
Landscape of Outpatient Knee Replacement  
Procedures

Total knee arthroplasty (TKA) is among the most common 
procedures performed in the United States, with incidence 
projected to increase over time from 429 to 725 per 100,000 
population by 2050, a more than 100 percent increase in the 
number of procedures.1 Alongside the increase in number of 
procedures, enhanced patient recovery pathways, and value-
based care and bundled payment initiatives have allowed 
for the migration of TKA procedures from inpatient to out-
patient settings.2,3 Migration accelerated in 2018 when the 
Centers for Medicare & Medicaid Services (CMS) removed 
TKA from the inpatient-only list4 and was expedited in 2020 
when CMS provided provisions for TKA reimbursement in 
the ambulatory surgery center (ACS) setting. However, the 
COVID-19 pandemic has had a profound effect on all hip and 
knee arthroplasty practices, with over 70% of surgeons cance-
ling elective procedures.5 In the United States, an estimated 
30,000 primary and 3,000 revision hip and knee arthroplasty 
cases were canceled each week of the COVID-19 restrictions.6  
This halt in elective surgeries has led to challenging times 
for patients and surgeons alike. A survey showed that, while 
over 90% of patients whose procedures had been canceled 
due to Covid-19 planned to reschedule the surgery as soon 
as possible, they had new found anxiety over the inpatient 
setting.7 

Considering the backlog of cases and lack of availability 
in the inpatient setting, an outpatient center and/or ASC may 
be a viable option to perform a TKA in a safe and optimal 
manner. Several studies have shown similar or improved out-
comes and expedited discharges in an ASC with cost savings 
compared to an inpatient setting.8-11 Prospective trials have 
also demonstrated that the majority of complications associ-
ated with a TKA occur outside the procedural admission.12 The 
American Association of Hip and Knee Surgeons (AAHKS) 
have concluded that outpatient joint replacements “can be 
appropriately performed in an outpatient setting with safe 

discharge the day of surgery” in the appropriately optimized 
patient and surgical setting.13

Pain Management as a Key Driver in Shifting to  
Outpatient Surgery

One of the chief concerns of both surgeons and patients, 
particularly in the outpatient setting, is the postsurgical pain 
associated with a TKA.  Several studies have shown that inad-
equate pain control has led to higher readmission rates, time 
to discharge, and time to ambulation, which all have demon-
strated cost implications.14 In a large retrospective analysis of 
same-day surgeries (n = 20,817), Coley et al. observed that pain 
was the predominant reason for unexpected hospital admis-
sion or readmission post procedure. In addition, the mean 
cost per patient for follow-up management of inadequately 
controlled pain after outpatient surgery was estimated to be 
US $1,869 per visit.15 

Therefore, opioids have become a mainstay for primary 
pain control for total joint arthroplasty; however, there are 
significant adverse events. In addition, the use of opioids 
preoperatively and intraoperatively has been associated with 
the requirement of paradoxically increased opioids postop-
eratively due to, so-called, opioid-induced hyperalgesia.16  To 
further emphasize the negative consequences associated 
with the effects of opioids, Brummett et al. found that 6% of 
patients continued to use opioids 90 days after a minor sur-
gery and concluded that prolonged opioid use is the most 
common complication after surgery.17 To counter the effects 
of opiods, multimodal analgesia has been established as the 
optimal regimen for postsurgical pain management, as a 
means to provide superior pain relief.18,19 The adverse events 
and economic impact associated with the over prescription 
of opioids when a multimodal is present has been well de-
scribed.19,20-29  

As detailed in the AAHKS position statement, successful 
outpatient surgery requires a carefully selected and medical-
ly optimized patient as well as attention to pain management 
through the surgical care. Multimodal enhanced recovery 
pathways have been shown to be successful in reducing the 
reliance on opioids as a monotherapy for controlling postsur-
gical pain.13  

The potential for a patient to experience opioid-free anal-
gesia and anesthesia, careful applications of regional anesthe-
sia techniques and multimodal agents can be implemented 
to optimize a total knee procedure in an enhanced recovery 
pathway, which includes presurgical patient education, re-
alistic expectations, and an individualized multimodal out-
patient setting.18, 30, 31 Van Horne et al. published an enhanced 
recovery pathway with a triple aim approach, which includes 
presurgical patient education, realistic expectations, and an 
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individualized multimodal opioid-sparing pain manage-
ment protocol.32 

