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Background: Exparel (liposomal bupivacaine) has recently gained favor for use in interscalene regional blocks for shoulder surgery.
While effective for pain relief, this does have adverse effects that can lead to postoperative emergency department (ED) visits. This
study aimed to identify any patient risk factors that are associated with complications leading to ED return visits owing to interscalene
blocks using Exparel before shoulder surgery.
Methods: A retrospective chart review was performed for all patients undergoing shoulder surgery with an Exparel interscalene block in
an 8-month period. For each patient, demographic information, comorbidities, type of block, postoperative complications, ED return
visits, and readmissions were recorded. The 5-factor modified Frailty Index score and the Charlson Comorbidity Index score were calcu-
lated. Univariate and multivariate logistic regressions were conducted to identify risk factors associated with increased complications
and return to the ED.
Results: Overall, 352 patients were included; most patients were men, were aged between 51 and 70 years, and had a body mass index
of 25.0-35.0. Postoperative complications related to the Exparel interscalene block occurred in 58 patients (16.5%), including 37 minor
complications (10.5%) and 21 major complications (6.0%) that led to return ED visits. Univariate analysis yielded American Society of
Anesthesiologists (ASA) score (P ¼ .03) as a significant predictor of minor complications. Multivariate logistic regression analysis
yielded ASA score (P ¼ .096; odds ratio, 1.64) as trending toward being a significant risk factor for minor complications. Univariate
analysis yielded age (P ¼ .006), ASA score (P ¼ .009), and Charlson Comorbidity Index score (P ¼ .002) as significant predictors of
major complications. Multivariate logistic regression analysis yielded ASA score (P ¼ .049; odds ratio, 2.25) as the only significant risk
factor for major complications.
Conclusion: Surgeons and anesthesiologists should strongly consider a patient’s ASA score, in addition to his or her pulmonary and
cardiac history, when deciding whether the patient is an appropriate candidate for an interscalene regional block using Exparel for shoul-
der surgery.
Level of evidence: Level IV; Case Series; Treatment Study
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Postoperative pain can have far-reaching effects on pa-
tient recovery, functional status, and overall satisfaction.
Orthopedic postoperative pain, in particular, has been
documented as one of the hardest types of pain to control.12

Because of this, surgeons and anesthesiologists have turned
to preoperative regional nerve blocks in hopes of providing
pain relief and decreasing opioid use postoperatively.
Whereas multiple regional blocks have been proposed and
used to provide postoperative analgesia after shoulder sur-
gery, interscalene regional blocks have become the standard
of care in most locations.1,23

Interscalene blocks provide predictable sensory
anesthesia to the C4-C7 nerve roots and at times including
the C3 nerve root while sparing C8 and T1.33 The ideal
anesthetic agent for interscalene blocks would
provide long-lasting pain control with minimal side effects.
Recently, liposomal bupivacaine injectable suspension
(Exparel; Pacira BioSciences, Parsippany, NJ, USA) has
gained US Food and Drug Administration approval for
interscalene block, and its use in shoulder surgery has
increased rapidly.8 The liposomal formulation of
Exparel allows for an extended delivery of medication to
specific targets while theoretically decreasing systemic
toxicity.28 However, physicians must be aware of and
monitor for the pharmacologic side effects of Exparel,
including nausea, vomiting, and pruritus,9,15 and compli-
cations associated with the technical aspects of interscalene
nerve blocks, including brachial plexus injury, dyspnea due
to phrenic nerve involvement, and subsequent ipsilateral
hemidiaphragmatic paralysis, as well as pneumothorax.3,18

Although the clear benefits (in decreasing pain scores
and opioid use postoperatively) as well as side-effect pro-
files of interscalene blocks using Exparel are well docu-
mented,19,22,27 risk factors for adverse events using this
local anesthetic for interscalene blocks have not been
studied. This study aimed to identify any patient-specific
risk factors that are associated with patient-reported
adverse events (minor complications) and adverse events
requiring emergency department (ED) visits (major com-
plications) or hospital admissions owing to interscalene
blocks using Exparel as a regional anesthetic for open and
arthroscopic shoulder surgery. We believe that specific
patient comorbidities, most notably cardiopulmonary
conditions, are associated with a higher incidence of minor
and major complications after interscalene blocks using
Exparel.

