
Background: Long-term and sustainable clinical practice changes in anesthesia proce-
dures have not previously been reported. Therefore, we performed a 5-year audit following 
implementation of a clinical pathway change favoring spinal anesthesia for total knee ar-
throplasty (TKA). We similarly evaluated a parallel cohort of patients undergoing total hip 
arthroplasty (THA), who did not undergo a clinical pathway change, and studied utiliza-
tion rates of continuous peripheral nerve block (CPNB). 
Methods: We identified all primary unilateral TKA and THA cases completed from Janu-
ary 2013 through December 2018, thereby including clinical pathway change data from 
one-year pre-implementation to 5-years post-implementation. Our primary outcome was 
the overall application rate of spinal anesthesia. Secondary outcomes included CPNB utili-
zation rate, 30-day postoperative complications, and resource utilization variables such as 
hospital readmission, emergency department visits, and blood transfusions. 
Results: The sample included 1,859 cases, consisting of 1,250 TKAs and 609 THAs. 
During the initial year post-implementation, 174/221 (78.7%) TKAs received spinal anes-
thesia compared to 23/186 (12.4%) cases the year before implementation (P < 0.001). 
During the following 4-year period, 647/843 (77.2%) TKAs received spinal anesthesia (P = 
0.532 vs. year 1). The number of THA cases receiving spinal anesthesia the year after im-
plementation was 78/124 (62.9%), compared to 48/116 (41.4%) pre-implementation (P = 
0.001); however, the rate decreased over the following 4-year period to 193/369 (52.3%) (P 
= 0.040 vs. year 1). CPNB use was high in both TKA and THA patient groups, and there 
were no differences in 30-day postoperative complications, hospital readmission, emer-
gency department visits, or blood transfusions between patients who underwent spinal 
and general anesthesia in both TKA and THA groups. 
Conclusions: A clinical pathway change promoting spinal anesthesia for TKA can be ef-
fectively implemented and sustained over a 5-year period.  
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Introduction 

The International Consensus on Anesthesia-Related Outcomes 
after Surgery group published recommendations in 2019 advocat-
ing for neuraxial anesthesia as the anesthetic technique of choice 
for patients undergoing total hip and knee arthroplasty [1]. Im-
plementing these recommendations will represent a significant 
practice change for many anesthesiology groups, especially in the 
United States where nationwide database studies show that 
neuraxial anesthesia continues to be underutilized [2,3]. 

Despite the wealth of research data generated to guide clinical 
care, translation of research evidence to clinical practice is often a 
long and tedious process [4]. The barriers to implementing 
change have been extensively studied, and are both intrinsic and 
extrinsic [5]. In December 2013, within the context of a Perioper-
ative Surgical Home (PSH) model, we implemented a change in 
our clinical pathway for total knee arthroplasty (TKA), offering 
spinal anesthesia as the preferred intraoperative anesthetic tech-
nique [6]. We based this decision on ample evidence demonstrat-
ing positive outcomes associated with the use of this technique 
[7]. At the end of six months, our spinal anesthesia utilization rate 
increased to 63%, from a previous rate of 13% for the six months 
pre-implementation [6]. 

However, despite successful implementation of a clinical prac-
tice change, evidence suggests that most changes are not sustained 
[8]. For example, one-third of improvement projects are reported-
ly abandoned within one year in the United Kingdom’s National 
Health Service [8]. The long-term sustainability of clinical prac-
tice changes in anesthesiology has not previously been reported. 
Therefore, we designed this study as a 5-year audit to examine the 
sustainability of a clinical pathway change at our institution favor-
ing spinal anesthesia for TKA, hypothesizing that the rate of spi-
nal anesthesia utilization would not differ between the first year 
post-implementation and the subsequent 4-year period. As a 
comparison, we evaluated spinal anesthesia utilization for a paral-
lel cohort of total hip arthroplasty (THA) patients in the same 
time frame, since the THA clinical pathway was not changed to 
specify a preferred anesthetic technique. We also examined the 
utilization of regional analgesia in the form of continuous periph-
eral nerve block (CPNB), as part of the multimodal analgesic pro-
tocol and other postoperative outcomes in the PSH database for 
both TKA and THA. 