Regional Anesthesia Techniques as a Cornerstone of  
Opioid-minimized Pain Management 

The scope of regional anesthesia includes spinal, epidural, 
and nerve blocks. Scholsser et al. found that high doses of opi-
oids within the multimodal pain management pathway lead 
to compromised patient outcomes with the increased risks 
associated.33 Additionally, with the increased risks for health 
care providers and patients associated with airway manipula-
tion, the preferences for a combination of regional anesthe-
sia has increased.34  

Local infiltration anesthesia (LIA) has become a standard 
practice of total hip and total knee arthroplasty. In a recent 
survey of the AAHKS members, periarticular injections were 
used by 80.3%.35 In a prospective randomized trial, liposomal 
bupivacaine showed significant reduction of pain and opi-
oid use, with 10% of patients remaining opioid free through 
72 hours after the surgical procedure.36 Additionally, Dysart 
et al. showed patients who received liposomal bupivacaine 
were 16% less likely to require opioid rescue within the first 
24 hours of a TKA and were found to be ready for earlier dis-
charge.31

In addition to LIA, peripheral nerve blocks have improved 
enhanced recovery pathways as well. Hebl et al. found a peri-
operative analgesic regimen emphasizing peripheral nerve 
blocks for patients undergoing total hip and knee arthroplas-
ty had significant improvements in perioperative outcomes 
and fewer adverse events.37

Advances in Regional Anesthesia Techniques

The adductor canal block (ACB) has been an effective ad-
junct for pain relief after TKA, particularly in the same-day 
setting after TKA due to its motor sparing advantage over 
femoral nerve block. Greenky et al. found that intraoperative 
surgeon administered adductor canal blockade is equivalent 
to an anesthesiologist administered adductor canal block 
with respect to pain, opioid consumption, range of motion, 
patient satisfaction, or short-term functional outcomes.38 The 
study highlights an opportunity for surgeons to provide ad-
equate pain relief where a regional anesthesiologist may not 
be available. Although this may represent a new, safe, and cost-
effective approach for surgeons who lack regional anesthesi-
ologist services, larger studies must be done to demonstrate 
safety and efficiency of the technique. Several studies have 
shown a potential synergistic effect of the block in addition 
to a pericapsular injection.39  Zhou et al. compared patients 
with an ACB to patients with an ACB and LIA and found pa-
tient satisfaction and pain relief was higher in the combined 
approach.40 To highlight the benefits, a meta-analysis of stud-
ies found an improvement in analgesia and faster functional 
rehabilitation in patients who underwent a TKA with an ACB 
combined with an LIA compared to an ACB alone.41 Regional 
techniques for the knee can also be translated to the shoulder 
using LIA and interscalene nerve blocks.  

Arthroscopic rotator cuff repair and shoulder arthroplasty 
have been associated with excellent clinical outcomes; how-
ever, clinically significant postsurgical pain continues to 
be a challenge. With the advent of a multimodal approach 
to shoulder surgery and with the addition of a long-acting 
interscalene block, the postoperative burden of clinically sig-
nificant pain has been diminished. A randomized, controlled 
trial by Sethi et al. demonstrated that liposomal bupivacaine 
infiltrated into the surgical site as a field block in addition 
to a standard interscalene block reduced total narcotic con- 

sumption of a five-day period by 64%.42 Similarly, a rand-
omized, controlled trial by Sabesan et al. demonstrated that 
patients who received liposomal bupivacaine LIA had com-
parable narcotic use, pain scores, fewer complications, and 
lower cost when compared to a continuous interscalene 
block.43 Patel et al. showed a liposomal bupivacaine intersca-
lene nerve block demonstrated significant improvement in 
pain scores, opioid consumption, and percentage of opioid-
free patients over 48 hours after surgery versus placebo.44

