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Single-Shot Versus Continuous
Interscalene Block for
Postoperative Pain Control After
Shoulder Arthroplasty: A
Prospective Randomized
Clinical Trial

Abstract

Introduction: Continuous catheter infusion of local anesthetics

extends the efficacy of regional anesthesia after prosthetic

shoulder surgery. Our purpose was to compare continuous

interscalene block (CIB) with single-shot interscalene block, and

the hypothesis was thesewould offer similar safety and efficacy in

patients with prosthetic shoulder arthroplasty.
Methods: Seventy-six patients were randomized to ropivacaine

single-shot interscalene block or CIB after prosthetic shoulder

arthroplasty. Postoperative pain scores and opioid use, hospital

length of stay (LOS), adverse events, and catheter tip withdrawal

were recorded.
Results: Pain scores (P = 0.010) and opioid use (P = 0.003) on

the first postoperative day were lower in the CIB group, but

there was no difference in LOS. Adverse events were more

common in the CIB group and 10% of catheters pulled out

prematurely.
Conclusion: Opioid use and pain levels during first

postoperative day are clinically less after CIB, but this did not

shorten LOS. The benefits of CIB may not justify the higher cost

and complication rate.

Postoperative pain after prosthetic
shoulder arthroplasty (PSA) af-

fects patient satisfaction and hospital
length of stay (LOS), making optimal
pain management a priority focus
for healthcare providers and essential
for creating healthcare value.1,2 Re-
gional anesthesia has long been a
cornerstone of multimodal peri-
operative pain management strategy

for PSA and has been shown to
reduce baseline pain levels, increase
patient satisfaction, and decrease
hospital stay.3-5 Moreover, the effi-
cacy of regional anesthesia can be
extended by continuous catheter
infusion of local anesthetics.3,6,7

However, safety issues surrounding
the use of continuous regional
anesthesia remain a concern.8-10
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Although several randomized con-
trolled trials have compared single-
shot interscalene block (SSIB) and
continuous interscalene block (CIB)
for pain management after shoulder
surgery,6,11-18 we are unaware of
any randomized controlled trial
comparing SSIB and CIB exclusively
in patients undergoing PSA. Ilfeld
et al19 reported on a retrospective
case-control study evaluating the
effect of CIB on immediate postop-
erative rehabilitation after PSA, but
safety and analgesic efficacy were
not the focus of their study. The
purpose of this study was to compare
CIB with SSIB for postoperative
pain control after shoulder arthro-
plasty. The hypothesis being that
either of the two analgesic inter-
ventions would offer similar safety
and efficacy.

Methods

This study was an institutional review
board-approved, prospective, ran-
domized, controlled clinical trial regis-
tered with the NIH (NCT02267044)
and conducted at a single community
hospital in Cincinnati, Ohio, that
performs over 150 prosthetic shoul-
der arthroplasties annually. All pa-
tients 18 years or older undergoing
PSA, reverse total shoulder arthro-
plasty, or hemiarthroplasty by one of
two fellowship-trained shoulder sur-
geons were considered for this ran-
domized controlled trial. Patients
were excluded if they had a body
mass index of greater than 40 kg/m2,
an American Society of Anesthesi-
ologist class 4 physical status or
greater, a history of drug or alcohol
abuse, an allergy to ropivacaine,
any coagulation disorders, existing

nerve injury, severe bronchopulmo-
nary disease, or if they were oxygen
dependent.
Eighty-one patients, from July

