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Background: Adequate pain control after total knee ar-
throplasty (TKA) is critically important to achieve early mo-
bilization, shorten the length of hospital stay, and reduce
postoperative complications. At Veterans Affairs North Texas
Health Care System (VANTHCS) in Dallas, we implemented a
multidisciplinary enhanced recovery after surgery (ERAS) pro-
tocol to deal with increasing length of stay and postoperative
pain. We hypothesize that this protocol will reduce the overall
opioid burden and decrease inpatient hospital length of stay
in our TKA population.

Methods: A retrospective review of all TKAs performed by
a single surgeon at VANTHCS from 2013 to 2018 was con-
ducted. A postoperative ERAS protocol was implemented in
2016. We compared perioperative opioid use and LOS be-
tween cohorts before and after protocol implementation.
Results: Inpatient length of stay between cohorts was re-

duced from 66.8 hours for the standard of care (SOC) pe-
riod to 22.3 hours in the ERAS cohort. Inpatient opioid use
measured by total oral morphine equivalent doses averaged
169.5 mg and 66.7 mg for SOC and ERAS cohorts, respec-
tively (P = .0001). Intraoperative use of opioids decreased
from 57.4 mg in the SOC cohort to 10.5 mg in the ERAS co-
hort (P = .0001). Postanesthesia care unit (PACU) opioid use
decreased from 13.6 mg (SOC) to 1.3 mg (ERAS) (P = .0002).
There was no significant difference in complications between
cohorts (P = .09).

Conclusions: Initiating a multidisciplinary ERAS protocol for
TKA at VANTHCS significantly reduced inpatient length of
stay and perioperative opioid use with no deleterious effects
on complication rates. The ERAS protocol has major medical
and financial implications for our unique VA population and
the VA health care system.
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of the most common surgical proce-
dures in the United States. The vol-
ume of TKAs is projected to substantially
increase over the next 30 years.! Adequate
pain control after TKA is critically impor-
tant to achieve early mobilization, shorten
the length of hospital stay, and reduce post-
operative complications. The evolution and
inclusion of multimodal pain-management
protocols have had a major impact on the
clinical outcomes for TKA patients.>?
Pain-management protocols typically use
several modalities to control pain through-
out the perioperative period. Multimodal
opioid and nonopioid oral medications are
administered during the pre- and postoper-
ative periods and often involve a combina-
tion of acetaminophen, gabapentinoids, and
cyclooxygenase-2 inhibitors.* Peripheral
nerve blocks and central neuraxial block-
ades are widely used and have been shown
to be effective in reducing postoperative
pain as well as overall opioid consump-
tion.>® Finally, intraoperative periarticu-
lar injections have been shown to reduce
postoperative pain and opioid consump-
tion as well as improve patient satisfaction
scores.” These strategies are routinely used
in TKA with the goal of minimizing over-
all opioid consumption and adverse events,

Total knee arthroplasty (TKA) is one
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reducing perioperative complications, and
improving patient satisfaction.

Periarticular injections during surgery
are an integral part of the multimodal pain-
management protocols, though no consensus
has been reached on proper injection formu-
lation or technique. Liposomal bupivacaine
is a local anesthetic depot formulation ap-
proved by the US Food and Drug Admin-
istration for surgical patients. The reported
results have been discrepant regarding the ef-
ficacy of using liposomal bupivacaine injec-
tion in patients with TKA. Several studies
have reported no added benefit of liposomal
bupivacaine in contrast to a mixture of local
anesthetics.'®!! Other studies have demon-
strated superior pain relief.'> Many factors
may contribute to the discrepant data, such
as injection techniques, infiltration volume,
and the assessment tools used to measure ef-
ficacy and safety."

