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Purpose: Total knee and hip arthroplasties (TKA and THA) are common surgical procedures in Switzerland and worldwide.
Alongside increasing demand for these procedures, many providers have adopted enhanced recovery programs (ERPs) that aim to
optimize recovery after these surgeries. We evaluated the impact of implementing a Patient Pathway Optimization (PPO) program
designed around ERP principles for patients undergoing TKA or THA in a Swiss Cantonal hospital. The primary objective was to
determine whether PPO implementation for patients undergoing TKA or THA reduced length of stay (LOS) during index hospitaliza-
tion. Additional study outcomes were hospital inpatient costs, rate of complications and readmissions, and patient discharge
destination.
Methods: This was a retrospective, observational study comparing outcomes before and after PPO implementation for patients who
underwent primary TKA or THA from 2014 to 2019. The PPO program modified the care pathway and implemented five ERP
principles (preoperative patient education, pre-operative physiotherapy, local infiltration analgesia, early mobilization, and oral
analgesia). Hospital electronic medical record and billing data were used for the analysis.
Results: After implementation of PPO, LOS was shorter compared with the pre-PPO period (reduction of 2.5 and 2.4 days in TKA
and THA cohorts, respectively, both p < 0.001). Mean inpatient costs per patient were also reduced following PPO (decrease of
USD2016 [p = 0.015] and USD340 [p = 0.54] for TKA and THA cohorts, respectively). There were no observed increases in
readmissions or complications after PPO implementation in either the TKA or THA cohort. More patients in the post-PPO groups were
discharged to home vs an alternative health-care setting than in the pre-PPO groups (TKA, 83.8% vs 68.4% [p = 0.07]; THA, 80.4% vs
73.9%, [p = 0.31]).
Conclusion: Patient pathway optimization and implementation of additional enhanced recovery principles for TKA and THA may
benefit both health systems and patients, by reducing LOS and costs without increases in complications or readmissions.
Keywords: enhanced recovery program, total hip replacement, total knee replacement, joint replacement, costs

Introduction
Total knee and total hip arthroplasty (TKA and THA) are effective treatments for relieving pain, restoring function and
improving quality of life for patients with end-stage arthritis, and are among the most common surgical procedures
performed worldwide.1 Switzerland has among the highest per-capita rates of these procedures in Europe,1 with 18,885
primary hip and 14,269 primary knee replacement operations performed in 2018.2 Demand for TKA and THA is
growing3–5 with THA procedure incidence in Switzerland projected to increase by 94% from 2015 to 2050, due to
broadening indications and aging populations.6 The incidence of TKA is predicted to increase by approximately 45% in
other European countries over a similar time frame, also due to aging populations.7,8
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Although widely regarded as clinically efficacious and cost-effective,9–11 the rising demand for TKA and THA
procedures, coupled with constrained health-care budgets, has implications for surgical capacity and economic burden on
health-care systems. Hence, systems need to manage patient care as efficiently as possible, maintain or improve
outcomes, and reduce the economic burden of these procedures.

Enhanced recovery programs (ERPs) are clinical initiatives to optimize patient recovery following surgery, thereby
reducing length of hospital stay and hospital costs.12 First described for colorectal cancer surgery in 1997,13 ERPs have
been increasingly adopted across multiple surgical specialties. For example, within hospitals participating in the United
Kingdom’s Perioperative Quality Improvement Program (PQIP), 61% of patients undergoing elective surgery receive
care through an enhanced recovery pathway.14

In the orthopedic specialty, ERPs typically include pre-, intra- and post-operative measures to improve patient
engagement, enhance pathways during the cycle of care, and improve clinical outcomes in order to achieve earlier
discharge, improve recovery in the home setting, and expedite return to usual activity levels.12,15,16 In the joint
replacement setting, ERPs have demonstrated benefits such as reduced length of hospital stay and increased quality of
life.17–20

The objective of this study was to evaluate the impact of implementing five ERP principles within a Patient Pathway
Optimization (PPO) program for patients undergoing TKA or THA in Cantonal Hospital Münsterlingen, a large public
hospital in Switzerland. To address this, we sought to determine whether implementation of the PPO for patients
undergoing TKA or THA could (1) Reduce length of stay (LOS) during the index hospitalization, (2) Reduce hospital
inpatient costs, (3) Impact the rate of complications and readmissions, and/or (4) Result in more patients being
discharged to home vs alternative health-care settings.