More recently attention has turned to the use of preemp-
tive, presurgical techniques to reduce pain and opioid use 
associated with knee arthroplasty. Novel platforms, such 
as cryoneurolysis, have been applied to TKA to reduce pain 
and opioid use. Dasa et al. found that patients undergoing 
cyroneurolysis of the infrapatellar branch of the saphenous 
nerve in addition to a multimodal pathway including re-
gional anesthesia preoperatively had a reduced length of stay 
(LOS) versus control and also required 45% less opioids dur-
ing the first 12 weeks after surgery.  This intervention group 
also demonstrated significantly less pain and pain interfer-
ence in follow-up.45 

Percutaneous freezing of sensory nerves prior to surgery 
is another step towards the opioid-minimization pathway. In 
a motor-sparing approach, the sensory nerves undergo Wal-
lerian degeneration with application of the cooling element 
and return to function over a period of time as the nerves re-
generate to the original locations. Further clinical trials are 
ongoing with the combination of cryoneurolysis and mul-
timodal pathway, including regional anesthesia techniques, 
with the hope of further advancing enhanced recovery path-
ways. The ability to apply the longest lasting sensory block 
with cryoneurolysis of sensory nerves for TKA pain manage-
ment may significantly alter the recovery landscape postop-
eratively and further facilitate the migration of TKA to an 
outpatient setting.

FIGURE 1. iovera° device.
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The potential for opioid-free analgesia and opioid-free an-
esthesia in many surgical procedures holds the promise of 
improved care for our patients, the common goal of surgeons 
and anesthesiologists alike. 

References

1. Inacio MCS,  Paxton EW,  Graves SE, et al. Projected increase in total 
knee arthroplasty in the United States – an alternative projection 
model. Osteoarthritis Cartilage. 2017;25(11):1797-1803. 

2. Shah RR, Cipparrone NE, Gordon AC, et al. Is it safe? Outpatient total 
joint arthroplasty with discharge to home at a freestanding ambula-
tory surgical center. Arthroplast Today. 2018;4(4):484-487. 

3. Sloan M, Premkumar A, Sheth NP. Projected volume of primary to-
tal joint arthroplasty in the U.S., 2014 to 2030. J Bone Joint Surg Am. 
2018;100(17):1455-1460. 

4. Edwards PK, Milles JL, Stambough JB, et al. Inpatient versus outpa-
tient total knee arthroplasty. J Knee Surg. 2019;32(8):730-735. 

5. Athey AG, Cao L, Okazaki K, et al. Survey of AAHKS international 
members on the impact of COVID-19 on hip and knee arthroplasty 
practices. J Arthroplasty. 2020;35(7S):S89-S94. 

6. Bedard NA, Elkins JM, Brown TS. Effect of COVID-19 on hip and knee 
arthroplasty surgical volume in the United States.  J Arthroplasty. 
2020;35(7S):S45-S48. 

7. Brown TS, Bedard NA, Rojas EO, et al. The effect of the COVID-19 pan-
demic on electively scheduled hip and knee arthroplasty patients in 
the United States. J Arthroplasty. 2020;35(7S):S49-S55. 

8. Husted C, Gromov K, Hansen HK, et al. Outpatient total hip or knee 
arthroplasty in ambulatory surgery center versus arthroplasty ward: 
a randomized controlled trial. Acta Orthop. 2020;91(1):42-47. 

9. Goyal N, Chen AF, Padgett SE, et al. Otto Aufranc Award: A multicent-
er, randomized study of outpatient versus inpatient total hip arthro-
plasty. Clin Orthop Relat Res. 2017;475(2):364-372. 

10. Pollock M, Somerville L, Firth A, et al. Outpatient total hip arthroplas-
ty, total knee arthroplasty, and unicompartmental knee arthroplasty: 
A systematic review of the literature.  JBJS Rev. 2016;4(12):01874474-
201612000-00004. 

11. Barad, SJ, Howell, SM, Tom, J. Is a shortened length of stay and in-
creased rate of discharge to home associated with a low readmission 
rate and cost-effectiveness after primary total knee arthroplasty? Ar-
throplast Today. 2015;4(1):107-112.  