The US Department of Veterans Af-
fairs (VA) Veterans Health Administration
(VHA) provides care to a large patient pop-
ulation. Many of the patients in that system
have high-risk profiles, including medical co-
morbidities; exposure to chronic pain and
opioid use; and psychological and central
nervous system injuries, including posttrau-
matic stress disorder and traumatic brain in-
jury. Hadlandsmyth and colleagues reported
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TABLE 1 Pain Management Protocols

Enhanced Recovery After Surgery Protocol

Standard of Care Protocol

Types Medication Dosage Medication Dosage

Anesthesia Subarachnoid block (spinal) General endotracheal anesthesia

Preoperative analgesia Gabapentin 300 mg, oral None
Acetaminophen 650 mg
Oxycodone 20 mg, oral

Periarticular injection Bupivacaine HCI 0.25% 60 ml Bupivacaine HCI 0.25% 49.25 ml
Ketorolac 30 mg/ml 1mi Ketorolac 30 mg/ml 1ml
Clonidine HCI 0.1 mg/ml 0.8 ml Clonidine HCI 0.1 mg/ml 1ml
NaCl 0.9% 58.2 ml NaCl 0.9% 48.25 ml
Liposomal bupivacaine 20 ml Epinephrine 1 mg/ml 0.5 ml

266 mg/20 ml Total 100 ml

Total 140 ml

Cryotherapy Used Used

Physical therapy initiated 90 min postoperation

1 d postoperation

Additional medications Gabapentin

Acetaminophen

Meloxicam
Oxycodone

Rescue: hydromorphone

300 mg oral twice daily

1 g IV on arrival to
floor, then every 6 h

15 mg oral daily

10 mg oral every 4-6 h
as needed

0.25 mg IV every 15 min,
1 mg max VAS > 8

Morphine PCA
Hydrocodone

Acetaminophen

10/325 mg oral
every 4-6 h

as needed

1glVevery6h
4 times

Discharge prescription Hydrocodone

30 doses, 10 mg Hydrocodone

Abbreviations: PCA, patient-controlled analgesia; VAS, visual analog scale (0, no pain; 10, worst pain possible).

increased risk of prolonged opioid use in VA
patients after TKA surgery'* They found that
20% of the patients were still on long-term
opioids more than 90 days after TKA.

The purpose of this study was to evaluate
the efficacy of the implementation of a com-
prehensive enhanced recovery after surgery
(ERAS) protocol at a regional VA medical
center. We hypothesize that the addition of
liposomal bupivacaine in a multidisciplinary
ERAS protocol would reduce the length of
hospital stay and opioid consumption with-
out any deleterious effects on postoperative
outcormes.

METHODS

A postoperative recovery protocol was
implemented in 2013 at VA North Texas
Health Care System (VANTHCS) in Dallas,
and many of the patients continued to have
issues with satisfactory pain control, pro-
longed length of stay, and extended opioid
consumption postoperatively. A multimodal
pain-management protocol and multidis-
ciplinary perioperative case-management
protocol were implemented in 2016 to fur-
ther improve the clinical outcomes of pa-
tients undergoing TKA surgery. The senior
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surgeon (JM) organized a multidisciplinary
team of health care providers to identify
and implement potential solutions. This
task force met weekly and consisted of sur-
geons, anesthesiologists, certified registered
nurse anesthetists, orthopedic physician
assistants, a nurse coordinator, a physical
therapist, and an occupational therapist, as
well as operating room, postanesthesia care
unit (PACU), and surgical ward nurses. In
addition, the staff from the home health
agencies and social services attended the
weekly meetings.

We conducted a retrospective review of
all patients who had undergone unilateral
TKA from 2013 to 2018 at VANTHCS. This
was a consecutive, unselected cohort. All
patients were under the care of a single sur-
geon using identical implant systems and
identical surgical techniques. This study
was approved by the institutional review
board at VANTHCS. Patients were divided
into 2 distinct and consecutive cohorts.
The standard of care (SOC) group included
all patients from 2013 to 2016. The ERAS
group included all patients after the institu-
tion of the standardized protocol until the
end of the study period.

