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 KNEE ARTHROPLASTY: MANAGEMENT FACTORIALS
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Aims
The aim of this study was to determine the optimal regimen for the management of pain 
following total knee arthroplasty (TKA) by comparing the outcomes and cost-effectiveness 
of different protocols implemented at a large, urban, academic medical centre.

Patients and Methods
Between September 2013 and September 2015, we used a series of modifications to our 
standard regimen for the management of pain after TKA. In May 2014, there was a 
department-wide transition from protocols focused on femoral nerve blocks (FNB) to 
periarticular injections of liposomal bupivacaine. In February 2015, patient-controlled 
analgesia (PCA) was removed from the protocol while continuing liposomal bupivacaine 
injections. Quality measures and hospital costs were compared between the three 
protocols.

Results
The cohort being treated with PCA-less liposomal bupivacaine injections had a significantly 
higher percentage of patients who were discharged to their home (p = 0.010) and a 
significantly shorter length of stay (p < 0.001). Patient-reported Hospital Consumer 
Assessment of Healthcare Providers and Systems (HCAHPS) scores relating to pain being 
“well-controlled” and “overall pain management” also favoured this cohort (p = 0.214 and 
p = 0.463, respectively), in which cost was significantly lower compared with the other two 
cohorts (p = 0.005).

Conclusion
The replacement of FNBs injections and the removal of PCAs, both of which are known to be 
associated with high rates of adverse outcomes, and the addition of liposomal bupivacaine 
periarticular injections to a multimodal pain regimen, led to improvements in many quality 
measures, HCAHPS pain scores, and cost-effectiveness.

Cite this article: Bone Joint J 2018;100-B(1 Supple A):55–61.

In the current healthcare environment of bun-
dled models of payment, substantial efforts are
being made to maximise the value of the care
that is delivered. Among the many value-based
initiatives that hospitals have explored, the use of
standardised, evidence-based protocols and clin-
ical care pathways have been shown to improve
efficiency and minimise the use of resources.1-6 In
striving to increase value, emphasis has recently
been placed on peri-operative pain management
protocols for patients who undergo total joint
arthroplasty. Given the wide variation in pain
management strategies between institutions,
refining existing protocols not only provides
opportunities for improvements in quality
and satisfaction, but further optimises cost-
effectiveness and value-based care.

Despite advancements in the peri-operative
treatment of patients undergoing arthroplasty,
the management of pain remains a challenge.
Approximately 20% of patients are not satis-
fied with the outcome of their total knee
arthroplasty (TKA),7 which has been partially
attributed to lack of adequate control of pain
following these procedures.8 Currently, there
are no well-defined guidelines for the optimal
pain management protocol in patients under-
going TKA. Traditional methods of manage-
ment include the use of opioids, patient-
controlled analgesia (PCA) and peripheral
nerve blocks.9 Although effective in reducing
pain,10 there is increasing evidence of adverse
events with these techniques. Peripheral nerve
blocks have been associated with an increased
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risk of falls, nerve injury and temporary loss of motor func-
tion, thereby delaying rehabilitation.11-13 The side effects of
opioids include respiratory, haemodynamic, urinary, and
gastrointestinal disturbances.14-18 As a result, there has
been a shift towards reducing opioid consumption, using a
multimodal analgesic approach including long-acting
agents such as periarticular injections of liposomal bupiv-
acaine.19 The American Society of Anesthesiologists (ASA)
has supported this movement and recommends a combina-
tion of pain-managing strategies in order to reduce opioid
consumption.15,20 Early studies have shown shorter lengths
of stay, improved control of pain and increased satisfaction
with the use of these measures.1,16-24

To develop an optimal pain management protocol, we
undertook a series of modifications to the standard regimen in
TKA. The use of liposomal bupivacaine is controversial and
expensive when pharmacy costs alone are considered. Deci-
sions about cost-effectiveness in the new value-based era need

to be based on the entire cost of an episode, rather than an
examination of isolated costs previously reported.1-6 This
study highlights our experiences with the implementation of
these protocols. By using optimised protocols for the manage-
ment of pain and minimising the use of opioids, we hypothe-
sised that a decrease in complications with at least equivalent
control of pain would lead to improved cost-effectiveness.