12. Ponnasumy KE, Naseer Z, El Dafrawy MH, et al. Post-discharge care 
duration, charges, and outcomes among medicare patients after 
primary total hip and knee arthroplasty.  J Bone Joint Surg Am. 
2017;99(11):e55. 

13. Meneghini R, Gibson W, Halsey D, et al. The American Association 
of Hip and Knee Surgeons, Hip Society, Knee Society, and American 
Academy of Orthopaedic Surgeons position statement on outpatient 
joint replacement. J Arthroplasty. 2018;33(12):3599-3601. 

14. Gan TJ. Poorly controlled postoperative pain: prevalence, conse-
quences, and prevention. J Pain Res. 2017;10:2287-2298. 

15. Coley KC, William BA, DaPos SV, et al. Retrospective evaluation of un-
anticipated admissions and readmissions after same day surgery and 
associated costs. J Clin Anesth. 2002;14(5):349-353. 

16. Kadado A, Slotkin S, Akioyamen NO, et al. Total knee arthroplasty: 
opioid-free analgesia in a patient with opioid-induced hyperalgesia: 
a case report. JBJS Case Connect. 2020;10(3):e2000024. 

17. Brummett CM, Waljee JF, Goesling J, et al. New persistent opioid use 
after minor and major surgical procedures in us adults. JAMA Surg. 
2017;152(6):e170504.

18. Chou R, Gordon DB, de Leon-Casasola O, et al. Management of post-
operative pain: a clinical practice guideline from the American Pain 
Society, the American Society of Regional Anesthesia and Pain Medi-
cine, and the American Society of Anesthesiologists’ Committee 

on Regional Anesthesia, Executive Committee, and Administrative 
Council. J Pain. 2016;17(2):131-157.

19. Li JW, Ma YS, Xiao LK. Postoperative pain management in total knee 
arthroplasty. Orthop Surg. 2019;11(5):755-761. 

20. Oderda GM, Evan SR, Lloyd J, et al. Cost of opioid-related adverse drug 
events in surgical patients. J Pain Symptom Manage. 2003;25(3):276-
283.

21. Gan TJ, Habib AS, Miller TE, et al. Incidence, patient satisfaction, and 
perceptions of post-surgical pain: results from a US national survey. 
Curr Med Res Opin. 2014;30(1):149-160. 

22. Kessler ER, Shah M, Gruschkus SK, et al. Cost and quality implica-
tions of opioid-based postsurgical pain control using administrative 
claims data from a large health system: opioid-related adverse events 
and their impact on clinical and economic outcomes. Pharmacother-
apy. 2013;33(4):383-391. 

23. Gregorian RS, Gasik A, Kwong WJ, et al. Importance of side effects in 
opioid treatment: a trade-off analysis with patients and physicians. J 
Pain. 2010;11(11):1095-1108. 

24. Teater D. Evidence for the efficacy of pain medications. Available at 
https://www.nsc.org/Portals/0/Documents/RxDrugOverdoseDocu-
ments/Evidence-Efficacy-Pain-Medications.pdf. Accessed July 21, 2020.

25. Wheeler M, Oderda GM, Ashburn MA, et al. Adverse events associ-
ated with postoperative opioid analgesia: a systematic review. J Pain. 
2002;3(3):159-180. 

26. Kumar L, Barker C, Emmanual A. Opioid-induced constipation: 
pathophysiology, clinical consequences, and management. Gastro-
enterol Res Pract. 2014;2014:141737. 

27. Remy C, Marret E, Bonnet F. Effects of acetaminophen on morphine 
side-effects and consumption after major surgery: meta-analysis of 
randomized controlled trials. Br J Anaesth. 2005;94(4):505-513. 

28. Gan TJ, Robinson SB, Oderda GM, et al. Impact of postsurgical opioid 
use and ileus on economic outcomes in gastrointestinal surgeries. 
Curr Med Res Opin. 2015;31(4):677-686. 

29. Kim Y, Cortez AR, Wima K, et al. Impact of preoperative opioid use 
after emergency general surgery. J Gastrointest Surg. 2018;22(6):1098-
1103.

30. Moucha CS, Weiser MC, Levin EJ. Current strategies in anesthesia 
and analgesia for total knee arthroplasty. J Am Acad Orthop Surg. 
2016;24(2):60-73. 