Materials and Methods
Study Design
This was a retrospective observational study comparing outcomes pre- and post-PPO program implementation for
patients who underwent TKA or THA at the Cantonal Hospital Münsterlingen in Switzerland. Ethical approval for
this study was obtained from the National Ethics Committee Swissethics (Project ID 2020–00897) and the study
complied with the Declaration of Helsinki. No patient consent was obtained for the study due to its retrospective design.
Patient consent for TKA and THA surgery was obtained as per hospital protocol.

Patients
The study population included patients who underwent primary TKA or THA at the Cantonal Hospital Münsterlingen
between January 2014 and December 2019. Only patients with American Society of Anesthesiologists Physical Status
Classification System (ASA) scores of 1–2 were enrolled in the PPO so as to avoid confounding of additional medical
comorbidities. Patients were excluded from the analysis based on the following criteria: ASA > 2, revision TKA/THA
surgery for the index hospitalization (defined as the first hospitalization for TKA or THA), pre-planned bi-lateral primary
TKA/THA for the index hospitalization, dementia, unable to read and follow written and oral instructions, TKA with
higher degrees of constraints than ligament balanced joint resurfacing, TKA or THA for traumatic injuries, TKA or THA
due to neoplasm, partial joint replacement procedures.

PPO Program
A PPO program (formerly known as Care4Today®21) was initiated by the Johnson & Johnson Services and Solutions
team at the Cantonal Hospital Münsterlingen to guide the coordination of care and standardization of key practices. The
program aimed to improve the current care pathway to reduce inefficiencies in clinical practice by creating detailed
process descriptions, and to increase the commitment of the multidisciplinary team by involving all relevant stakeholders
in definition and implementation of the PPO. The PPO program was implemented in four phases (see Supplementary
Figure S1 for additional details):
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1. an initial assessment of the current (pre-PPO) pathway performance with recommendations for improvement
2. preparation for PPO implementation including analysis of the initial review and regular workshops for process

optimization
3. implementation of changes creating the post-PPO pathway (on 1 April 2016)
4. follow up with assessments of key performance indicators and knowledge sharing.

Five additional enhanced recovery components were implemented:

(i) Preoperative patient education
(ii) Pre-operative physiotherapy
(iii) Local infiltration analgesia
(iv) Early mobilization
(v) Oral analgesia

Implementation of the enhanced recovery components was followed by measures for continuous improvement and audit.
It should be noted that the hospital had already implemented a number of ERP principles prior to PPO introduction.
Components of the ERPs implemented at the hospital pre- and post-PPO are shown in Table 1 and further details on the
PPO elements are provided in Supplementary Methods and Supplementary Figure S2. The PPO program did not
influence on the implants used by the hospital team; the same implants were used pre- and post-PPO implementation.

Data Sources
Electronic medical records (EMR) and billing data, which had been de-identified by the hospital staff, were retrieved
from the Cantonal Hospital Münsterlingen. Medical charts and EMRs were used to extract patient variables such as
demographics, outcomes, patient and procedure characteristics, as well as dates of hospital admission, discharge and re-

Table 1 Enhanced Recovery Principles Implemented Before and After Patient Pathway Optimization

Component Pre-PPO Post-PPO

TKA THA

Preoperative information, education and counselling No Yes Yes
Preoperative optimization

Management of anemia Yes Yes Yes

Pre-operative physiotherapy No Yes Yes
Preoperative fasting No No No

Standard anesthetic protocol Yes Yes Yes

Use of local anesthetics for infiltration analgesia and nerve blocks No Yes Yes
Postoperative nausea and vomiting* Yes Yes Yes

Prevention of perioperative blood loss Yes Yes Yes

Perioperative oral analgesia (pre-emptive analgesia) No Yes Yes
Maintaining normothermia Yes Yes Yes

Antimicrobial prophylaxis Yes Yes Yes

Antithrombotic prophylaxis treatment Yes Yes Yes
Perioperative surgical factors Yes Yes Yes

