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Surgeons have traditionally relied on opiates after hip replacement, despite a growing epidemic of
abuse. This study assessed the efficacy of multimodal analgesia and impact of conservative opiate
prescribing after discharge from hip surgery.

In this cluster-randomized trial, 235 patients undergoing hip replacement (5 surgeons) received 1
of 3 discharge pain regimens: scheduled-dose multimodal analgesia with a minimal opiate supply
(group A), scheduled-dose multimodal analgesia with a traditional opiate supply (group B), or a
traditional pro re nata (as needed) opiate regimen alone (group C). Each of the surgeons comprised
a distinct cluster and alternated in a randomized sequence between interventions. The multimodal
regimen comprised fixed-schedule doses of acetaminophen, meloxicam, and gabapentin. Primary
outcomes were daily visual analogue scale pain and opiate use for 30 days. Secondary outcomes
included satisfaction, sleep quality, opiate-related symptoms, hip function, and adverse events. The
primary intent-to-treat analysis was performed using linear mixed models.

Daily pain was significantly lower in group A (coefficient [Coeff] —0.81; p = 0.003) and group B
(Coeff —0.61; p = 0.021) relative to group C. Although daily opiate use in group A (Coeff —0.77;
p < 0.001) and group B (Coeff —0.30; p = 0.04) was lower than group C, opiate use for group A
was also lower than group B (Coeff —0.46; p = 0.002). Duration of opiate use was significantly
shorter for group A (1.14 weeks) and group B (1.39 weeks) compared with group C (2.57 weeks).
There were fewer opiate-related symptoms, most commonly fatigue, in group A compared with C,
but groups B and C were not significantly different. Both multimodal regimens improved satis-
faction and sleep, and there were no differences in hip function or adverse events.

Multimodal analgesia with minimal opiates improved pain control while significantly decreasing
opiate use and opiate-related adverse effects. It is time to rethink our reliance on opiates after
elective operations. (J Am Coll Surg 2019;229:335—345. © 2019 by the American College of

") Check for updates

Surgeons. Published by Elsevier Inc. All rights reserved.)

Disclosure Information: Nothing to disclose.

Disclosures outside the scope of this work: Dr Austin is a board mem-
ber of the American Academy of Orthopaedic Surgeons (AAOS) and
the American Association of Hip and Knee Surgeons (AAHKS); is a
paid consultant to Corin, Link Orthopaedics, and Zimmer; and re-
ceives royalty payments from Jaypee and Zimmer. Dr Chen is a board
member of the AAOS, AAKHS, the American Joint Replacement Reg-
istry, the European Knee Association, the International Congress for
Joint Reconstruction, and Muskuloskeletal Infection Society; is a
paid consultant to 3M, American Concrete Institute, Bone, Convatec,
D] Orthopaedics, Haylard, Heraeus, Irrimax, Recro, Stryker, and Zim-
mer; holds stock in Graftworx, Joint Purification Systems, and
Sonoran; and receives royalty payments from SLACK Incorporated.
Dr Hozack is a paid consultant and receives royalty payments from
Stryker.

Trial Registration: ClinicalTrials.gov, NCT03358888.

Investigators in the Opioid Prescription in Orthopedic Surgery after
Discharge Research Group who collaborated on this article are listed in
the Appendix.

International Committee of Medical Journal Editors data sharing statement
available online as eTable 1.

© 2019 by the American College of Surgeons. Published by Elsevier Inc.
All rights reserved.

Drs Fleischman and Tarabichi contributed equally to this work.
Presented at The Hip Society, Las Vegas, NV, March 2019; the American
Academy of Orthopaedic Surgeons Annual Meeting, Las Vegas, NV, March
2019; the American Society of Regional Anesthesia and Pain Medicine 17
Annual Meeting, Best of Meeting Award Presentation, San Antonio, TX,
November 2018; the American Association of Hip and Knee Surgeons
Annual Meeting, Dallas, TX, November 2018; The Hip Society Closed
Summer Meeting, New York, NY, October 2018; and the American Society
of Anesthesiologists Annual Meeting Best of Abstracts Session, San Fran-
cisco, CA, October 2018.

Received February 13, 2019; Revised May 10, 2019; Accepted May 13,
2019.

From the Department of Anesthesia, Thomas Jefferson University (Fleisch-
man), Rothman Institute (Tarabichi, Foltz, Makar, Hozack, Austin), Phil-
adelphia, PA, and Department of Orthopaedics, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA (Chen).

Correspondence address: Andrew N Fleischman, MD, Department of
Anesthesia, Thomas Jefferson University, 111 S 11 S, Philadelphia,
PA 19107. email: anfleischman@gmail.com

https://doi.org/10.1016/j.jamcollsurg.2019.05.026
ISSN 1072-7515/19


http://ClinicalTrials.gov
mailto:anfleischman@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jamcollsurg.2019.05.026&domain=pdf
https://doi.org/10.1016/j.jamcollsurg.2019.05.026

336 Fleischman et al

Opiate-Sparing Analgesia after Hip Surgery

J Am Coll Surg

Abbreviations and Acronyms
Coeff = coefficient
ED = emergency department

GI = gastrointestinal
HOOS = Hip Disability and Osteoarthritis Outcome Score

ORSDS = Opioid-Related Symptom Distress Scale
POD = postoperative day

PRN = pro re nata (as needed)

THR = total hip replacement

VAS = visual analogue scale

VTE = venous thromboembolism

Opiate abuse has become a national epidemic and one of
the most rapidly growing public health concerns in the
US. The incidence of opiate abuse increased 5-fold
from 2010 to 2016, and 33,000 deaths were reported
from overdoses in 2015 alone.”” Traditional post-
discharge analgesic regimens after total hip replacement
(THR), one of the most common orthopaedic proced-
ures, have relied heavily on opiates, and patients typically
have been discharged with up to 100 tablets.”” It is not
uncommon for patients to misuse these medications after
hip operation, with nearly 5% of previously opiate-naive
patients becoming chronic abusers.®” A CDC study found
that opiate prescriptions with medication supplies lasting
more than 8 days increased the likelihood of long-term
abuse at 1 year from 6.0% to 13.5%, and prescriptions
beyond 31 days increased risk to 29.9%.° Even when
used appropriately, opiates can cause significant adverse
effects, which sometimes require emergency services.” Pa-
tients can also be at risk for injury if operating a vehicle or
returning to work while still experiencing the sedative ef-
fects of opiates.