Patients and Methods
Between September 2013 and September 2015, all patients
undergoing primary unilateral TKA by 24 surgeons at NYU
Langone Medical Center were identified. During this
period, three different protocols for the management of
pain were used, their differences focusing on whether a
femoral nerve block (FNB) or liposomal bupivacaine peri-
articular injections were used intra-operatively and
whether PCA was used post-operatively. Patients were
excluded from the study if their pain management regimens

Cohort 1 (n = 583)
Cohort 2 (n = 540)
Cohort 3 (n = 685)

Pre-operative:

-  Oxycodone 10 mg
   controlled release
-  Acetaminophen
   1000 mg
-  Celecoxib 200 mg
-  Pregabalin 50 mg

Intra-operative - Superficial analgesic
injection:

-  40 cc 0.25% Marcaine
-  5 cc (1 mg/cc) Duramorph
-  1 cc (30 mg/cc) Toradol (ketorolac)

Cohort 3 Post-operative protocol
-  No PCA
-  PRN oral narcotics
-  PRN IV morphine/dilaudid
   (for breakthrough pain)

Cohort 1 and 2 Post-operative
protocol

-  PCA (POD0)
-  PRN oral narcotics
-  PRN IV morphine/dilaudid
   (for breakthrough pain)

Anaesthesia:
-  Short-acting spinal
-  General (if necessary)

Cohort 2 and 3
Periarticular injection of
liposomal bupivacaine

Cohort 1
Femoral nerve block

Fig. 1

Protocol for the management of peri-operative pain in total knee arthroplasty in the three cohorts (PCA, patient-
controlled analgesia; IV, intravenous; POD0, Post-operative Day 0).
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did not strictly adhere to the protocol provided at the time
of their surgery. Three cohorts were included in the study
(Fig. 1). Cohort 1 consisted of patients who received FNB
intra-operatively and PCA for the first 24 hours post-oper-
atively. Cohort 2 included all patients who received liposo-
mal bupivacaine injections instead of FNB following a
department-wide transition in May 2014. Cohort 3 con-
sisted of all patients who underwent TKA after February
2015, when PCA was removed from the protocol while
continuing liposomal bupivacaine injections.

The protocol for the management of pre-operative pain
for each period of time was identical and consisted of one
administration of oral analgesics (10 mg oxycodone, 200 mg
celecoxib, 1000 mg acetaminophen, 50 mg of pregabalin).
Within the operating room, a short-acting anaesthetic was
administered using either 3 ml 3% chloroprocaine or 3 ml
0.5% ropivacaine. Under the rare circumstances that a spinal
anaesthetic was contraindicated, general anaesthesia was
used with intravenous midazolam, fentanyl and propofol for
the maintenance of anaesthesia throughout the procedure.

A tourniquet was used and all patients received a peri-
articular injection (40 cc 0.25% Marcaine (Hospira, Lake
Forest, Illinois), 5 cc 5 mg Duramorph (West-Ward, Eaton-
town, New Jersey) and 1 cc 30 mg Toradol (Regency,
Shirley, New York)). In cohort 1, an ultrasound-guided
injection of 20 ml of 0.25% bupivacaine was administered.
A liposomal bupivacaine periarticular injection (Exparel;
Pacira Pharmaceuticals, Parsippany, New Jersey) used in
cohorts 2 and 3 consisting of 20 cc of liposomal bupiv-
acaine (13 mg/cc) in 40 cc to 100 cc 0.9% normal saline
and was dispersed equally throughout the posterior capsule
and the overlying periosteum and soft tissue.