Perioperative fluid management Yes Yes Yes

Postoperative nutritional care No No No
Early mobilization No Yes Yes
Criteria-based discharge Yes Yes Yes

Continuous improvement and audit No Yes Yes

Notes: *For all patients where required. Bold indicates principles that were changed with the PPO program implementation. Table based on data from Wainwright et al, 2020.49

Abbreviations: PPO, patient optimization pathway; THA, Total Hip Arthroplasty; TKA, Total Knee Arthroplasty.
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admission. Billing data was used to group patients by diagnoses and procedure codes, and internal cost data informed
estimates for healthcare resource utilization and costs. Inpatient costs during the index hospitalization, inpatient costs at
90 days post-admission and re-admission costs were allocated to each patient under the national standard REKOLE® full
cost accounting method.22 Costs were calculated using the Swiss standard approach named REKOLE® (Revision der
Kostenrechnung und Leistungserfassung – Revision of cost accounting and activity recording). In this originator-oriented
cost allocation system, indirect costs (eg, operating theatre overhead) are billed to the patient from the given list of cost
centers via a defined allocation formula (eg, total housing costs are divided by total number of inpatient days). It is
important to note that the costs per inpatient day can therefore vary between years if total patient numbers and therefore
total inpatient days differ significantly. Direct costs including medication, blood products, and medical devices and
implants are directly attributed to the patient. Costs were calculated in Swiss Francs (CHF) and converted to US dollars
(USD) using the exchange rate at time of writing (1 CHF = 1.09641 USD, OANDA Currency Converter).23

Complications coded according to the International Classification of Diseases (10th Revision) (ICD-10) arising
directly as a result of TKA and THA procedures were identified (Supplementary Table S1) and subsequently extracted
from patient records. Complications were identified when these occurred during the index hospital admission, whereas
complications requiring further treatment at Cantonal Hospital Münsterlingen after the index hospitalization were
considered as readmissions. Re-admission costs for patients who returned within 18 days of index admission were
included within index hospitalization costs, whereas readmission costs comprised costs incurred by patients who required
readmission between 19 and 90 days of index admission. Analyses for TKA and THA were conducted separately.

Outcomes
LOS during the index hospitalization (days) was the primary outcome in this study. Secondary outcomes included per-
patient inpatient costs for the index hospitalization (inclusive of re-admissions within 18-days of index discharge), per-
patient inpatient costs through 90 days of the index admission (which included costs of index hospitalization and any
readmissions up to 90 days), complications during the index hospitalization, complications requiring readmission (up to
18 days and between 19 and 90 days post-admission), and discharge destination after index hospitalization (home or
alternative health-care settings). Alternative health-care settings included rehabilitation centers, nursing homes, and
hospitals other than Cantonal Hospital Münsterlingen.

Sample Size and Study Power
The study was powered to detect significant differences in the primary endpoint (LOS during the index hospitalization);
all other statistical tests were considered exploratory. The calculations were based on the Wilcoxon-Mann–Whitney two-
sided text, alpha at 5% and 90% power. Sample size calculations were evaluated for TKA and THA separately with a
mean baseline length of stay of 8.4 days for TKA and 8.5 days for THA (estimated by the hospital). The standard
deviations were estimated to be 3.9 days for TKA and 3.9 days for THA.24 The expected reductions in length of stay
were 2 days for TKA and 2.5 days for THA.25 A minimum of 67 patients per group for TKA and 42 patients for THA
were necessary.

Statistical Analysis
Statistical tests were performed to compare the pre-PPO and post-PPO groups in TKA and THA cohorts separately; no
statistical comparisons were made between TKA and THA groups since each was considered an independent analysis for
a specific cohort of patients.