Materials and methods

This retrospective chart review was conducted within an academic
suburban hospital health network. All patients who underwent
open or arthroscopic shoulder surgery over an 8-month period
were reviewed. Patients were included in our study if they
received a preoperative ultrasound-guided interscalene block
using Exparel and subsequently underwent general anesthesia for
the surgical procedure. Any patients who received other types of
upper-extremity blocks or received blocks not using Exparel, as
well as those who had missing chart information, were excluded
from this study.

With the patient in a reclined position, the interscalene block
was performed by an anesthesiologist experienced in regional
anesthesia administration. The neck was tilted toward the
contralateral side of the block site. With ultrasound guidance,4

landmarks were found that showed the C5-C7 nerve roots as
part of the brachial plexus. A 5.08-cm (2-inch) Stimuplex echo-
genic needle (B. Braun Medical, Bethlehem, PA, USA) was used
to deposit anesthetic mixture just beyond the middle scalene
muscle while trying to avoid spread toward the anterior scalene
muscle to limit phrenic nerve paralysis. The amount of anesthetic
used was decided by each anesthesiologist based on patient, sur-
gery, and preference. All patients underwent the surgical proced-
ure using a general anesthetic.

For each patient, demographic information (age, sex, and body
mass index), comorbidities (pulmonary conditions, congestive
heart failure [CHF], smoking history, and American Society of
Anesthesiologists [ASA] score), type of block using Exparel and
0.5% bupivacaine (Exparel volume and total volume), and post-
operative complications were recorded. Charts were reviewed for
complications reported by the patient through patient phone calls,
during ED visits, or at the first postoperative follow-up appoint-
ment. Minor complications were defined as patient-reported
symptoms for which the patient did not return to the ED for
further evaluation, whereas major complications were defined as
symptoms that led to a return ED visit for further evaluation. The
5-factor modified Frailty Index (mFI-5) score24 and the Charlson
Comorbidity Index (CCI) score29 were calculated for each patient
as well. Univariate analyses (c2 test, Fisher exact test, and inde-
pendent t test as appropriate) and multivariate logistic regression
analyses (IBM SPSS Statistics for Windows, version 23; IBM,
Armonk, NY, USA) were conducted to identify any risk factors
associated with an increased complication rate and return to the
ED. For all analyses, P � .05 denoted statistical significance, with
no adjustment for multiple comparisons.
Results

Overall, 352 patients treated by 5 surgeons and 26 anes-
thesiologists were included in our study. Most of our
patients were men (n ¼ 202, 57.4%), were aged between 51
and 70 years (n ¼ 197, 56.0%), and had a body mass index
between 25 and 35 (n ¼ 219, 62.2%). Arthroscopic
shoulder surgery was performed in 269 patients (76.4%),
whereas open surgical procedures were performed in 83
(23.6%) (Table I). Of the surgical procedures, 281 (79.8%)
were outpatient procedures, mostly arthroscopic operations,
whereas 71 (20.2%) were inpatient procedures,
mostly shoulder arthroplasties. In total, 95.2% of patients
(n ¼ 335) were undergoing their first ipsilateral shoulder
surgery. Postoperative complications occurred after the
Exparel interscalene block in 58 patients (16.5%). These
patients most commonly complained of dyspnea and chest
pain (n ¼ 44, 12.5%), with 41 patients complaining of
dyspnea and 3 complaining of chest pain. In addition, 6
patients (1.7%) reported superficial reactions such as



Table I Demographic breakdown of sample population

Sex, n (%) Total, n (%)

Male Female

Age
�30 yr 22 (6.3) 5 (1.4) 27 (7.7)
31-50 yr 35 (9.9) 26 (7.4) 61 (17.3)
51-70 yr 116 (33.0) 81 (23.0) 197 (56.0)
�71 yr 29 (8.2) 38 (10.8) 67 (19.0)

