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Background: Ease of access to opioids in the perioperative pe-
riod is a risk factor for subsequent opioid misuse. The purpose 
of this study was to quantify a decrease in opioid consumption 
following implementation of a new analgesic protocol after total 
knee arthroplasty (TKA).
Methods: A retrospective cohort study was performed analyzing 
patients who underwent TKA at a US Department of Veterans Af-
fairs medical center. Patients were divided into 2 groups by mul-
timodal analgesic regimen: Analgesia with intraoperative general 
anesthesia, a patient-controlled analgesia pump, and oral opioids 
(control group) or analgesia with intraoperative spinal anesthesia, 
a multimodal medication regimen, and an adductor canal block 
(protocol group).
Results: A total of 533 TKAs were included. The mean (SD) IV 

morphine equivalent dose (MED) requirement was 178.2 (98.0) for 
the control and 12.0 (24.6) for the protocol group (P < .001). Total 
mean (SD) opioid MED requirement was 241.7 (120.1) for the con-
trol group and 74.8 (42.7) for the protocol group (P < .001). The 
protocol group required only 6.7% of the IV opioids and the con-
trol group 30.9%. No difference in oral opioid requirements was 
found (P = .85). The control group required more opioid refills at 
the first postoperative visit (P < .001).
Conclusions: The described analgesic protocol resulted in sig-
nificant decreases in IV and total opioid requirement, and lower 
rates of opioid prescriptions at the first postoperative visit. These 
findings demonstrate a decrease in opioid utilization with modern 
perioperative analgesia protocols and reinforce multiple recom-
mendations to decrease opioid exposure and access.
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Ease of access to opioids in the peri-
operative period is a risk factor for 
opioid  misuse and has been identi-

fied as a strong risk factor for heroin use.1,2 
Three-quarters of today’s heroin users were 
introduced to opioids through prescription 
medications.2 The United States accounts 
for about 80% of the global opioid supply 
consumption, and deaths from opioid over-
dose are increasing: 70,630 deaths in 2019 
alone.3,4 

The Centers for Disease Control and Pre-
vention (CDC) has called for changes in opi-
oid prescribing. The American Academy of 
Orthopaedic Surgeons (AAOS) also has pub-
lished an information statement with strate-
gies to decrease opioid misuse and abuse.5,6 
Arthroplasty surgeons have recently focused 
on decreasing use of opioids in total knee 
arthroplasty (TKA), a procedure tradition-
ally associated with high levels of opioid con-
sumption and historical reliance on opioid 
monotherapy for postoperative analgesia.7,8 
From a clinical perspective, prolonged post-
operative opioid use contributes to poorer 
surgical outcomes due to increased risk of 
complications, including stiffness, infection, 
and revision TKA.9

Multimodal pain regimens are increas-
ingly being used to control postoperative 
pain as data supports their efficacy.10,11 Pre-

vious studies have found that simultaneous 
modulation of multiple pain pathways de-
creases narcotics consumption and improves 
patient outcomes.12,13 Along with other ad-
juvant therapies, peripheral nerve blocks, 
such as adductor canal block (ACB) and fem-
oral nerve block (FNB), have been used to 
decrease postoperative pain.14 Studies have 
shown that ACB has fewer complications and 
shorter functional recovery times compared 
with FNB.15,16 The distribution of the ACB 
excludes the femoral nerve, thus preserving 
greater quadriceps strength while providing 
equivalent levels of analgesia compared with 
FNB.15,17,18 The ACB has shown decreased 
near-fall events and improved balance scores 
in the immediate postoperative period.19

Our study analyzed opioid consump-
tion patterns of TKA patients from a US De-
partment of Veterans Affairs (VA) medical 
center before and after the institution of a 
multimodal analgesic protocol using ACB.  
The primary purpose of this study was to 
determine whether a protocol that included 
intraoperative spinal anesthesia with a post-
operative multimodal analgesic regimen and 
ACB was associated with a decreased postop-
erative opioid requirement when compared 
with patients who received intraoperative 
general anesthesia and a traditional opioid 
regimen. Secondary outcomes included the 
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effect of opioid consumption on range of mo-
tion on postoperative day (POD) 1 and num-
ber of opioid prescriptions written at the first 
postoperative clinic visit.

METHODS
Approval for the study was obtained from the 
institutional review board at the Dayton Veter-
ans Affairs Medical Center (DVAMC) in Ohio. 
A retrospective chart review was performed to 
collect data from all patients undergoing TKA 
at DVAMC from June 1, 2011, through De-
cember 31, 2015. Exclusion criteria included 
multiple surgeries in the study time frame, 
documented chronic pain, allergy to local an-
esthetics, daily preoperative use of opioids, and 
incomplete data in the health record.