Multimodal analgesia targeting multiple distinct pain
pathways is a potentially safer and more effective alterna-
tive to traditional opiate-predominant strategies. Unlike
traditional as needed (pro re nata [PRN]) prescription
of opiates, multimodal pain regimens typically rely on
fixed dosing schedules of non-opiate medications to
maintain analgesia upstream from potential symptom
triggers. The goals of multimodal analgesia are to reduce
opiate consumption and therefore opioid-related side ef-
fects and risk for chronic abuse, as well as improve func-
tional recovery and patient satisfaction.'™'' Although
scheduled-dose multimodal strategies have been shown
to be more effective during acute inpatient hospitaliza-
tion, no randomized trial has assessed analgesia after hos-
pital discharge."”"* Even with multimodal analgesia, the
expectation remains that patients will require opiate

pain medications, and large opiate supplies are still pre-
scribed routinely at discharge. The goals of this cluster-
randomized trial were to compare the efficacy of muli-
modal and traditional opiate analgesia after elective hip
operations, and also to determine whether minimizing
opiate oversupply can further reduce opiate consumption
and opiate-related adverse effects.

METHODS

Study Design and Oversight

The Opioid Prescription in Orthopedic Surgery after
Discharge (OPIOID) trial was a prospective, 3-arm,
parallel-group, cluster-randomized trial. As medication
blinding was deemed both impractical and unethical,
the use of authorized deception was approved by our
IRB. Authorized deception was necessary to avoid
response expectancy for subjective outcomes and to pre-
vent recruitment bias. Each surgeon acted as a “guardian”
and allowed each of the low-risk study interventions to be
implemented as standard of care for the allotted time
period. Informed consent was obtained from patients
for prospective data collection. This study was performed
without any external sources of funding or relevant con-

flicts of interest among the authors and registered at
ClinicalTrials.gov (NCT03358888).

Study population

Eligible participants were aged older than 18 years, under-
going primary, unilateral THR performed by 1 of 5 sur-
geons at 4 surgical sites. Key exclusions were chronic
opiate use within 3 months of operation, contraindication
to COX-2 inhibitors (ie history of major bleeding or
“potent” venous thromboembolism [VTE] prophylaxis)
or other protocol medications, and no access to a com-
puter for electronic questionnaires (a complete list of
study exclusions can be found in eDocument 1). Patients
contraindicated from receiving tramadol (ie those on sero-
tonin reuptake inhibitors) were permitted. Pain tolerance
was assessed preoperatively using the Pain Catastrophiz-
ing Scale, a validated 13-item instrument that predicts
postoperative pain and disability.'>'

Randomization, recruitment, and treatment
allocation

Randomization was implemented in “clusters,” with
each of the 5 surgeons comprising a distinct cluster.
At commencement, each surgeon was initially allocated
at random (using a random number generator) to begin
the study with a particular study intervention for a fixed
4-week interval.  Subsequently, surgeon clusters
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alternated between study arms every 4 weeks in a fixed
sequence (ie group A—group B, group B—group C,
group C—group A) undl the necessary sample size
was achieved for all groups. A fixed sequence of alterna-
tion after initial randomization simplified the protocol
for mid-level providers administering discharge medica-
tions so as to not predispose to errors that could cause
patient harm. Study enrollment was halted once all 3
study arms had enrolled a minimum of 76 patients, as
determined at the end of each week. During each 4-
week interval, a surgeon’s allocated study intervention
was considered “standard of care” for all opiate-naive
patients undergoing THR, not just those enrolled in
the study. Patients were initially recruited and screened
for participation by phone before hospital admission;
however, consent was obtained on admission to the hos-
pital for the procedure. Patients were allocated to the
study intervention assigned to the operating surgeon
on the date of discharge.

Study interventions

Three post-discharge oral analgesic regimens were evalu-
ated (Fig. 1). The primary investigational group (group
A, “minimal opiate supply policy”) was prescribed a
fixed-schedule dose multimodal analgesic regimen with
a minimal 2-day opiate supply (10 tablets each of oxyco-
done and tramadol). Patients were instructed to take non-
opiate analgesic medications on a fixed daily schedule, and
reserve opiates for emergency pain relief only. The sec-
ondary investigational group (group B, “multimodal
with traditional opiate supply policy”) was also prescribed
the same scheduled-dose multimodal analgesic regimen,
but with a conventional 2-week supply of opiates (60 tab-
lets each of oxycodone and tramadol). Patients were again
instructed to take non-opiate medications on a fixed daily
schedule, and opioid medications were to be taken PRN
for residual pain. Finally, the control group (group C,
“traditional opiate supply policy without multimodal”)
was prescribed acetaminophen in addition to a 2-week
supply of opiates. Patients in group C were instructed
to take all medications on a PRN basis, starting with acet-
aminophen for mild pain and opioid medications for
moderate or severe pain.

Patients taking serotonin reuptake inhibitors were not
prescribed tramadol, given the risk for serotonin syn-
drome. All patients were contacted once after discharge
to promote proper use of medications per protocol.
Physician-directed analgesia was maintained for 4 weeks
postoperatively unless continued intervention was deemed
necessary. Clinical assistants were instructed to provide

medication refills as needed based on their own clinical
judgment.

