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Background: For decades, opioids have been the mainstay in
pain management after total joint arthroplasty despite evidence
that their use should be curtailed. To limit unnecessary prescrib-
ing of opioids, the US Department of Veterans Affairs (VA) Port-
land Health Care System Total Joints Service implemented the
Minimizing Opioids After Joint Operation (MOJO) postoperative
pain protocol in 2018 to reduce opioid use following total knee
arthroplasty (TKA). This protocol included reductions of inpatient
and outpatient opioid prescribing, preoperative optimization, use
of perioperative nerve blocks, and surgery without a tourniquet.

Methods: We performed a retrospective chart review that com-
pared the first 20 consecutive patients undergoing TKA using
the MOJO protocol with the last 20 patients using the prior rou-
tine. Outcomes included total inpatient opioid use, daily opioid
use, emergency department (ED) visits or readmissions within

90 days, phone calls for pain or medication refills, length of stay
(LOS), and pain during inpatient hospital stay.

Results: There were significant differences between the pre-
MOJO and the MOJO groups with regard to daily inpatient
morphine equivalent dose (MED) (82 mg vs 31 mg, P < .01)
and total inpatient MEDs (306 mg vs 33 mg, P < .01) . There
was less self-reported pain on postoperative day 1 in the
MOJO group (5.5 vs 4.1, P = .01), decreased LOS (4.4 days vs
1.1 days, P < .01), fewer total ED visits (6 vs 2, P < .07), and
fewer discharges to skilled nursing facilities (12 vs 0, P < .01).
Conclusions: The MOJO protocol reduced postoperative
opioid use after TKA in the VA setting without compromis-
ing pain control or increasing ED visits. The framework and
routines described are potentially applicable to other insti-
tutions and surgical specialties.
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stay in the management of pain after

total joint arthroplasty. In the past
10 years, however, opioid prescribing has
come under increased scrutiny due to a rise
in rates of opioid abuse, pill diversion, and
opioid-related deaths."* Opioids are associ-
ated with adverse effects, including nausea,
vomiting, constipation, apathy, and respira-
tory depression, all of which influence ar-
throplasty outcomes and affect the patient
experience. Although primary care groups
account for nearly half of prescriptions writ-
ten, orthopedic surgeons have the third
highest per capita rate of opioid prescribing
of all medical specialties.’* This puts ortho-
pedic surgeons, particularly those who per-
form routine procedures, in an opportune
but challenging position to confront this
problem through novel pain management
strategies.

Approximately 1 million total knee ar-
throplasties (TKAs) are performed in the
US every year, and the US Department of
Veterans Affairs (VA) health system per-
forms about 10,000 hip and knee joint
replacements.>® There is no standardiza-
tion of opioid prescribing in the postop-
erative period following these procedures,
and studies have reported a wide varia-

For decades, opioids have been a main-
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tion in prescribing habits even within a
single institution for a specific surgery.”
Patients who undergo TKA are at partic-
ularly high risk of long-term opioid use
if they are on continuous opioids at the
time of surgery; this is problematic in a
VA patient population in which at least
16% of patients are prescribed opioids in
a given year.® Furthermore, veterans are
twice as likely as nonveterans to die of an
accidental overdose.® Despite these risks,
opioids remain a cornerstone of postop-
erative pain management both within and
outside of the VA.*

In 2018, to limit unnecessary prescribing
of opioid pain medication, the total joint
service at the VA Portland Health Care Sys-
tem (VAPHCS) in Oregon implemented the
Minimizing Opioids after Joint Operation
(MQJO) postoperative pain protocol. The
goal of the protocol was to reduce opioid
use following TKA. The objectives were to
provide safe, appropriate analgesia while
allowing early mobilization and discharge
without a concomitant increase in readmis-
sions or emergency department (ED) vis-
its. The purpose of this retrospective chart
review was to compare the efficacy of the
MOJO protocol with our historical experi-
ence and report our preliminary results.
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METHODS

Institutional review board approval was ob-
tained to retrospectively review the medi-
cal records of patients who had undergone
TKA surgery during 2018 at VAPHCS. The
MOJO protocol was composed of several si-
multaneous changes. The centerpiece of the
new protocol was a drastic decrease in rou-
tine prescription of postoperative opioids
(Table 1). Other changes included instruct-
ing patients to reduce the use of preopera-
tive opioid pain medication 6 weeks before
surgery with a goal of no opioid consump-
tion, perform daily sets of preoperative exer-
cises, and attend a preoperative consultation/
education session with a nurse coordinator
to emphasize early recovery and discharge.
In patients with chronic use of opioid pain
medication (particularly those for whom the
medication had been prescribed for other
sources of pain, such as lumbar back pain),
the goal was daily opioid use of < 30 mor-
phine equivalent doses (MEDs). During the
inpatient stay, we stopped prescribing pro-
phylactic pain medication prior to physical
therapy (PT).