2014 to October 2015, consented to
participate in this study (Figure 1),
but five of these patients were with-
drawn from the study for various
reasons, including inability to be
randomized to CIB because of cur-
rent health status and comorbidities
(n = 4) and withdrawal of consent by
the patient on the day of surgery (n =
1). The remaining 76 patients were
randomized by the study coordina-
tor in a 1:1 ratio by permuted mixed
block size randomization table to
either group 1 (n = 37) receiving SSIB
(control group or group 2 (n = 39)
receiving CIB. Patients presented
with primary glenohumeral osteo-

arthritis (n = 5), secondary gleno-
humeral osteoarthritis (n = 58),
comminuted 3- or 4-part closed
fracture of the proximal humerus
(n = 2), rotator cuff arthropathy (n =
8), or a failed shoulder arthroplasty
(n = 3). All patients completed
follow-up, and data collection was
completed by October 2015.
All patients underwent preopera-

tive ultrasonography-guided regional
anesthesia. Patients undergoing SSIB
received a one-time dose of 30 mL,
0.5% preservative-free ropivacaine.
Patients undergoing CIB received a
single injection of 30 mL, 0.5%
preservative-free ropivacaine followed
by threading an 18-gauge open-tip
stimulating catheter under ultraso-
nography guidance.12,13 After confir-
mation of catheter tip placement,

Figure 1

Flowchart demonstrating enrollment and randomization scheme.
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Table 1

Baseline Characteristics of Patients

Characteristics Total (N = 76) SSIB (n = 37) CIB (n = 39) P Valuea

Age (years), mean (SD) 68.55 (8.832) 66.84 (8.261) 70.18 (9.150) 0.100b

BMI (kg/m2), mean (SD) 30.40 (5.382) 31.040 (5.462) 29.79 (5.304) 0.315b

Sexc

Male 41 (53.9) 21(56.8) 20 (51.3) 0.632
Female 35 (46.1) 16 (43.2) 19 (48.7)

Racec

Black 2 (2.6) 1 (2.7) 1 (2.6) .0.999d

Caucasian 74 (97.4) 36 (97.3) 38 (97.4)
Comorbidityc

HTN 52 (68.4) 25 (67.6) 27 (69.2) 0.876

CAD 14 (18.4) 6 (16.2) 8 (20.5) 0.629
Diabetes 13 (17.1) 7 (18.9) 6 (15.4) 0.683

BMI = body mass index; CAD = coronary artery disease; CIB = continuous interscalene block; HTN = hypertension; SSIB = single-shot interscalene
block
a Pearson chi square test.
b Student t-test.
c Values are expressed as number of patients (%) unless otherwise noted.
d Fisher exact test.

Table 2

Clinical Characteristics of Patients

Clinical Parameter Total (N = 76) Group 1 (n = 37) Group 2 (n = 39) P Value

Procedure typea

Total shoulder arthroplasty 50 (65.8) 24 (64.9) 26 (66.7) 0.323b

Hemiarthroplasty 5 (6.6) 4 (10.8) 1 (2.6)

Reverse arthroplasty 21 (27.6) 9 (24.3) 12 (30.8)
Procedure sitea

Right 47 (61.8) 22 (59.5) 25 (64.1) 0.677b

Left 29 (38.2) 15 (40.5) 14 (35.9)

Handednessa

Right 66 (86.8) 34 (91.9) 32 (82.1) 0.311c

Left 10 (13.2) 3 (8.1) 7 (17.9)

Adverse eventsa 10 (13.2) 2 (5.4) 8 (20.5) 0.087c

Duration of surgeryd (min) 158.88 6 31.089 156.19 6 35.211 161.44 6 26.820 0.466e

ASA scorea

I 4 (5.3) 2 (5.4) 2 (5.1) 0.470b

II 23 (30.3) 13 (35.1) 10 (25.6)
III 47 (61.8) 22 (59.5) 25 (64.1)

IV 2 (2.6) 0 (0) 2 (5.1)

ASA = American Society of Anesthesiologists
a Values are expressed as number of patients (%).
b Pearson chi square test.
c Fisher exact test.
d Values are expressed as mean 6 SD.
e P values are for the Student t-test.
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patients received 0.2% preservative-
free ropivacaine at 8 mL/hr begin-
ning at the conclusion of surgery and
delivered for approximately 50
hours (or finish of 400 mL) by means
of a catheter attached to an elasto-
meric infusion system (OnQ Pain
Relief System: Select A Flow,
Kimberly–Clark). The catheter was
secured to the skin using Dermabond
(Ethicon US, LLC, Johnson &
Johnson) and Tegaderm (3M) in all
cases. Patients were instructed how
to remove the empty pain ball when
empty, approximately 50 hours after
surgery.