Perioperative procedures

Preoperatively, all patients received oral acetamino-
phen, celecoxib (or meloxicam if allergic), and gaba-
pentin  within 2 hours of the procedure.
Intraoperative spinal anesthesia was achieved with 3
mL 0.5% bupivacaine. Postoperatively, scheduled doses
of oral acetaminophen, gabapentin, celecoxib (or
meloxicam), and IV ketorolac were administered until
discharge. Oral oxycodone and tramadol and, less
commonly, hydromorphone or fentanyl, were adminis-
tered as needed for breakthrough pain, and inpatient IV
morphine-equivalent doses were recorded. Aspirin (81
mg or 325 mg, twice daily) was administered as VTE
prophylaxis for the first month postoperatively. All pa-
tients were mobilized on the day of operation, irrespec-
tive of treatment allocation.

Outcomes measures

The primary outcomes were visual analogue scale
(VAS) pain and daily IV morphine equivalents for
each of the first 30 days after operation, excluding
full inpatient days before discharge. Secondary out-
comes, including VAS satisfaction and sleep quality,
and opioid-related symptoms using the Opioid-
Related Symptom Distress Scale (ORSDS), were also
recorded for the first 30 days. The ORSDS is a vali-
dated measure of 10 common adverse opiate effects
based on symptom severity.'” Functional outcomes
were assessed preoperatively and after 1 month using
the short-form Hip Disability and Osteoarthritis
Outcome Score (HOOS), Joint Replacement, and com-
plications were assessed after 90 days. "

Sample size

This study was powered as a superiority trial contingent on
a power to detect group differences in VAS pain with a 2-
tailed d. level of 0.05 set as the probability of type I error,
90% power level, and a correlation of 0.5 among repeated
outcomes measures within patient (detailed statistical anal-
ysis methods can be found in eDocument 2). Despite the 3-
arm design, the study was powered to test an interaction ef-
fect between 2 groups (differences in group by time inter-
action), which was then extrapolated for 3 groups.
Assuming a small to moderate effect size (d = 0.4), the
necessary sample size was 76 patients per group with an ex-
pected 10% actrition rate.'”’
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Group A

* Multimodal pain regimen
* Narcotic medications for

* Multimodal pain regimen
* Narcotic medications as

Group C

* No standing dose regimen
» Acetaminophen 500 mg q 6

emergency pain relief only needed hours PRN for 4 weeks

* Oxycodone 5 mg q 4 * Oxycodone 5 mg q 4 * Oxycodone 5 mg q 4
hours PRN (10 tablets)! hours PRN (60 tablets)! hours PRN (60 tablets)!

* Tramadol 50 mg q 6 hours * Tramadol 50 mg q 6 hours *» Tramadol 50 mg q 6 hours
PRN (10 tablets)? PRN (60 tablets)? PRN (60 tablets)?
Multimodal Medications Dosing® Duration

Acetaminophen 1000 mg q8h 4 weeks

Gabapentin 200 mg ql2h 4 weeks

Meloxicam 15mgqAM 2 weeks

Omeprazole* 20mgq AM 2 weeks

Figure 1. Intervention groups and multimodal analgesic regimen. Al oxycodone prescriptions were for immediate-release tablets only (no
extended-release tablets). ?Tramadol was not prescribed to patients taking serotonin reuptake inhibitors or other medications with toxic drug
interactions. >Multimodal pain medications were prescribed as scheduled doses. “Alternate proton pump inhibitor or H, histamine receptor
blocker was acceptable if already prescribed. PRN, pro re nata (as needed).

Statistical analysis

Baseline characteristics of the 3 treatment groups were
compared with chi-square tests for categorical variables
and ANOVA or Kruskal-Wallis tests for continuous vari-
ables, depending on whether data were normally distrib-
uted. Based on an intent-to-treat approach, the primary
analysis was performed using linear mixed models speci-
fying random intercepts and slopes and adjusting for signif-
icant confounding variables (p < 0.2), which provided a
coefficient that is to be interpreted in the same way as a
B-coefficient in a traditional linear regression. Based on
an analysis of intra-class correlation, the proportion of vari-
ance in outcomes accounted for by clustering within sur-
geon was essentially nil (intra-class correlation for
surgeon was 0.018 for daily pain and 0.038 for daily opiate
use), and therefore clustering by surgeon was not consid-
ered in the statistical model. In addition, although treat-
ment was assigned at the level of surgeon, it was not
possible to model random slopes for surgeon, as is typically
done in a 3-level randomized cluster trial design, given the
small number of those surgeon clusters. ANOVAs, fol-
lowed by post-hoc test for the 3 group comparisons, were
also performed to compare intervention groups on each in-
dividual postoperative day. Analysis of covariance was used

for a comparison of time to discontinuation of opiate med-
ications. Analyses were performed using SPSS, version 23

(IBM Corp).

RESULTS

Patients

From June 2017 to January 2018, six hundred and fifteen of
705 consecutive THR patients met eligibility criteria, of
which 235 were enrolled (Fig. 2). Baseline patient character-
istics are described in Table 1. There were no significant
between-group differences (p < 0.05) except BMI (p =
0.03), for which post-hoc pairwise comparisons demon-
strated that group B was significantly lower than group A
(p=0.01) and group C (p = 0.046). Scheduled-dose multi-
modal analgesia with a policy of prescribing a minimal
opiate supply (group A), scheduled-dose multimodal anal-
gesia with a traditional opiate supply (group B), or tradi-
tional PRN opiate regimen without multimodal analgesia
(group C). There was no significant difference in pain cata-
strophizing scale, preoperative pain scores, or inpatient
morphine equivalents use among the 3 groups. There was
a mean of 28.6 daily responses per patient during the first
30 postoperative days (95.4% daily response rate).



Vol. 229, No. 4, October 2019

Fleischman et al

Opiate-Sparing Analgesia after Hip Surgery 339

Primary THR (n=705)

173 Not reached for recruitment
59 Declined participation’
52 Not prescribed study regimen
31 Single site protocol exception?
63 Withdrew consent?