31. Dysart SH, Barrington JW, Del Gaizo DJ, et al. Local infiltration analge-
sia with liposomal bupivacaine improves early outcomes after total 
knee arthroplasty: 24-hour data from the PILLAR study. J Arthroplasty. 
2019;34(5):882-886.e1.

32. Van Horne A, Van Horne J. Presurgical optimization and opioid-min-
imizing enhanced recovery pathway for ambulatory knee and hip 
arthroplasty: postsurgical opioid use and clinical outcomes. Arthro-
plast Today. 2019;6(1):71-76. 

33. Schlosser MJ, Korwek KM, Dunn R, et al. Reduced post-operative opi-
oid use decreases length of stay and readmission rates in patients 
undergoing hip and knee joint arthroplasty. J Orthop. 2020;21:88-93. 

34. Lie SA, Wong, SW, Wong LT, et al. Practical considerations for perform-
ing regional anesthesia: lessons learned from the COVID-19 pandem-
ic. Can J Anaesth. 2020;67(7):885-892.

35. Hannon CP, Keating TC, Lange JK, et al. Anesthesia and analgesia 
practices in total joint arthroplasty: a survey of the American As-
sociation of Hip and Knee Surgeons membership. J Arthroplasty. 
2019;34(12):2872-2877.e2. 

36. Mont MA,  Beaver WB, Dysart S, et al. Local infiltration analgesia with 
liposomal bupivacaine improves pain scores and reduces opioid use 
after total knee arthroplasty: results of a randomized controlled trial.  
J Arthroplasty. 2018;33(1):90-96.

37. Hebl JR, Dilger JA, Byer DE, et al. A pre-emptive multimodal pathway 
featuring peripheral nerve block improves perioperative outcomes 
after major orthopedic surgery. Reg Anesth Pain Med. 2008;33(6):510-
517.



  ADVERTISING FEATURE

38. Greenky MR, McGrath ME, Levicoff EA, et al. Intraoperative surgeon 
administered adductor canal blockade is not inferior to anesthesi-
ologist administered adductor canal blockade: a prospective rand-
omized trial. J Arthroplasty. 2020;35(5):1228-1232. 

39. Nader A, Kendall MC, Manning D, et al. Single-dose adductor canal 
block with local infiltrative analgesia compared with local infiltrate 
analgesia after total knee arthroplasty: a randomized, double-blind, 
placebo-controlled trial. Reg Anesth Pain Med. 2016;41(6):678-684.

40. Zhou M, Ding H, Ke J. Adductor canal block in combination with pos-
terior capsular infiltration on the pain control after TKA. Ir J Med Sci. 
2018;187(2):465-471. 

41. Zuo W, Guo W, Ma J, Cui W. Dose adductor canal block combined 
with local infiltration analgesia has a synergistic effect than adduc-
tor canal block alone in total knee arthroplasty: a meta-analysis and 
systematic review. J Orthop Surg Res. 2019;14(1):101. 

42. Sethi P, Brameier D, Mandava NK, Miller SR. Liposomal bupivacaine 
reduces opiate consumption after rotator cuff repair in a randomized 
controlled trial.  J Shoulder Elbow Surg. 2019;28(5):819-827.

43. Sabesan VJ, Shahriar R, Petersen-Fitts GR, Whaley JD, Bou-Akl T, et al. 
A prospective randomized controlled trial to identify the optimal 
postoperative pain management in shoulder arthroplasty: liposo-
mal bupivacaine versus continuous interscalene catheter. J Shoulder 
Elbow Surg. 2017;26(10):1810–1817.

44. Patel MA, Gadsden JC, Nedeljkovic SS, et al. Brachial plexus block 
with liposomal bupivacaine for shoulder surgery improves analgesia 
and reduces opioid consumption: results from a multicenter, rand-
omized, double-blind, controlled trial. Pain Med. 2020;21(2):387-400.

45. Dasa V, Lensing G, Parsons, M, et al.  Percutaneous freezing of sensory 
nerves prior to total knee arthroplasty. Knee. 2016;23(3):523-528.