Materials and Methods 

This study was conducted with Institutional Review Board ap-
proval (28958) and waiver for informed consent (Stanford, CA, 

USA), and Veterans Affairs (VA) Research Committee approval 
(MAR0004; Palo Alto, CA, USA), at a university-affiliated tertiary 
care VA hospital with an active total joint replacement program, 
and a PSH [9,10]. The PSH program at our institution, and the 
TKA clinical pathway were previously described [6,11], and 
perioperative outcomes for inpatients are tracked using a custom-
ized PSH database [9]. The PSH database is populated by attend-
ing anesthesiologists, and is based on bedside visits on postopera-
tive day (POD) 1, and electronic medical record reviews at POD 
30. 

In December 2013, at our regular departmental staff meeting, 
the TKA clinical pathway was changed to designate spinal as the 
preferred option for intraoperative anesthesia [6]. At the time, the 
data favoring spinal were deemed stronger for TKA compared to 
THA [7], so no change was made to our THA clinical pathway. 
The TKA clinical pathway change was endorsed by the depart-
ment head and administrative champion, with unanimous agree-
ment by all staff anesthesiologists. All anesthesiologists were pro-
vided with education and suggested language in standard work 
format for patient counseling, regarding anesthetic options for 
their knee replacement surgery. Our PSH team monitored adher-
ence to the protocol, and provided each anesthesiologist with his 
or her rates of spinal anesthesia utilization, feedback on effective-
ness of preoperative counseling, and re-training on the standard 
work as needed [6]. 

Study Population 

We identified all primary unilateral TKA and THA cases com-
pleted from January 2013 through December 2018 to include data 
on the clinical pathway change from 1 year pre-implementation 
to 5 years post-implementation. We excluded duplicate entries 
and all surgeries other than primary TKA or THA (e.g., same-day 
bilateral surgeries, unicompartmental arthroplasty, and surgeries 
related to infection, reimplantation, or hardware removal plus ar-
throplasty). We then divided the sample into separate knee and 
hip replacement groups for analysis. 

Outcomes 

Our primary outcome was the overall spinal anesthesia usage 
rate in patients undergoing TKA. The initial one-year post-imple-
mentation rate was compared to the rate during the subsequent 4 
years. Spinal anesthesia utilization rates one-year before, and one-
year after implementation of the TKA protocol change were also 
evaluated. Similar comparisons were conducted in a parallel co-
hort of THA patients. 
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A secondary outcome was CPNB utilization rates in both the 
TKA and THA groups (adductor canal for TKA [12], and fascia 
iliaca for THA [13]). Additional outcomes included comparisons 
of 30-day postoperative event variables, based on anesthetic type 
and collected in the PSH database. Variables related to resource 
utilization included hospital readmission, post-discharge emer-
gency department visits, and blood transfusions. Complications 
included cardiovascular events (e.g., myocardial infarction, ar-
rhythmia, or cardiac arrest), pulmonary events (e.g., respiratory 
failure requiring intubation), delirium, catheterization for urinary 
retention, acute renal failure, ileus, surgical site infection, and 
death. 

Statistical Analysis 

Statistical analysis was performed with NCSS Statistical Soft-
ware (NCSS, LLC, USA), and IBM SPSS Statistics Version 23 
(IBM Corp., USA). Normality of distribution was determined for 
all scale variables using the Kolmogorov-Smirnov test. Single 
comparisons of normally distributed data were performed with 
Student’s t test, while the Mann-Whitney U test was used for con-
tinuous data in non-normal distributions. The Chi square test or 
Fisher’s exact test (n <  5 in any field) was used for categorical data 
comparisons. A value of P <  0.05 was considered statistically sig-
nificant. 

Results 

Our initial query retrieved 2,298 TKA and THA cases. After re-
moving duplicate entries (n =  130), and all surgeries other than 
primary unilateral TKA or THA (n =  309), the final sample con-
sisted of 1,859 cases, including 1,250 TKAs and 609 THAs. Nearly 
all patients in both groups were male. The median (10th–90th per-
centiles) age for TKA patients was 67 (56–76) years, compared to 
66 (55–77) years for THA patients (P =  0.782). In both groups, 
the median (10th–90th percentiles) American Society of Anesthesi-
ologists physical status was 3 (2–3) (P =  0.913). 