2 Cancelled surgery
90 Ineligible
52 No computer access
30 Chronic opiate use
8 NSAID contraindication

Patients enrolled (n=235)
Group assigned by cluster

93.5% Daily Response

77 Group A 79 Group B 79 Group C
Primary Analysis Primary Analysis Primary Analysis

96.8% Daily Response

95.5% Daily Response

l !

l

1 Month Outcomes

1 Lost to Follow-up

1 Month Outcomes

2 Lost to Follow-up

1 Month Outcomes

2 Lost to Follow-up

l l

l

90-Day Outcomes

2 Lost to Follow-up

90-Day Outcomes

2 Lost to Follow-up

90-Day Outcomes

3 Lost to Follow-up

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram for the study,
including recruitment, enroliment, and follow-up. IDeclined participation during initial recruit-
ment. 2Temporary halt of clinical trial protocol at single clinical site. SWithdrew consent for
participation after initial recruitment but before hospital discharge. THR, total hip replacement.

Primary outcomes

Postoperative pain

There was no significant difference in pain among groups
on postoperative day (POD) 1 (p = 0.87), and daily
pain scores decreased significantly with time for all 3
groups (coefficient [Coeff] —0.10; 95% CI —0.12
to —0.09; p < 0.001) (Fig. 3A). The VAS pain scores dur-
ing the first 30 days postoperatively were lower for group A
(Coeff —0.81; 95% CI —1.33 to —0.29; p = 0.003) and
group B (Coeff —0.61; 95% CI —1.13 to —0.09; p =
0.021) relative to group C. However, there was no signifi-
cant difference between groups A and B (Coeff —0.20;

95% CI —0.72 to 0.33; p = 0.46). In post-hoc testing,
group A reported significantly lower pain scores than group
ConPODs4 to7and9 to 11. Similarly, group B reported
significantly lower pain scores than group C on PODs 4, 5,
7,10, and 11. However, there was no significant difference
between groups A and B on any postoperative day. The
impact of significant covariates can be found in eTable 2.

Postoperative opiate usage

There was no significant difference in morphine-equivalent
use between groups on POD 1 (p = 0.26), and daily
morphine equivalents decreased significantly with time
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Table 1. Baseline Patient Characteristics

Characteristic

Group A (n = 77)

Group B (n = 79) Croup C (n = 79)

Age, y, mean (SD) 62.6 (9.4) 64.3 (8.6) 63.0 (8.3)
Sex, n (%)
Male 42 (54.5) 42 (53.2) 42 (53.2)
Female 35 (45.5) 37 (46.8) 37 (46.8)
BMI, kg/m?, mean (SD) 29.5 (4.7) 27.7 (4.1) 29.1 (4.6)
ASA physical status classification, n (%)
I 1(1.3) 4(5.1) 225
I 69 (89.6) 63 (79.7) 63 (79.7)
111 7 (9.1) 12 (15.2) 14 (17.7)
Length of stay, d, median (IQR) 1.24 (0.80) 1.22 (0.32) 1.27 (0.44)
Preoperative pain score,” mean (SD) 59.0 (20.9) 57.8 (24.1) 61.8 (19.9)
Pain catastrophizing score, mean (SD) 11.0 (10.6) 11.1 (9.5) 11.1 (9.5)
Pain expectation score,” mean (SD) 50.6 (24.5) 49.9 (23.2) 51.6 (25.0)
Inpatient morphine cquivalent,i' median (IQR) 14.1 (9.4) 12.0 (11.8) 12.8 (10.7)
Preoperative pain medicine, n (%)
None 7 (9.1) 10 (12.7) 9 (11.4)
NSAID (Cox inhibitor) 60 (77.9) 56 (70.9) 58 (73.4)
Acetaminophen 24 (31.2) 26 (32.9) 26 (32.9)
Neuropathicri 5 (6.5) 4 (5.1) 5 (6.3)
Opioid-like (tramadol) 8 (10.4) 9 (11.4) 10 (12.7)
Preoperative sleep aid, n (%)
None 50 (64.9) 50 (63.3) 59 (74.7)
Benzodiazepine 4 (5.2) 6 (7.6) 3 (3.8)
Non-benzodiazepine GABA agonist” 6 (7.8) 5 (6.3) 5 (6.3)
Alternative agent‘ 19 (24.7) 18 (22.8) 14 (17.7)
Tramadol contraindication, n (%) 7 (9.1) 8 (10.1) 9 (11.4)

*A 100-mm visual analogue pain scale; patients asked were to rate the severity of their preoperative pain and, subsequently, expectations for postoperative pain

using the analogous scale.

npatient morphine equivalents defined as inpatient hospital IV morphine equivalent use per 24-h period.

"Neuropathic drugs included gabapentin, carbamazepine, pregabalin, topiramate, serotonin and norepinephrine reuptake inhibitors, tricyclics, among others.
*Non-benzodiazepine GABA agonists included zolpidem, zaleplon, eszoplicone, among others.

I Alternative sleep agents included Benadryl, muscle relaxant, cannabis, melatonin, trazadone, mirtazapine, and amitriptyline.

¥ Tramadol contraindication included selected serotonin reuptake inhibitor, serotonin and norepinephrine reuptake inhibitor, monoamine oxidase inhibiror,
tricyclics buproprion, mirtazapine, triptan, lithium, carbamazepine, among others.

ASA, American Society of Anesthesiologists; IQR, interquartile range.

for all 3 groups (Coeft —0.05; 95% CI —0.06 to —0.04; p
< 0.001) (Fig. 3B). Daily morphine equivalents during the
first 30 days were lower for group A (Coeff —0.77; 95%
Cl —-1.06 to —047; p < 0.001) and group B
(Coeff —0.30; 95% CI —0.60 to —0.01; p = 0.04)
compared with group C. Daily morphine equivalents for
group A were also significantly lower those of group B
(Coeff —0.46; 95% CI —0.76 to —0.17; p = 0.002).
The interaction between group and time was significant
for daily morphine equivalents (p = 0.04), with group A
having a quicker reduction in opioid consumption in the
first 9 days than both group B (Coeff —0.045; 95%
CI —0.08 to —0.007; p = 0.02) and group C
(Coeff —0.04; 95% CI —0.08 to —0.003; p = 0.035)
(see detailed explanation of group and time interaction

in eDocument 3). In post-hoc testing, morphine equiva-
lent use for group A was significantly lower than group C
on POD:s 2 to 22 and 24 to 26. Additionally, group A re-
ported significantly lower morphine-equivalent use than
group B on PODs 3 to 11. However, morphine equiva-
lents were only significantly reduced on POD 2 for group
B compared with group C. Mean total morphine-
equivalent use was 44.8 mg for group A, 79.9 mg for
group B, and 109.8 mg for group C.