We encouraged preoperative optimization
of muscle strength by giving instructions for
4 to 8 weeks of daily exercises (Appendix).
We introduced perioperative adductor canal
blocks (at the discretion of the anesthesia
team) and transitioned to surgery without a
tourniquet. Patients in both groups received
intraoperative antibiotics and IV tranexamic
acid (TXA); the MOJO group also received
topical TXA.

Further patient care optimization in-
cluded providing patients with a team-based
approach, which consisted of nurse coordi-
nators, physician assistants and nurse practi-
tioners, residents, and the attending surgeon.
Our team reviews the planned pain manage-
ment protocol, perioperative expectations,
criteria for discharge, and anticipated surgi-
cal outcomes with the patient during their
preoperative visits. On postoperative day 1,
these members round as a team to encourage
patients in their immediate postoperative re-
covery and rehabilitation. During rounds, the
team assesses whether the patient meets the
criteria for discharge, adjusting the pain man-
agement protocol if necessary.

Changes in surgical technique included
arthrotomy with electrocautery, minimizing
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TABLE 1 Comparison of Postoperative

Pain

Management Protocols Before and After Implementation

of the MOJO Protocol

Medication Postoperative Pain Protocol
Types Before MOJO MOJO
Opioids 1. Oxycodone 10 mg or Hydrocodone 10/325 mg by
hydrocodone 10 mg by mouth mouth every 8 h as needed
every 4-6 h as needed for for 14 d; start day 0
6-8 wk; start day 0
2. Hydromorphone 0.2-0.4 mg or
morphine 2.5 mg IV for break-
through pain while inpatient
only; start day 0
Nonopioids Tylenol 650 mg by mouth every 1. Tylenol 975 mg by mouth
6 h for 8-12 wk; start day O 3 times a day; start day O
for 14 d
2. Tramadol 50-100 mg by
mouth every 8 h as needed
for 14 d; start day 0
3. Celebrex 200 mg by mouth
twice daily; start day 1 for
14d
Muscle Diazepam 10 mg by mouth every 1. Diazepam 10 mg by mouth
relaxants 8 h; start day 0 with 2 doses every 8 h, 2 doses; start

day 0

. Cyclobenzaprine 10 mg by

mouth every 8 h as needed;
start day 1 at 6 am for 14 d

Abbreviation: MOJO, Minimizing Opioids After Joint Operation protocol.

traumatic dissection or resection of the sy-
novial tissue, and intra-articular injection of
a cocktail of ropivacaine 5 mg/mL 40 mL,
epinephrine 1:1,000 0.5 mL, and methyl-
prednisolone sodium 40 mg diluted with
normal saline to a total volume of 120 mL.

The new routine was gradually imple-
mented beginning January 2017 and fully
implemented by July 2018. This study com-
pared the first 20 consecutive patients un-
dergoing primary TKA after July 2018 to the
last 20 consecutive patients undergoing pri-
mary TKA prior to January 2017. Exclusion
criteria included bilateral TKA, death before
90 days, and revision as the indication for
surgery. The senior attending surgeon per-
formed all surgeries using a standard mid-
line approach. The majority of surgeries were
performed using a cemented Vanguard total
knee system (Zimmer Biomet); 4 patients in
the historical group had a NexGen knee sys-
tem, cementless monoblock tibial compo-
nents (Zimmer Biomet); and 1 patient had a
Logic knee system (Exactech). Surgical se-
lection criteria for patients did not differ be-
tween groups.

