher’s exact 
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test were used to compare categorical characteristics. Other outcomes of oxygen 
saturation and pain medications were compared using student’s t-test and Fish-
er’s exact test. Due to the skewness of LOS and MME data, a non-parametric 
Wilcoxon test was used for comparisons. Costs for each procedure were deter-
mined using values provided by the pharmacy department for individual com-
ponents used for each procedure, physician billing, and average follow-up needed 
for each individual. 

3. Results 

We identified 333 patients for the study; 126 received ISCC and 207 received 
SILB. The average age of the patients was 65.3 years, 42% male and 82% white. 
The median LOS was 1 day (Q1, Q3: 1, 2; Total Range: 1 - 6, Table 1). There 
were significantly more ASA 4 physical status classification patients in the ISCC 
group than those with SILB pain control (60% vs 26%, respectively, p ≤ 0.001; 
Table 1). Our analysis deemed that pain scores for those treated with SILB were 
non-inferior to pain scores of those treated with ISCC on post-op days 0, 1 and 2 
(Table 2, Figure 1). Pain scores were lower for SILB patients on days 3 and 4, 
but they did not reach statistical significance.  

There were no significant differences in oxygen saturation between the groups 
on any of the days (Table 3). Those with SILB pain control had a lower percen-
tage of individuals who needed both opioid and non-opioid pain control on all 
days (Table 4). SILB and ISCC groups had similar median daily MME (Table 5).  

Summation of costs for each procedure resulted in approximately $763 dollars 
saved by performing SILB compared to ISCC (Table 6). 

 
Table 1. Patient characteristics. 

Patient Characteristics All, N = 333 SILB, N = 207 ISCC, N = 126 P-Valuea 

Age, Mean (SD) 65.32 (11.3) 64.76 (11.45) 66.23 (11.03) 0.251 

Male, n (%) 141 (42) 91 (44) 50 (40) 0.443 

White, n (%) 273 (82) 170 (82) 103 (82) 0.930 

Hispanic, n (%) 38 (11) 23 (11) 15 (12) 0.825 

BMI, Mean (SD) 31.98 (7.17) 31.7 (6.52) 32.46 (8.14) 0.381 

ASA    <0.001 

1 7 (2) 5 (3) 2 (2)  

2 89 (29) 67 (34) 22 (20)  

3 91 (30) 72 (37) 19 (18)  

4 116 (38) 51 (26) 65 (60)  

LOS, Median (Q1, Q3)b 1 (1,2) 1 (1,2) 1 (1,2) 0.413 

aP-value comparing SILB and ISCC distributions of each variable calculated with t-test, Chi-sq test, or Fish-
er’s exact test, where appropriate. bP-value comparing SILB and ISCC distributions calculated with Wil-
coxon rank-sum test due to skewness of data. 
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Table 2. Pain by post-op day. 

Post Op Day 0 
All 

N = 329 
SILB 

N = 203 
ISCC 

N = 126 
P-Valuea 

Any Pain (>0), n (%) 87 (26%) 53 (26%) 34 (27%)  

Average Pain (including 0), Mean (SD) 1.54 (2.86) 1.56 (2.89) 1.5 (2.83) 0.0022 

Post Op Day 1 
All 

N = 326 
SILB 

N = 200 
ISCC 

N = 126 
 

Any Pain (>0), n (%) 191 (59%) 118 (59%) 73 (58%)  

Average Pain (including 0), Mean (SD) 2.63 (2.81) 2.67 (2.78) 2.58 (2.89) 0.0025 

Post Op Day 2 
All 

N = 113 
SILB 

N = 67 
ISCC 

N = 46 
 

Any Pain (>0), n (%) 90 (81%) 50 (76%) 40 (89%)  

Average Pain (including 0), Mean (SD) 4.29 (2.89) 3.96 (2.87) 4.78 (2.88) 0.0006 

Post Op Day 3 
All 

N = 49 
SILB 

N = 29 
ISCC 

N = 20 
 

Any Pain (>0), n (%) 33 (70%) 18 (67%) 15 (75%)  

Average Pain (including 0), Mean (SD) 3.49 (2.95) 3.4 (2.87) 3.63 (3.12) 0.0851 

Post Op Day 4 
All 

N = 26 
SILB 

N = 13 
ISCC 

N = 13 
 

Any Pain (>0), n (%) 16 (62%) 9 (67%) 7 (54%)  

Average Pain (including 0), Mean (SD) 3.35 (3.14) 3.31 (2.81) 3.38 (3.55) 0.1999 

aP-value comparing SILB and ISCC distributions calculated with 1-sided non-inferiority t-test within 1 
point average pain score. 