Mean time to discontinuation of opiate medications was
significantly shorter for group A (1.14 weeks) and group B
(1.39 weeks) compared with group C (2.57 weeks) (p <
0.001 and p = 0.001, respectively). After 90 days, no pa-
tients (0.0%) in group A, 1 patient (1.3%) in group B,
and 2 patients (2.6%) in group C had not discontinued
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Figure 3. Thirty-day postoperative daily assessments. (A) Mean daily visual analogue scale (VAS) pain scores, 100-mm VAS ranging from O to
100 (higher scores indicating greater pain intensity). (B) Mean daily IV morphine-equivalent use. (C) Mean daily VAS satisfaction scores, 100-
mm VAS ranging from O to 100 (higher scores indicating more satisfaction). (D) Mean daily VAS sleep scores, 100-mm VAS ranging from O to
100 (higher scores indicating more satisfaction). POD, postoperative day.

opiate use, and opiate refills were required for 10.5% of pa-
tients in group A, 6.5% of patients in group B, and 15.6%
of patients in group C. In addition, mean time to discon-
tinuation of tramadol was significantly shorter for group
A (1.64 weeks) compared with group B (2.40 weeks) and
group C (2.38 wecks) (p = 0.04 and p = 0.02, respec-
tively). After 90 days, 2 patients (2.7%) in group A, 1 pa-
tient in group B (1.3%), and 4 patients (5.3%) in group C
had not discontinued tramadol use, and tramadol refills
were required for 11.8% of patients in group A, 5.2% of
patients in group B, and 5.2% of patients in group C.

Secondary outcomes

Patient satisfaction and sleep quality

There was no significant difference in satisfaction (p = 0.67)
or sleep quality (p = 0.21) between groups on POD 1
(Figs. 3C, 3D). Daily satisfaction during the first 30 days
postoperatively was higher for group A (Coeff 1.26; 95%

CI 0.69 to 1.82; p < 0.001) and group B (Coeff 1.08;
95% CI 0.52 to 1.64; p < 0.001) relative to group C, and
there was no significant difference between groups A and
B (Coeft 0.18; 95% CI —0.39 to 0.74; p = 0.53). Similarly,
sleep quality during the first 30 days postoperatively was bet-
ter for group A (Coeff 0.67; 95% CI 0.18 to 1.15; p =
0.008) and group B (Coeff 0.56; 95% CI 0.08 to 1.05;
p = 0.02) relative to group C, and again there was no signif-
icant difference between groups A and B (Coeff 0.10; 95%
CI —0.39 t0 0.59; p = 0.68). Post-hoc testing can be found
in eTable 2 and eDocument 3.

Adverse effects and complications

Mean composite ORSDS scores for groups A, B, and C were
0.22, 0.31, and 0.33, respectively, for week one, 0.10, 0.12,
and 0.15, respectively, for week two, 0.07, 0.08, and 0.12,
respectively, for week three, and 0.05, 0.08, and 0.10,
respectively, for week 4. Across all weeks, the composite
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ORSDS score for group A was significantly lower than that
for group C (p = 0.005), but group B and group C did not
differ (p = 0.13). Although there was also no statistically sig-
nificant difference in composite ORSDS score between
groups A and B (p = 0.19), the composite ORSDS score
for group A was marginally lower than that for group B in
week 1 (p = 0.05). Additional comparisons of weekly com-
posite ORSDS scores can be found in eFigure 1.

The most common opiate-related symptoms were fa-
tigue, drowsiness, and difficulty with concentration
(Fig. 4). In comparison with group C, group A patients re-
ported significantly less fatigue (p = 0.004), difficulty with
concentration (p = 0.022), nausea (p = 0.006), urinary
retention (p = 0.009), and confusion (p = 0.027). Group
A patients also reported significantly less difficulty with con-
centration (p = 0.017), urinary retention (p = 0.008), and
confusion (p = 0.009) than group B patients. However,
there was no significant difference in the severity of any
one symptom between groups B and C. Symprom-specific
ORSDS scores for each of weeks 1 through 4 can be found
in eFigure 1.

Additionally, gastrointestinal (GI) upset was reported on
3.6% of patient-days for group A, 4.4% of patient-days for
group B, and 7.2% of patient days for group C. Severe GI
upset was reported on only 0.45% of patient-days for group
A, 0.17% of patient-days for group B, and 0.45% of patient-
days for group C. Daily compliance with non-opioid med-
ications, such as non-steroidals, can be found in eFigure 2.

During the 90-day postoperative period, there were 2
emergency department (ED) visits (2.6%) in group A, 3

ED visits (3.8%) in group B, and 5 ED visits (6.3%) in
group C (p = 0.50). Additionally, there were 3 hospital
readmissions (3.9%) in group A, no readmissions
(0.0%) in group B, and 4 readmissions (5.1%) in group
C (p = NS). There were no ED visits specifically for
pain or GI bleeding (a complete list of adverse events
can be found in eTable 3).

Patient-reported function and quality of life

There was no difference in baseline HOOS between groups,
with scores of 53.0 points, 52.3 points, and 50.5 points, for
groups A, B, and C, respectively (p = 0.54). After 1 month,
improvements in HOOS from baseline, 23.9 points for
group A, 23.3 points for group B, and 24.6 points for group
C, did not differ (p = 0.86).

