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02 English summary

Background and aims

Fast-track protocols have improved outcomes following hip and knee
arthroplasty by reducing length of hospital stay (LOS), postoperative
complications, and overall healthcare costs. Discharging patients on day of
surgery has emerged as a key objective, reflecting the full potential of enhanced
recovery pathways. Although selective use of day-case surgery in individual
centres have been shown feasible, the use of day-case surgery on national
level is low. The aim of this thesis was therefore to investigate whether
discharge on day of surgery following hip and knee arthroplasty could be
implemented in a multicentre, public healthcare setting among patients meeting
clearly defined eligibility criteria. The thesis sought to assess the influence of
procedure type in relation to day-case surgery, factors preventing day-case
surgery among eligible patients, patient satisfaction and the safety of
discharging patients on day of surgery.

Methods

This thesis is based on a prospective, consecutive multicentre cohort conducted
within the “Centre for Fast-track Hip and Knee Replacement’, a nationwide
collaboration involving 8 publicly funded arthroplasty centres across all 5
regions in Denmark.

Study 1 investigated the implementation of discharge on the day of surgery after
primary hip and knee arthroplasty during the first 6-months after clinical
adoption of the fast-track protocol. Study 2 investigated the association between
surgical procedure type and successful day-case surgery, and further examined
causes of not being discharged on day of surgery when eligible and scheduled
for day-case THA, TKA and mUKA. Study 3 assessed patients’ willingness to
repeat discharge on day of surgery if they were to have a future hip or knee
arthroplasty procedure. Study 4 investigated patient safety, defined as in-
hospital complications, early readmissions, mortality and days alive and at
home (DAH) after day-case and non day-case hip and knee arthroplasty.

11
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Results

During the implementation period, we found 37% (Cl 35-39) of the patients to
be eligible for discharge on day of surgery, of whom 52% were discharged on
day of surgery. Overall, 21% (Cl 20-23) of all patients (eligible and non-eligible)
were discharged on day of surgery, compared to 6% in the control period prior
to implementation (2019). Centre-level variation was evident during the
implementation period.

When stratified by procedure type, eligibility rates were 34% (Cl 34-36) for both
THA and TKA patients, and 52% (CI 49-55) for mUKA patients. Surgery before
1 p.m. was achieved in 85% of eligible patients with day-case success rates of
59% (ClI 55-62) for THA, 61% (57-65) for TKA, and 72% (CI 68-76) for mUKA.
Primary causes for day-case failure were mobilisation issues, prolonged spinal
anaesthesia and postoperative nausea and vomiting (PONV).

90% (CI 88-91) of patients discharged on day of surgery expressed willingness
to repeat day-case surgery if having a future joint arthroplasty. This willingness
was consistent across procedure types (THA, TKA, and mUKA).

Readmission rates were 0.7% (Cl 0.5-1.1) within 48 hours and 1.9% within 30
days (CI 1.5-2.5) for day-case patients, and 0.5% (Cl 0.3-0.6) and 5.3% (ClI
4.8-5.8) for non-day-case patients within 48 hours and 30 days, respectively.
No patients died within 48 hours, and overall 30-day mortality was 0.08%
(n=10), with no deaths among day-case patients. The median DAHz0 was 30
(range 0-30) for day-case patients and 29 (0-30) for non day-case patients.

Conclusions

This thesis demonstrates, that discharging patients on day of surgery after hip
and knee arthroplasty can be safely implemented in a multicentre, publicly
funded healthcare system. Overall, 21% of patients were discharged on day of
surgery during the implementation period. Eligibility and success rates for day-
case surgery were comparable between THA and TKA patients, while higher
rates were seen for mUKA patients. Day-case failure among eligible patients
was mainly due to mobilisation issues, prolonged spinal anaesthesia, and
PONV. 90% of patients reported willingness to repeat discharge on day of
surgery, indicating high satisfaction. Safety outcomes were favourable, with low
rates of in-hospital complications, early readmissions, and mortality.

This thesis further illustrates how research can guide and support the
implementation of patient pathways in clinical practice through a data-driven
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process, enabling continuous evaluation of its clinical soundness, safety, and
sustainability.
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03 Dansk resumé
(Danish summary)

Baggrund og formal

Fast-track protokoller har haft en positiv indflydelse p& behandlingen af
patienter med hofte- og kneealloplastikker ved at forkorte indlseggelsestiden,
reducere postoperative komplikationer og mindske de samlede
sundhedsudgifter. Udskrivning pa selve operationsdagen er nu blevet et centralt
mal, der afspejler det fulde potentiale af de optimerede behandlingsforlgb.
Enkelte sygehuse har vist, at det er muligt at udskrive selektive patienter pa
operationsdagen. P& trods af dette er udbredelsen af udskrivelse pa
operationsdagen pa landsplan fortsat meget begraenset. Denne afhandling
havde derfor til formal at undersgge, om udskrivelse pa operationsdagen efter
total hofte- eller knaealloplastik kunne gennemfares i et multicenter-samarbejde
pa tveers af flere offentlige ortopaedkirurgiske afdelinger blandt patienter, der
opfylder klart definerede kriterier. Vi gnskede at vurdere betydningen af det
operative indgreb i forhold til mulig dagkirurgi samt at se p& mulige faktorers
indflydelse pa, hvorfor man ikke kunne komme hjem pa operationsdagen, pa
trods af at man var egnet til det. Dertil ville vi se pa patient tilfredsheden ved
udskrivelse pa operationsdagen samt sikkerheden herved.

Metode

Denne afhandling er baseret pa et prospektivt, konsekutivt
multicenterkohortestudie gennemfgart ved "Centre for Fast-track Hip and Knee
Replacement”, et landsdeekkende samarbejde mellem otte ortopaedkirurgiske
afdelinger pa offentlige sygehuse i alle fem regioner i Danmark.