BMI
�25.0 31 (8.8) 28 (8.0) 59 (16.8)
25.1-30.0 68 (19.3) 47 (13.4) 115 (32.7)
30.1-35.0 61 (17.3) 43 (12.2) 104 (29.5)
�35.1 42 (11.9) 32 (9.1) 74 (21.0)

Type of surgery
Arthroscopic 159 (45.2) 110 (31.2) 269 (76.4)
Open 43 (12.2) 40 (11.4) 83 (23.6)

Total 202 (57.4) 150 (42.6) 352 (100.0)

BMI, body mass index.
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swelling, dermatitis, and superficial hematoma. Minor
complications were noted in 37 patients (10.5%), whereas
21 patients (6.0%) had major complications and returned to
the ED for further workup of their complications at an
average of 4.5 days after surgery. Within the latter group,
12 patients (3.4%) were subsequently readmitted (Table II).
These patients were all provided supportive care and
observed until being deemed medically safe for discharge
within the first week.

Univariate analysis of minor complications due to the
interscalene block using Exparel yielded ASA score
(P ¼ .003) as a significant predictor, with CHF (P ¼ .07)
trending toward being a significant predictor (Figs. 1-3).
Multivariate logistic regression analysis (P ¼ .43, Hosmer-
Lemeshow test) yielded ASA score (P ¼ .096; odds ratio,
1.64) as trending toward being a significant risk factor for
minor complications (Table III).

Univariate analysis of risk factors for major complica-
tions (return to the ED for further workup) yielded
age (P ¼ .006), ASA score (P ¼ .009), and CCI score
(P ¼ .002) as significant predictors, with pulmonary history
(P ¼ .060) trending toward being a significant risk
factor (Figs. 1-3). Multivariate logistic regression
analysis (P ¼ .91, Hosmer-Lemeshow test) yielded ASA
score (P ¼ .049; odds ratio, 2.25) as the only statistically
significant risk factor for return to the ED (Table IV).
Discussion

Liposomal extended-release bupivacaine (Exparel) has
been shown to provide effective postoperative pain control
in both orthopedic and non-orthopedic procedures.19,22,27,30

Its liposomal encapsulation allows for delivery of the
medication over an extended period, without having to
reach toxic plasma or systemic levels. However, the long-
acting nature of this anesthetic potentially increases the
chances of side effects associated with this medication and
interscalene blocks in general. Although patients are overall
happy with the pain relief they receive and minimal side
effects they experience when Exparel is used in an inter-
scalene block,16,17,19,22,27 physicians and patients should
continuously watch out for the complications associated
with both interscalene blocks and Exparel, especially
because Exparel is a longer-acting anesthetic.

Our overall complication rate of 16.5% is much higher
than the complication rates documented in the literature after
interscalene blocks2,13 but similar to rates documented after
use of Exparel.9,31 These higher rates are most likely related
to the extended-release and longer-lasting properties of this
medication, continuing to provide pain relief but also
yielding the opportunity for unintended side effects. How-
ever, it should be noted that most of these complications were
not significant, as only 6% of patients felt the need to present
to the ED for evaluation of major complications.

The most common complication in our cohort was car-
diopulmonary in nature, with patients presenting with com-
plaints of shortness of breath and chest pain. Although these
patients received a full workup of their symptoms looking for
identifiable causes such as pulmonary embolism if the
symptoms did not subside, onemust consider the effects of an
interscalene block on pulmonary function. By blocking the
C5-C7 nerve roots, as well as including C3 and C4 at times,
this block is known to affect ipsilateral phrenic nerve
function, causing ipsilateral hemidiaphragmatic paralysis
and decreased forced vital capacity.25,26 In patients who
already have compromised cardiopulmonary function, an
added decrease in pulmonary function and movement of air
through the pulmonary tree can cause an increased need for
work of breathing to continue to deliver oxygen to the body,
resulting in shortness of breath and sometimes chest pain.
Although these effects were not seen in the pilot study of
interscalene blocks using Exparel,17 these adverse reactions
have been documented in the literature after interscalene
blocks using all types of local anestheticmedication,25,26 so it
should be of no surprise that these effectswould be seen using
Exparel.