DISCUSSION

Opiate abuse continues to be a growing national concern,
and much of the blame can be levied on healthcare pro-
viders who have been slow to change practice standards.
In the OPIOID trial, we found that a scheduled-dose
multimodal analgesic regimen, even with a policy of pre-
scribing only a 2-day supply of opiates, provided signifi-
cantly better pain relief after THR than the traditional
approach of prescribing opiates as needed. Although the
scheduled-dose multimodal approach in and of itself
reduced daily opiate use and duration of use and
improved satisfaction and sleep, the benefits were
augmented with a minimal opiate supply policy.

mA

mB
mC

Mean ORSDS score

Fatigue Drowsiness  Concentration Itching

Constipation

ORSDS Symptom

Nausea Dizziness Urinary
Retention

Confusion Vomiting

Figure 4. Opiate-Related Symptom Distress Scale (ORSDS) symptom-specific scores ranging
from O to 4 (higher score indicates worse severity). Scores are provided as a daily mean during

the 30 postoperative days.
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Consequently, patients in the minimal opiate supply
group reported significantly fewer adverse opiate-related
effects, in particular fatgue and drowsiness. Clearly,
opiate supply significantly impacts postoperative con-
sumption habits, likely because it dramatically redefines
patient expectations for pain. The role of establishing
reasonable patient expectations for postoperative pain,
which can be critically influenced by trusted providers,
cannot be overemphasized. Importantly, a reduced opiate
supply did not jeopardize pain control; no patients
required ED visits for uncontrolled pain and few patients
required prescription refills. Analgesic intervention also
had no impact on return of hip function. Therefore,
our results serve to controvert the conventional belief
that opiates are a central, or even more so, an essential
component of analgesia after discharge from elective hip
operation. Based on our findings, it is now time to relin-
quish the unsubstantiated reliance on traditional opiate
analgesia after elective surgical procedures.

It is evident that as much as 5% of opiate-naive patients
can become chronic abusers after hip operations, and dura-
tion of use is highly correlated with subsequent abuse.®”
Mean duration of opiate use for patients receiving multi-
modal analgesia was about half of that in the traditional
opiate group without multimodal therapy. Accordingly,
not a single patient in the minimal opiate policy group
and 1.2% of patients in the traditional multimodal group
continued opiate medications beyond 90 days, compared
with 2.6% of patients in the traditional opiate without
multimodal group. However, the relatively small size and
short follow-up of this trial did not allow for a definitive
comparison of risk for chronic abuse.

Despite its efficacy, physicians might be concerned
about the potential toxicity of prolonged use of COX-2
inhibitors and acetaminophen. COX-2 inhibitors can
cause GI intolerance and bleeding, and surgical patients
can be at increased risk from the stress of operation and
VTE prophylaxis.”** However, COX-2 inhibitors were
well tolerated in this study, with no episodes of bleeding
and no increase in GI upset. In our own internal audit of
3,018 cases performed from 2015 to 2016, the risk of
postoperative GI bleeding was 0.07% after THR. The po-
tential for GI morbidity was minimized by prescribing
meloxicam, with its improved GI risk profile, for only 2
weeks and in conjunction with a proton pump inhibitor.”
There is some evidence that co-therapy with a proton
pump inhibitor can reduce the incidence of major GI
side effects in high-risk patients.”**” Finally, 8 patients
requiring VTE prophylaxis with an agent other than
aspirin or a history of a GI bleed were not prescribed

COX-2 inhibitors and were ineligible for this study.
Although there have been reported cases of hepatotoxicity
and even fulminant hepatitis with therapeutic doses of
acetaminophen, acetaminophen is generally very safe
and well tolerated.”**’

There are several reasons for our decision to undertake
the pragmatic design of a cluster-randomized trial as
opposed to a traditional randomized controlled trial. First
and foremost, this study design was critical for maintain-
ing the integrity and ethical foundation of authorized
deception without risk for subject contamination.”® Clus-
ter randomization also simplified discharge prescriptions
and refills to prevent medication errors, as all patients
from each surgeon received the same regimen during
the allotted period, even those declining study participa-
tion. Although one major pitfall of cluster randomization
is the potential for recruitment bias, the implementation
of cluster crossover served to mitigate this risk.”’

Authorized deception was essential to avoid response
expectancy and prevent selection bias based on regimen
allocation, as medication blinding was not practical. A pa-
tient’s preconception of the inadequacy of their allocated
analgesic regimen would interfere with the impartiality of
their judgments and alter consumption habits. Instead,
establishing the prescribed analgesic regimen as the “stan-
dard of care” served to reinforce an expectation of efficacy.
Additionally, we expect patients would elect not to partic-
ipate after randomization if group assignment did not
mactch their preference, resulting in dropout bias. Howev-
er, the decision to enroll or decline participation in this
study did not impact discharge analgesia, as patients
declining participation still received the same standard
of care regimen for that time interval (eliminating risk
for dropout bias). In adopting the practice of authorized
deception, the issue of informed consent and patient au-
tonomy was considered carefully by study investigators
and the IRB.” In current practice, patients do not have
absolute autonomy in selecting a postoperative analgesic
regimen, especially with regard to opiate prescription.
In fact, by providing consent for operation, patients
generally agree to standard of care practices implemented
by their surgeon, who must act as a responsible surrogate.
In this study, surgeons provided consent to implement
each of the low-risk interventions as their own standard
of care.

A major limitation is that the small number of sur-
geon clusters did not make it possible to model random
slopes for surgeon, as would typically be done in a 3-
level randomized cluster trial design. In addition to lim-
itations inherent to study design, the major limitation of
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this study was our reliance on patient report of daily
opiate consumption. However, daily use was compared
with pill counts at the end of the first month, and pa-
tients were contacted directly to resolve obvious
discrepancies.