Electronic health records were reviewed
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TABLE 2 Patient Characteristics

Characteristics Before MOJO MOJO P Value
65.3 71.9 .04

Male gender, No. (%) 17 (85) 18 (90) .99

Body mass index, mean (SD) 34.2 (4.2) 30.2 (4.4) .006

American Society of Anesthesiologists 2.8 (0.4) 2.9 (0.3 .39

score, mean (SD)

Risk Assessment and Predictive Tool 9.5 (2.5) 9.9 (1.4) .53

score, mean (SD)

Operating room time, mean (SD), min 141.6 (25.3) 130.1 (17.2) A1

Abbreviation: MOJO, Minimizing Opioids After Joint Operation protocol.

and data were abstracted. The data
included demographic information (age, gen-
der, body mass index [BMI], diagnosis, and
procedure), surgical factors (American Soci-
ety of Anesthesiologists score, Risk Assess-
ment and Predictive Tool score, operative
time, tourniquet time, estimated blood loss),
hospital factors (length of stay [LOS], dis-
charge location), postoperative pain scores
(measured on postoperative day 1 and on
day of discharge), and postdischarge events
(90-day complications, telephone calls re-
porting pain, reoperations, returns to the ED,
90-day readmissions).

The primary outcome was the mean
postoperative daily MED during the inpa-
tient stay. Secondary outcomes included
pain on postoperative day 1, pain at the
time of discharge, LOS, hospital read-
missions, and ED visits within 90 days of
surgery. Because different opioid pain med-
ications were used by patients postopera-
tively, all opioids were converted to MED
prior to the final analysis. Collected patient
data were de-identified prior to analysis.

Power analysis was conducted to deter-
mine whether the study had sufficient pop-
ulation size to reject the null hypothesis
for the primary outcome measure. Because
practitioners controlled postoperative opi-
oid use, a Cohen’s d of 1.0 was used so that
a very large effect size was needed to reach
clinical significance. Statistical significance
was set to 0.05, and patient groups were
set at 20 patients each. This yielded an ap-
propriate power of 0.87. Population char-
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acteristics were compared between groups
using t tests and x* tests as appropriate. To
analyze the primary outcome, comparisons
were made between the 2 cohorts using
2-tailed t tests. Secondary outcomes were
compared between groups using t tests or
x> tests. All statistics were performed using
R version 3.5.2. Power analysis was con-
ducted using the package pwr.!! Statistical
significance was set at P < .05.

RESULTS

Forty patients met the inclusion criteria,
evenly divided between those undergoing
TKA before and after instituting the MOJO
protocol (Table 2). A single patient in the
MOJO group died and was excluded. A pa-
tient who underwent bilateral TKA also was
excluded. Both groups reflected the male
predominance of the VA patient popula-
tion. MOJO patients tended to have lower
BMIs (34 vs 30, P < .01). All patients indi-
cated for surgery with preoperative opioid
use were able to titrate down to their pre-
operative goal as verified by prescriptions
filled at VA pharmacies. Twelve of the pa-
tients in the MOJO group received adductor
canal blocks.

Results of ¢ tests and x? tests comparing
primary and secondary endpoints are listed
in Table 3. Differences between the daily
MEDs given in the historical and MOJO
groups are shown. There were significant dif-
ferences between the pre-MOJO and MOJO
groups with regard to daily inpatient MEDs
(82 mg vs 29 mg, P < .01) and total inpatient
MEDs (306 mg vs 32 mg, P < .01). There was
less self-reported pain on postoperative day
1 in the MOJO group (5.5 vs 3.9, P < .01),
decreased LOS (4.4 days vs 1.2 days, P < .01),
a trend toward fewer total ED visits (6 vs 2,
P = .24), and fewer discharges to skilled nurs-
ing facilities (12 vs 0, P < .01). There were no
blood transfusions in either group.

There were no readmissions due to un-
controlled pain. There was 1 readmission
for shortness of breath in the MOJO group.
The patient was discharged home the follow-
ing day after ruling out thromboembolic and
cardiovascular events. One patient from the
control group was readmitted after missing
a step on a staircase and falling. The patient
sustained a quadriceps tendon rupture and
underwent primary suture repair.
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DISCUSSION

Our results demonstrate that a multimodal
approach to significantly reduce postopera-
tive opioid use in patients with TKA is pos-
sible without increasing readmissions or ED
visits for pain control. The patients in the
MOJO group had a faster recovery, earlier dis-
charge, and less use of postoperative opioid
medication. Our approach to postoperative
pain management was divided into 2 main
categories: patient optimization and surgical
optimization.