Patients underwent preoperative
assessments and daily postoperative
pain and satisfaction queries for the
first 4 days after surgery as well as on
the 10th day (65 days) after surgery.
Primary outcomes included 10-point
VAS score to assess pain, a 5-point
Likert scale to score overall satis-
faction, and postoperative opioid
consumption measured in morphine
sulfate equivalent to facilitate com-
parisons. In addition, secondary
outcomes recorded were the hospital
LOS (in days), instances of unantic-
ipated catheter tip withdrawal, and
adverse events arising perioper-

atively. Finally, the mean cost of
both SSIB and CIB was determined.
Demographic variables were com-

pared using the independent samples
t-test, Pearson chi square test, or
Fisher exact test, as appropriate. The
Mann-Whitney U test was used for
non-normally distributed variables,
and the univariate chi square anal-
ysis or Fisher exact test, as appro-
priate, was used for categorical
variables. Group effect size was cal-
culated using group 2 as the control
group and the pooled SD. At 80%
power and alpha level of 0.05, a
priori power analysis was conducted
with Statistical Solutions nQuery
Advisor 2.0. Previous studies,6 spe-
cifically by Klein et al,17 that exam-
ined CIB versus SSIB for biceps
tenodesis and open rotator cuff
repair were used to determine that
seven patients would be needed in
each group. However, to be conser-
vative, the study by Borgeat et al11

was used to calculate the sample size,
which determined that closer to 48
patients per group would be required
at alpha 0.05 and 80% power,
although this study was less com-
parable to our study. Based on these
studies, the final study sample size
of n = 76 patients, with 38 per group
was determined to be appropriate.
The power analysis did not incor-
porate a drop-out rate because the
interventions are considered stan-
dard practice, and the follow-up
period for this study was brief. Sta-
tistical analysis was carried out using
IBM SPSS Statistics for Windows
version (IBM). A CONSORT check-
list was completed after the comple-
tion of the study.

Results

Thirty-five of the 76 patients were
women and 41 were men, and the
mean age was 68.6 years (SD 8.8
years). Fifty patients (65.8%)
underwent anatomic total shoulder

Figure 2

Chart showing NRS pain scores in the SSIB and CIB group for
postoperative days 0 through 3. CIB = continuous interscalene block; NRS =
numeric rating scale; SSIB = single-shot interscalene block.

Figure 3

Chart showing opioid consumption in morphine equivalents (mg) for
postoperative days 0 through 3. CIB = continuous interscalene block; SSIB =
single-shot interscalene block.
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arthroplasty, 21 patients underwent
reverse shoulder arthroplasty, and 5
patients underwent either resurfacing
or stemmed hemiarthroplasty. No
differences between the groups were
detected at alpha = 0.05 level and
95% confidence interval for any of
the demographic variables, including
age, sex, body mass index, co-
morbidities, American Society of
Anesthesiologist level, diagnosis, and
duration of surgery (Tables 1 and 2).
Four of 39 patients (10.3%) receiv-
ing catheters for continuous infusion
subsequently had their catheters
pulled out prematurely; however,
these patients remained in the CIB
group because of intent to treat.
Pain scores and opioid use on the

first postoperative day were signifi-
cantly lower in the CIB group (P =
0.010, P = 0.003, respectively), but
these subsequently normalized (Fig-
ures 2 and 3). Postoperative pain
scores and opioid use are shown in
Tables 3 and 4 with effect size
reported in Table 5. There was no
difference in hospital LOS between
the SSIB group (median = 1.00, IQR
1.00) and the CIB group (median =
2.00, IQR 1.00, P = 0.404) (Table 6).
Opioid use and pain scores were
highly correlated on the day of sur-
gery (PACU) with a correlation
coefficient of 0.785 and P value ,
0.001 as well as on the first
postoperative day (0.370, P value =
0.001) and POD #2 (0.867,
P value , 0.001). A single patient in
the SSIB group who had been on
long-term preoperative opioids was
identified as an outlier; repeating the
analysis without this patient’s data
did not markedly change the results
and so the data were retained.
Several adverse events related to

