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Abstract
Background Patients often have moderate to severe pain
after rotator cuff surgery, despite receiving analgesics
and nerve blocks. There are many suggested ways to
improve pain after rotator cuff surgery, but the effects of
adopting a pathway that includes formal patient

education, a long-acting nerve block, and extensive
multimodal analgesia are unclear.
Questions/purposes (1) Does adoption of a clinical path-
way incorporating patient education, a long-acting nerve
block, and preemptive multimodal analgesia reduce the
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worst pain during the first 48 hours after surgery compared
with current standard institutional practices? (2) Does
adoption of the pathway reduce opioid use? (3) Does
adoption of the pathway reduce side effects and improve
patient-oriented outcomes?
Methods From September 2018 to January 2020, 281
patients scheduled for arthroscopic ambulatory rotator
cuff surgery were identified for this paired sequential
prospective cohort study. Among patients in the control
group, 177 were identified, 33% (58) were not eligible,
for 11% (20) staff was not available, 56% (99) were
approached, 16% (29) declined, 40% (70) enrolled, and
40% (70) were analyzed (2% [4] lost to follow-up for
secondary outcomes after postoperative day 2). For pa-
tients in the pathway cohort, 104 were identified, 17%
(18) were not eligible, for 11% (11) staff was not
available, 72% (75) were approached, 5% (5) declined,
67% (70) enrolled, and 67% (70) were analyzed (3% [3]
lost to follow-up for secondary outcomes after post-
operative day 2). No patients were lost to follow-up for
primary outcome; for secondary outcomes, four were
lost in the control group and three in the pathway group
after postoperative day 2 (p = 0.70). The initial 70 pa-
tients enrolled received routine care (control group), and
in a subsequent cohort, 70 patients received care guided
by a pathway (pathway group). Of the 205 eligible pa-
tients, 68% (140) were included in the analysis. This was
not a study comparing two tightly defined protocols but
rather a study to determine whether adoption of a path-
way would alter patient outcomes. For this reason, we
used a pragmatic (real-world) study design that did not
specify how control patients would be treated, and it did
not require that all pathway patients receive all compo-
nents of the pathway. We developed the pathway in
coordination with a group of surgeons and anesthesiol-
ogists who agreed to apply the pathway as much as was
viewed practical for each individual patient. Patients in
both groups received a brachial plexus nerve block with
sedation. Major differences between the pathway and
control groups were: detailed patient education re-
garding reasonable pain expectations with a goal of re-
ducing opioid use (no formal educational presentation
was given to the control), a long-acting nerve block us-
ing bupivacaine with dexamethasone (control patients
often received shorter-acting local anesthetic without
perineural dexamethasone), and preemptive multimodal
analgesia including intraoperative ketamine, post-
operative acetaminophen, NSAIDs, and gabapentin at
bedtime, with opioids as needed (control patients re-
ceived postoperative opioids but most did not get post-
operative NSAIDS and no controls received gabapentin
or separate prescriptions for acetaminophen). The pri-
mary outcome was the numerical rating scale (NRS)
worst pain with movement 0 to 48 hours after block