90-120 doses, 10 mg
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TABLE 2 Patient Demographics

Characteristics Total (n = 296) ERAS (n = 100) SOC (n = 196) P value (FDR)
Age, mean (SD), y 67.7 (7.1) 66.7 (7.4) 68.2 (6.9) .07 (.11)
Male, No. (%) 280 (94.6) 96 (96.0) 184 (93.9) .59 (.59)
Body mass index, mean (SD) 30.4 (2.9) 30.6 (3.0) 30.2 (2.8) .28 (.30)
Anesthesia, No. (%)

Subarachnoid block monitored anesthesia 100 (33.8) 84 (84) 16 (8.2) .0001 (.0004)

General endotracheal anesthesia 196 (66.2) 16 (16) 180 (91.8) .0001 (.0004)
Preoperative, mean (SD)

Functional Independence Measurement? 6.4 (0.7) 6.2 (0.7) 6.5 (0.7) 01 (.03)

Knee flexion, degrees 110.7 (13.3) 109.4 (10.7) 111.4 (14.4) 18 (.22)
Postsurgical narcotics use, No. (%)

Within 3 mo 141 (47.6) 36 (36) 105 (53.6) .005 (.009)

Within 6 mo 89 (30.1) 16 (16) 73 (37.2) .0002 (.0006)
Length of hospital stay, median (IQR), h 47.4 (46.7) 22.3(2.8) 66.8 (24.5) .0001 (.0004)
Postoperative, No. (%)

Complications 27 (9.1) 5 (05) 22 (11.2) .09 (.12)

Nausea/vomiting 32 (10.8) 3 (03) 29 (14.8) .001 (.0031)

Abbreviations: ERAS, enhanced recovery after surgery; FDR, false discovery rate; SOC, standard of care; IQR, interquartile range.

2Range 1 to 7 with a higher score indicating better functional independence.

Data on patient demographics, the
American Society of Anesthesiolo-
gists risk classification, and preoperative
functional status were extracted. Anes-
thesia techniques included either general
endotracheal anesthesia or subarachnoid
block with monitored anesthesia care. The
quantity of the opioids given during sur-
gery, in the PACU, during the inpatient
stay, as discharge prescriptions, and as re-
fills of the narcotic prescriptions up to
3 months postsurgery were recorded. All
opioids were converted into morphine
equivalent dosages (MED) in order to be
properly analyzed using the statistical meth-
odologies described in the statistical sec-
tion.'> The VHA is a closed health care
delivery system; therefore, all of the pre-
scriptions ordered by surgery providers were
recorded in the electronic health record.

ERAS Protocol

The SOC cohort was predominantly man-
aged with general endotracheal anesthesia.
The ERAS group was predominantly man-
aged with subarachnoid blocks (Table 1).
For the ERAS protocol preoperatively, the
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patients were administered oral gabapentin
300 mg, acetaminophen 650 mg, and oxyco-
done 20 mg, and IV ondansetron 4 mg. In-
traoperatively, minimal opioids were used.
In the PACU, the patients received dilaudid
0.25 mg IV as needed every 15 minutes for
up to 1 mg/h. The nursing staff was trained
to use the visual analog pain scale scores
to titrate the medication. During the inpa-
tient stay, patients received 1 g IV acetamino-
phen every 6 hours for 3 doses. The patients
thereafter received oral acetaminophen as
needed. Other medications in the multi-
modal pain-management protocol included
gabapentin 300 mg twice daily, meloxicam
15 mg daily, and oxycodone 10 mg every
4 hours as needed. Rescue medication for in-
sufficient pain relief was dilaudid 0.25 mg
IV every 15 minutes for visual analog pain
scale > 8. On discharge, the patients received
a prescription of 30 tablets of hydrocodone
10 mg.

Periarticular Injections

Intraoperatively, all patients in the SOC and
ERAS groups received periarticular injec-
tions. The liposomal bupivacaine injection
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was added to the standard injection mixture
for the ERAS group. For the SOC group,
the total volume of 100 ml was divided into
10 separate 10 cc syringes, and for the ERAS
group, the total volume of 140 ml was di-
vided into 14 separate 10 cc syringes. The
SOC group injections were performed with
an 18-gauge needle and the periarticular
soft tissues grossly infiltrated. The ERAS
group injections were done with more at-
tention to anatomical detail. Injection sites
for the ERAS group included the posterior
joint capsule, the medial compartment, the
lateral compartment, the tibial fat pad, the
quadriceps and the patellar tendon, the fem-
oral and tibial periosteum circumferentially,
and the anterior joint capsule. Each nee-
dle-stick in the ERAS group delivered 1 to
1.5 ml through a 22-gauge needle to each
compartment of the knee.