All surgeries were performed by 2 staff ar-
throplasty surgeons at a single VAMC. All pa-
tients attended a preoperative visit where a 
history, physical, and anesthesia evaluation 
were performed, and watched an educational 
video detailing surgical indications and post-
operative rehabilitation. All surgeries were 
performed with tourniquets and a periarticu-
lar injection was performed at the conclusion 
of each case. Surgeon 1 treatment of choice 
was 10 mL 0.5% bupivacaine, whereas sur-
geon 2 performed a posterior capsular in-
jection of 30 mL 0.25% bupivacaine and a 
periarticular injection of 30 mg ketorolac in 
10 mL 0.25% bupivacaine with epinephrine.

Prior to August 2014, general endotra-
cheal anesthesia was used intraoperatively. 
A patient-controlled analgesia (PCA) pump 
of morphine or hydromorphone and addi-
tional oral oxycodone or hydrocodone was 
used for postoperative pain. PCA pumps 
were patient dependent. In the control group,  
245 patients received the morphine PCA 
while 61 received the hydromorphone 
PCA. Morphine PCA dosing consisted of  
1-mg doses every 10 minutes with poten-
tial baseline infusion rates of 0.5 to 1.0 mg/h 
and a 4-hour limit of 20 mg. Hydromorphone 
PCA dosing consisted of 0.2 to 0.4-mg doses 
with a potential continuous dose of 0.2 to  
0.4 mg/h and a 4-hour limit of 4 mg. 

In August 2014, a new analgesic proto-
col was adopted for TKA consisting of in-
traoperative spinal anesthesia (0.75% 
bupivacaine) with IV sedation (propofol), 
a postoperative multimodal analgesic regi-
men, an ACB performed in the postanesthe-

sia care unit (PACU), and opioids as needed 
(protocol group). The ACB catheter was a 
0.5% ropivo caine hydrochloride injection. 
It was attached to a local anesthetic fixed 
flow rate pump that administers 0.5% ropi-
vacaine without epinephrine at 8 mL/h and 
was removed on POD 5 by the patient. The 
multimodal medication regimen included IV 
ketorolac 15 mg every 6 hours for 3 doses, 
gabapentin 300 mg every 8 hours, acetamin-
ophen 975 mg every 8 hours, meloxicam 
7.5 mg daily, tramadol 50 mg every 6 hours, 
oxycodone 5 mg 1 to 2 tabs every 4 hours 
as needed, and IV hydromorphone 0.5 mg 
every 4 hours as needed for breakthrough 
pain.

Preoperative demographic character-
istics were collected (Table 1). Data on all 
IV and oral opioid requirements were col-
lected for both groups, converted to mor-
phine milligram equivalents (MME), and a 
total morphine equivalent dose (MED) was 
calculated.20,21

In April 2015, a separate protocol change 
occurred at the DVAMC with the goal of 
discharge on POD 1. To standardize out-
comes before and after this change, data 
collection regarding opioid requirements 
was concluded at midnight on POD 1. If a  

TABLE 1 Preoperative Demographic Characteristics

Variables
Control  
(n = 306)

Protocol (n 
= 227)

P  
valuea

Age, mean (SD), y 63.5(8.6) 65.0(8.1) .04

Sex, male/female, % 91.2/8.8 93.0/7.0 .52

Body mass index, mean (SD) 31.5 (4.9) 32.2(4.0) .09

Range of motion,° (SD)
  Maximum knee flexion
  Maximum knee extension
  Knee total arc

111.0 (15.0)
5.0 (6.4)

106.0 (17.9)

111.3 (12.6)
4.0 (5.7)

107.3 (15.1)

.84

.05

.38

Comorbid conditions, %
  Diabetes mellitus type 1
  Diabetes mellitus type 2
  Coronary artery disease
  Chronic obstructive pulmonary disease
  Chronic kidney disease
  Deep vein thrombosis history
  Pulmonary embolism history

2.6
25.8
16.3
5.9
2.6
2.0
1.3

1.3
32.2
19.8
13.7
3.5
4.0
1.8

.37

.12

.31
.002
.61
.19
.73

Preoperative emergency department 
visits, mean (SD) 0.53 (1.3) 0.45 (1.0) .48

aBetween-groups differences using independent samples using t tests for continuous 
data and Fisher exact tests for discrete data.
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patient was discharged before midnight on  
POD 1, opioid requirement through the 
time of discharge was collected. All surger-
ies were performed in the morning to early 
afternoon; however, specific surgical times 
were not collected. Patients were also evalu-
ated by a physical therapist on POD 0, and 
maximal knee flexion and extension were 
measured on POD 1. Patients were dis-
charged with prescriptions for oxycodone/
acetaminophen and tramadol and were seen 
3 weeks later for their first postoperative 
visit. Opioid refills at the first postoperative 
visit were recorded. 