placement. The NRS pain score ranges from 0 (no pain)
to 10 (worst pain possible). The minimum clinically
important difference (MCID) [12] for NRS that was used
for calculation of the study sample size was 1.3 [18],
although some authors suggest 1 [13] or 2 [5] are ap-
propriate; if we had used an MCID of 2, the sample size
would have been smaller. Secondary outcomes included
NRS pain scores at rest, daily opioid use (postoperative
day 1, 2, 7, 14), block duration, patient-oriented pain
questions (postoperative day 1, 2, 7, 14), and patient and
physician adherence to pathway.
Results On postoperative day 1, pathway patients had
lower worst pain with movement (3.3 6 3.1) compared
with control patients (5.66 3.0, mean difference -2.7 [95%
CI -3.7 to -1.7]; p < 0.001); lower scores were also seen for
pain at rest (1.9 6 2.3 versus 4.0 6 2.9, mean difference
-2.0 [95% CI -2.8 to -1.3]; p < 0.001). Cumulative post-
operative opioid use (0-48 hours) was reduced (pathway
oral morphine equivalent use was 236 28 mg versus 446
35 mg, mean difference 21 [95% CI 10 to 32]; p < 0.01).
The greatest difference in opioid use was in the first 24
hours after surgery (pathway 76 12 mg versus control 21
6 21 mg, mean difference -14 [95% CI -19 to -10]; p <
0.01). On postoperative day 1, pathway patients had less
interference with staying asleep compared with control
patients (0.5 6 1.6 versus 2.6 6 3.3, mean difference -2.2
[95% CI -3.3 to -1.1]; p < 0.001); lower scores were also
seen for interference with activities (0.96 2.3 versus 1.96
2.9, mean difference -1.1 [95% CI -2 to -0.1]; p = 0.03).
Satisfaction with pain treatment on postoperative day 1was
higher among pathway patients compared with control
patients (9.2 6 1.7 versus 8.2 6 2.5, mean difference 1.0
[95% CI 0.3 to 1.8]; p < 0.001). On postoperative day 2,
pathway patients had lower nausea scores compared with
control patients (0.36 1.1 versus 16 2.1, mean difference
-0.7 [95%CI -1.2 to -0.1]; p = 0.02); lower scores were also
seen for drowsiness on postoperative day 1 (1.7 6 2.7
versus 2.6 6 2.6, mean difference -0.9 [95% CI - 1.7 to
-0.1]; p = 0.03).
Conclusion Adoption of the pathway was associated with
improvement in the primary outcome (pain with move-
ment) that exceeded the MCID. Patients in the pathway
group had improved patient-oriented outcomes and fewer
side effects. This pathway uses multiple analgesic drugs,
which may pose risks to elderly patients, in particular.
Therefore, in evaluating whether to use this pathway, cli-
nicians should weigh the effect sizes against the potential
risks that may emerge with large scale use, consider the
difficulties involved in adapting a pathway to local practice
so that pathway will persist, and recognize that this study
only enrolled patients among surgeons and the anesthesi-
ologists that advocated for the pathway; results may have
been different with less enthusiastic clinicians. This path-
way, based on a long-lasting nerve block, multimodal
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analgesia, and patient education can be considered for
adoption.
Level of Evidence Level II, therapeutic study.

Introduction

Many patients with rotator cuff tears can be discharged
home with minimal pain. However, these patients often
later experiencemoderate to severe pain after the peripheral
nerve block wears off, despite using opioids [2, 6].
Uncontrolled pain is a common cause of distress and can
lead to unplanned emergency department visits [14].
Adequate analgesia can improve patient satisfaction and
facilitate return to normal functioning. Use of regional
anesthesia is well established, but the technique and med-
ications used vary widely. There is considerable variation
in patient education regarding expectations and recom-
mendations for postoperative analgesia. Multimodal anal-
gesia has been recognized as an effective way to reduce
postoperative pain and opioid consumption [19] and may
improve recovery after surgery [10], but it is not always
comprehensively implemented. Clinical pathways can en-
courage adoption of best practices, improve patient edu-
cation, and standardize perioperative pain therapy [19]. A
multimodal pain management protocol was recently shown
to improve the quality of recovery after ambulatory
shoulder surgery [4]. A pathway for total shoulder arthro-
plasty demonstrated low pain scores and minimal in-
travenous opioid use when a peripheral nerve block and
preemptive nonopioid analgesia were combined [7, 20].

Some relevant pathway studies investigated inpatient
total shoulder arthroplasty [7, 20], which allows access to
intravenous opioids not practical for outpatient use.
Therefore, it is important to develop an enhanced recovery
pathway for outpatient shoulder surgery that incorporates
patient education regarding preemptive analgesia and ap-
propriate opioid use [17], provides long-acting brachial
plexus blockade [9, 15, 21], and uses multimodal analgesia
to reduce pain as the nerve block resolves.

Recently, a protocol showed improved quality of recovery
after outpatient shoulder surgery [4], but therewere prominent
protocol differences that may have limited the magnitude of
benefit. That study did not include formal patient education,
the nerve block had a likely shorter duration (ropivacaine
versus bupivacaine with dexamethasone), intraoperative ket-
amine was not administered, and an NSAID was given for
1 day instead of 3 days. The goal of the current study was not
to compare two tightly defined protocols, but rather to de-
termine whether adoption of a pathway would alter patient
outcomes. Thus, a pragmatic study design was used that did
not specify how control patients would be treated and did not
require that all pathway patients receive all components of the
pathway. The pathwaywas developed by a group of surgeons

and anesthesiologists who agreed to apply the pathway as
much as practical for each individual patient. This would
provide an evidence-based approach to postoperative pain
and generate specific instructions and expectations for future
patients.

Therefore, we asked: (1) Does adoption of a clinical
pathway incorporating patient education, a long-acting
nerve block, and preemptive multimodal analgesia reduce
the worst pain during the first 48 hours after surgery
compared with current standard institutional practices? (2)
Does adoption of the pathway reduce opioid use? (3) Does
adoption of the pathway reduce side effects and improve
patient-oriented outcomes?