Outcome Variable

The primary outcome measure was total
oral MED intraoperatively, in the PACU,
during the hospital inpatient stay, in the
hospital discharge prescription, and during
the 3-month period after hospital discharge.
Incidence of nausea and vomiting during
the inpatient stay and any narcotic use at
6 months postsurgery were secondary bi-
nary outcomes.

Statistical Analysis

Demographic data and the clinical charac-
teristics for the entire group were described
using the sample mean and SD for contin-
uous variables and the frequency and per-
centage for categorical variables. Differences
between the 2 cohorts were analyzed using
a 2-independent-sample ¢ test and Fisher
exact test.

The estimation of the total oral MED
throughout all phases of care was done
using a separate Poisson model due to the
data being not normally distributed. A log-
linear regression model was used to eval-
uate the main effect of ERAS vs the SOC
cohort on the total oral MED used. Finally,
a separate multiple logistic regression model
was used to estimate the odds of postopera-
tive nausea and vomiting and narcotic use at
6 months postsurgery between the cohorts.
The adjusted odds ratio (OR) was estimated
from the logistic model. Age, sex, body mass
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TABLE 3 Perioperative Opioid Use?

ERAS, mg SOC, mg
Phases of Care (n = 100) (n = 196) P value (FDR)®
Intraoperative 10.45 57.43 .0001 (.0002)
Postanesthesia care unit 1.34 13.58 .0002 (.0004)
Hospital inpatient stay 66.74 169.49 .0001 (.0002)
Total discharge prescriptions 419.32 776.65 .0001 (.0002)
Postdischarge 3 mo 858.26 1,126.09 .29 (.2885)

Abbreviations: ERAS, enhanced recovery after surgery; FDR, false discovery rate; SOC,

standard of care.

2The geometric means reported are estimated from the statistical regression models; these

were adjusted for covariates in the model.

°P value associated with the test of the main effect of group (ERAS vs SOC) on each

outcome variable from the regression model.

index, preoperative functional indepen-
dence score, narcotic use within 3 months
prior to surgery, anesthesia type used (sub-
arachnoid block with monitored anesthe-
sia care vs general endotracheal anesthesia),
and postoperative complications (yes/no)
were included as covariates in each model.
The length of hospital stay and the above-
mentioned factors were also included as co-
variates in the model estimating the total
oral MED during the hospital stay, on hos-
pital discharge, during the 3-month period
after hospital discharge, and at 6 months
following hospital discharge.

Statistical analysis was done using SAS
version 9.4. The level of significance was set
at a = 0.05 (2 tailed), and we implemented
the false discovery rate (FDR) procedure to
control false positives over multiple tests.'®

RESULTS

Two hundred forty-nine patients had
296 elective unilateral TKAs in this study
from 2013 through 2018. Thirty-one pa-
tients had both unilateral TKAs under the
SOC protocol; 5 patients had both unilateral
TKAs under the ERAS protocol. Eleven of
the patients who eventually had both knees
replaced had 1 operation under each pro-
tocol The SOC group included 196 TKAs
and the ERAS group included 100 TKAs.
Of the 196 SOC patients, 94% were male.
The mean age was 68.2 years (range,
48-86). The length of hospital stay ranged
from 36.6 to 664.3 hours. Of the 100 ERAS
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TABLE 4 Postoperative Complications

ERAS, No. (%)  SOC, No. (%) P value
Patient Complications (n =100) (n =196) (FDR)
Wound dehiscence 1(1) 3(1.5) .65 (.65)
Superficial infection 1(1) 4 (2.0 .51 (.65)
Deep infection 1(1) 1 (0.5%) .63 (.65)
Urinary retention 0 (0) 2 (1.0 .31 (.65)
Hematoma 0 (0) 5 (2.6) .11 (.39)
Deep vein thrombosis 1.(1) 1(0.5) .63 (.65)
Pulmonary embolism 0 (0) 6 (3.1) .08 (.39)

Abbreviations: ERAS, enhanced recovery after surgery; FDR, false discovery rate; SOC,

standard of care.

P value (2-tailed) is associated with the test of group differences (ERAS vs standard of care)
on each postoperative complication rate.

patients, 96% were male (Table 2). The mean
age was 60.7 years (range, 48-85). The length
of hospital stay ranged from 12.5 to 45 hours.