regional anesthesia were noted in
both groups as shown in Table 7.
Adverse event rates were higher in
the CIB group (8/39 versus 2/37) but
this difference was not statistically
significant with the numbers avail-
able (P = 0.087). The most common

adverse event in the CIB group was
three syncopal episodes, one of
which resulted in pacemaker
implantation. However, there were
no instances of pneumothorax or
catheter tip breakage.
The itemized costs of both SSIB and

CIB are noted in Table 8. The cost of
the elastomeric infusion system and
the additional local anesthetic re-
sulted in a higher cost for CIB by
more than $450 per case.

Discussion

Our study demonstrates that pain
levels and opioid use during the
first day postoperatively after CIB

were statistically less than after SSIB
(P = 0.010 and P = 0.003, respec-
tively; Tables 3 and 4). Although this
is a clinically notable outcome,20 it
did not translate to a shorter hospital
LOS (Table 6). Many studies com-
paring SSIB and CIB have not spe-
cifically evaluated LOS.
In contrast, more recent random-

ized controlled studies comparing
CIB with other postoperative pain
management strategies have
explored the relationship between
postoperative pain levels and LOS.
One study demonstrated improved
pain levels with CIB compared with
liposomal bupivacaine, but without
impacting LOS.21 Another study

Table 3

Patient Pain Scores per Time Point by Randomization Group

Pain Score at Time
Indicated SSIB (n = 37)a CIB (n = 39)a P Valueb

Preop 3 (4) 1 (5) 0.157

PACU 0 (3) 0 (3) 0.347
POD 0 2 (3) 1 (3) 0.174
POD 1 5 (2) 4 (2) 0.010

POD 2 0 (4) 0 (4) 0.732
POD 3 0 (0) 0 (0) 0.068

POD 4 0 (0) 0 (0) 0.188
Overall POD 10 4 (2) 4 (1) 0.365

Current POD 10 3 (3) 3 (4) 0.872

CIB = continuous interscalene block; POD = postoperative day; Preop = preoperative; SSIB =
single-shot interscalene block
a Data displayed as median (interquartile range).
b P values are for Mann-Whitney U test.

Table 4

Patient Opioid Consumption in Morphine Equivalents (mg) per Time Point

Opioid Consumption in Morphine
Equivalents (mg) at Time Indicateda

SSIB
(n = 37)

CIB
(n = 39)

P
Valueb

PACU 0 (0.84) 0 (0) .0.999
POD 0 5 (9.92) 2.67 (10) 0.058

POD 1 22.5 (28.08) 15 (14.50) 0.003
POD 2 0 (16.25) 0 (10) 0.959
POD 3 0 (0) 0 (0) 0.131

CIB = continuous interscalene block; POD = postoperative day; SSIB = single-shot interscalene
block
a Data expressed as median (interquartile range).
b Mann-Whitney U test.
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comparing similar treatment groups
found that patients receiving CIB
had increased pain levels and a lon-
ger LOS,22 whereas a third study
found that both treatment groups
had similar pain levels and similar
LOS.4 In our study, LOS may have
been prolonged due to extraneous
factors such as inadequate family
support at home requiring transfer
to a skilled nursing facility or inef-
ficient transfer to skilled nursing
facility on weekends, and as such
cannot be critically evaluated.
Interscalene catheter placement has

been recognized as technically chal-
lenging, which may explain the rela-
tively slow growth in the use of this
technique.23,24 This study demon-
strates that experienced anesthesiol-
ogists at a community hospital are
able to insert interscalene catheters
reproducibly and without serious
complications. However, the poten-