Patients and Methods

We recruited adult patients (American Society of
Anesthesiologists physical status 1, 2, or 3) from a single
center specializing in treatment of musculoskeletal dis-
orders (Hospital for Special Surgery) into this before-and-
after sequential, prospective cohort study. All patients
provided written informed consent for this study. Patients
were enrolled from September 2018 to January 2020.
Eligible patients were between the ages of 18 and 80 years
and were scheduled for elective ambulatory arthroscopic
rotator cuff surgery with participating surgeons. Patients
with known inoperable rotator cuff tears were not en-
rolled. To be eligible for the pathway group, patients also
needed to be scheduled with a participating
anesthesiologist.

Of the patients identified for the control group, 33% (58
of 177) were not eligible, and for 11% (20 of 177) of pa-
tients, research staff were not available. Overall, 56% (99
of 177) of patients were approached, 16% (29 of 177) de-
clined to participate, 40% (70 of 177) were enrolled, and
40% (70 of 177) were analyzed (2% [4 of 177] lost to
follow-up for secondary outcomes, after postoperative day
2) (Fig. 1). In the pathway group, 104 patients were iden-
tified for study inclusion: 17% (18 of 104) were not eligi-
ble, and for 11% (11 of 104) of patients, staff were not
available. Seventy-two percent (75 of 104) of patients were
approached, 5% (5 of 104) declined, 67% (70 of 104) en-
rolled, and 67% (70 of 104) were analyzed (3% [3 of 104]
lost to follow-up for secondary outcomes, after post-
operative day 2). No patients were lost to follow-up for the
primary outcome; for secondary outcomes, four patients
were lost in the control group and three patients in the
treatment group after postoperative day 2 (p = 0.70). The
trial had a pragmatic design so patients were not required to
follow all pathway components.

All patients underwent arthroscopic surgery for rotator cuff
pathology, which included some combination of subacromial
decompression, rotator cuff debridement, and/or rotator cuff
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repair. Concomitant procedures such as biceps tenodesis,
labral repair, and acromioclavicular joint excision were per-
formed at the discretion of the surgeon based on the patient’s
pathology. All surgeries were performed in the beach chair
position. The arthroscopic repair technique was individualized
to best repair the patient-specific cuff configuration.

Anesthesia and Pain Management

For the control group, patients received usual care for
intraoperative and postoperative analgesic treatment as
determined by the attending anesthesiologist and surgeon
at a specialized orthopaedic hospital. Patients in the control
and pathway groups all received brachial plexus nerve

blocks with sedation. Supraclavicular blocks, which often
cause motor blockade of the hand, were used for 50% (35
of 70) of control patients. Unmixed bupivacaine was used
for only 39% [27 of 70] of the blocks, which means that
most blocks (61% [43 of 70]) included mepivacaine,
leading to shorter block duration (Fig. 2). Dexamethasone,
which prolongs block duration, was added to 20% (14 of
70) of control blocks. Postoperative opioids were pre-
scribed to 90% (63 of 70) of control patients; no control
patients received separate prescriptions for acetaminophen.
No control patients received a gabapentinoid, and 33%
(23 of 70) received a postoperative NSAID.

The pathway protocol was standardized (Table 1).
Meetings were conducted with post-anesthesia care unit
(PACU) nurses to promote their understanding of, and

Fig. 1 CONSORT patient flow diagram.
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adherence to, the pathway. Patient education was per-
formed using a presentation by the anesthesiologist and/or
research assistant, with instructions about peripheral nerve
blockade, postoperative analgesic use, and appropriate
expectations regarding postoperative pain. Patients were
provided a copy of the educational presentation (see
Appendix 1; Supplemental Digital Content 1, http://links.
lww.com/CORR/A500). A preoperative ultrasound-
guided interscalene peripheral nerve block was per-
formed using 20 to 30 mL bupivacaine, 0.5%, with 2 mg
preservative-free dexamethasone. Patients received in-
travenous sedation for the block of 2 to 4 mg of midazolam
and 10 to 20 mg ketamine. Sedation was maintained with a
propofol infusion, as needed. General anesthesia was not
used. Patients received intravenous ketamine (up to 50 mg
total), ondansetron (4 mg), famotidine (20 mg), dexa-
methasone (4 mg), and ketorolac (15 to 30 mg) during
surgery. For initial postoperative analgesia, patients re-
ceived 1000 mg of intravenous acetaminophen upon
PACU arrival. On discharge, patients were prescribed
acetaminophen 650 mg by mouth every 6 hours for 3 days,
meloxicam 15 mg by mouth at bedtime for 3 days, gaba-
pentin 300 mg by mouth at bedtime for 3 days, and oxy-
codone 5 to 10 mg by mouth every 4 hours, only if needed.
Some aspects of the pathway (perineural dexamethasone,
use of gabapentin for acute pain) are off-label uses, but
these drugs are often used as we used them here. The
pathway was associated with a longer duration of the effect
of the nerve block (see Appendix 2; Supplemental Digital