Perioperative Opioid Use
Of the SOC patients, 99.0% received narcot-
ics intraoperatively (range, 0-198 mg MED),
and 74.5% received narcotics during PACU
recovery (range, 0-141 mg MED). The total
oral MED during the hospital stay for the
SOC patients ranged from 10 to 2,946 mg.
Of the ERAS patients, 86% received no
narcotics during surgery (range, 0-110 mg
MED), and 98% received no narcotics during
PACU recovery (range, 0-65 mg MED). The
total oral MED during the hospital stay for
the ERAS patients ranged from 10 to 240 mg.

The MED used was significantly lower
for the ERAS patients than it was for the
SOC patients during surgery (10.5 mg vs
57.4 mg, P =.0001, FDR = .0002) and in the
PACU (1.3 mg vs 13.6 mg, P = .0002, FDR =
.0004), during the inpatient stay (66.7 mg vs
169.5 mg, P = .0001, FDR = .0002), and on
hospital discharge (419.3 mg vs 776.7 mg,
P =.0001, FDR = .0002). However, there was
no significant difference in the total MED
prescriptions filled between patients on the
ERAS protocol vs those who received SOC
during the 3-month period after hospital
discharge (858.3 mg vs 1126.1 mg, P = .29,
FDR = .29)(Table 3).

Finally, the logistic regression analysis,
adjusting for the covariates demonstrated
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that the ERAS patients were less likely to
take narcotics at 6 months following hospital
discharge (OR, 0.23; P = .013; FDR = .018)
and less likely to have postoperative nau-
sea and vomiting (OR, 0.18; P = .019; FDR =
.02) than SOC patients. There was no statis-
tically significant difference between compli-
cation rates for the SOC and ERAS groups,
which were 11.2% and 5.0%, respectively,
with an overall complication rate of 9.1%
(P =.09)(Table 4).

DISCUSSION
Orthopedic surgery has been associ-
ated with long-term opioid use and mis-
use. Orthopedic surgeons are frequently
among the highest prescribers of narcot-
ics. According to Volkow and colleagues,
orthopedic surgeons were the fourth larg-
est prescribers of opioids in 2009, be-
hind primary care physicians, internists,
and dentists.'” The opioid crisis in the
United States is well recognized. In 2017,
> 70,000 deaths occurred due to drug over-
doses, with 68% involving a prescription or
illicit opioid. The Centers for Disease Con-
trol and Prevention has estimated a total
economic burden of $78.5 billion per year
as a direct result of misused prescribed opi-
oids.'® This includes the cost of health care,
lost productivity, addiction treatment, and
the impact on the criminal justice system.

The current opioid crisis places further
emphasis on opioid-reducing or sparing
techniques in patients undergoing TKA.
The use of liposomal bupivacaine for in-
traoperative periarticular injection is de-
bated in the literature regarding its efficacy
and whether it should be included in mul-
timodal protocols. Researchers have argued
that liposomal bupivacaine is not superior
to regular bupivacaine and because of its
increased cost is not justified.'*® A meta-
analysis from Zhao and colleagues showed
no difference in pain control and func-
tional recovery when comparing liposomal
bupivacaine and control.?! In a random-
ized clinical trial, Schroer and colleagues
matched liposomal bupivacaine against
regular bupivacaine and found no differ-
ence in pain scores and similar narcotic use
during hospitalization.**

Studies evaluating liposomal bupiva-
caine have demonstrated postoperative
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benefits in pain relief and potential opi-
oid consumption.” In a multicenter ran-
domized controlled trial, Barrington and
colleagues noted improved pain control at
6 and 12 hours after surgery with liposo-
mal bupivacaine as a periarticular injec-
tion vs ropivacaine, though results were
similar when compared with intrathe-
cal morphine.** Snyder and colleagues re-
ported higher patient satisfaction in pain
control and overall experience as well
as decreased MED consumption in the
PACU and on postoperative days O to 2
when using liposomal bupivacaine vs
a multidrug cocktail for periarticular
injection.”