tial for serious complication re-
mains6 and even centers with great
experience in regional anesthesia
have reported serious complications
including pneumothorax and intra-
vascular injection,25,26 as well as
transient postoperative neurological
symptoms. The latter are relatively
common the first few days postop-
eratively, but infrequently these
persist after the first month, and very
rarely past 6 months.25,27 Our study
found that the overall rate of adverse
events is greater after CIB than after
SSIB. One patient required pace-
maker implantation after syncopal
episodes that may have been related
to inadvertent intravascular injection
of local anesthetics during CIB.
However, none of the patients in this
study developed a pneumothorax or
brachial plexus injury (Table 7).
Comparing the cost of treatment

was not an original objective of this

study. However, we estimated the
itemized costs incurred for both SSIB
andCIB (Table 8) and found the CIB
cost to be approximately $450 more
than SSIB because of the cost of
the catheter tray, elastomeric pump,
and additional ropivacaine. In addi-
tion to higher baseline costs, the
increased number of adverse events
likely added to the overall cost of
CIB, although we were unable to
quantify this in our study. Further
study is needed to determine whether
the lower pain scores and opioid
consumption on POD 1 offset the
additional financial burden and
clinical risk of CIB.
Catheter fixation is essential for

optimal effectiveness ofCIB,6 but this
can be difficult about the shoulder
because of its mobility and the
proximity of the surgical field to the
catheter entry site. Our study
found a 4 of 39 (10.3%) rate of
catheter tip withdrawal, despite
securing the catheter entry site and
sealing it with an occlusive dressing
and efforts to avoid placing surgical
drapes over the entry site. A recent
study reported a 5 of 33 (15.2%)
rate of catheter tip withdrawal after
CIB,22 comparable to the incidence
reported here, highlighting the chal-
lenge of securing the catheter after
PSA. Catheter tip withdrawal influ-
ences the duration of action and
overall efficacy of CIB; its rate re-
mains too great and further efforts to
reduce this are needed.
Several recent studies have com-

pared interscalene nerve block with
emerging perioperative pain man-
agement interventions such as lipo-
somal bupivacaine and various
cocktail infiltrations. Okoroha et al4

found an increase in early postop-
erative pain with liposomal bupiv-
acaine and an increase in opiate
analgesic use at the end of the day
of surgery after SSIB from a pro-
spective randomized trial. In a ret-
rospective cohort study comparing
SSIB with and without preoperative

Table 5

Effect Size for Opioid Use and NRS Pain Score Between Group 1 (SSIB) and
Group 2 (CIB)

Time Point Opioid Use NRS Pain Scores

POD 0 0.380 0.233

POD 1 0.506 0.620
POD 2 0.070 20.050
POD 3 20.204 20.464

NRS = numeric rating scale; POD = postoperative day; SSIB = single-shot interscalene block

Table 6

Distribution of LOS in Hospital by Randomization Group

LOS (d)a Total (N = 76) SSIB (n = 37) CIB (n = 39)

0 3 (3.9) 2 (5.4) 1 (2.6)
1 38 (50.0) 20 (54.1) 18 (46.2)

2 25 (32.9) 13 (35.1) 12 (30.8)
3 6 (7.9) 2 (5.4) 4 (10.3)

4 2 (2.6) 0 (0.0) 2 (5.1)
5 2 (2.6) 0 (0.0) 2 (5.1)