Content 2, http://links.lww.com/CORR/A501). The
median (interquartile range) time until the block
completely wore off was shorter for the control group (23
hours [17 to 25]) compared with pathway (28 hours [25 to
33], mean difference 7 hours [95% CI 5 to 10]; p < 0.001).
Patient compliance was assessed for taking at least one
dose of the three nonopioid analgesics on postoperative day
1 or postoperative day 2. Of the control patients, 87% took
acetaminophen (as part of an opioid-acetaminophen com-
bination), none took gabapentin, and 3% took meloxicam;
among pathway patients, 91% took acetaminophen, 91%
took gabapentin, and 84% took meloxicam.

Primary and Secondary Study Outcomes

Our primary study goal was to determine whether adoption
of the pathway was associated with reduced pain and
opioid use after surgery. Research staff interviewed pa-
tients in person (while in the hospital) or by phone to collect
the numerical rating scale (NRS) pain scores at rest and
with movement if possible (postoperative day 0, 1, 2, 7,
14), as well as opioid intake.

Our secondary study goals were to determine whether
adoption of the pathway was associated with improved
patient-oriented outcomes and reduced side effects. A
modified PainOUT questionnaire [16] was administered on
postoperative day 0, 1, 2, 7, and 14. The PainOUT ques-
tionnaire includes questions rating nausea, drowsiness,

Fig. 2 Compliance with components of the pathway. Zero compliance is in the middle, with bar graphs representing control patients
extending to the left, and bar graphs representing pathway patients extending to the right. “Unmixed bupivacaine used for block”
indicates that bupivacaine (with or without an additive) was used as the sole local anesthetic for the peripheral nerve block, not
mepivacaine and not a mixture of mepivacaine and bupivacaine. A color image accompanies the online version of this article.
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dizziness, itching from 0 (none) to 10 (severe), difficulty
staying and falling asleep from 0 (does not interfere) to 10
(completely interferes), satisfaction with pain treatment
from 0 (extremely dissatisfied) to 10 (extremely satisfied),
fraction of pain relief from 0% to 100%, fraction of time in
severe pain from 0% to 100%, pain interference with ac-
tivities from 0 (does not interfere) to 10 (completely in-
terferes), and the question “Were you allowed to participate
in decisions about your pain treatment as much as you
wanted to?” from 0 (not at all) to 10 (very much so). The
minimum clinically important difference (MCID) in-
formation is not available for the PainOUT scale. Block
duration was assessed through multiple questions re-
garding pain and sensation in the operative arm [22]. On
postoperative day 2, patients were asked about occurrence
of hoarseness or difficulty breathing (potential side effects
of the nerve block).

Ethical Approval

Ethical approval for this study was obtained from the
institutional review board at the Hospital for Special
Surgery (IRB#2018-0814). The trial was registered at
https://www.clinicaltrials.gov/ (NCT03717753). The
study was initially submitted to clinicaltrials.gov on

September 12, 2018 before study enrollment. Due to
research administration being out of office, edits to
satisfy National Library of Medicine quality control
review criteria were not released until a month after. No
changes to planned study endpoints were made when
posted on https://www.clinicaltrials.gov/.

Power Analysis and Statistical Methods

Previous evidence found the mean 6 SD for NRS worst
pain 24 to 48 hours after rotator cuff repair to be 7.0 6
2.1 [9]. We determined that a sample size of 58 patients
per group would provide 80% power at a two-sided alpha
level of 0.05 to detect a 1.3-point difference in NRS
worst pain score [18] between control and pathway
groups at 0 to 48 hours postoperatively. The MCID in
NRS pain has been debated; suggested values include 1
[13], 1.3 [18], and 2 [5]. For design of this study, the
authors used 1.3; if we had used an MCID of 2, the
sample size would have been smaller. Sample size was
140 patients to account for attrition and protocol viola-
tions (20%).

Balance on demographics, baseline measurements, and
surgical procedures was compared using two-sample t-tests
or Wilcoxon rank-sum tests for continuous variables, and

Table 1. Pathway protocol

Phase Intervention Rationale

Preoperative Computer-based presentation for
patients, with a written handout

provided. A uniform plan from surgery,
anesthesia, and nursing.

Explain peripheral nerve block, range
of block duration; set expectations

regarding postoperative pain and use
of multimodal analgesics;

administration of nonopioids on
scheduled basis regardless of pain;
goal to minimize unneeded opioids.