All study variables (primary and secondary endpoints) were analyzed descriptively in bivariate analyses. Counts and
proportions were reported for categorical variables. Means, medians, and standard deviations were reported for all
continuous variables. Statistical tests were performed to compare the differences for each outcome between the two
groups (pre- and post-PPO implementation) according to the distribution of the outcomes in bivariate analyses. For non-
normally distributed continuous variables, the Mann–Whitney-Wilcoxon test was used. For continuous variables that
approximately followed the normal distribution, a two-sample t-test was used. Chi-squared tests were used for categorical
variables. Results of bivariate analyses are shown in the Supplementary Table S2.
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Multivariable generalized linear models (GLM) were constructed to examine the outcomes and adjust for covariates
that may affect these outcomes. GLM with a gamma distribution and log link was used to model LOS and costs. To
evaluate if the LOS was reducing naturally over time during the pre-PPO implementation period, a multivariate GLM
model was built adding time as an explanatory variable in the pre-PPO group and a plot of unadjusted LOS over time was
drawn. A logistic regression model was used to model discharge destination. Covariates were chosen based on a priori
clinical knowledge, including patient demographics (age and sex), procedural characteristics (surgeon seniority and
initial diagnosis), and clinical characteristics (body mass index [BMI] and ASA score). All analyses were conducted
using R Studio version 3.6.0 (Boston, MA). Statistical significance was set a-priori at p < 0.05 (two-sided) for each
analysis.

Results
Patient Baseline Characteristics
Between 2014 and 2019, 440 patients underwent TKA or THA at the Cantonal Hospital Münsterlingen and were
included in the analysis.

TKA Cohort
In total, 167 TKA patients were included (122 patients pre-PPO and 45 patients post-PPO, Table 2); 35.9% patients were
male, mean age was 66.1 years (SD 9.8) and mean BMI was 30.1 (SD 5.9). The majority of patients had ASA score of 2

Table 2 Patient Demographics and Baseline Clinical Characteristics in the Total Knee Arthroplasty Cohort

Total Knee Arthroplasty

Baseline Characteristics Pre-PPO Post-PPO Total

N 122 45 167

Sex, n (%)
Male 44 (36.1%) 16 (35.6%) 60 (35.9%)

Age, years
Mean, years (SD) 66.8 (9.3) 64.0 (10.9) 66.1 (9.8)

ASA, n (%)
1 15 (12.3%) 5 (11.1%) 20 (12.0%)

2 107 (87.7%) 40 (88.9%) 147 (88.0%)

BMI
Mean (SD) 30.6 (6.2) 28.5 (4.7) 30.1 (5.9)

Missing (n) 1 1 2

Year of procedure, n (%)
2014 47 (38.5%) - 47 (28.1%)

2015 67 (54.9%) - 67 (40.1%)

2016 * 8 (6.6%) 11 (24.4%) 19 (11.4%)
2017 - 12 (26.7%) 12 (7.2%)

2018 - 13 (28.9%) 13 (7.8%)

2019 - 9 (20.0%) 9 (5.4%)
Surgeon seniority, n (%)
Chief 16 (13.1%) 22 (48.9%) 38 (22.8%)

Senior 106 (86.9%) 21 (46.7%) 127 (76.0%)
Junior 0 (0%) 2 (4.4%) 2 (1.2%)

Diagnosis, n (%)
Primary gonarthrosis 107 (87.7%) 39 (86.7%) 146 (87.4%)
Secondary, posttraumatic and other gonarthrosis 13 (10.7%) 6 (13.3%) 19 (11.4%)

Other 2 (1.6%) 0 (0%) 2 (1.2%)

Note: *The PPO program was implemented on 1 April 2016.
Abbreviations: ASA, American Society of Anesthesiologists Physical Status Classification System; BMI, Body Mass Index; PPO, Patient Pathway Optimization; SD, standard
deviation.
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(88.0%) and primary gonarthrosis as their primary diagnosis (87.4%). Patient demographics were not significantly
different between the pre-PPO and post-PPO patient groups, with the exception of BMI (p = 0.041) and seniority of
surgeon (p < 0.001).

THA Cohort
A total of 273 THA patients were included (180 patients pre-PPO and 93 patients post-PPO, Table 3); 52.4% of patients
were male, mean age was 64.7 years (SD 11.4) and mean BMI was 26.9 (SD 4.4). The majority of patients had an ASA
score of 2 (86.4%) and had primary coxarthrosis as their primary diagnosis (76.6%). Patient demographics were not
significantly different between the pre-PPO and post-PPO patient groups, with the exception of age (p < 0.001) and
seniority of surgeon (p < 0.001).