Studie 1 undersggte implementeringen af udskrivning pa operationsdagen efter
primaer hofte- og kneealloplastik i de farste seks maneder efter den kliniske
indfgrelse af den feelles protokol for sammedagskirurgi pa de 8 afdelinger.
Studie 2 undersggte sammenhaengen mellem operationstype og udskrivelse pa
operationsdagen samt arsagerne til, at patienter ikke blev udskrevet samme
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dag, pa trods af at de var egnede og planlagt til sammedagskirurgisk THA, TKA
eller mUKA.

Studie 3 vurderede patienternes villighed til at gentage udskrivning pa
operationsdagen, hvis de i fremtiden skulle have en ny hofte- eller
knaealloplastikoperation. Studie 4 undersggte patientsikkerheden ved
sammedagskirurgi, defineret som komplikationer under den initiale
hospitalsindleeggelse, tidlig genindlaeggelse, dgdelighed samt "dage i live og
veerende hjemme” (DAH) blandt patienter, der blev udskrevet pa
operationsdagen, sammenlignet med patienter, der farst blev udskrevet senere
efter hofte- og kneealloplastik.

Resultater

Vi fandt, at 37% (CI 35-39) af patienterne var egnede til udskrivelse pa
operationsdagen i selve implementeringsperioden, hvoraf 52% af disse
patienter faktisk blev udskrevet pa operationsdagen. Samlet set blev 21% (ClI
20-23) af alle patienter (bade egnede og ikke-egnede) udskrevet pa
operationsdagen, sammenlignet med 6% i kontrolperioden far selve
implementeringen (2019). Der var tydelige forskelle mellem afdelingerne. Ser vi
pa fordelingen inden for de forskellige operationstyper, fandt vi, at andelen af
egnede patienter var 34 % (Cl 34—-36) for bade THA- og TKA-patienter og 52 %
(Cl 49-55) for mUKA-patienter. Operation inden kl. 13 blev gennemfgart hos
85% af de egnede patienter. Succesraten for udskrivelse pa operationsdagen
var 59 % (Cl 55-62) for THA, 61 % (Cl 57—65) for TKA og 72 % (Cl 68-76) for
mUKA. De hyppigste arsager til, at udskrivelse pa operationsdagen ikke kunne
gennemfgres var mobiliseringsproblemer, forleenget virkning af spinalaneestesi
samt postoperativ kvalme og opkastning.

90% (CI 88-91) af patienter udskrevet pa operationsdagen var villige til at
gennemga dagkirurgi igen ved en fremtidig alloplastik operation. Dette var ens
hgijt blandt alle tre operationstyper.

Genindleeggelsesraten blandt sammedagskirurgiske patienter var 0.7% (CI 0.5—
1.1) inden for 48 timer og 1.9% (CI 1,5-2,5) inden for 30 dage, mens tallene for
ikke-sammedagskirurgiske patienter var henholdsvis 0.5% (Cl 0.3-0.6) og 5.3%
(Cl1 4.8-5.8). Ingen patienter dgde inden for 48 timer, og den samlede 30-dages
mortalitet var 0,08% (n=10). Ingen sammedagskirurgiske patienter dgde inden
for 30 dage efter operationen. Median DAH3o var 30 (interval 0-30) for
sammedagskirurgiske patienter og 29 (0-30) for ikke-sammedagskirurgiske
patienter.

15
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Konklusion

Baseret pa resultater fra denne afhandling er det rimeligt at konkludere, at det
var sikkert at indfgre udskrivelse pa operationsdagen efter hofte og
knaealloplastik i en offentligt finansieret sundhedssektor. 21% af patienterne
blev udskrevet p& operationsdagen i implementeringsperioden.

Andelen af patienter, som blev vurderet egnet til udskrivelse pa
operationsdagen, samt andelen af sammedagskirurgiske patienter var ens for
THA og TKA patienter, mens hgijere rater blev observeret blandt mUKA
patienter.

De primaere arsager til, at patienter ikke blev udskrevet pa operationsdagen, var
mobiliseringsproblemer, forleenget spinalansestesi samt postoperativ kvalme og
opkastning. 90 % af de sammedagskirurgiske patienter angav villighed til at
gentage udskrivelse pa operationsdagen, hvilket indikerer en hgj grad af
tilfredshed. Derudover var forekomsten af komplikationer under indlaeggelsen,
tidlige genindlaeggelser og mortalitet lav, hvilket understgtter sikkerheden ved
dette behandlingssetup.

Denne afhandling illustrerer, hvordan forskning kan vejlede og understgtte
implementeringen af patientforlgb i klinisk praksis gennem en datadrevet
proces, som muligger en kontinuerlig evaluering af dens kliniske validitet og
sikkerhed.
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04 Introduction

Epidemiology of hip and knee arthroplasties

Hip and knee arthroplasties are among the most frequently performed surgical
procedures worldwide [1, 2]. In 2023, 14,685 primary total hip arthroplasties [3]
and 14,878 primary knee arthroplasties [4] were registered in the national
database in Denmark. The primary indication for these operations is
osteoarthritis, a degenerative joint disorder characterised by progressive
cartilage deterioration, subchondral bone alterations, synovial inflammation, and
joint stiffness [5-6]. Clinically, osteoarthritis manifests as chronic pain, reduced
mobility, impaired physical function, and diminished quality of life [7]. For many
patients with osteoarthritis, the most effective treatment is often surgical
intervention in the form of total hip arthroplasty (THA), total knee arthroplasty
(TKA), or unicompartmental knee arthroplasty (UKA) [8,9]. In recent years, the
number of these procedures has increased markedly, both in Denmark and
globally. This trend is largely driven by an ageing population, the rising
prevalence of obesity, and increasing patient expectations regarding physical
function and quality of life with increasing age [10-13].