Intraoperative Ultrasound-guided interscalene nerve
block (bupivacaine + dexamethasone)

Surgical anesthesia and prolonged
postoperative analgesia

Propofol infusion Intraoperative sedation; avoid general
anesthesia

Ketamine, total maximum of 50 mg IV Reduce central sensitization of pain

Dexamethasone 4 mg IV Antiemetic and anti-inflammatory

Ondansetron 4 mg IV Antiemetic

Ketorolac 15-30 mg IV Analgesia

PACU Acetaminophen 1000 mg IV Initial postoperative analgesic therapy

Postoperative Meloxicam 15 mg at bedtime Multimodal analgesia

Acetaminophen 650 mg Multimodal analgesia

Gabapentin 300 mg Multimodal analgesia, given at
bedtime only

Oxycodone 5-10 mg Used as needed to address moderate
to severe pain

IV = intravenous; PACU = postanesthesia care unit.
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using chi-square or Fisher exact tests for categorical vari-
ables as appropriate.

Continuous variables are summarized as means 6 SDs
or medians with IQR. Categorical variables are summa-
rized as counts and percentages. All analyses were per-
formed on an intention-to-treat basis.

We compared the primary outcome, NRS worst pain
with movement at 0 to 48 hours, between control and
pathway groups using the generalized estimating equa-
tions (GEE) method with an identity link, controlling for
baseline NRS worst pain with movement. We
conducted a sensitivity analysis using the GEEmodel for
primary outcome, adding age and total surgery time to
the control.

We compared continuous secondary outcomes mea-
sured at a single postoperative time point per patient
between groups using two-sample t-tests. Categorical
secondary outcomes measured at a single postoperative
time point per patient were compared between groups
using chi-square or Fisher exact tests, as appropriate.
Secondary outcomes measured at multiple time points
per patient were analyzed using the GEE method with
identity link for continuous outcomes and logit link for
binary outcomes. Effect sizes for continuous and binary
secondary outcomes are presented as differences in
means and odds ratios, respectively, with corresponding
95% confidence intervals and unadjusted p values.

All statistical hypothesis tests were two-sided. A p value
less than 0.05 was determined as statistically significant.
Statistical analyses were performed with SAS Version 9.4

(SAS Institute). REDCap use was supported by the National
Center for Advancing Translational Science of the National
Institute of Health (UL1TR000457). The manuscript was
prepared in compliance with the STROBE checklist.

One hundred forty patients were enrolled (Fig. 1).
Patient characteristics (Table 2) were comparable between
groups. Among intraoperative characteristics, procedure
time (control 47 6 16 minutes versus pathway 57 6 18
minutes; p < 0.001) and proportion receiving a labral repair
(control 20% [14 of 70] versus pathway 3% [2 of 70]; p =
0.002) were different. We performed a sensitivity analysis
to adjust for imbalances when comparing the primary
outcome.

Results

Pain

On postoperative day 1, patients in the pathway group had
lower worst pain with movement (3.3 6 3.1) compared
with patients in the control group (5.6 6 3.0, mean dif-
ference -2.7 [95% CI -3.7 to -1.7]; p < 0.01); lower scores
were also seen for pain at rest (1.96 2.3 versus 4.06 2.9,
mean difference -2.0 [95% CI -2.8 to -1.3]; p < 0.01)
(Table 3). Sensitivity analysis using the GEE model for
primary outcome (adding age and total surgery time to the
control) showed consistent outcomes with lower pain in the
pathway group at 0 to 24 hours (difference in means -2.6
[95% CI -3.57 to -1.62]; p < 0.001).

Opioid Use

Pathway patients used less cumulative postoperative opioids
(0-48 hours) (mean6 SD pathway oral morphine equivalent
use was 236 28 mg versus 446 35 mg, mean difference 21
[95%CI 10 to 32]; p < 0.01). The greatest difference in opioid
usewas in the first 24 hours after surgery (pathway 7612mg
versus control 216 21 mg, mean difference -14 [95% CI -19
to -10]; p < 0.01) (Table 4).

Side Effects and Patient-oriented Outcomes

Adoption of the pathway was associated with improvements
in a number of patient-oriented outcomes (Table 5). On
postoperative day 1, pathway patients had less interference
with staying asleep compared with control patients (0.56 1.6
versus 2.66 3.3, mean difference -2.2 [95% CI -3.3 to -1.1];
p < 0.001); lower scores were also seen for interference with
activities (0.9 6 2.3 versus 1.9 6 2.9, mean difference -1.1
[95%CI -2 to -0.1]; p = 0.03). Satisfactionwith pain treatment
on postoperative day 1 was higher among pathway patients

Table 2. Patient and operation characteristics

Control group
(n = 70)

Pathway group
(n = 70) p value

Women 40 (28) 46 (32) 0.50

ASA Level 0.30

I 24 (17) 17 (12)