All patients underwent the same standardised post-
operative clinical pathway and rehabilitation. For the con-
trol of pain, they were offered oral oxycodone 5 mg or
10 mg or morphine or hydromorphone 0.2 mg to 0.5 mg
prn intravenously for breakthrough pain. In cohorts 1 and
2, receiving PCA, either morphine, hydromorphone, or fen-
tanyl was administered for the first 24 hours post-opera-
tively. Physiotherapy began within the first post-operative
day and patients were encouraged to mobilise as tolerated.
The decision to discharge the patients to their home or to a
rehabilitation facility was made by the surgeon and social
support team based on the patient’s ability to complete
milestones, including walking 100 feet and climbing stairs,
as well as individual social factors such as the availability of
home support and transportation.

The baseline demographics of the patients including age,
gender, body mass index (BMI), and ASA grade25 were col-
lected using our electronic medical record system. Our pay-
ment data-reporting system was used to obtain the total
hospital bill, including the amount that the hospital paid
for the entire episode of care. Costs were then calculated for
the entire length of stay and reported as relative percentages
between the cohorts. The total morphine milligram-
equivalent (MME) doses of narcotics consumed during

four post-operative days were recorded and the pain scores,
which were based on an 11-point visual analogue numeric
pain rating scale (0 to 10, best to worst) collected at regular
two hour to eight hour intervals by the nursing staff.26 Pro-
gress with physiotherapy was recorded based on the
patient’s ability to climb stairs and walk more than 100 feet
on each post-operative day.

Finally, we recorded the length of stay, whether the
patients went home or to a rehabilitation centre at dis-
charge, the 30-day re-admission rates and the Hospital
Consumer Assessment of Healthcare Providers and Sys-
tems (HCAHPS) scores from our Centre for Quality and
Patient Safety database. HCAHPS surveys are dissemi-
nated to patients recently discharged from an acute care
hospital for a medical or surgical admission. The survey
includes ten measures related to their perspectives of care.
Each domain contains between one and three questions
and is rated on a scale from one to four (one to ten for
overall rating of hospital) with four or ten being the most
satisfactory. The most affirmative answer for each meas-
ure is referred to as “top-box”, which is then used to cal-
culate a composite score for the hospital. We focused on
two domains in this study that were directly relevant to
our patient population; pain management and overall rat-
ing of the hospital.

Pain management was assessed by the questions:
- during this hospital stay, how often was your pain well

controlled?;
- during this hospital stay, how often did the hospital

staff do everything they could to help you with your pain?
Overall rating of the hospital was assessed by the question:
- using any number from 0 (worst) to 10 (best), what

number would you use to rate this hospital during your
stay?
Statistical analysis. Baseline and demographic characteris-
tics were summarised by standard descriptive summaries
using means and standard deviations for continuous varia-
bles such as age and BMI and percentages for categorical
variables such as gender and ASA grades. All data was
managed using Excel software (Microsoft Corporation,
Redmond, Washington). Analysis of variance tests were
used to compare continuous variables while a chi-squared
analysis was performed to compare categorical variables. A
p-value of < 0.05 determined statistical significance. All
analyses were done using SPSS Statistics software (SPSS
Inc., Chicago, Illinois).