All statistical analyses were performed 
in SAS 9.4 with significance set to α = 0.05.  
Between-groups differences in preoperative 
and perioperative characteristics as well as 
postoperative outcomes were analyzed using 
independent samples t tests for continuous 
variables and Fisher exact tests for dichoto-
mous discrete variables. Where groups dif-
fered for a pre- or perioperative variable, 
linear mixed models analysis was used to 
determine whether IV, oral, and total MEDs 
were significantly affected by the interaction 
between the pre- or perioperative variable 
with analgesia group. For refills at the postop-
erative visit, the effects of pre- or perioperative 
differences were tested using χ2 tests. Effect 
sizes for outcome variables were estimated 
using Cohen d and probability of superiority 
(Δ) for continuous variables, and relative risk 
(RR) in the case of discrete variables.22

RESULTS
During the study period from June 1, 2011, 
through December 31, 2015, 533 eligible 
TKAs were performed, 306 in the control 
group and 227 in the protocol group. The 
groups had similar sex distribution; body 
mass index; knee range of motion; diagnoses 
of diabetes mellitus, coronary artery disease, 
and chronic kidney disease; and history of 

deep vein thrombosis (DVT) or pulmonary 
embolism (P ≥ .05). The protocol group was 
significantly older (P = .04) and had a signifi-
cantly higher rate of chronic obstructive pul-
monary disease (COPD) (P = .002). There 
were no significant differences between num-
ber of procedures performed by surgeon  
(P = .48) or total tourniquet time (P = .13) 
(Table 2). Mean (SD) length of stay was sig-
nificantly greater in the control group com-
pared with the protocol group (2.5 [1.3] vs 
1.4 [0.7] days, P < .001).

Figure 1 shows the distributions of each 
type of opioid used. Compared with the 
control group, the protocol group had a 
significantly lower mean (SD) IV opioid 
use: 178.2 (98.0) MED vs 12.0 (24.6) MED  
(P < .001; d = 2.19; Δ = 0.94) and mean 
(SD) total opioid use: 241.7 (120.1) MED 
vs 74.8 (42.7) MED (P < .001; d = 1.76;  
Δ = 0.89). Mean (SD) oral opioid use 
did not differ between groups (control,  
63.6 [45.4] MED; protocol, 62.9 [31.4] 
MED; P = .85; d = 0.02; Δ = 0.51). A signif-
icantly lower percentage of patients in the 
protocol group received additional opioids at 
the 3-week follow-up when compared to the 
control group: 46.7% vs 61.3%, respectively 
(P < .001; RR, 0.76; 95% CI, 0.65-0.90).

There were no significant differences in 
postoperative mean (SD) maximum knee 
flexion (control, 67.2 [15.7]°; protocol, 
67.8 [19.2]°; P = .72; d = 0.03; Δ = 0.51) or 
mean (SD) total flexion/extension arc (con-
trol, 66.2 [15.9]°; protocol, 67.9 [19.4]°;  
P = .32; d = 0.10; Δ = 0.53). Mean (SD) post-
operative maximum knee extension was 
significantly higher in the protocol group 
compared with the control group (-0.1 [2.1]° 
vs 1.0 [3.7]°; P < .001; d = 0.35; Δ = 0.60). 
More patients in the protocol group (92.5%) 
were discharged to home compared with the 
control group (86.6%) (P = .02; RR, 1.07; 
95% CI, 1.01-1.13). 

Because age and rates of COPD differed 
between groups, sensitivity analyses were 
conducted to determine whether these vari-
ables influenced postoperative opioid use. 
The relationship between age and group 
was significant for IV (P < .001) and total 
opioid use (P < .001). Younger patients re-
ceived higher MED doses than older pa-
tients within the control group, while 
dosages were fairly consistent regardless of 

TABLE 2 Perioperative Characteristics
Variables Control (n = 306) Protocol (n = 227) P valuea

Surgeon 1/2, % 55.6/44.4 52.4/47.6 .48

Tourniquet time, mean (SD) 68.1 (13.8) 69.8 (12.4) .13

Length of stay, mean (SD), d 2.5 (1.3) 1.4 (0.7) < .001
aBetween-groups differences using independent samples using t tests for continuous 
data and Fisher exact tests for discrete data.
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age in the protocol group (Figure 2). There 
was no significance in age interaction effect 
with regard to oral opioids (P = .83) nor 
opioid refills at 3-week follow-up (P = .24).