Study Outcomes
Full details of multivariate analyses (covariate adjusted results) for each relevant pre-defined study outcome are presented
in Table 4 for the TKA and THA cohorts; results from bivariate analyses (unadjusted) are provided in Supplementary
Table S2.

LOS During the Index Hospitalization
TKA Cohort
In the multivariate analysis, mean LOS during the index hospitalization was 8.43 days in the pre-PPO group and 5.96

Table 3 Patient Demographics and Baseline Clinical Characteristics in the Total Hip Arthroplasty Cohort

Total Hip Arthroplasty

Baseline Characteristics Pre-PPO Post-PPO Total

N 180 93 273

Sex, n (%)
Male 89 (49.4%) 54 (58.1%) 143 (52.4%)

Age, years
Mean, years (SD) 66.7 (11.0) 60.9 (11.4) 64.7 (11.4)

ASA, n (%)
1 24 (13.3%) 13 (14.0%) 37 (13.6%)

2 156 (86.7%) 80 (86.0%) 236 (86.4%)
BMI
Mean (SD) 26.8 (4.6) 27.1 (3.9) 26.9 (4.4)

Year of procedure, n (%)
2014 82 (45.6%) - 82 (30.0%)

2015 90 (50.0%) - 90 (33.0%)

2016 * 8 (4.4%) 18 (19.4%) 26 (9.5%)
2017 - 29 (31.2%) 29 (10.6%)

2018 - 29 (31.2%) 29 (10.6%)

2019 - 17 (18.3%) 17 (6.2%)
Surgeon seniority, n (%)
Chief 41 (22.8%) 42 (45.2%) 83 (30.4%)

Senior 139 (77.2%) 48 (51.6%) 187 (68.5%)
Junior 0 (0%) 3 (3.2%) 3 (1.1%)

Diagnosis, n (%)
Primary coxarthrosis 141 (78.3%) 68 (73.1%) 209 (76.6%)
Secondary, posttraumatic and other coxarthrosis 25 (13.9%) 18 (19.4%) 43 (15.8%)

Necrosis 14 (7.8%) 7 (7.5%) 21 (7.7%)

Note: *The PPO program was implemented on 1 April 2016.
Abbreviations: ASA, American Society of Anesthesiologists Physical Status Classification System; BMI, Body Mass Index; PPO, Patient Pathway Optimization; SD, standard
deviation.
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Table 4 Summary of Study Outcomes for Total Knee and Hip Arthroplasty Cohorts Pre- and Post-Patient Pathway Optimization Implementation – Multivariate Analyses

Outcomes* Total Knee Arthroplasty Total Hip Arthroplasty

Pre-PPO
(N=122)

Post-PPO
(N=45)

Significance of Treatment
Effect

Pre-PPO
(N=180)

Post-PPO
(N=93)

Significance of Treatment
Effect

Length of stay, days
Mean† 8.43 (95% CI: 8.08,

8.80)
5.96 (95% CI: 5.53,

6.43)
Ratio of means: 0.71 (95% CI:

0.65, 0.77; p<0.001)
7.67 (95% CI: 7.37,

7.98)
5.25 (95% CI: 4.96,

5.55)
Ratio of means: 0.68 (95% CI:

0.64, 0.73; p<0.001)

Inpatient costs during the index
hospitalization, USD
Mean† 20,420 (95% CI:

19,631, 21,242)

18,405 (95% CI:

17,166, 19,732)

Ratio of means: 0.90 (95% CI:

0.83, 0.98; p=0.015)

17,681 (95% CI:

17,084, 18,298)

17,341 (95% CI:

16,513, 18,210)

Ratio of means: 0.98 (95% CI:

0.92, 1.04; p=0.54)

Hospital (inpatient) costs up to 90
days post-admission, USD
Mean† 20,741 (95% CI:

19,821, 21,703)

18,816 (95% CI:

17,367, 20,384)

Ratio of means: 0.91 (95% CI:

0.82, 1.00; p=0.048)

17,681 (95% CI:

17,084, 18,298)