Results
Of the 1808 patients included in the study, 583 were in
cohort 1527 in cohort 2 and 698 in cohort 3. The mean age
in the three cohorts was similar (64.9 years to 65.8 years;
p = 0.86) as well as the distribution of ASA grades. There
was a significantly higher proportion of women in cohort 3
(p = 0.04) and a significantly lower BMI in cohort 2
(p = 0.05). The demographic variables in the three cohorts
are shown in Table I.
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Pain scores, narcotic consumption, and progression with
physiotherapy. There was no clinical difference in pain
scores at any time after the first eight hours post-
operatively in all groups. There were significantly higher
pain scores in cohort 3 within eight hours immediately fol-
lowing surgery (1.2, cohort 1; 1.0, cohort 2; 4.0, cohort 3;
p < 0.001) presumably due to the absence of PCA. It is not
clear if this difference was clinically meaningful as visual
analogue scale (VAS) pain scores of < 4 are not considered
significant and are not treated at our institution as signifi-
cant pain. The use of narcotics during the whole post-oper-
ative period was lowest in cohort 3 (66 MME, cohort 3; 82
MME, cohort 2; 96 MME, cohort 1; p < 0.001). There was
a significantly higher prevalence of achieving physiother-
apy milestones of both stair-climbing and walking for 100
feet in cohort 3 on the first post-operative day (47% (322/
685), cohort 3; 30% (162/540), cohort 2; 16% (93/583),
cohort 1; p < 0.001), while eventual achievement was

similar in cohorts 2 and 3 during the whole post-operative
period (93% (502/540), cohort 2; 90% (617/685), cohort 3,
p < 0.001).
Quality metrics. A significantly higher percentage (83.5%;
572/685) of patients in cohort 3 were discharged to their
home (72.2% (421/583) versus 77.8% (420/540) versus
83.5% (572/685); p = 0.01) rather than to a rehabilitation
facility. The 30-day all-cause rate of re-admission was not
statistically significantly different between the cohorts
(p = 0.08). The mean length of stay was significantly shorter
in cohort 3 (2.7 days) compared with the other two cohorts
(3.2 versus 3.1 versus 2.7, p < 0.001). The HCAHPS top-
box scores relating to pain being “well-controlled” and
“overall pain management” favoured cohort 3, although it
did not reach statistical significance (p = 0.21 and p = 0.46
respectively). The global rating (nine to ten “highest
rating”) between the cohorts were: 75.7% (441/583),
cohort 1; 81.7% (441/540), cohort 2; 76.9% (527/685),

Table I. Comparison of the demographics of the patients

Cohort 1
 (+ Femoral nerve block, no liposomal 
bupivacaine, + patient-controlled anal-
gesia) (n = 583)

Cohort 2
 (no femoral nerve block, + liposomal 
bupivacaine, + patient-controlled anal-
gesia) (n = 540)

Cohort 3
 (no femoral nerve block, + liposomal 
bupivacine, no patient-controlled 
analgesia) (n = 685) p-value

Mean age (SD) 65.8 (9.9) 64.9 (10.5) 65.3 (10.0) 0.861
Female gender, n (%) 384 (65.9) 361 (66.9) 498 (72.7) 0.037
Mean BMI, kg/m2 (SD) 32.1 (7.1) 31.7 (7.1) 32.5 (6.7) 0.047
ASA, n (%) 0.192
1 13 (2.3) 13 (2.4) 8 (1.2)
2 406 (69.6) 370 (68.6) 433 (63.3)
3 163 (28.0) 154 (28.6) 236 (34.4)
4 12 (2.0) 2 (0.4) 6 (0.9)
Interquartile range
(25th to 75th percentiles)

2 to 3 2 to 3 2 to 3

ASA, American Society of Anesthesiologists; BMI, Body mass index

Table II. Comparison of quality metrics

Quality metrics

Cohort 1
(+ Femoral nerve block, no liposomal 
bupivacaine, + patient-controlled anal-
gesia) (n = 583)

Cohort 2
(no femoral nerve block, + liposomal 
bupivacaine, + patient-controlled anal-
gesia) (n = 540)

Cohort 3
(no femoral nerve block, + liposomal 
bupivacine, no patient-controlled anal-
gesia) (n = 685) p-value

Discharged home,
n (%)

421 (72.2) 420 (77.8) 572 (83.5) 0.010

30-day re-admissions, 
n (%)

15 (2.6) 5 (1.0) 15 (2.2) 0.083

LOS, days 3.2 3.1 2.7 < 0.001
HCAHPS – Pain 
management – 
“Always”, n (%) 