II 73 (51) 76 (53)

III 3 (2) 7 (5)

Age in years 55 6 12 59 6 10 0.27

BMI in kg/m2 28 6 5 28 6 4 0.07

Procedure time
in minutes

47 6 16 57 6 18 < 0.01

Rotator cuff repair
performed

84 (59) 91 (64) 0.06

Other procedures

Acromioplasty 91 (64) 98 (69) 0.28

AC resection 16 (11) 16 (11) > 0.99

Labral repair 20 (14) 3 (2) < 0.01

Biceps tenodesis 34 (24) 39 (27) 0.60

Data presented as% (n) ormean6 SD; ASA =American Society
of Anesthesiologists.
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compared with control patients (9.2 6 1.7 versus 8.2 6 2.5,
mean difference 1.0 [95% CI 0.3 to 1.8]; p < 0.01). Lower
scores were also seen for drowsiness on postoperative day 1
(1.7 6 2.7 versus 2.6 6 2.6, mean difference -0.9 [95% CI
-1.7 to -0.1]; p = 0.03). On postoperative day 2, pathway
patients had lower nausea scores compared with control pa-
tients (0.36 1.1 versus 16 2.1, mean difference -0.7 [-1.2 to
-0.01]; p = 0.02).

Discussion

Patients undergoing outpatient rotator cuff surgery often re-
ceive some combination of a peripheral nerve block and
multimodal analgesia to treat pain and reduce opioid use, but
there can be a great deal of variation in the provided clinical
care. Implementation of a clinical pathway can lead to greater
uniformity while incorporating a larger number of recom-
mended components. We developed an enhanced recovery
pathway with patient education about analgesia and opioid
use, long-acting brachial plexus blockade, and multimodal
analgesia (intraoperative and postoperative). This clinical
pathway improved postoperative pain, reduced opioid use
after surgery, and improved patient-reported outcomes, al-
though it is subject to limitations and effect-size issues as
discussed below. The pathway was developed and imple-
mented by surgeons and anesthesiologists, so it is recom-
mended that clinicians who wish to apply a comparable
pathway adapt the protocol to reflect local preferences and
similarly recruit an enthusiastic group of colleagues to help
promote pathway adoption and continued use.

Limitations

This study has several important limitations. One limitation is
that it is a paired cohort study that prospectively compared
outcomes before and after pathway implementation. A ran-
domized trial would have allowed stronger assertion of cau-
sality. One advantage of conducting a paired cohort study is
that the control group is more likely to reflect standard in-
stitutional practices because in a randomized trial, the large
number of interventions and the involvement of numerous
staff not part of the study make it difficult to prevent adoption
of pathway components in the control group during the study.
This study demonstrated a large number of benefits and did
not document any disadvantages from the pathway, making it
unlikely that the observed changes were random. Patient en-
rollment took about 18 months, suggesting that the observed
changeswere not due to gradual improvement over time. This
study had a pragmatic design, with fewer exclusion criteria
and higher rates of enrollment, which canmake a cohort study
can be more generalizable than a randomized trial.Ta
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There are organization-level limitations to use of this
pathway. To be eligible for the pathway group, patients
needed to be scheduled with a participating anesthesi-
ologist. This suggests that those seeking to adopt or
replicate this study would need to ensure buy-in from
participating physicians. Continued effort would likely
be necessary to overcome inertia and promote wide-
spread participation, otherwise the pathway might fall
into disuse as has sometimes occurred with previous
innovations in practice.

An additional limitation is that not all eligible pa-
tients were enrolled due to occasional lack of avail-
ability of research staff. Research staff availability was
not dictated by patient characteristics, so this factor is
unlikely to change results. All patients were scheduled
for rotator cuff surgery but additional procedures were
allowed with heterogeneity in the surgery actually
performed. This limitation probably increased the SD
of the results but it is not likely that it changed the
direction of the observed results. This was a single-
center study conducted at a hospital with a strong in-
stitutional preference for regional anesthesia.
Generalizability of the results could have been in-
creased by a multicenter design. All study participants
received regional anesthesia. It is possible that adoption
of this pathway at centers that do not routinely employ
nerve blocks would result in even larger effect sizes, or
conversely, that inexpert attempts at nerve blocks
would have fewer benefits and even potentially cause
harm. The study was underpowered for evaluation of
rare events. It is possible that some of the changes re-
flect trends over time that would have occurred re-
gardless of the study, but study enrollment covered a
relatively short period and the study demonstrated
multiple differences. It is not possible to ascribe with
certainty the effects of the pathway to any particular
component. It is possible that some of the observed
differences are statistically significant but are not large
enough to be clinically important. MCIDs (the smallest
change in the value of an outcome that should be con-
sidered clinically relevant) [12] have been determined
for outcomes such as NRS pain but are not described for
many of the secondary outcomes. Lastly, it is possible
that a restricted pathway that included only patient
education about opioid use as well as incorporation of a
long-acting peripheral nerve block would provide
similar results as this study. However, further research
would be needed to answer this question.