Historical context of hip and knee arthroplasties

Following the introduction of modern total hip and knee arthroplasty by Sir John
Charnley in the early 1960s, postoperative hospitalisation typically lasted
several weeks. Initially, the conservative medical approach emphasised
prolonged bed rest, restricted mobilisation, and reliance predominantly on
opioid analgesics due to concerns about implant stability, infection, and
thromboembolic events [14-15]. Early-generation prostheses and cementing
techniques were less refined, often leading to complications such as implant
loosening, infection, and deep vein thrombosis. These risks necessitated
extensive inpatient care and vigilant postoperative monitoring.

In the 1980s and 1990s, technological and methodological advances
significantly transformed surgical practices. Improvements in prosthetic
materials, such as highly cross-linked polyethylene and ceramic-on-ceramic
bearings, enhanced implant durability and reduced wear [16-20]. Surgical
techniques shifted from traditional open approaches to minimally invasive
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procedures, decreasing tissue trauma, reducing blood loss, and facilitating early
mobilisation [21-22].

Parallel developments in anaesthesia, particularly regional anaesthetic
techniques like spinal and epidural anaesthesia, improved patient comfort and
reduced postoperative pain and nausea. The widespread adoption of
multimodal analgesia, which combines systemic analgesics, local infiltration
analgesia, and non-opioid medications [23-24], markedly enhanced pain
management and patient satisfaction. These advancements collectively laid the
foundation for modern fast-track protocols and enabled the progression towards
outpatient or day-case surgical pathways [25].

Fast-track surgery: A paradigm shift

A significant paradigm shift occurred with the introduction of fast-track surgery
or Enhanced Recovery After Surgery (ERAS) in the late 1990s and early 2000s.
Fast-track surgery represents a holistic approach designed to optimise every
aspect of the pre-, para- and postoperative process. Key elements include
multimodal pain management, early mobilisation, comprehensive preoperative
patient education, optimised fluid and nutritional balance, and individualised
patient care [26-28].

Implementation of the fast-track approach quickly demonstrated efficacy in
numerous clinical studies and systematic reviews, demonstrating reduced
hospital stay durations, significantly lower postoperative complication rates,
quicker physical rehabilitation, increased patient satisfaction, and substantial
economic benefits to healthcare systems [29-36] .

Day-case Surgery: A Further Step

Following the successful implementation of fast-track setups, interest naturally
grew in further reducing hospital stays. Safe outpatient arthroplasty with
discharge on the day of surgery may be regarded as the ultimate goal of the
fast-track concept. Day-case surgery has already been adopted for less
complex procedures [37], yet concerns have persisted regarding its applicability
to major orthopaedic surgeries such as hip and knee arthroplasties. During the
COVID-19 pandemic in 2019-2020, when hospitals were forced to suspend or
severely restrict elective activity, the pressure on bed capacity further prompted
an accelerated shift towards same-day discharge. The pandemic thus acted as

18



a catalyst, with several single-centre studies reporting an increase in same-day
discharge rates for both THA and TKA [38-40].

Despite promising results, most evidence originates from highly selected
patients in single-centre settings. This limits generalisability and leaves
important knowledge gaps. At national level, the use of outpatient surgery
remains low [41-42], uncertainties persist regarding eligibility criteria, patient
satisfaction, and safety in large unselected populations.

Motivation for this thesis

Discharging patients on the day of surgery after hip and knee arthroplasty has
been proposed as the ultimate step in the fast-track concept. However, the
adoption of day-case surgery remains limited at the national level, as
uncertainties regarding patient selection and safety in a broad, unselected
population have not previously been clarified.

This project was rooted in the standardised national protocol for day-case
surgery following hip and knee arthroplasty within the multicentre collaboration
“The Centre for Fast-track Hip and Knee Replacement”. The protocol
established a shared framework across multiple public centres, ensuring
consistency in eligibility criteria, patient care, discharge criteria, and follow-up.
This created a unique opportunity not only to implement day-case arthroplasty
in routine practice, but also to document the process systematically across
diverse clinical settings on a national scale.

By addressing eligibility, reasons for failed discharge, patient satisfaction, and
safety outcomes, the project sought to provide knowledge directly relevant to
both patients, clinicians and decision-makers. More broadly, this project
demonstrates how research can actively support and validate clinical
implementation through a data-driven process.
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05 Aims and hypothesis

Overall PhD aim

The overall aim of this thesis was to investigate whether discharge on day of
surgery following hip or knee arthroplasty could be implemented in a
multicentre, publicly funded healthcare setting among patients meeting clearly
defined eligibility criteria. Furthermore, this thesis sought to assess the influence
of procedure type in relation to day-case surgery, factors preventing day-case
surgery among eligible patients, patient satisfaction and the safety of
discharging patients on day of surgery.

The aims of each of the four studies were as follows:

Study |

The aim of this study was to investigate the implementation of discharge on day
of surgery after primary hip and knee arthroplasty in a public, multicentre setting
during the first 6 months following a day-case protocol.

Study I

To analyse the effect of the surgical procedure on successful discharge on day
of surgery. Furthermore, to analyse causes of not being discharged on day of
surgery when found eligible and scheduled for day-case THA, TKA, and mUKA.

Study I

The aim of the study was to investigate whether patients were willing to repeat
being discharged on day of surgery if they were to have a future hip or knee
arthroplasty procedure.