The sensitivity analysis for COPD found 
that a diagnosis of COPD did not signifi-
cantly influence utilization of IV opioids  
(P = .10), or total opioids (P = .68). There 
was a significant interaction effect for oral 
opioids (Figure 3). Patients in the control 
group with COPD required significantly 
higher mean (SD) oral opioids than pa-
tients without COPD (91.5 [123.9] MED 
and 62.0 [36.0] MED, respectively; P = .03). 
In the control group, the χ2 test was signifi-
cant regarding opioid prescription refills at 
the 3-week visit (P = .004) with 62.4% of pa-
tients with COPD requiring refills vs 44.4% 
without COPD (P = .004). There was no dif-
ference in refills in the protocol group (46.4% 
vs 48.4%).

Finally, 2-sided independent samples t test 

evaluated total MED use between the 2 sur-
geons. There was no difference in total MED 
per patient for the surgeons. In the control 
group, mean (SD) total MED for surgeon 1 
was 232.9 (118.7) MED vs 252.8 (121.5) 
MED for surgeon 2 (P = .18). In the proto-
col group, the mean (SD) total MED was  
72.5 (43.2) and 77.4 (42.1) for surgeon 1 and 
surgeon 2, respectively (P = .39).

DISCUSSION
Coordinated efforts with major medical or-
ganizations are being made to decrease opi-
oid prescriptions and exposure.5,6 To our 
knowledge, no study has quantified a de-
crease in opioid requirement in a VA pop-
ulation after implementation of a protocol 
that includes intraoperative spinal anesthe-
sia and a postoperative multimodal analge-
sic regimen including ACB after TKA. The 
analgesic protocol described in this study 
aligns with recommendations from both 

FIGURE 1 Opioid Use for Study Total Knee Arthroplasties
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the CDC and the AAOS to decrease opioid 
use and misuse by maximizing nonopioid 
medications and limiting the size and num-
ber of opioid prescriptions. However, pub-
lic and medical opinion of opioids as well 
as prescribing practices have changed over 
time with a trend toward lower opioid use. 
The interventions, as part of the described 
protocol, are a result of these changes and 
attempt to minimize opioid use while maxi-
mizing postoperative analgesia. 

Our data showed a significant decrease in 
total opioid use through POD 1, IV opioid 
use, and opioid prescriptions provided at the 
first postoperative visit. The protocol group 
used only 6.7% of the IV opioids and 30.9% 
of the total opioids that were used by the 
control group. The substantial difference in 
IV opioid requirement, 166.2 MED, is equiv-
alent to 8 mg of IV hydromorphone or 55 mg 
of IV morphine. The difference in total opi-
oid requirement was similar at 166.9 MED, 
equivalent to 111 mg of oral oxycodone.

Decreasing opioid use has the additional 
benefit of improving outcomes, as higher 
doses of opioids have been associated with 
increased length of stay, greater rates of DVT, 
and postoperative infection.23 These compli-
cations occurred in a stepwise manner, sug-
gesting a dose-response gradient that makes 
the sizable decrease noted in our data of 
greater relevance.23 While the adverse effects 
(AEs) of opioids are well known, there are 
limited data on opioid dosing and its effect 

on perioperative outcomes.23

A significant decrease in the percent-
age of patients receiving an opioid prescrip-
tion at the first postoperative visit suggests 
a decrease in the number of patients on 
prolonged opioids after TKA with implemen-
tation of modern analgesic modalities. The 
duration of postoperative opioid use has been 
found to be the strongest predictor of mis-
use, and each postoperative refill increases 
the probability of misuse by 44%.24 In addi-
tion, opioid use for > 3 months after TKA is 
associated with increased risk of peripros-
thetic infection, increased overall revision 
rate, and stiffness at 1 year postoperatively.9 
While not entirely under the control of the 
surgeon, measures to decrease the number of 
postoperative opioid refills may lead to a de-
crease in opioid misuse. 

In the control group, older patients tended 
to receive less opioids. This is likely due to 
physiologic changes in opioid metabolism 
associated with aging, including decreased 
renal and hepatic opioid metabolism and al-
terations in overall body composition that in-
crease relative potency and duration of action 
of opioids in a geriatric population.25,26 No 
difference in opioid use by age was found for 
the protocol group.