Pain

Adoption of this novel clinical pathway was associated
with a decrease in early pain with movement, which wasTa
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the primary outcome. Concerns have been raised that
performing nerve blocks does not reduce pain but rather
shifts pain to a later point because of rebound pain.
There was no evidence of increased rebound pain re-
lated to prolonged duration of the nerve block, perhaps
due to use of perineural dexamethasone [1]. The worst
pain with movement on postoperative day 2 in the
pathway group was essentially the same as the pre-
operative score, which further does not support in-
creased rebound pain. A previous paper [4]
demonstrated benefits from an analgesic protocol for
shoulder surgery patients, but the pain scores were

higher (6.5 versus 3.3 at 24 hours). Both the current
study and the previous paper [4] demonstrate extensive
improvements from adoption of a pathway, but the
pathway components and results were different. It is
difficult to make direct comparisons because of poten-
tial confounders. Our paper corroborates and confirms
their findings, but there were prominent differences in
the pathway and the magnitude of benefit. For instance,
Elkassabany et al. [4] did not include a formal patient
education component, the nerve block had a likely
shorter duration (ropivacaine versus bupivacaine with
dexamethasone), intraoperative ketamine was not

Table 5. Patient-oriented outcomes and side effects

Control group (n = 70) Pathway group (n = 70)

Mean difference (95% CI)a p valuen Value n Value

PainOUT question

% of pain relief, POD 0 64 80% 6 30% 70 90% 6 20% 17% (8%-26%) 0.01

% of pain relief, POD 1 62 70% 6 30% 63 90% 6 20% -3% (-12% to 6%) < 0.001

Satisfaction with pain treatment,
POD 1

62 8.2 6 2.5 63 9.2 6 1.7 1.0 (0.3-1.8) < 0.01

Satisfaction with pain treatment,
POD 2

60 8.6 6 1.6 62 8.8 6 1.8 0.2 (-0.6 to 1.0) 0.61

Satisfaction with pain treatment,
POD 7

56 8.7 6 1.5 64 9.1 6 1.7 0.3 (-0.4 to 1.1) 0.40

Satisfaction with pain treatment,
POD 14

51 9 6 1.3 58 9.1 6 1.7 0.1 (-0.7 to 0.9) 0.83

Nausea, POD 1 65 1.1 6 2.4 62 0.6 6 1.8 -0.5 (-1.0 to 0.0) 0.07

Nausea, POD 2 62 1 6 2.1 64 0.3 6 1.1 -0.7 (-1.2 to -0.1) 0.02

Interference falling asleep, POD 1 65 2.6 6 3.5 63 0.5 6 1.7 -2.0 (-3.2 to -0.9) 0.001

Interference staying asleep, POD 1 65 2.6 6 3.3 63 0.5 6 1.6 -2.2 (-3.3 to -1.1) < 0.001

% of time in severe pain, POD 1 64 20% 6 20% 62 10% 6 20% -8% (17% to 0%) 0.046

Pain interference, activities in bed,
POD 1

62 3.7 6 3.9 62 1.6 6 3.1 -2.1 (-3.4 to -0.9) 0.001

Pain interference, activities out of
bed, POD 1

64 1.9 6 2.9 64 0.9 6 2.3 -1.1 (-2 to -0.1) 0.03

Drowsiness, POD 1 64 2.6 6 2.6 63 1.7 6 2.7 -0.9 (-1.7 to -0.1) 0.03

Itching, POD 1 64 0.5 6 1.5 63 0.2 6 0.8 -0.3 (-0.8 to 0.3) 0.31

Itching, POD 2 62 1.2 6 2.3 64 0.5 6 1.6 -0.7 (-1.3 to -0.2) 0.007

Dizziness, POD 1 64 0.9 6 2.2 63 0.3 6 1.1 -0.6 (-1.1 to -0.1) 0.02

Participation in pain treatment
decisions (POD 2)

61 9 6 2.8 63 9.9 6 0.6 0.9 (0.2-1.6) 0.01

Side effects (POD2)