CONCLUSIONS

Scheduled-dose multimodal analgesia after discharge from
elective hip operation provided superior pain control with
less opiate use compared with a traditional PRN opiate
regimen. In addition, a policy of prescribing a minimal
opiate supply served to further curtail opiate use and,
consequently, its adverse effects without compromising
the net benefit on pain control. It is abundandy clear
that it is now time for surgeons to forego the traditional
reliance on opiates and embrace a more balanced,
evidence-based approach to analgesia after elective surgi-
cal procedures. Based on evidence from this study, pa-
tents undergoing elective procedures should be
provided a scheduled-dose multimodal analgesic regimen
at discharge, which can be supplemented with a limited
opiate supply if necessary for emergency pain relief in
the immediate postoperative period.
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APPENDIX

Additional investigators in the Opioid Prescription in Or-
thopedic Surgery after Discharge Research Group who as-
sume responsibility for the overall content and integrity of
the article are as follows: Andrew M Star, MD, Rothman
Institute, Philadelphia, PA; Max Greenky, MD, Rothman
Institute, Philadelphia, PA; Brian Henstenburg, MD,
Rothman Institute, Philadelphia, PA; Matteo Petrera,
BS, Rothman Institute, Philadelphia, PA.

eDocument 1.
COMPLETE EXCLUSION CRITERIA

Chronic opiate use other than tramadol within 3 months
before surgery (tolerance)

Contraindication to COX-2 inhibitors, including history
of clinically significant bleeding

Patients requiring “potent” anticoagulation with agents
other than aspirin for venous thromboembolism
prophylaxis

Other contraindications to protocol medications (trama-
dol contraindication permitted)

No access to computer for online daily questionnaires

Simultaneous, bilateral total hip replacement

Extended postoperative hospitalization (more than 4
days)

Discharge to a rehabilitation facility or other long-term
care facility

Revision total hip replacement

Conversion total hip replacement with removal of previ-
ously implanted hardware

Sensory or motor function of operative limb

eDocument 2.
DETAILED STATISTICAL MODEL AND ANALYT-
ICAL METHODS

Descriptive statistics were presented for each of the 3
intervention groups. Mean and SD was provided for nor-
mally distributed characteristics and median and inter-
quartile range were provided for skewed data. To
determine whether there were any group baseline differ-
ences, comparisons of normally distributed continuous
variables were analyzed by ANOVA and skewed variables
(distribution of which cannot be normalized with data
transformations) were analyzed with Kruskal-Wallis test.
Chi-square test was used to compare the 3 groups on cat-
egorical variables. Any significant omnibus test was fol-
lowed by focused post-hoc testing to distinguish
significant group differences (eg #test, Mann-Whitney
U test, independent proportions). Any variable that
proved to be significanty (p < 0.05) different between

the groups at bascline was considered as a potential
confounder in subsequent analyses.

This study was powered as a superiority trial contingent
on a power to detect group differences in VAS pain with a
2-tailed d. level of 0.05 denoting the probability of type I
error, 90% power level, and a within-subject correlation
of 0.5 among repeated outcomes measures for a single pa-
tient. Assuming a small to moderate effect size (d = 0.4),
the necessary sample size was 76 patients per group, with
an expected 10% attrition rate. Despite the 3-arm design,
the study was powered to test an interaction effect be-
tween 2 groups, which was then extrapolated for 3 groups.
As the number of surgeon clusters that could participate at
our institution was fixed, and clustering within surgeon
was not expected to explain variance among the primary
outcomes, we did not attempt to consider patient clus-
tering within surgeon in performing a power analysis.

Before executing the primary outcomes analyses, pre-
liminary analyses were conducted to carefully screen all
variables, including an examination of outliers and the
application of transformations to normalize any variable
with poor distributional properties. If transformations
failed to achieve normality, any non-normal variable
was broken down into categories and/or alternative non-
parametric tests were used to examine outcomes for these
variables.

The primary analysis was performed using an
intention-to-treat design. The primary analyses compared
changes in VAS pain scores and morphine-equivalent
opiate use between groups during the entire 30-day
period. The null hypothesis was that daily pain scores
and opiate use would be equivalent for all 3 groups. To
determine whether there was differential change over
time across groups (accounting for daily repeated out-
comes measurements), the primary analyses were per-
formed using linear mixed models conducted separately
for each outcomes measure, specifying fixed effects for
group (A, B, C), random intercept and slopes for day (0
to 30 days after discharge), and their interaction. Only
potentially confounding variables that had a significant as-
sociation with the primary end point (p < 0.2) and/or
were significantly different between the groups at baseline
were included in the final model. As such, the model
adjusted for covariates (BMI [p = 0.03] and length of
stay [p = 0.16]), which distinguished groups at baseline
at p < 0.2, used restricted maximum likelihood estima-
tion and modeled an unstructured variance-covariance
matrix, which fit the data best. The primary reported
end point was the coefficient from the linear mixed
model. Coefficients from linear mixed models (whether
fixed and random) are interpreted in the same way as a
B-coefficient from traditional linear multiple regression.
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Each mixed model specified the main effects of treat-
ment (protocols A, B and C), time (0 to 30 days), and
their interaction to test for differential improvement/
change by treatment. Preliminary linear mixed models
were conducted to determine the best-fitting covariance
matrix, as well as explore the fitting of random vs fixed in-
tercepts and slopes. Based on an analysis of intra-class cor-
relation, the proportion of variance in outcomes
accounted for by clustering within surgeon was essentially
nil, and therefore clustering by surgeon was not included
in the statistical model. The intra-class correlation for sur-
geon per se was <0.1 (0.018 for pain and 0.038 for
morphine equivalent utilization). In essence, almost
none of the variance I outcomes could be accounted for
by clustering within surgeon. In addition, the small, fixed
number of surgeons did not allow for an estimate of the
intra-class correlation for surgeon clusters, as model
convergence was prohibited. Although treatment was
assigned at the level of surgeon, it was not possible to
model random slopes for surgeon or patient nested within
surgeon, as is typically done in a 3-level randomized clus-
ter trial design, given the small number of those surgeon
clusters. As part of our pragmatic cluster randomized
study design and in balancing the need for proper
randomization while maintaining the integrity of autho-
rized deception and simplifying the care process, we
instead modeled clustering during the 30-day follow-up
period within patient.