Study IV

The aim of this study was to investigate patient safety following discharge on
day of surgery after hip and knee arthroplasty, defined as in-hospital

20



complications, early readmissions, mortality, and days alive and at home (DAH)
after day-case and non day-case hip and knee arthroplasty
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06 Methods

Study design

This thesis builds on a series of four prospective, consecutive cohort studies
conducted within the Danish multicentre collaboration “The Centre for Fast-track
Hip and Knee Replacement”. All studies adhered to the REporting of studies
Conducted using Observational Routinely-collected Data (RECORD) guidelines
[43].

Setting

The multicentre collaboration “Centre for Fast-track Hip and Knee Replacement”
consists of eight public arthroplasty centres distributed across all regions of
Denmark [44], including:

- Aalborg University Hospital, Farsg,

- Hospital Unit West, Gadstrup

- Lillebaelt Hospital — Vejle

- Odense University Hospital, Svendborg

- Copenhagen University Hospital, Bispebjerg

- Copenhagen University Hospital, Herlev-Gentofte
- Copenhagen Univsersity Hospital, Hvidovre

- Neestved Hospital
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Figure I. The multicentre collaboration “The centre for fast-track hip and
knee replacement”

Farsa hospital

Gentofte hospital

v
Gadstrup hospital Bispebjerg hospital
Vejle hospital Hvidovre hospital
Svendborg hospital

Nastved hospital

Together, these eight hospitals perform approximately 9,700 primary total hip
arthroplasties (THA), total knee arthroplasties (TKA), and unicompartmental
knee arthroplasties (UKA) annually, corresponding to more than one third of all
nationwide procedures in this field [3, 4].

Prior to patient inclusion, the study group developed a detailed protocol for the
implementation of discharge on day of surgery as standard of care for selected
patients [45]. Implementation of the day-case protocol began in September
2022. Figure Il presents a flowchart overview of the thesis, including the
timeframes for all four articles. Some of the patients were reported on in all four
studies, but with different endpoints in each study.
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Figure Il. Flow-chart overview
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One centre (Hospital Unit West, Gadstrup) did not participate in studies I, Il, and
Il due to major logistical changes associated with relocation to a new hospital
site during the first 1.5 years after protocol implementation. For study I,
Bispebjerg Hospital was also excluded to avoid implementation-related
challenges that might affect the subjective outcome of patient satisfaction, as
the protocol was not consistently well-established throughout the study period.

Data source and population

Eligibility for discharge on the day of surgery was assessed preoperatively using
predefined inclusion and exclusion criteria (table ). Patients considered eligible
were scheduled for surgery with an intended start time before 1:00 p.m.
Discharge on day of surgery was carried out only if all specified functional and
clinical criteria were met (table II). At each participating centre, trained research
staff prospectively collected data, with physician support available when
required. Data collection included both patient-reported information and detailed
clinical data extracted from medical records. All data were entered into, and
securely stored within, a REDCap database hosted in collaboration with the
Open Patient Data Explorative Network (OPEN) at Odense University Hospital
[45].

The population consisted of patients who underwent primary, unilateral total hip
arthroplasty (THA), total knee arthroplasty (TKA), or unicompartmental knee
arthroplasty (UKA). In studies Il and lll, patients who underwent lateral
unicompartmental knee arthroplasty (IUKA) and patellofemoral knee
arthroplasty (PKA) were excluded, as these studies focused on procedure-
specific outcomes (figure I1). Because IUKA and PKA have a very low
prevalence they were excluded from these analyses [46-47].
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Table I. Inclusion and exclusion eligibility criteria for planned
discharge on day of surgery.

Inclusion criteria
° Unilateral elective primary THA, TKA, or UKA
e  Age 18-80

Exclusion criteria

e  Acute myocardial infarction, cerebrovascular accident, transient ischemic
attack, or coronary atherosclerotic disease within last 3 months

e  Unstable ischemic heart disease

e  Ejection fraction < 40%

e  Glomerular filtration rate < 60 mL/min/1.73 m?

e  Chronic obstructive pulmonary disease with home oxygen
. Insulin-dependent diabetes mellitus

e  Sleep apnea requiring mechanical treatment

e CFS24

e 2 or more falls within last 3 months

e  Body mass index < 18.5 or > 40

e Not interested in discharge on day of surgery

e No adult present at home during the initial postoperative night™

* CFS = Clinical Frailty Scale [48]
™ This criterion was inadvertently omitted from the protocol paper but has consistently
been applied across all centres.
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Table Il. Criteria for discharge on day of surgery

Activity level
e  Steady gait with crutches
e  No dizziness during mobilisation
. Can use stairs, if required by participant’s home environment

Postoperative nausea and vomiting
e  Minimal and efficiently treated with or without medication EWS" < 2

. Patients with EWS = 2 must be discussed with a doctor prior to discharge

Pain
. Numeral rating scale (NRS)* [0—10, with O being no pain and 10 being the worst
pain imaginable]
e NRS<3atrest

e NRS <5 when walking 5 meters
e  Or otherwise, acceptable level of pain assessed by the participant regardless of
NRS score

Postoperative bleeding

. Should be consistent with expected blood loss for this procedure and not require
repeated dressing change

" EWS = national implemented Early Warning Score systems based on NEWS2 from the
Royal College of Physicians [49]

“Numeral rating scale (NRS) [0-10, with 0 being no pain and 10 being the worst pain
imaginable].