Patient Selection

Besides the standard evaluation and opti-
mization of patients’ medical conditions,
identitying and optimizing at-risk patients
before surgery was a critical component of
our protocol. Managing postoperative pain
in patients with prior opioid use is an in-
tractable challenge in orthopedic surgery.
Patients with a history of chronic pain and
preoperative use of opioid medications re-
main at higher risk of postoperative chronic
pain and persistent use of opioid medication
despite no obvious surgical complications.®
In a sample of > 6,000 veterans who under-
went TKA at VA hospitals in 2014, 57% of
the patients with daily use of opioids in the
90 days before surgery remained on opioids
1 year after surgery (vs 2 % in patients not
on long-term opioids).® This relationship be-
tween pre- and postoperative opioid use also
was dose dependent.'?

Furthermore, those with high preoper-
ative use may experience worse outcomes
relative to the opioid naive population as
measured by arthritis-specific pain indices."
In a well-powered retrospective study of pa-
tients who underwent elective orthopedic
procedures, preoperative opioid abuse or de-
pendence (determined by the International
Classification of Diseases, Ninth Revision di-
agnosis) increased inpatient mortality, ag-
gregate morbidity, surgical site infection,
myocardial infarction, and LOS."* Preopera-
tive opioid use also has been associated with
increased risk of ED visits, readmission, in-
fection, stiffness, and aseptic revision.” In
patients with TKA in the VA specifically,
preoperative opioid use (> 3 months in the
prior year) was associated with increased re-
vision rates that were even higher than those
for patients with diabetes mellitus.'®
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TABLE 3 Comparison of Primary and Secondary Endpoints

in Treatment Groups

Variables Before MOJO MOJO P Value
Morphine equivalent daily dose, 81.7 (44.3) 28.7 (24.7) <.001
mean (SD)

Length of stay, mean (SD), d 4.4 (2.8) 1.2 (0.4) <.001
Pain at baseline, mean (SD) 5.5 (1.7) 3.9(1.8) .006
Pain at discharge, mean (SD) 5.1 (1.9) 3.9(1.9 .06
Discharged to skilled nursing 12 (60) 0 (0) < .001
facilities, No. (%)

Phone call for pain or pain 1(5) 1(5) .99
medication, No. (%)

Readmission in 90 d, No. (%) 1) 1) .99
ED visit for pain, No. (%) 1 (5) 1(5) .99
ED visit for any reason, No. (%) 6 (30) 2 (10) .24

Abbreviations: ED, emergency department, MOJO, Minimizing Opioids After Joint

Operation protocol.

Patient Education

Based on this evidence, we instruct patients
to reduce their preoperative opioid dos-
ing to zero (for patients with joint pain) or
< 30 MED (for patients using opioids for
other reasons). Although preoperative re-
duction of opioid use has been shown to im-
prove outcomes after TKA, pain subspecialty
recommendations for patients with chronic
opioid use recommend considering adjunc-
tive therapies, including transcutaneous
electrical nerve stimulation, cognitive behav-
ioral therapy, gabapentin, or ketamine.'”'
Through patient education our team has
been successful in decreasing preoperative
opioid use without adding other drugs or
modalities.

Patient Optimization

Preoperative patient optimization included 4
to 8 weeks of daily sets of physical activity in-
structions (prehab) to improve the musculo-
skeletal function. These instructions are given
to patients 4 to 8 weeks before surgery and
aim to improve the patient’s balance, mobil-
ity, and functional ability (Appendix). Meta-
analysis has shown that patients who undergo
preoperative PT have a small but statistically
significant decrease in postoperative pain at
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APPENDIX Prehabilitation Exercises Before Surgery

2 = able to do 3 sets of 10
1 = able to do 3 sets of 5

Do 10 repetitions of each exercise 3 times each day. 0 = doing less than 3 sets of 5

Week No. M T w Th F Sat | Sun

1. Turn in bed and sit up. Do it on the right and left sides

2. Get out of bed and stand up from your bed

3. Walk (use walker/cane if needed) for 50 yards (150 feet)

4. Sit down and stand up from a chair

5. Climb 3 stairs and use the railing

6. Stand 3 minutes at a time (use walker/cane if needed)

Total

4 weeks, though this does not persist beyond
that period."