We also performed post-hoc ANOVA to compare
intervention groups on each individual postoperative
day, and an analysis of covariance was used for a compar-
ison of time to discontinuation of opioid medications and
tramadol, defined in weeks. For secondary outcomes that
involve count or binary data, generalized linear mixed
models, which include the same terms and covariates
(including the key time by group interaction) were con-
ducted. For example, reports of side effects were expected

to be rare, and this secondary end point required a non-
parametric approach. Linear mixed models and general-
ized linear mixed models have multiple advantages over
traditional repeated measures, such as the ability to
include patients with missing outcomes data and flexi-
bility in specifying the covariance matrix. All analyses
for this clinical trial were performed using SPSS, version
23 (IBM Corp).

eDocument 3.
SUPPLEMENTAL ANALYSES

Group and time interaction (rate of change) in
mixed model analysis

The interaction between group and time was not signifi-
cant for VAS pain (p = 0.19), patient satisfaction (p =
0.13), or sleep quality (p = 0.16). However, the interac-
tion between group and time was significant for daily
morphine equivalents (p = 0.04), with group A having
a quicker reduction in opioid consumption in the first 9
days than both group B (Coeff —0.04; p = 0.02) and
group C (Coeff —0.04; p = 0.035).

Post-hoc testing of patient satisfaction and sleep
quality

In post-hoc testing, group A reported significantly higher
satisfaction than group C on PODs 3 to 26 and 28. Addi-
tionally, group B reported significantly higher satisfaction
than group C on PODs 3 to 13, 15 to 22, and 25. How-
ever, there was no significant difference in satisfaction be-
tween groups A and B on any postoperative days.
Additionally, group A reported significantly better sleep
quality than group C on PODs 5 to 30. Group B reported
significantly better sleep quality than group C on PODs
6, 8 to 12, 15, 17, and 19. Finally, group A reported
significantly better sleep quality compared with group B
on POD 14, 20, 21, and 24.
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eFigure 1. Opioid-Related Symptom Distress Scale (ORSDS) score by postoperative week. (A) In week 1, there was a significant difference
between the composite ORSDS scores between groups A and C (p = 0.001) and a marginal difference between groups A and B (p = 0.05),
but no difference between groups B and C (p = 0.30). Composite ORSDS: group A, p = 0.22; group B, p = 0.31; and group, Cp =0.33. (B) In
week 2, there were no significant between-group differences in composite ORSDS (p = 0.06). Composite ORSDS: group A, p = 0.10; group B,
p = 0.12; and group C, p = 0.15. (C) In week 3, there were no significant between-group differences in composite ORSDS (p = 0.35).
Composite ORSDS: group A, p = 0.07; group B, p = 0.08; and group C, p = 0.12. (D) In week 4, there were no significant between-group
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differences in composite ORSDS (p = 0.20). Composite ORSDS: group A, p = 0.05; group B, p = 0.08; and group C, p = 0.10.
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eFigure 2. Frequency of use and compliance with non-narcotic medications. Compliance with non-narcotic medication regimens was tracked
qualitatively for the first month postoperatively. For patients assigned to multimodal therapy in groups A and B, daily compliance with (A)
acetaminophen was 64.5% and 67.5%, respectively, daily compliance with (B) meloxicam was 64.5% and 66.2%, respectively, and daily
compliance with (C) gabapentin was 65.8% and 66.2%, respectively. Accordingly, a subset of patients had never use the prescribed non-
narcotic medications (not including intermittent or weekly compliance); acetaminophen was not used by 3.9% and 7.8% of group A and B
patients, respectively, meloxicam was not used by 21.1% and 23.4% of patients, respectively, and gabapentin was not used by 17.1% and
22.2% of patients, respectively. For patients in group C who were instructed to use acetaminophen as needed, daily use was 45.5%, and
14.3% did not to take any acetaminophen. Although meloxicam and gabapentin were not prescribed for group C, 1.3% and 5.2% of patients,
respectively, used these medications, likely from earlier prescriptions.

eTable 1. International Committee of Medical Journal Editors Data Sharing Statement

Question

Answer

Will individual deidentified participant data (including data

dictionaries) be shared?

Yes, for acceptable research meta-analyses

What data in particular will be shared?

All primary and secondary outcomes data

Will additional related documents be available (eg study protocol,
statistical analysis plan)?

Study protocol and statistical analysis plan

When will the data become available and for how long?

Immediately after publication with no end date

Who will have access to the data?

Researchers with acceptable proposals

For what types of analyses will the data be available?

Meta-analyses only

By what mechanism will the data become available?

Proposals should be submitted to corresponding author
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eTable 2. Supplemental Analysis: Additional Covariates Included in Mixed Model Analysis

BMI Length of hospital stay
Outcomes Coefficient p Value Coefficient p Value
Daily pain 0.003 0.90 0.35 0.05
Daily morphine equivalent use 0.017 0.09 0.27 0.001
Daily satisfaction —0.002 0.92 0.35 0.078
Daily sleep quality 0.002 0.91 0.18 0.30

Only BMI and length of hospital stay met criteria (p < 0.2 between groups) for inclusion in the mixed model.

eTable 3. Individual Adverse Events for Each Group
Adverse event, group

Hospital readmission
Group A

Periprosthetic joint infection

Periprosthetic fracture

Small bowel obstruction
Group B

None
Group C

Atrial fibrillation

Tibial plateau fracture

Acute renal failure

Periprosthetic fracture

Emergency department visit
Group A

Stomach pain

Foot burn
Group B
Chest pain

Influenza

Uncomplicated fall
Group C
Syncope

Pre-syncope

Sleeping aid overdose

Influenza

Fall/muscle tear
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