 
Table 3. Mean (SD) O2 saturation. 

 All SILB ISCC P-valuea 

Day 0 96.46 (1.94), N = 331 96.36 (1.99), N = 205 96.61 (1.84), N = 126 0.255 

Day 1 95.17 (2.1), N = 327 95.26 (2.18), N = 201 95.02 (1.96), N = 126 0.326 

Day 2 94.84 (2.5), N = 113 95.18 (2.39), N = 67 94.35 (2.6), N = 46 0.082 

Day 3 94.98 (2.21), N = 49 94.69 (2.51), N = 29 95.4 (1.67), N = 20 0.274 

Day 4 95.04 (2.01), N = 26 95.08 (2.22), N = 13 95 (1.87), N = 13 0.925 

Day 5 96 (2.06), N = 17 96.33 (1.66), N = 9 95.63 (2.5), N = 8 0.497 

aP-value comparing SILB and ISCC distributions calculated with student’s t-test. 

 
Table 4. Summary of Pain med use. 

 All, N = 333 SILB, N = 207 ISCC, N = 126 P-Valuea 

Day 0—No meds 13 (4) 13 (6) 0 (0) 0.001 

Day 0—Non Opioids Only 68 (20) 35 (17) 33 (26)  

Day 0—Opioids Only 228 (68) 148 (71) 80 (63)  

Day 0—Both 24 (7) 11 (5) 13 (10)  
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Continued 

 All, N = 329 SILB, N = 203 ISCC, N = 126 P-Valuea 

Day 1—No meds 11 (3) 11 (5) 0 (0) 0.014 

Day 1—Non Opioids Only 30 (9) 16 (8) 14 (11)  

Day 1—Opioids Only 195 (59) 124 (61) 71 (56)  

Day 1—Both 93 (28) 52 (26) 41 (33)  

 All, N = 116 SILB, N = 70 ISCC, N = 46 P-Valuea 

Day 2—No meds 2 (2) 2 (3) 0 (0) 0.523 

Day 2—Non Opioids Only 5 (4) 3 (4) 2 (4)  

Day 2—Opioids Only 59 (51) 38 (54) 21 (46)  

Day 2—Both 50 (43) 27 (39) 23 (50)  

 All, N = 54 SILB, N = 32 ISCC, N = 22 P-Valuea 

Day 3—No meds 1 (2) 1 (3) 0 (0) 0.025 

Day 3—Non Opioids Only 7 (13) 7 (22) 0 (0)  

Day 3—Opioids Only 19 (35) 12 (38) 7 (32)  

Day 3—Both 27 (50) 12 (38) 15 (68)  

 All, N = 30 SILB, N = 26 ISCC, N = 14 P-Valuea 

Day 4—Non Opioids Only 3 (10) 2 (13) 1 (7) 0.217 

Day 4—Opioids Only 11 (37) 8 (50) 3 (21)  

Day 4—Both 16 (53) 6 (38) 10 (71)  

 All, N = 22 SILB, N = 12 ISCC, N = 10 P-Valuea 

Day 5—Non Opioids Only 3 (14) 2 (17) 1 (10) 0.107 

Day 5—Opioids Only 9 (41) 7 (58) 2 (20)  

Day 5—Both 10 (45) 3 (25) 7 (70)  

N (%) of column. aP-value comparing SILB and ISCC distributions of meds use calculated with Chi-sq test 
or Fisher’s exact test. 

 
Table 5. Daily opioid use in morphine milligram equivalences. 

 All patients SILB ISCC P-Valuea 

Day 0, 
Median (Q1, Q3) 

4 (0, 9), N = 333 4 (2, 10), N = 207 4 (0, 7.5), N = 126 0.102 

Day 1, 
Median (Q1, Q3) 

12 (4, 20), N = 329 12 (4, 20), N = 203 9 (4, 16), N = 126 0.318 

Day 2, 
Median (Q1, Q3) 

14 (8, 24), N = 116 12 (8, 28), N = 70 16 (10, 24), N = 46 0.766 

Day 3, 
Median (Q1, Q3) 

13 (4, 24), N = 54 12 (0, 27.5), N = 32 16 (8, 24), N = 22 0.485 

Day 4, 
Median (Q1, Q3) 

13 (4, 24), N = 30 10 (4.5, 28), N = 16 15 (4, 18), N = 14 0.692 

Day 5, 
Median (Q1, Q3) 

8 (2, 24), N = 22 18 (2, 32), N = 12 7 (2, 14), N = 10 0.354 

aP-value comparing SILB and ISCC distributions calculated with Wilcoxon test. 
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Table 6. Total shoulder arthroplasty costs. 