CIB = continuous interscalene block; LOS = length of stage; SSIB = single-shot interscalene
block
a All data presented as number of patients (%).
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intravenous dexamethasone and in-
traoperative infiltration of liposomal
bupivacaine, Routman et al28 found
that the addition of liposomal
bupivacaine and dexamethasone
reduced postoperative pain and
hospital LOS after shoulder arthro-
plasty, although the authors were
unable to differentiate between the
effects of the liposomal bupivacaine
and dexamethasone. In a random-
ized prospective study, Sabesan
et al22 compared liposomal bupiv-
acaine and CIB for shoulder ar-
throplasty. The authors found no
difference in LOS and an increased
number of complications and cost
for CIB and concluded that lipo-
somal bupivacaine appears to be
equivalent to CIB in terms of pain
relief, narcotic usage, length of
hospital stay, and time until
first narcotic rescue.22 Abildgaard
et al21 found that patients receiving
CIB had decreased opioid con-
sumptions and pain scores than
those receiving liposomal bupiv-
acaine. However, patients receiving
liposomal bupivacaine were not
bridged with SSIB until the liposo-
mal bupivacaine took effect,21

which is in contrast to patients in
the study by Sabesan et al.22 Fur-
ther studies will be needed to rein-
force these findings and to compare
CIB with alternative perioperative
pain management interventions and
may offer an additional avenue of
investigation providing effective pain
control at comparable safety and
cost.
A study limitation includes the fact

that cost was not an original focus of
the study, and that the cost of adverse
events was not calculated. Another
limitation is the nonblinded nature
of the study, which was due to the
threaded catheter in the CIB group.
The use of the VAS, a one-dimensional
analog rating scale, is a potential limi-
tation because it has limited ability to
detect subtle changes and because pa-
tients tend to report high scores.29,30

As mentioned, the single patient on
long-term preoperative opioid treat-
ment should have been excluded from
this study although this did not
markedly alter the study results. Pa-
tients undergoing revision surgery and
fracture surgery may have different
postoperative pain levels than patients
who underwent primary total shoul-
der arthroplasty and as such should
probably have been excluded from
this clinical trial. In retrospective
analysis, by excluding the three revi-

sion cases in this study population, the
opioid consumption on POD #0 was
statistically significant between groups
(U = 467.500, P = 0.026), with the
SSIB group having greater morphine
consumption (median = 5.00, IQR =
9) than the CIB group (median = 2.36,
IQR = 10). The findings of the retro-
spective analysis were otherwise
unchanged. Strengths of this study
include the use of a consistent nerve
block technique and the randomized
controlled study design.

Table 7

Adverse Events in SSIB and CIB Group

Adverse Event Study ID Group

Bleeding from drain site 49 SSIB

Chest tightness 61 SSIB
Syncope 14 CIB

Post-op bleeding, syncope 32 CIB
Lightheadedness, unsteadiness 38 CIB

Catheter block, over-sedation 39 CIB
SOB, bradycardia, acute renal failure 45 CIB

Emesis 58 CIB
Hypotension, bradycardia, syncope, pacemaker
placed on POD 4

62 CIB

Hyponatremia, hypokalemia 66 CIB

CIB = continuous interscalene block; POD, postoperative day; SSIB = single-shot interscalene
block

Table 8

Cost of Single Shot Indwelling Catheter Treatment Compared With
Continuous Infusion Indwelling Catheter Treatmenta

Item SSIB (n = 37) CIB (n = 39)

0.5% ropivacaine (30 mL) 13.22 13.22

0.2% ropivacaine (400 mL) 0 100.00
Elastomeric pain pump 0 250.00

30-mL syringe 0.20
4 inch 21-gauge needle 10.45
Sterile gloves 0 1.00

Stimulating catheter with tray 0 91.52
Dermabond 0 18.60

Total ($) $23.87 $474.34

CIB = continuous interscalene block; SSIB = single-shot interscalene block
a This cost compares only one treatment against the other, opioid consumption and adverse
events were not taken into consideration.
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Conclusion

Continuous interscalene nerve block
substantially reduced opioid use (P =
0.003) and pain scores (P = 0.010)
during the first day postoperatively
compared with single-shot inter-
scalene nerve block. However, the
complication rate was higher after
CIB and LOS in the hospital was
longer, although this was determined
to not be statistically significant in
this study (P = 0.404). Further study
will be necessary to determine
whether the benefits of CIB justify
the higher cost and overall compli-
cation rate.
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