The PILLAR trial, an industry-sponsored
study, was designed to compare the effects
of local infiltration anesthesia with and
without liposomal bupivacaine with em-
phasis on a meticulous standardized infil-
tration technique. In our study, we used a
similar technique with an expanded volume
of injection solution to 140 ml that was de-
livered throughout the knee in a series of
14 syringes. Each needle-stick delivered 1
to 1.5 ml through a 22-gauge needle to each
compartment of the knee. Infiltration tech-
nique has varied among the literature fo-
cused on periarticular injections.

In our experience, a standard infiltration
technique is critical to the effective deliv-
ery of liposomal bupivacaine throughout all
compartments of the knee and to obtaining
reproducible pain control. The importance
of injection technique cannot be overempha-
sized, and variations can be seen in studies
published to date.?® Well-designed trials are
needed to address this key component.

There have been limited data focused on
the veteran population regarding postopera-
tive pain-management strategies and recovery
pathways either with or without liposomal
bupivacaine. In a retrospective review, Saka-
moto and colleagues found VA patients un-
dergoing TKA had reduced opioid use in the
first 24 hours after primary TKA with the use
of intraoperative liposomal bupivacaine.”” The
VA population has been shown to be at high
risk for opioid misuse. The prevalence of co-
morbidities such as traumatic brain injury,
posttraumatic stress disorder, and depression
in the VA population also places them at risk
for polypharmacy of central nervous system—
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acting medications.?® This emphasizes the im-
portance of multimodal strategies, which can
limit or eliminate narcotics in the periopera-
tive period. The implementation of our ERAS
protocol reduced opioid use during intraoper-
ative, PACU, and inpatient hospital stay.

While the financial implications of our re-
covery protocol were not a primary focus of
this study, there are many notable benefits
on the overall inpatient cost to the VHA. Ac-
cording to the Health Economics Resource
Center, the average daily cost of stay while
under VA care for an inpatient surgical bed
increased from $4,831 in 2013 to $6,220 in
2018.%° Our reduction in length of stay be-
tween our cohorts is 44.5 hours, which trans-
lates to a substantial financial savings per
patient after protocol implementation. A more
detailed look at the financial aspect of our
protocol would need to be performed to eval-
uate the financial impact of other aspects of
our protocol, such as the elimination of pa-
tient-controlled anesthesia and the reduction
in total narcotics prescribed in the postopera-
tive global period.

Limitations

The limitations of this study include its retro-
spective study design. With the VHA patient
population, it may be subject to selection
bias, as the population is mostly older and
predominantly male compared with that of
the general population. This could poten-
tially influence the efficacy of our proto-
col on a population of patients with more
women. In a recent study by Perruccio and
colleagues, sex was found to moderate the ef-
fects of comorbidities, low back pain, and de-
pressive symptoms on postoperative pain in
patients undergoing TKA.*

With regard to outpatient narcotic pre-
scriptions, although we cannot fully know
whether these filled prescriptions were used
for pain control, it is a reasonable assump-
tion that patients who are dealing with con-
tinued postoperative or chronic pain issues
will fill these prescriptions or seek refills. It is
important to note that the data on prescrip-
tions and refills in the 3-month postopera-
tive period include all narcotic prescriptions
filled by any VHA prescriber and are not spe-
cifically limited to our orthopedic team. For
outpatient narcotic use, we were not able to
access accurate pill counts for any discharge
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prescriptions or subsequent refills that were
given throughout the VA system. We were
able to report on total prescriptions filled in
the first 3 months following TKA.

We calculated total oral MEDs to better
understand the amount of narcotics being
distributed throughout our population of pa-
tients. We believe this provides important
information about the overall narcotic bur-
den in the veteran population. There was no
significant difference between the SOC and
ERAS groups regarding oral MED prescribed
in the 3-month postoperative period; how-
ever, at the 6-month follow-up visit, only
16% of patients in the ERAS group were
taking any type of narcotic vs 37.2% in the
SOC group (P =.0002).

CONCLUSIONS

A multidisciplinary ERAS protocol imple-
mented at VANTHCS was effective in re-
ducing length of stay and opioid burden
throughout all phases of surgical care in
our patients undergoing primary TKA. Pa-
tient and nursing education seem to be crit-
ical components to the implementation of
a successful multimodal pain protocol. Re-
ducing the narcotic burden has valuable fi-
nancial and medical benefits in this at-risk
population.
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