Methodological considerations

The choice of a cohort design was driven by multiple considerations. The
collaborative infrastructure established in 2009 by the Lundbeck Foundation
Centre for Fast-track Hip and Knee Replacement had already created a strong
national research network, and additional funding from the Novo Nordisk
Foundation in 2021 provided a timely opportunity to expand this collaboration
and establish the multicentre framework required for a large-scale, nationwide
cohort study. In addition, this project served as a data-driven clinical quality
improvement project focused on the implementation of day-case hip and knee
arthroplasty, with the prospective cohort design enabling continuous evaluation
of its clinical soundness, safety, and sustainability.
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A randomised controlled trial (RCT) could have provided stronger causal
evidence, however several challenges made this approach less feasible. At the
start of the project, no consensus-based guidelines existed to define which
patients could safely undergo discharge on day of surgery after hip and knee
arthroplasty. Random allocation could have overridden clinical judgement and
resulted in patients being discharged without an individualised suitability
assessment. An RCT would also have faced substantial logistical barriers, as
the same surgical and nursing teams cared for both day-case and non-day-case
patients, increasing the risk of treatment contamination and requiring
considerable additional resources. The inability to blind patients or staff could
have introduced performance and detection bias, particularly in subjective
outcomes such as patient satisfaction. Finally, the generally low incidence of
safety outcomes such as readmission and mortality meant that an RCT
powered to detect differences would have required very large sample sizes.

Outcome variables

Study |

The primary outcome was the proportion of eligible patients discharged on the
day of surgery during the initial 6 months following a day-case protocol
(implementation period). Secondary outcomes were proportions of patients
discharged on day of surgery out of all patients (eligible and non-eligible
patients) compared with a historical baseline from before covid-19, and centre-
level variation.

Study Il

The primary outcome was the day-case success rate among patients eligible
and scheduled for surgery before 1 p.m. analysed by procedure type (THA,
TKA, mUKA). Secondary outcomes included proportions of causes for not being
discharged, despite being eligible and scheduled for day-case surgery.

Study I

The primary outcome was the proportion of patients willing to repeat discharge
on day of surgery, if undergoing future hip or knee arthroplasty. Responses
were analysed overall, by procedure type, and by participating centre.
Secondary outcomes compared demographic and clinical characteristics
between patients willing and unwilling to repeat discharge on day of surgery.
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Study IV

Primary outcomes included

- Proportions of patients with in-hospital complications leading to LOS >2 days.
- 48-hours and 30-days readmissions rates. A readmission was defined as an
overnight hospital stay at a hospital within the same region where the index
procedure was performed.

- 48-hours and 30-days mortality.

- Days alive and at home (DAH) assessed at 30 days postoperatively. DAH is a
numerical number calculated using all hospitalisations (primary admission and
readmissions) and mortality data from the date of the index surgery.

Statistics

Descriptive statistics were presented with means and standard deviations (SD)
for normally distributed continuous variables and medians with interquartile
ranges (IQR) for non-normally distributed continuous variables. Distributions
were assessed for normality using Q—Q plots. Categorical variables were
reported as counts and percentages. Pearson’s chi-square test was used to test
for statistical differences between categorical measures, and Wilcoxon rank-
sum test was applied for non-normally distributed continuous variables.
Proportions were reported with 95% confidence intervals (Cl). Statistical
significance was defined as p < 0.05. For all analyses, we used Stata Statistical
Software: Release XX (StataCorp LLC, College Station, TX, USA).

Study |

The proportion of patients meeting predefined eligibility criteria and the
proportion discharged on the day of surgery were calculated overall, by
procedure (THA, TKA, mUKA), and by centre. Comparisons with the historical
control cohort from 2019 were performed using chi-square tests, and absolute
risk differences were reported with 95% CI.

Study Il

Day-case success rates were calculated for THA, TKA, and mUKA among
patients fulfilling eligibility criteria and scheduled before 1 p.m.. Exact binomial
95% CI were calculated for procedure-specific proportions. Reasons for non-
discharge despite eligibility were categorised according to unmet discharge
criteria and presented descriptively as percentages.
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Study I

Willingness to repeat same-day discharge was analysed descriptively and
stratified by procedure type and centre. Comparisons between patients willing
and unwilling to repeat were performed using chi-square tests and Wilcoxon
rank-sum tests as appropriate. Logistic regression analyses were performed to
identify predictors of unwillingness to repeat, with results presented as odds
ratios (OR) and 95% CI.

Study IV

Safety outcomes included in-hospital complications leading to a length of stay
>2 days, 48-hour and 30-day readmissions, and 30-day mortality. Proportions
were calculated with 95% Cl and compared between day-case patients and non
day-case patients using chi-square tests. Days Alive and at Home within 30
days (DAH30) was analysed as median [IQR] and compared between groups
with the Wilcoxon rank-sum test

Ethical considerations

All studies were preregistered within the Region of Southern Denmark with
approval for data processing and management (Journal no. 22/39454) and the
overall fast-track collaboration project was registered at ClinicalTrials.gov
(NCT05613439). Approval for data storage and handling followed the described
protocol.

The management of eligible patients for day-case surgery adhered to the
standard of care outlined in the protocol [45] at the participating centres,
obviating the necessity for ethical approval. Patients were included after
informed consent.

The studies were conducted in accordance with the Declaration of Helsinki. The
PhD student and co-authors had no conflicts of interest to declare regarding this
project.
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07 Results

A summary of key findings from all four studies is provided below. Detailed
information on flowcharts, demographic characteristics, and the tables and
figures referenced in the following sections can be found in the individual
articles (Study -1V, 54-103)

Implementation of day-case surgery

During the implementation period (first six months following the day-case
protocol) 37% (95% CIl 35—-39) of patients undergoing primary unilateral THA,
TKA, or UKA met predefined eligibility criteria for discharge on day of surgery.
Eligibility rates were 34% (95% Cl 32-36) for both THA and TKA patients and
52% (95% CI 49-55) for mUKA patients. Of those deemed eligible, 52% were
discharged on the day of surgery. Overall, 21% (95% CI 20-23) of all patients
(eligible and non-eligible) were discharged on the day of surgery, representing a
15% significant increase (95% CI 13—-17) compared with the control period in
2019 (Study ).