Other complications observed included a superficial re-
action, seen in 1.7% of patients, an adverse reaction asso-
ciated with all injections and blocks, and nausea and
vomiting, seen in 2 patients (0.6%), a documented side
effect of Exparel.9 However, nausea and vomiting can also
be a result of the general anesthetic, making it difficult to
isolate Exparel as their cause. Three patients also showed
symptoms of transient Horner syndrome,7,21 a possible
complication after an interscalene block owing to paralysis
of the ipsilateral sympathetic chain (stellate ganglion) or
hematoma around this area. Just as with cardiopulmonary
adverse events, Horner syndrome was not seen in the pilot
study on Exparel interscalene blocks16 but is a documented
adverse reaction after interscalene blocks using any local
anesthetic medications.25,26



Table II Patients with total, minor, and major complications after Exparel interscalene block

Complication Total patients, n (%) Minor complications, n (%) Major complications, n (%)

Dyspnea and chest pain 44 (12.5) 28 (8.0) 16 (4.5)
Superficial or skin reaction 6 (1.7) 2 (0.6) 4 (1.1)
Horner syndrome 3 (0.9) 3 (0.9) 0 (0.0)
Nausea or vomiting 2 (0.6) 2 (0.6) 0 (0.0)
Multiple or other 3 (0.9) 2 (0.6) 1 (0.3)
Total 58 (16.5) 37 (10.5) 21 (6.0)

Figure 1 Complications and return to emergency department per each American Society of Anesthesiologists (ASA) score.

Figure 2 Complications and return to emergency department based on pulmonary history.
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Figure 3 Complications and return to emergency department based on congestive heart failure (CHF) history.

Table III Statistical analysis of risk factors for minor
complication rate

P value

Univariate
analysis

Multivariate
Logistic
regression

Age .520 NA
BMI .140 NA
Pulmonary
history

.42 NA

CHF .07 .191
Smoking history .181 NA
ASA score .003 .096
Exparel volume .660 NA
Total volume .660 NA
mFI-5 .510 NA
CCI .530 NA

BMI, body mass index; NA, not applicable; CHF, congestive heart

failure; ASA, American Society of Anesthesiologists; mFI-5, 5-factor

modified Frailty Index; CCI, Charlson Comorbidity Index.

Age, BMI, ASA score, Exparel volume, total volume, mFI-5 score, and

CCI score were analyzed using the unequal-variance t test. Pulmonary

history and smoking status were analyzed using the c2 test. CHF

history was analyzed using the Fisher exact test.

Table IV Statistical analysis of risk factors for return to
emergency department

P value

Univariate
analysis

Multivariate
Logistic
regression

Age .006 .248
BMI .120 NA
Pulmonary
history

.060 .182

CHF .110 NA
Smoking history .740 NA
ASA score .009 .049
Exparel volume .660 NA
Total volume .790 NA
mFI-5 .460 NA
CCI .002 .467

BMI, body mass index; NA, not applicable; CHF, congestive heart

failure; ASA, American Society of Anesthesiologists; mFI-5, 5-factor

modified Frailty Index; CCI, Charlson Comorbidity Index.

Age, BMI, ASA score, Exparel volume, total volume, mFI-5 score, and

CCI score were analyzed using the unequal-variance t test. Pulmonary

history and smoking status were analyzed using the c2 test. CHF

history was analyzed using the Fisher exact test.
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The ASA score, a measure of systemic disease, was the
strongest predictor of both minor and major complications.
Whereas no patient with an ASA score of 1 had any minor
or major complications, patients were 1.64 times more
likely to have minor complications and 2.25 times more
likely to return to the ED for workup of a major compli-
cation for every point increase in the ASA score. This
correlation between a higher ASA score and the compli-
cation rate is common in both orthopedic and non-
orthopedic surgical procedures.6,11 It is interesting to
note, however, that Johnson et al10 found that an increased
ASA score was associated with increased surgical but not
medical complications, a finding that is not echoed in our
previously stated studies.6,11 In addition, CHF history and
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age were predictors of minor and major complications,
respectively, only in univariate analysis. Finally, although a
pulmonary history was also only a significant risk factor for
major complications in univariate analysis, all 3 factors
(increasing age, CHF history, and pulmonary history)
should still be considered individually in identifying pa-
tients at risk of complications after an Exparel interscalene
block. As discussed before, any patient with decreased
cardiopulmonary reserve, which occurs in elderly patients
and patients with cardiopulmonary comorbidities, can
experience symptom exacerbation due to a prolonged
interscalene block that can paralyze the phrenic nerve and
decrease pulmonary function.