17,341 (95% CI:

16,513, 18,210)

Ratio of means: 0.98 (95% CI:

0.92, 1.04; p=0.54)
Discharge destination, %
Home 68.40% (95% CI:

57.87, 77.33)

83.77% (95% CI:

68.51, 92.45)

OR: 2.38 (95% CI: 0.92, 6.18;

p=0.074)

73.90% (95% CI:

65.10, 81.13)

80.40% (95% CI:

69.20, 88.22)

OR: 1.45 (95% CI: 0.71, 2.94;

p=0.306)

Notes: *Adjusted for age, gender, BMI, ASA score, surgeon seniority and main diagnosis (history was only available for few patients and hence not included in model); except for discharge destination, where analysis was adjusted for age,
gender, BMI and ASA score only. †Means refer to adjusted (least square) means following multivariate analysis.
Abbreviations: ASA, American Society of Anesthesiologists Physical Status Classification System; BMI, Body Mass Index; CI, Confidence Interval; OR, odds ratio; PPO, Patient Pathway Optimization; SD, standard deviation; USD,
United-States Dollar.
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days in the post-PPO group (multivariate analysis); a reduction of 2.47 days (p < 0.001; Table 4). When time was added
as an explanatory variable in the model for the pre-PPO patients, the slope coefficient was not different from zero (p =
0.2671) suggesting that the LOS was not reducing over time before PPO implementation. This could also be shown
graphically (Supplementary Figure S3).

THA Cohort
Mean LOS during the index hospitalization was 7.67 days in the pre-PPO group and 5.25 days in the post-PPO group
(multivariate analysis); a reduction of 2.42 days (p < 0.001; Table 4). Again, for the pre-PPO patients, the slope
coefficient was not different from zero (p = 0.2266) suggesting no significant reduction over time before PPO
implementation (see also Supplementary Figure S3).

Hospital Inpatient Costs
TKA Cohort
Mean per-patient costs during the index hospitalization were reduced by 9.9% from USD20,420 in the pre-PPO group to
USD18,405 in the post-PPO group (multivariate analysis); a reduction of USD2016 (p = 0.015; Table 4). Mean per-
patient hospital inpatient costs up to 90 days post admission were also reduced by 9.3% from USD20,741 in the pre-PPO
group to USD18,816 in the post-PPO group (a reduction of USD1925 [p = 0.048]; Table 4).

THA Cohort
Mean per-patient costs during the index hospitalization were reduced by 1.9% from USD17,681 in the pre-PPO cohort to
USD17,341 in the post-PPO cohort (multivariate analysis); a reduction of USD340 [p = 0.538]; Table 4. As no
readmissions occurred in either the pre-PPO or post-PPO patient group between 19 and 90 days post admission, mean
per-patient hospital inpatient costs up to 90 days post admission were identical to costs for the index hospitalization
(Table 4).

Complication Rates and Readmissions
Multivariate analyses of complication rates were precluded by the occurrence of very few of these events; therefore, only
a descriptive analysis was performed for these outcomes.

TKA Cohort
Two patients from the pre-PPO group (1.6%) and one patient from the post-PPO group (2.2%) had complications during
the index hospitalization. No patients from either group were re-admitted due to complications within 18 days of index
admission, while two patients in the pre-PPO and one patient in the post-PPO group experienced complications and were
readmitted between 19 and 90 days post admission (Supplementary Table S2).

THA Cohort
Complications during the index hospitalization were reported for two patients (1.1%) in the pre-PPO group and no
patients in the post-PPO group. Two patients, one in the pre-PPO group and one from the post-PPO group, were
readmitted due to complications within 18 days. Two patients (one patient in each group) were readmitted for
complications between 19 and 90 days of admission (Supplementary Table S2).

Discharge Location (Home vs Alternative Health-care Setting)
TKA Cohort
The proportion of patients who were discharged to home was lower in the pre-PPO group than in the post-PPO group
(68.4% vs 83.8%, respectively, multivariate analysis). The between-group (pre- vs post-PPO) odds ratio (OR) for TKA
patients discharged to home vs an alternative health-care setting was 2.38 (95% CI: 0.92–6.18, p = 0.074, Table 4).