31

Jpnps

APNps#



Figure lll. Overall proportions of patients discharged on day of surgery.
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Centre-level variation was evident during the implementation period.
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Procedure-specific outcomes and barriers

Eligibility rates were 34% (Cl 34-36) for both THA and TKA patients, and 52%
(Cl1 49-55) for mUKA patients. In eligible patients scheduled for surgery before
13:00 p.m. (achieved in 85% of patients), day-case success rates were 59%
(95% CI 55-62) for THA, 61% (95% CI 57—65) for TKA, and 72% (95% CI 68—
76) for mUKA.

Figure IV. Overall day-case success rates, and day-case success rates in
eligible patients scheduled for day-case total hip arthroplasty (THA), total
knee arthroplasty (TKA), and medial unicompartmental knee arthroplasty
(mUKA) surgery.
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The most common causes of day-case failure were mobilisation issues (24%),
prolonged spinal anaesthesia (21%), and postoperative nausea and vomiting
(PONV) (14%) (Study I1).
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Figure V. Causes for patients not being discharged on day of surgery
despite being eligible and scheduled for day-case surgery.
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Patient satisfaction following day-case surgery

Among patients discharged on the day of surgery, 90% (95% CI| 88-91)
expressed willingness to repeat day-case surgery if undergoing future
arthroplasty (Study 1l1). This willingness was consistent across procedure types
(THA, TKA, and mUKA). The difference between centres ranged from 84 to
93% (stydy III).

Figure VI. Proportion of patients willing to repeat being discharged on day
of surgery divided by surgical procedure.
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Safety outcomes

The mean LOS across all patients was 1.0 day (range 0-70). A total of 5%
(95% CI 4.9-5.5) of patients had LOS >2 days. Mobilisation issues (1.4%) and
pain (1.4%) were the main in-hospital complications registered in patients with
LOS > 2 days. Among day-case patients, readmission rates were 0.7% (95% CI
0.5-1.1) within 48 hours and 1.9% (95% CI 1.5-2.5) within 30 days. In
comparison, non-day-case patients had readmission rates of 0.5% (95% ClI
0.3-0.6) within 48 hours and 5.3% (95% CI 4.8-5.8) within 30 days.
No deaths occurred within 48 hours after surgery. The overall 30-day mortality
across all patients was 0.08% (n=10), with no deaths among day-case patients.
The median DAH30 was 30 (range 0-30) for day-case patients compared with
29 (range 0-30) for non-day-case patients.

Table Ill. Overview of safety outcomes.

Entire study cohort

Day-case patients

Non day-case

patients
n =12589 n = 3159
n = 9430
95% Cl 95% ClI 95% ClI
LOS, mean (range) 1.0 (0-70) 0 - 1.4 (1-70) -
Patients with registered
in-hospital complications 635 (5.0%) 4.7-5.4 - 635 (6.7%) 6.2-7.3
having LOS > 2 days, n(%)
Readmission < 48 hours,
) 66 (0.5%) 0.4-0.7 23 (0.7%) 0.5-1.1 43 (0.5%) 0.3-0.6
n(%,
Readmission < 30 days,
) 558 (4.4%) 4.1-4.8 60 (1.9%) 1.5-2.5 | 498 (5.3%) 4.8-5.8
n(%,
Mortality < 48 hours, n(%) - -
Mortality < 30 days, n(%) 10 (0.08%) 0.04-0.12 - 10 (0.1%) 0.06-0,21
DAH3,
Median (range) 29 (0-30) 30 (1-30) - 29 (0-29) -
Mean (SD) 28.6 (5.5) 29.9 (1.3) - 28.2 (2.1) -
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08 Discussion

Implementation of day-case surgery

International comparison of day-case hip and knee arthroplasty remains
challenging, as eligibility criteria based on clinical assessment and comorbidity
considerations are debatable, and healthcare systems vary substantially [51-
51]. This is likely the main explanation for the wide variation in reported day-
case discharge rates, ranging from 24% to almost 100% [38-40, 52, 53]. In
addition, terminology is inconsistent, with overlapping use of terms such as
ambulatory surgery, outpatient surgery, and day-case surgery, all defined with
and without overnight stay in hospital.

In the early literature, little attention was given to identify which patients could
be considered suitable for discharge on the day of surgery. Decisions were
largely left to the discretion of the surgeon on the day of operation rather than
guided by a structured framework [40, 53, 54]. Consequently, most published
studies were single-centre studies involving highly selected populations of
younger, healthier patients treated in specialised outpatient facilities [38-40, 52,

55]. In contrast, a central element of the present project was the development of

a detailed predefined protocol designed for public multicentre implementation,
incorporating comprehensive eligibility and discharge criteria that formed the
foundation of the entire project [45]. These criteria were developed from
previous fast-track studies and multicentre safety data [31, 56, 57], ensuring a
standardised and reproducible framework. Within this setting, approximately
one third of patients fulfilled the eligibility requirements during the
implementation period, and just over half of these were discharged on the day
of surgery, corresponding to an overall discharge rate of 21%. These numbers
lie at the lower end of spectrum of reported rates of day-case surgeries.
However, implementation in a publicly funded healthcare system inevitably
reflects a broad study population, including patients with greater comorbidity
and variation in perioperative care.

We also found marked variation in eligibility and discharge rates in between

centres despite adherence to a uniform protocol. At a broader level, centres
with prior experience of day-case arthroplasty achieved higher discharge rates
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and demonstrated improvement during the study period, while centres with no
previous experience reached more modest levels. This suggests that
implementation depends not only on patient selection and clinical protocols, but
also on organisational familiarity, infrastructure, and institutional culture.
Comparable findings have been reported in other multicentre fast-track
collaborations [52], highlighting that successful implementation requires local
adaptation and sustained institutional engagement in addition to predefined
criteria.