Single-Injection with Liposomal Bupivacaine 
(SILB) 

Single-Injection Continuous Catheter (ISCC) 

Block needle $11.76 Epidural kit $24.26 

10cc 0.5% Bupivacaine $54.18 Pump tubing $7.12 

10cc 1.3% LB $180.35 Ropivacaine 0.2% 1500 cc (for 2 days) $259.84 

Physician procedure bill $869.00 Physician procedure bill $1345.00 

 Physician follow-up (2 days) $484.00 

Total $1115.29 Total $1878.22 

 

 
Figure 1. Pain by post-op day. 

4. Discussion 

The data showed that SILB pain scores were significantly non-inferior to ISCC 
for days 0 - 2 and were lower on days 3 and 4, but did not reach non-inferior 
threshold for significance. The patient sample size on days 3 and 4 was insuffi-
cient to provide an appropriate comparison to days 0 - 2 due to patient discharges 
on day 2. These findings make sense since both techniques deliver local anes-
thetic to the brachial plexus for multiple days. Additionally, hemidiaphragmatic 
paresis, which can result in decreased ventilation to the ipsilateral lung was mo-
nitored by oxygen saturation, were not significantly different between the two 
techniques and both groups used similar amounts of MME. The single-injection 
group did show a trend of less pain medications used however this was not sta-
tistically significant. In this study, the median length of stay was 1 day (Q1, Q3: 
1, 2) regardless of SILB or ISCC procedure. 

Cost analysis revealed a lower cost to perform SILB than ISCC as illustrated by 
Table 6. The primary difference in cost comes from the more involved (higher 
ASA unit) procedure and from the two follow-up days associated with conti-
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nuous catheters. This data supports the use of LB in standard perioperative sce-
narios as the pain control and perioperative MME are similar to continuous ca-
theters while the cost and resource use are lower. 

Considering these results and accounting for the time and cost difference be-
tween the two studied techniques, LB appears to have significant upside. Con-
versely, there are clear potential downsides to LB use in peripheral nerve bocks 
primarily related to lack of titratability. With a catheter, any side effects such as 
phrenic nerve paresis, Horner’s syndrome, or undesired motor block could be 
more quickly abated by decreasing or stopping the infusion. With a LB block 
there is no “off button”; the physician and patient must simply wait for the LB to 
wear off. In most patients these complications are not life-threatening and can 
be tolerated. In instances that a side effect, such as phrenic nerve paresis, could 
cause significant health complications, then neither technique would likely be 
appropriate, and a different block or perioperative pain plan would need to be 
devised. An additional limitation of using LB is the inability to perform rescue 
blocks within 96 hours after LB administration if the physician follows the man-
ufacturer’s guidelines [18]. Another important consideration is the patient pop-
ulations for whom LB would not be the ideal regional technique to utilize. For 
example, in burn patients or poly-orthopedic trauma patients who regularly 
have long hospital courses with repeated surgical procedures the flexibility of a 
catheter or multiple single injection blocks with plain bupivacaine would be su-
perior. 

The primary limitation of this study was that it was a retrospective chart re-
view rather than a prospective trial. Additionally, the use of oxygen saturation is 
a less sensitive measure of hemidiaphragmatic paresis compared to bedside ul-
trasound or chest X-ray. However, oxygen utilization may be more clinically re-
levant. Another limitation was the lack of follow up with patients discharged 
prior to post-op day three; this would have provided a better picture of pain 
control over the maximum expected duration of LB. Finally, the retrospective 
nature of the study caused heterogeneity in the post operative pain medication 
regimen, leading to variation in multimodal pain medication administered post- 
operatively, possibly affecting opioid requirements. Additional large prospective 
randomized controlled trials would further help to establish the role of LB use 
with brachial plexus blocks for sustained postoperative analgesia in total shoul-
der arthroplasty. 

5. Conclusion 

Single-injection interscalene blocks with liposomal bupivacaine were non-inferior 
to continuous catheters for patients receiving a total shoulder arthroplasty. Ad-
ditionally, single-injection with liposomal bupivacaine was not associated with 
additional complications such as phrenic nerve paresis as compared to continuous 
catheters. MME use was similar between the two groups and single-injection re-
duces cost. This study demonstrates that regular use of liposomal bupivacaine in 
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interscalene brachial plexus blocks would result in similar analgesic outcomes 
and complication frequency with less financial impact to the patient and institu-
tion, decreased infection risk, and quicker procedure time. 
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