THA Cohort
The proportion of patients who were discharged to home was lower in the pre-PPO group than in the post-PPO group
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(73.9% vs 80.4%, respectively, multivariate analysis). The between-group (pre- vs post-PPO) OR for THA patients
discharged to home vs an alternative health-care setting was 1.45 (95% CI: 0.71–2.94, p = 0.306, Table 4).

Discussion
Health-care budget constraints and the growing demand for joint replacements underscore a need to improve efficiency
and reduce costs associated with TKA and THA procedures. In this observational retrospective cohort study, a PPO
program was introduced in the care cycle of TKA and THA patients in Cantonal Hospital Münsterlingen. Additional ERP
elements were selected using a multidisciplinary project team approach to reduce inefficiencies in the current care
pathway as well as increase the commitment of all relevant stakeholders. The newly introduced care pathway guidelines
in the hospital also reduced variation in patient treatment.

Our analysis has some limitations. The study was only powered to detect significant differences in the primary
outcome and all other outcomes were therefore considered exploratory. Our study also included a selected set of patient
demographics and comorbidity data; therefore, we were unable to control for all potential confounders. In particular, this
study did not evaluate surgical time or blood loss, which may have impacted the clinical and economic findings. Our
study was a comparison of outcomes pre- and post-implementation of the PPO, rather than a contemporaneous
comparison of patients; however, although time trends were not adjusted for, there was no substantial change in LOS
over time before the program implementation (Supplementary Figure S3). This research also was limited in its ability to
identify all post-surgery complications, since it did not ascertain complications that patients may have presented to care
providers other than the index hospital. However, TKA/THA patients who receive surgery at Cantonal Hospital
Münsterlingen most commonly would present to the same hospital to address post-operative complications. Lastly,
this study might be subject to bias as the sponsor also provided the PPO program.

LOS is considered a key driver of total costs of total joint arthroplasty, and is hence a commonly evaluated endpoint
in ERP studies.26–28 Implementation of the PPO program for TKA and THA patients was associated with reduced LOS
(decrease of 2.47 and 2.42 days in the TKA and THA cohorts, respectively). The baseline LOS following TKA and THA
in the pre-PPO period may differ compared with other regions and countries (eg, the USA). However, they were similar
or lower than the mean LOS across all hospitals in Switzerland during the same period. The mean LOS for TKA and
THA in the pre-PPO period in our study was 8.4 and 7.7 days, respectively, while across all hospitals in Switzerland, the
mean LOS was 8.9 and 8.4 days, respectively.29,30

Reduced LOS was associated with a significant inpatient cost reduction in the TKA cohort after PPO implementation
(mean inpatient costs during the index hospitalization and up to 90 days post admission decreased by USD2016 and
USD1925 per patient, respectively). Although the magnitude of LOS reduction after PPO implementation was similar in
the TKA and THA cohorts, the difference did not translate into a significant cost reduction in the THA cohort (mean per-
patient inpatient costs during index hospitalization and up to 90 days post admission both decreased by USD340). This
may be due to the fact that the latter days of a patient’s stay incur fewer costs compared with the initial post-operative
period, as patients need less support during the latter period of their stay. In addition, the current study was powered to
only detect differences in LOS and not in the secondary endpoints. The cost analysis could also have been affected by the
pre/post nature of the study; captured costs could have included temporal differences as outlined above when detailing
the REKOLE accounting method. However, as a line-item cost analysis was not performed, it was not possible to
determine why reduced LOS translated into a cost saving for TKA patients but not THA patients. Although cost savings
were not demonstrated for the THA cohort following PPO implementation, more rapid discharge of patients may have
freed up more resources to treat additional patients, thereby facilitating improved use of hospital resources (however, this
aspect was not assessed within our study). This study did not evaluate the extra cost and burden associated with the
introduction of the PPO program which may limit the findings; further research should be conducted considering these
elements. Our findings are aligned with other published reports showing that ERP implementation can lead to reduced
LOS; our results also demonstrated that cost-savings may be achievable as a result of shorter LOS.21,31–33