Surprisingly, smoking status, with both current and previ-
ous smokers included, was not associated with minor or major
complications, despite the known decrease in pulmonary
function at baseline in these patients. Moreover,
Exparel volume and total volume of the block when
Exparel was mixed with 0.5% bupivacaine were both surpris-
ingly not significant predictors of either outcome. A decreased
block volume has been shown to decrease complications after
interscalene blocks.14,18 However, the long-lasting effects of
Exparel might mitigate these differences in volume, causing
complications at any volume. This might suggest that the ac-
curacy of the placement ofmedication, which can be enhanced
by ultrasound use,14 is more important than the volume used
regardingminimizing adverse effects. Finally, theCCI score, a
documented predictor of 30-day mortality,16 was significant
only in univariate analysis for major complications, whereas
the mFI-5 score5,24,20,32 was not predictive of either minor or
major complications. Although both factors include a cardio-
pulmonary history in their assessment and the CCI
score additionally takes into account a patient’s age, both
overall scores did not strongly predict minor complications,
whereas the CCI score only predicted major complications,
probably owing to the other factors included. Both results are
surprising, especially given that many studies have docu-
mented the mFI-5 score’s ability to predict risk factors in
multiple orthopedic and non-orthopedic settings.

The results of this study have placed a greater emphasis
on multidisciplinary decision making, communication, and
patient education in our practice. Our senior author dis-
cusses all patients with the anesthesiology team, deciding
which patients are good candidates for an Exparel block.
Given the fact that our study mimicked other studies in
showing a very low rate of long-term side effects from the
block (our study had none), all patients who are medically
cleared to receive the block are offered it preoperatively. A
detailed discussion is had with every patient about all
possible side effects associated with this block, what to
expect postoperatively, and what the patient can do to help
relieve his or her symptoms. Patients at high risk of major
or minor complications, per our results, are made aware of
this fact before deciding whether they want the block. Our
hope is that this early education will help relieve patient
concerns and unnecessary trips to the ED. Any patient who
does not receive the block is provided pain control using a
multimodal analgesia plan.

Limitations

The limitations of our study are those inherent to all
retrospective chart reviews, including sampling bias and
dependence on physician charting. Although our study did
include 5 surgeons operating in 5 locations, further studies
should include larger cohorts from more varied patient
populations. Furthermore, the effectiveness of any block is
performer dependent. Although we did not analyze com-
plications by anesthesiologist, no anesthesiologist had >14
complications (26.4%) or a complication rate of 33.3% (1
of 3 patients). Whereas the lack of a nonstandardized
anesthesiology team brings variability to our data, this is
representative of a true clinical setting in which multiple
providers are performing these blocks. Finally, there is
limited comparable research on complication rates and risk
factors after liposomal bupivacaine or even interscalene
blocks in the literature with which to compare our results.
Conclusion
We have identified ASA score, increasing age, pulmonary
history, CHF history, and CCI score as possible predictive
risk factors for postoperative minor and major complica-
tions after shoulder surgery using Exparel interscalene
blocks. Although all patients should be educated about the
benefits and possible side effects of Exparel interscalene
blocks, physicians should spend extra time discussing
these symptoms, aswell aswhat to expect postoperatively,
with patients with these risk factors. In addition, surgeons
and anesthesiologists should strongly consider the risk
factors for major complications when deciding whether a
patient is a good candidate for an interscalene block using
Exparel before shoulder surgery.
Disclaimer
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