Primary Outcome 

During the initial year post-implementation, 174/221 (78.7%) 
TKA patients received spinal anesthesia, compared to 23/186 
(12.4%) the year before implementation (P <  0.001). Over the 
subsequent 4-year period, 647/843 (77.2%) TKA patients received 
spinal anesthesia (P =  0.532 vs. year 1; Fig. 1). Fig. 1 further di-
vides the spinal category into those patients who received spinal 
anesthesia alone, vs. combined spinal and general anesthesia. The 

spinal anesthesia utilization rate in patients undergoing TKA did 
not fall below 50% for any quarter over the 5 years after imple-
mentation (Fig. 1). The number of THA group patients receiving 
spinal anesthesia during the year after implementation was 78/124 
(62.9%), compared to 48/116 (41.4%) during the year before im-
plementation (P =  0.001). Over the subsequent 4-year period, the 
spinal anesthesia rate in THA patients decreased to 193/369 
(52.3%) (P =  0.040 vs. year 1 post-implementation; P =  0.040 vs. 
1-year pre- implementation; Fig. 1). Among patients who received 
general anesthesia alone, the failure rates for attempted spinal 
were 5.1% (21/406), and 3.1% (9/290) for TKA and THA, respec-
tively. 

Secondary Outcomes 

The CPNB utilization rates for TKA and THA patients are shown 
in Fig. 2. The CPNB use rate for TKA patients did not change after 
implementation of the spinal protocol: 183/186 (98.4%) in the one-
year pre-implementation, vs. 1049/1064 (98.6%) 5-years post-imple-
mentation (P = 0.742). The CPNB use rate increased in THA pa-
tients from 72/116 (62.1%) one-year pre-implementation to 376/493 
(76.3%) 5-years post-implementation (P = 0.002). 

Postoperative outcomes within 30 days are shown in Table 1. 
Overall, there were few complications, and there were no differ-
ences in the incidence of complications or resource utilization be-
tween spinal and general anesthesia, for either TKA or THA. 

Discussion 

The results of this 5-year audit show that a clinical pathway change 
in intraoperative anesthetic technique for patients undergoing TKA 
can be implemented and sustained long-term. During the same pe-
riod, the rate of spinal anesthesia for THA also increased even in the 
absence of an explicit protocol change suggesting a secondary gain, 
since the same surgeons and anesthesiologists care for both TKA 
and THA patients. However, the long-term rate of spinal anesthesia 
utilization for THA was not sustained to the same degree as it was 
for TKA, which supports the benefit of actively maintaining the up-
dated TKA clinical pathway. 

Sustaining a clinical practice change over a long period of time re-
quires integration of the change into an organizational routine [14]. 
A protocol becomes routine when it is memorized and adapted into 
context, reflects collective values, and conforms to rules governing 
decision-making [14]. Even when they become routine, clinical 
pathways and protocols will require ongoing maintenance, review, 
and reinforcement. Understanding what motivates physicians may 
also be helpful [15]. Taking pride in providing the best evi-
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Fig. 1. Intraoperative anesthetic technique rates from January 2013 through December 2018 by quarter. For illustration purposes only, the spinal 
anesthesia category has been further divided into spinal anesthesia alone (“Spinal Only”), and spinal and general anesthesia combined (“Spinal+ 
GA”). TKA: total knee arthroplasty, THA: total hip arthroplasty, GA: general anesthesia, Q1: January through March, Q3: July through September.

Fig. 2. Rate of CPNB utilization from January 2013 through December 2018 by quarter. CPNB: continuous peripheral nerve block, TKA: total 
knee arthroplasty, THA: total hip arthroplasty, Q1: January through March, Q3: July through September.
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dence-based care or following international recommendations [1] is 
an example of an intrinsic motivation [15]. Extrinsic motivations 
may relate to payment, and there is now a national quality measure 
in the United States related to utilization of regional anesthesia for 
TKA [16]. 

When we made the deliberate change in the TKA clinical pathway 
to initially offer patients spinal anesthesia [6], the intent was not to 
achieve 100% adherence. Patients may not receive spinal anesthesia 
for a variety of reasons (e.g., anticoagulation or patient refusal). 
However, we believe that patients who have no contraindications 
should be offered the option, and provided with supportive evidence 
when it exists [1,7]. The Regional Anesthesiology and Acute Pain 
Medicine (RAAPM) Service reinforces the clinical pathways at our 
institution. The RAAPM team co-manages all orthopedic surgery 
patients from admission until discharge, and is solely responsible for 
analgesic medications and interventions [11]. On a daily basis, a 
RAAPM team member sends an email to the anesthesiology attend-
ing physicians and residents assigned to the intraoperative care of 
joint replacement patients the next day to notify them of the multi-
modal analgesic plan (e.g., preoperative oral non-opioid analgesics 
and nerve block), and provide the intraoperative protocol suggesting 
spinal anesthesia as the preferred technique for knee replacement 
patients [6,11]. These clinical pathway protocols are also located in a 
shared drive on the veterans affairs workgroup server for anesthesi-
ology. 