Procedure-specific outcomes and barriers

Eligibility for discharge on day of surgery may also be considered in relation to
the surgical procedure itself and its impact on the individual patient. Rather than
focusing solely on predefined criteria, eligibility can also be understood through
the degree of invasiveness, the expected recovery trajectory, and the
physiological challenges associated with each operation. UKA procedure is a
less invasive procedure compared to TKA, hence less pain and faster
mobilisation could be expected. Within the present work, eligibility and
discharge success were similar for patients undergoing THA and TKA, whereas
mUKA patients demonstrated both higher eligibility and higher day-case
success rates. Several additional factors may contribute to the greater
proportion of mMUKA patients discharged on the day of surgery, including a
higher rate of eligibility that may facilitate inclusion of a larger share of mUKA
patients in day-case pathways compared with THA and TKA, and greater
confidence among surgeons in the feasibility of day-case surgery for mUKA
based on previous experience [58-60]. Nevertheless, even after adjusting for
these potential sources of selection bias as well as demographic variables,
MUKA patients still achieved the highest success rates.

Barriers to discharge were largely consistent across procedures, with delayed
mobilisation, prolonged spinal anaesthesia, and PONV identified as the most
frequent causes. These observations mirror previous reports where similar
factors have been highlighted as major limitations to achieving day-case
success.

Mobilisation issues emerged as one of the main reasons why patients were not
discharged on the day of surgery. In this context, this term "issues” covers a
range of potential underlying factors, from logistical problems such as lack of
assistance, to clinical factors including pain, prolonged spinal anaesthesia, or
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PONV. As the specific cause of failed mobilisation were not recorded in this
study, interpretation of this finding remains challenging.

Prolonged spinal anaesthesia was particularly notable as an isolated cause
preventing discharge. Despite protocol recommendations to use short-acting
spinal anaesthetics in low doses, delayed recovery remained a challenge.
Previous studies have shown that general anaesthesia may facilitate faster
mobilisation, with less pain, dizziness and nausea compared with spinal
anaesthesia [61-62]. However, some studies have reported higher risks with
general anaesthesia in comorbid THA patients [63]. Nevertheless findings from
a study conducted in a dedicated fast-track setting indicate that these risks may
be reduced in optimised fast-track setups [64]. A randomised trial has even
demonstrated potential advantages of general anaesthesia, particularly in
situations where late scheduling makes rapid recovery after spinal anaesthesia
less feasible [61]. Further research on this subject is warranted.

PONV was another frequent cause of failed discharge on day of surgery,
particularly prevalent in THA patients. Although PONV has previously been
described as a challenge in day-case surgery, we are not aware of other studies
reporting higher rates among THA patients compared to TKA or mUKA patients.
This observation may indicate procedure-specific vulnerability and underscores
the importance of targeted prophylaxis, especially in THA patients.

Patient satisfaction following day-case surgery

Patient perspectives are an essential component when evaluating the feasibility
of discharging patients on day of surgery after hip and knee arthroplasty, yet
this aspect has received comparatively little attention in the literature [65-67].
Measuring a subjective outcome such as satisfaction can, however, be
challenging. Had patients been asked directly about their level of satisfaction,
responses would almost certainly have been influenced by their perception of
the surgical outcome itself rather than the timing of discharge. To avoid this
bias, we chose to apply a single, indirect question: whether the patient would
wish to be discharged on the day of surgery again if undergoing hip or knee
replacement on the contralateral side. This measure served as a proxy for
satisfaction, based on the reasonable assumption that patients who were
dissatisfied with their initial experience would be unlikely to express willingness
to repeat it.

Ninety percent of patients expressed willingness to repeat discharge on the day
of surgery, a level that can be considered both satisfactory and acceptable for
continued implementation of the pathway. Nevertheless, 10% of patients did
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not, and it is within this group that the principal limitation of our study lies. For
further optimisation of the fast-track programme, it would be of considerable
interest to explore the underlying reasons why some patients were unwilling to
repeat same-day discharge. Such questions however require a qualitative
methodological approach and were therefore beyond the scope of the present
study.

Safety outcomes

Safety is of fundamental importance when implementing new clinical pathways,
ensuring that any changes introduced are professionally sound and defensible
[68-69]. However, studies evaluating the safety of day-case hip and knee
arthroplasty have been scarce, and to our knowledge no defined criteria for safe
discharge had previously been presented. Over recent decades, the length of
stay following hip and knee arthroplasty has decreased markedly due to
advances in pre-, peri-, and postoperative care. Prior to the initiation of the
present project, the mean length of stay was approximately one day for UKA
and 1.5 days for THA and TKA [41]. The project therefore aimed to reduce
admission time by an additional day. While this may appear modest in absolute
terms, the implication is important: patients were discharged as soon as they
had recovered from anaesthesia and fulfilled all predefined discharge criteria
(Table I1), without any further inpatient observation by healthcare staff. These
discharge criteria thus constitute the essential safety framework for enabling
discharge on the day of surgery.

In the present study, the setup following a day-case protocol was found to be
safe for both day-case and non day-case patients. All safety outcomes outlined
in study IV supported the safety of discharging selective patients on day of
surgery after hip and knee arthroplasty. Both 48 hours and 30-day readmission
rates and mortality rates were low and comparable between day-case and non
day-case patients, suggesting that day-case patients did not impose any
increased risk of adverse events.
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Strengths

The strength of this thesis lies primarily in its prospective design within a public
multicentre collaboration guided by a well-defined and published protocol for the
entire setup [8]. The participating arthroplasty centres, which form the Centre for
Fast-track Hip and Knee Replacement are located across all region of
Denmark, accounting more than one third of the nationwide procedures in this
field. This broad geographical distribution, including both university hospitals
and regional hospitals enables a more comprehensive evaluation, reflecting a
broader range of diversity and enhancing the external validity of our findings.
Given this setup, our findings are likely to be particularly robust within
healthcare systems similar to Denmark.