Patients in the protocol group demon-
strated significantly greater maximal knee 
extension on POD 1 compared with the con-
trol group. No difference in maximal flexion 
was found. This difference in extension may  

FIGURE 2 Effect of Age on Opioid Outcomes
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partially be explained by the use of an ACB. 
One benefit of ACB is greater quadriceps 
strength and fewer near-fall events when 
compared with FNB.15,19

Our results corroborate the findings of 
similar studies. A randomized controlled trial 
comparing a multimodal analgesic regimen 
with a periarticular injection without a post-
operative ACB to a hydromorphone PCA re-
vealed a significant decrease in opioid use in 
the multimodal analgesic group.27 Along with 
lower opioid requirements, the multimodal 
analgesic group had lower visual analog scale 
pain scores, fewer AEs, faster progression to 
physical therapy milestones, and higher satis-
faction.27 Recent guidelines from the French 
Society of Anaesthesia and Intensive Care 
Medicine recommend against the use of ga-
bapentin as a method of postoperative pain 
control. However, this specifically refers to 
the preoperative administration of gabapen-
tin. This same set of guidelines later cites a 
high level of evidence suggesting patients un-
dergoing arthroplasty benefit more from ga-
bapentinoids.28 Multiple analgesic protocols 
that include gabapentin as a part of a mul-
timodal approach have been shown to have 
positive results.13,29

In our study, patients receiving the mul-
timodal analgesic regimen were signif-
icantly more likely to be discharged home 
rather than to postacute care facilities, which 
have been associated with increased rates of 
major complications, 30-day readmission, 

and 30-day reoperation.30,31 In addition, dis-
charge to an inpatient rehabilitation or skilled 
nursing facility has not been found to re-
sult in higher functional outcomes, despite  
$3.2 billion spent yearly on rehabilitation ser-
vices after primary TKA.32,33 

A component of our described analgesic 
protocol included spinal anesthesia intraop-
eratively. The differences between groups re-
garding anesthesia type can be attributed to 
this protocol change. A significantly greater 
percentage of patients in the protocol group 
received spinal anesthesia, while more pa-
tients in the control group received general 
anesthesia. While patients who received spi-
nal anesthesia may have enhanced analge-
sia in the immediate postoperative period, 
no differences in opioid outcomes were seen 
based on anesthesia type. Known benefits 
of intraoperative spinal anesthesia include 
decreased perioperative blood loss and a 
smaller decrease in hemoglobin postoper-
atively, as well as lower rates of in-hospital 
complications, including pulmonary embo-
lism, pneumonia, cerebrovascular events, and 
acute renal failure.34 

Limitations
A number of limitations of this study 
should be noted. One was a protocol 
change regarding length of stay, which oc-
curred during the study period and resulted 
in a significantly shorter length of stay 
in the protocol group. As a result, opioid  

FIGURE 3 Interaction Effect of COPD and Group on Opioid Use 
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use data were analyzed only through mid-
night at the end of POD 1. Patients who 
were discharged on POD 1 did not have 
opioid use data available for the full du-
ration of the first POD, which may exag-
gerate the decrease in opioid requirements, 
as opioids used after discharge but prior 
to midnight on POD 1 were not recorded. 
However, opioids taken at home are oral 
with a low MME compared with IV opi-
oids received by hospitalized patients in 
the control group. In addition, if taken as 
prescribed, patients at home would only 
have enough time to take a few doses of 
opioids prior to the midnight cutoff. We do 
not believe this difference in time of opi-
oid use meaningfully affected the data. An 
additional limitation includes the variabil-
ity between periarticular injections between 
surgeons. While the percentage of patients 
that received injections from surgeon 1 vs 
surgeon 2 were similar, it cannot be ruled 
out as a potential confounding factor. Other 
limitations include a lack of pain scores to 
compare subjective pain ratings, the retro-
spective nature of the study, and a largely 
homogenous male VA population.

CONCLUSIONS
Ease of access to opioids is a risk factor 
for opioid abuse, which itself is a risk fac-
tor for subsequent heroin use.1,2 The CDC 
and AAOS have thus published recommen-
dations regarding opioid prescribing prac-
tices to decrease opioid use and abuse.5,6 
Our described protocol, which aligns with 
these recommendations, resulted in a sig-
nificant decrease in IV opioid requirement, 
total opioid requirement, and lower rates 
of opioid prescriptions provided at the first 
postoperative visit. These promising find-
ings demonstrate a lower percentage of pa-
tients on long-term opioids after TKA and 
a significantly decreased cumulative opioid 
exposure.
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