We did note a lower BMI in patients in
the MOJO group. Though this has the po-
tential to be a confounder, a study of BMI in
> 4,000 patients who underwent joint re-
placement surgery has shown that BMI is not
associated with differences in postoperative
pain.®

Surgeon and Surgical-Related Variables

Patients in the MOJO group had increased
use of adductor canal blocks. A 2017 meta-
analysis of 12,530 patients comparing anal-
gesic modalities found that peripheral nerve
blocks targeting multiple nerves (eg, femo-
ral/sciatic) decreased pain at rest, decreased
opioid consumption, and improved range
of motion postoperatively.*! Also, these
were found to be superior to single nerve
blocks, periarticular infiltration, and epi-
dural blocks.?! However, major nerve and
epidural blocks affecting the lower extrem-
ity may increase the risk of falls and prolong
LOS.?»% The preferred peripheral block at
VAPHCS is a single shot ultrasound-guided
adductor canal block before the induction of
general or spinal anesthesia. A randomized
controlled trial has demonstrated superiority
of this block to the femoral nerve block with
regard to postoperative quadriceps strength,
conferring the theoretical advantage of de-
creased fall risk and ability to participate in
immediate PT.** Although we are unable to
confirm an association between anesthetic
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modalities and opioid burden, our clini-
cal impression is that blocks were effective
at reducing immediate postoperative pain.
However, among MOJO patients there were
no differences in patients with and without
blocks for either pain (4.2 vs 3.8, P = .69) or
opioid consumption (28.8 vs 33.0, P = .72)
after surgery, though our study was not pow-
ered to detect a difference in this restricted
subgroup.

Patients who frequently had reported
postoperative thigh pain prompted us to
make changes in our surgical technique, per-
forming TKA without use of a tourniquet.
Tourniquet use has been associated with an
increased risk of thigh pain after TKA by
multiple authors.?2° Postoperative thigh
pain also is pressure dependent.”” In addi-
tion, its use may be associated with a slightly
increased risk of thromboembolic events and
delayed functional recovery.***

Because postoperative hemarthrosis is as-
sociated with more pain and reduced joint
recovery function, we used topical TXA to
reduce postoperative surgical site and joint
hematoma. TXA (either oral, IV, or topi-
cal) during TKA is used to control postop-
erative bleeding primarily and decrease the
need for transfusion without concomitant in-
crease in thromboembolic events.***! Topical
TXA may be more effective than IV, particu-
larly in the immediate postoperative period.*
Although pain typically is not an endpoint
in studies of TXA, a prospective study of
48 patients showed evidence that its use
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may be associated with decreased postoper-
ative pain in the first 24 hours after surgery
(though not after).*® Finally, the use of intra-
articular injection has evolved in our clinical
practice, but literature is lacking with regard
to its efficacy; more studies are needed to de-
termine its effect relative to no injection. We
have not seen any benefits to using cryother-
apy in our practice; considering the costs for
equipment and health care provider time,
cryotherapy was not included in our new
protocol.

Limitations

This is a nonrandomized retrospective sin-
gle-institution study. Our study population is
composed of mostly males with military ex-
perience and is not necessarily a representa-
tive sample of the general population eligible
for joint arthroplasty. Our primary endpoint
(reduction of opioid use postoperatively) also
was a cornerstone of our intervention. To ac-
count for this, we set a very large effect size
in our power analysis and evaluated multiple
secondary endpoints to determine whether
postoperative pain remained well controlled
and complications/readmission minimized
with our interventions. Because our interven-
tion was multimodal, our study cannot make
conclusions about the effect of a particular
component of our treatment strategy. We did
not measure or compare functional outcomes
between both groups, which offers an oppor-
tunity for further research.

These limitations are balanced by several
strengths. Our cohort was well controlled
with respect to the dose and type of drug
used. There is staff dedicated to postoper-
ative telephone follow-up after discharge,
and veterans are apt to seek care within the
VA health care system, which improves case
finding for complications and ED visits. No
patients were lost to follow-up. Moreover,
our drastic reduction in opioid use is prom-
ising enough to warrant reporting, while the
broader orthopedic literature explores the rel-
ative impact of each variable.

CONCLUSIONS

The MOJO protocol has been effective for re-
ducing postoperative opioid use after TKA
without compromising effective pain man-
agement. The drastic reduction in the post-
operative use of opioid pain medications
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and LOS have contributed to a cultural shift
within our department, comprehensive team
approach, multimodal pain management,
and preoperative patient optimization. Fur-
ther investigations are required to assess the
impact of each intervention on observed out-
comes. However, the framework and routines
are applicable to other institutions and surgi-
cal specialties.
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