448 (76.9) 416 (77.0) 540 (78.9) 0.463

HCAHPS – Pain 
control – “Always”, n 
(%)

400 (68.7) 376 (69.6) 504 (73.6) 0.214

HCAHPS - Global 
rating scale – Highest 
rating, n (%)

441 (75.7) 441 (81.7) 527 (76.9) 0.093

Cost, % Ref. value +2.2 -2.6 0.005

ASA, American Society of Anesthesiologists grade; HCAHPS, Hospital Consumer Assessment of Healthcare Providers and Systems; LOS length of 
stay
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cohort 3; p = 0.09. The cost was significantly lower in
cohort 3 compared with the other two and there was a
mean saving of 2.63% for the hospitalisation compared
with cohort 1 and 4.81% compared with cohort 2 (Table II).
These metrics were improved or stable while decreasing
opioid use, improving rates of achieving physiotherapy
milestones and decreasing cost compared with cohort 1.

Discussion
As payment paradigms for TKA continue to shift towards
performance-based models, the tolerance for inefficiencies
and sub-optimal care will continue to be narrow. Thus,
hospitals are being pressed to refine their practices to meet
these heightened expectations. One such aspect that has
been scrutinised and serves as an ongoing challenge among
all surgical procedures is the peri-operative management of
pain. In response to concerns about adverse events with a
peripheral nerve block and the use of opioids, alternative
protocols have been investigated. Long-acting liposomal
bupivacaine has gained popularity as a periarticular injec-
tion given its potential to provide extended lengths of pain
relief.2 This is made possible by its lipid-based multi-
vesicular makeup, allowing for release into the surrounding
tissues for up to 72 hours post-operatively.3 Despite these
favourable mechanisms, inconsistent reports of improved
control of pain have been reported in the literature when
liposomal bupivacaine injections were compared with tra-
ditional injections and FNBs in TKA.4-6 The benefits of a
liposomal bupivacaine injection are dependent upon the
technique by which it is administered and its consistent
dispersion throughout the soft tissues is required for its
optimal effect.

Although adequate control of pain is a major contributor
to the outcome of TKA, improving it compared with exist-
ing forms of management may not be the primary goal of
modern protocols of pain management. The control of pain
is only one component of overall management and various
regimens must be weighed against their individual side-
effect profile and functional outcomes to determine their
clinical benefit and cost-effectiveness during the entire epi-
sode of care. We found that modifying two aspects of our
institution’s protocol for the management of pain, the elim-
ination of FNBs and the removal of PCAs, which are both
known to be associated with high rates of adverse out-
comes, led to improvements in many quality measures
coincident with the addition of liposomal bupivacaine
injections. Reduced length of stay, more patients being dis-
charged to their own home, reduced 30-day re-admission
rates and significantly reduced hospital costs were achieved
while maintaining equivalent pain scores and increasing
patient satisfaction.

Post-operative pain and delays in improvement in motor
function are well-known causes of an increased length of
stay following TKA.22,27 Given that pain scores were equiv-
alent among all cohorts, and that improvements in motor
function in cohort 3 were achieved at a quicker and higher

rate than with a FNB, we were able to identify that
improved motor function and thus quicker achievement of
physiotherapy milestones, may be the cause of the reduced
length of stay that was seen in cohort 3. We also found a
decreased consumption of narcotics post-operatively in
cohort 3. The use of opioids is associated with other com-
mon causes of a prolonged length of stay including nausea,
cognitive impairment, urinary retention and cardiorespira-
tory depression.14,28-30 Although the exact reasons for a
prolonged length of stay were not documented for the pur-
poses of this study, this may be a topic for future investiga-
tion.