Hoarseness, % yes (n) 62 29% (18) 63 27% (17) 0.88 (0.38-2.06)b 0.77

Breathing normally, % yes (n) 62 90% (56) 63 95% (60) 0.88 (0.38-2.06)b 0.77

Data presented as mean 6 SD or % (n) unless otherwise indicated.
aDifference in means indicates the difference between two estimated means; estimates are from a linear mixed model with group,
time, group x time interaction, and baseline PainOut measurement as fixed effects and participant as a random effect.
bData presented as odds ratio (95% CI). Estimates are from a linear mixed model with group, time, and group x time interaction as
fixed effects and participant as a random effect; POD = postoperative day.
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administered, and an NSAID was given for 1 day in-
stead of 3 days. Overall, the changes produced by
adoption of the pathway primarily occurred on post-
operative day 1 and were of limited magnitude. The
pain difference exceeds an MCID of 2, but not by a large
margin. It is, however, likely advantageous to keep
patients reasonably comfortable with less opioid use.
Further research is needed to determine whether the
benefit in reduced pain is of sufficient magnitude and
duration to merit the use of the pathway with its costs
and potential risks. Larger studies could quantify and
characterize complications in both control and pathway
groups. The current study design and sample size do not
address the question of whether the use of education,
long-acting nerve blocks, and multimodal analgesia
result in more or fewer complications than mono-
therapy with general anesthesia and opioids alone.
Previous work has shown benefits for the pathway in-
terventions considered singly, but sample-size consid-
erations and concerns about polypharmacy remain to be
addressed with larger studies. Patient-oriented research
could be useful to determine whether patients wish to
bear the potential costs and risks for the projected
benefits.

Opioid Use

Patients in the pathway used fewer opioids during and after
surgery. Previous work showed that patients given pre-
operative opioid education take fewer opioid medications
after rotator cuff repair surgery (19% less, cumulatively at
2 weeks, with continued opioid use) [17]. In comparison,
among patients in the pathway in this study, opioid use was
reduced by 60% (at 0 to 48 hours), and the median opioid
use was 0 mg at 7 days. This suggests that patient educa-
tion, although important, does not reduce opioid use as
much as the pathway, which combined patient education
with a long-acting block plus multimodal analgesia. A
pathway has been shown to reduce opioid use after
shoulder surgery [4] but opioid use was higher (about
25 mg versus 7 mg on postoperative day 1).

Side Effects and Patient-oriented Outcomes

Differences in patient-oriented outcomes included re-
duced pain at rest, improved satisfaction, reduced side
effects, and reduced interference by pain with activities
and sleep. Most differences occurred in the first post-
operative day (however, opioid sparing persisted into
postoperative day 2), and some of the observed differ-
ences were likely too small to be clinically relevant. The

recommended core outcome measures were assessed:
pain, physical functioning, emotional functioning, sat-
isfaction with treatment, adverse events, and participant
disposition [3]. All observed differences between groups
favored the pathway, which suggests that the benefits did
not occur at random as a result of a multiplicity of
comparisons. There was no evidence of increased ad-
verse events associated with the pathway. This is reas-
suring, but given the sample size, it is likely that rare
pathway-related adverse events would occur with a
larger sample size. Of course, it is also likely that an
examination of a larger control group sample would re-
veal rare control group–related side effects (potentially
caused by general anesthesia, increased pain, and in-
creased use of opioids in the control group). Recent
concerns have emerged which indicate that although
gabapentinoids may have opioid-sparing effects, con-
comitant postoperative use of gabapentinoids and opi-
oids [8] may increase the risk of respiratory depression
or confusion. As noted above, consideration should be
given to effect sizes (some of which were small) and the
possibility that polypharmacy may pose risks [11]. In a
previous shoulder pathway study [4], pain interfered
more with activities (interference with activities in bed
score 4.7 versus 1.6 at 24 hours), and side effects were
more prominent (drowsiness score 5.1 versus 1.7 at 24
hours).

Conclusion

Adoption of an analgesic pathway for arthroscopic ro-
tator cuff surgery patients was associated with reduc-
tions in pain, opioid use, and side effects. Patients
reported decreased interference with activities, better
sleep, and higher satisfaction. There are potential risks
from the nerve block as well as from multiple analgesic
drugs, which may pose risks to elderly patients in par-
ticular. This pathway, based on a long-lasting nerve
block, multimodal analgesia, and patient education,
may be considered for adoption. In evaluating this
pathway for local use, clinicians should weigh the ef-
fect sizes against the possibility of potential risks that
may emerge with large-scale use, consider the diffi-
culties involved in adapting a pathway to local practice
so that pathway will persist, and recognize that this
study only enrolled patients among surgeons and an-
esthesiologists who advocated for the pathway; results
may have been different with less enthusiastic clini-
cians. Future studies could focus on reducing pain that
occurs after 24 hours postsurgery, investigate ways to
promote ongoing use of pathways, and perform ongo-
ing surveillance of existing protocols to examine safety
issues and incidence of rare side effects.
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