In 2019, we changed our THA protocol to also favor spinal anes-
thesia as the first choice, based on new recommendations [1]. Al-
though there are specific differences between THA and TKA with 
regard to intraoperative management (e.g., patient positioning, use 
of a tourniquet, blood loss), evidence suggests that neuraxial anes-
thesia is associated with benefits, even when combined with general 
anesthesia [1]. The rate of CPNB utilization is consistently high for 

all joint replacement patients at our institution. We attribute this to 
our PSH model in which the RAAPM team directly co-manages or-
thopedic surgery patients, and is primarily responsible for all aspects 
of pain management. The increase in THA patient CPNB utilization 
triggered in 2015 was secondary to the hiring of a new orthopedic 
surgeon who was particularly supportive of peripheral regional anal-
gesia. Our CPNB data demonstrate our system’s ability to adapt and 
efficiently implement practice changes that quickly become ‘hard-
wired’, and can be sustained over time. Within one quarter, nearly all 
THA patients were receiving CPNB, and this rate has not wavered 
since implementation. 

There were several limitations to our study. First, the study was 
retrospective in nature. Second, the reported data are dependent on 
complete and accurate documentation in the electronic medical re-
cord, and integration of clinical information into the PSH database. 
Outcomes that are not routinely included in the PSH database (e.g., 
quality of recovery, patient satisfaction) are not available for analysis. 
Third, this study is clearly underpowered to detect differences in 
major postoperative complications due to the extreme rarity of these 
events. Larger database studies are more appropriate for studying 
these outcomes [17]. Finally, this study was conducted at a single, 
tertiary-care, university-affiliated VA hospital with a male-dominat-
ed patient population and other unique characteristics [18,19]; 
therefore, the clinical results may not be generalizable to other clini-
cal settings and populations. However, we have identified some of 
the factors within our practice that may have made it possible to sus-
tain long-term change, and these may be applicable to other practice 
settings. 

In summary, a major clinical pathway change in intraoperative 
anesthetic technique for TKA patients can be effectively implement-
ed and sustained over a 5-year period in the context of a PSH. In ad-
dition, our experience shows an increase in spinal anesthesia usage 

Table 1. Thirty-day Postoperative Outcomes Based on Anesthetic Technique

Knee Replacement (n =  1,250) Hip Replacement (n =  609)
General (n =  406) Spinal (n =  844) P value General (n =  290) Spinal (n =  319) P value

Readmission to the hospital 5 (1.2) 6 (0.7) 0.350 3 (1.0) 0 (0) 0.107
Emergency department visit 15 (3.7) 19 (2.2) 0.142 4 (1.4) 6 (1.9) 0.755
Blood transfusion 0 (0) 2 (0.2) 0.561 2 (0.7) 0 (0) 0.226
Cardiovascular 2 (0.5) 2 (0.2) 0.600 1 (0.3) 0 (0) 0.476
Pulmonary 0 (0) 0 (0) >  0.999 0 (0) 0 (0) >  0.999
Delirium 0 (0) 1 (0.1) >  0.999 1 (0.3) 0 (0) 0.476
Catheterization for urinary retention 1 (0.2) 2 (0.2) >  0.999 3 (1.0) 0 (0) 0.107
Acute renal failure 0 (0) 0 (0) >  0.999 0 (0) 0 (0) >  0.999
Ileus 0 (0) 1 (0.1) >  0.999 0 (0) 1 (0.3) >  0.999
Surgical site infection 2 (0.5) 1 (0.1) 0.248 2 (0.7) 1 (0.3) 0.607
Death 0 (0) 0 (0) >  0.999 0 (0) 0 (0) >  0.999
Values are presented as number (%).
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for THA patients in the same timeframe, suggesting a collateral ben-
efit from the TKA clinical pathway change. 
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