The reduction in LOS during index hospitalization following PPO implementation was not associated with an
increase in complications either during the index stay or up to 90 days post admission.
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There were more patients in the post-PPO groups who were discharged to home than to alternative health-care
settings, for both the TKA and THA cohorts (OR 2.38 and 1.45, respectively). However, the differences in proportions of
patients discharged to home vs alternative health-care settings were not significant in either cohort; this could be
attributed to the current study being powered to only detect differences in LOS and not in the secondary endpoints. It
should be noted that, in clinical practice, patient preferences are considered when determining the discharge destination.
In the authors’ experience, there is a tendency for patients to prefer a rehabilitation facility over home setting even if it
would not be strictly required from a clinical perspective.

This study provides real-world evidence of the benefits of implementing additional enhanced recovery principles and
reducing inefficiencies during the cycle of care for patients receiving TKA and THA at Cantonal Hospital Münsterlingen,
a large public hospital in Switzerland. During the study period, although patient numbers for each year were small, our
results showed that the decrease in LOS during the index hospitalization following PPO implementation in 2016 was
sustained through to 2019 (Supplementary Figure S3). Hence, we demonstrated that implementation of selected ERP
components improved patient results and that, with the appropriate deployment support, these results can be sustained
over time. Indeed, post-PPO impact was monitored by including patients treated within 4 years after PPO implementation
in our study. This is notably longer than the follow-up periods in other several studies evaluating the impact of enhanced
recovery principles in TKA/THA (range 8 months to 1.5 years)21,34–36 and consistent with other studies (range 3 to 4
years).31,33 Cantonal Hospital Münsterlingen is a public hospital and patients were consecutively included, thereby
minimizing patient selection bias, typically a limitation in observational studies.37 Our study was conducted in
Switzerland, a country where rates of hip and knee replacement procedures are among the highest in Europe, and
measures for efficiency gains in these procedures would be highly relevant.4

The benefits of ERPs have been demonstrated in orthopedic surgery as well as various other surgical settings; these
benefits include reductions in LOS, postoperative complications, readmissions and mortality, and associated cost
reductions,21,31–36,38–40 and are in line with the current findings. ERPs are adopted to accelerate patient recovery from
surgery, and specific components of the protocols can influence the success of these programs. Importantly, in our study,
the PPO program improved upon the existing ERP components at the hospital. We conducted a review of the published
literature on ERP in orthopedics and found that such an approach has been described by other studies evaluating the
impact of adding specific elements to existing ERPs, such as patient strength/resistance training,41,42 choice of analgesic-
43 and patient education;33,44 by contrast, relatively few studies in TKA or THA patients compared the impact of an ERP
with conventional care. Hence, our results demonstrate that positive impact can be achieved through the introduction of
selected measured changes to patients’ cycle of care. Furthermore, given the level of detail we have provided, our study
should be reproducible within other centers for patients undergoing TKA and THA with ASA scores of <3.

The rate of ERP implementation within Europe is not currently clear; however, decreases in LOS after TKA and
THA, a key aim of ERPs, have been observed over the past two decades in countries such as Spain and Denmark,25,45

suggesting increased uptake of ERP components. In the UK, enhanced recovery of patients had been deemed by PQIP as
one of their national priorities for 2019–2020 with the national target for enhanced recovery pathway enrolment set at
80% of patients on elective surgery.14,46 Nonetheless, reimbursement issues and safety concerns from surgeons regarding
early discharge and suitability of ERPs for certain patient groups may slow ERP implementation rates.47 Additionally,
even with the adoption of ERPs, compliance levels with such programs are currently unclear.48 Therefore, in addition to
promoting the ERP implementation, it is also equally important to maintain the commitment and involvement of the
multidisciplinary care team such that the adopted ERP measures are achievable and sustained, as was done in our study
(Supplementary Figure S3).

Conclusion
TKA and THA are clinically efficacious and cost-effective procedures; however, they represent a burden to health
systems due to continued rising demand. Our study demonstrates that implementation of selected enhanced recovery
principles whilst working with hospital teams to reduce inefficiency and variation in the patient pathway for TKA and
THA patients may benefit both health systems and patients, by reducing LOS and costs without consequent increases in
complications or readmissions.
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