An increasingly emphasised component of value-based
care initiatives is the improvement of patient satisfaction.
The HCAHPS survey was specifically created to provide a
method of measuring and comparing data on patient satis-
faction among hospitals. The use of these surveys is multi-
dimensional. It provides patients with the opportunity to
express their satisfaction with the quality of care, while the
public reporting of this data allows future patients to
choose higher performing hospitals. Additionally, this data
helps providers and payers monitor and improve the qual-
ity of care.31 This study shows that our institution has been
able to improve HCAHPS pain and global rating scores and
significantly improve other quality metrics, which are less
attributable to pain relief.

The initial response to these findings may be to attribute
the higher HCAHPS scores to better pain scores in the
cohort without PCA. However, there is evidence of a com-
plex association between the control of pain and satisfac-
tion, such as HCAHPS and pain severity scores, in which
the intensity of pain is not a reliable predictor or indicator
of a patient’s satisfaction with their overall management.32

Previous studies have also shown the efficacy of liposo-
mal bupivacaine injections in managing pain and improv-
ing quality after TKA. Kirkness et al33 compared liposomal
bupivacaine injections with a FNB using conventional
bupivacaine and showed significantly shorter mean length
of stay (3.1 days versus 3.6 days, p < 0.03) and a 5% reduc-
tion in hospital costs per patient (p = 0.033). Cien et al34

reported a 7% reduction in mean hospital costs (p < 0.001),
and a lower post-operative consumption of opioids with a
significantly shorter length of stay in the liposomal bupiv-
acaine injection group compared with FNB. Broome and
Burnikel35 found that, based on the costs, the requirement
for ultrasound-guided placement, and the labour of addi-
tional treatment associated with femoral nerve catheters
costs hospitals up to an additional $600 per patient.

There are several limitations to this study. First, it is ret-
rospective. Secondly, it is likely that a learning curve for the
administration of the liposomal bupivacaine injections
could affect the results. Although each surgeon had the
same training for administering the injections, there may
have been an impact of different levels of experience with
periarticular injections between the surgeons. The adminis-
tration of liposomal bupivacaine has been shown to be
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highly technique-dependent given that the diffusion poten-
tial is less than for other cocktails of analgesics which
include bupivacaine.36 Similarly, there may have been an
institutional learning curve associated with the transition
between the different protocols for the management of
pain. Financial data reported by our medical centre can
only be presented as a relative percentage and not in abso-
lute values. This limits the study from offering a more
robust financial analysis of the course of treatment associ-
ated with each analgesic that was studied. The cost of care
can also vary significantly between countries. Although the
data about costs which we present are applicable to the
United States, it may not be possible to extrapolate these
cost-savings to other countries, however, measurements of
quality should be relevant to any location. Finally, there are
many factors in a retrospective cohort study that can affect
length of stay and the destination of the patients at dis-
charge. Although the intervals of time between the cohorts
are small, aspects of management and the demographics of
patients presenting for TKA can change quite quickly,
affecting the assessment of quality.

A recent shift from peripheral nerve blocks to periarticu-
lar injections and an emphasis on reducing the consump-
tion of opioids has shown an increase in cost-effectiveness
during an episode of care which includes a TKA and more
favourable clinical outcomes and patient satisfaction. In the
current study, the adoption of a multimodal protocol for
the management of pain involving liposomal bupivacaine
periarticular injections in conjunction with a PCA-less
approach has proved to improve the value of care delivered
at our institution significantly as measured by HCAHPS,
outcome, quality, and financial metrics.

Take home message:
- An iterative approach to multimodal pain management after

TKA can improve patient satisfaction.

- Cost-effectiveness evaluation needs to be applied over an entire episode

of care to be meaningful.

- Functional milestones achievement and opioid minimisation can be

improved with appropriate multimodal pain management after TKA.

Supplementary material
Tables showing the current pain management proto-
col for total joint arthroplasty at NYU Langone

Medical Centre and illustration of the iterative approach to
achieve these protocols are available alongside the online
version of this article at www.bjj.boneandjoint.org.uk
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