The prospective design, combined with the presence of dedicated research staff
at all sites, enabled systematic and standardised data collection on a large
cohort. Only 4 out of all patients included after 2 years and 7 months had
missing data for all outcome measures, resulting in a follow-up completeness of
99.97%. These features distinguish the present work from previous studies in
the field, many of which have been limited by smaller sample sizes, single-
centre designs, uncertainty regarding follow-up completeness or poorly defined
criteria for day-case surgery.

Limitations

The database used for this thesis has not undergone formal validation, which
represents an important limitation. As with all large-scale clinical datasets, the
potential for misclassification and missing data cannot be completely excluded,
even though data were prospectively collected by trained research staff with
physician support when required. Such errors could theoretically influence the
accuracy of eligibility assessments, discharge status, or recorded complications.
However, because the analyses in this thesis relied primarily on simple
descriptive measures and crude proportions in a large and nearly complete
cohort, minor errors due to misclassification or missing data would only
marginally affect the results and are unlikely to alter the overall conclusions.

Another inherent limitation is the observational study design, which precludes

conclusions about causality. The findings therefore represent descriptive trends
rather than definitive causal relationships. Nonetheless, the large sample size,
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multicentre setting, and use of a predefined protocol increase the reliability of
the results and strengthen their relevance

Specific methodological limitations related to each study included are discussed
in detail in paper I-IV.
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09 Perspectives

The results of this thesis suggest that a fast-track setup, with a mean length of
stay of one day and approximately 25% of patients being discharged on day of
surgery following primary hip and knee arthroplasty, can be safely implemented
in a multicentre, publicly funded healthcare system treating unselected patients.
A key consideration when introducing new healthcare pathways is balancing
potential patient risks with organisational priorities. In this thesis, complications
among day-case patients were infrequent and occurred at rates comparable to
those who remained in hospital overnight, and patient satisfaction was also
high. These findings support the feasibility of widening the eligibility criteria for
day-case surgery. The data presented in this thesis cover the period from
September 2022 to May 2024. When extending the analysis using the same
REDCap database up to February 2025, the mean overall proportion of day-
case patients increased to 29% (figure VII). Focusing solely on the last 3
months represented, the proportion was 38% (figure VIII). This steady rise
indicates that discharging patients on day of surgery is likely to become even
more common even under the current eligibility criteria. With a widening of
current criteria, there is clear potential for further substantial increase over the
coming years. At the same time, the findings highlight the important question if
and where the upper limit for safe day-case surgery lies. Overall, the data
underline the dynamic nature of day-case implementation and emphasise the
need of continuous outcome evaluation as eligibility criteria evolve, while further
studies are needed to confirm safety and to clarify which patient groups may still
benefit from overnight hospital observation.
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Figure VII. Timeline — Day-case patients overall.
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Figure VIII. Current 3 months status - Day-case patients overall.

100 -
90 -
80 -
70 ~
60 -
% 50
40 1 —
30 - —————
20 A \
10 A
0 T T ]
dec-24 jan-25 feb-25

Mean 38%

- Bispebjerg Farsg Gentofte Ggdstrup
e Hvidovre — Naestved Svendborg Vejle

44



In study Il, we found a relatively high percentage (15%) of eligible patients
underwent surgery after 1 p.m., even though the protocol recommends
scheduled surgeries before this time for all patients eligible for day-case
treatment. The workflow at public hospitals has its limitations, which makes the
implementation of new healthcare pathways complex. Several factors may
affect the efficiency of day-case surgery, including bed availability, competing
use of operating theatres, and staffing constraints. The setup of the arthroplasty
centres varies both nationally and internationally [70], and this was also
reflected within our multicentre collaboration. At some hospitals, the arthroplasty
section functioned largely as an independent facility, whereas in others it was
embedded within an orthopaedic department and shared logistics with trauma
and general orthopaedics. Furthermore, the scope of procedures varied
between centres, with some performing only primary hip and knee
arthroplasties and others also carrying out revision surgeries.

Given these logistical challenges, differences between hospitals are to be
expected, and it may be unrealistic to achieve same-day discharge for all
patients within the current public healthcare system. This underlines the
importance of dedicated logistics and predictable resources when determining
where and how to implement day-case hip and knee arthroplasty. In addition,
with the constraints present at most Danish hospitals, clinicians should consider
each patient’s likelihood of achieving same-day discharge and prioritise surgical
scheduling accordingly to maintain overall efficiency. A closer examination of
which patients are most likely to fulfil the discharge criteria is therefore
warranted.
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10 Conclusion

Study |

During the 6-month implementation period of discharge on day of surgery after
hip and knee arthroplasty, we found it possible to perform day-case surgery in
21% of patients within a multicentre, publicly funded healthcare setting

Study I

We found similar day-case eligibility and success for patients undergoing THA
and TKA, while mUKA patients had higher rates of eligibility and day-case
success. Mobilisation issues, prolonged spinal anaesthesia and PONV were the
major causes of not being discharged on day of surgery.

Study I

A total of 90% of patients discharged on the day of surgery after hip and knee
arthroplasty were willing to repeat discharge on day of surgery. This rate is
encouraging and acceptable for ongoing implementation.

Study IV

Our findings demonstrate the safety of current fast-track setup in a national,
publicly funded healthcare system. We were able to demonstrate low rates of
in-hospital complications, early readmissions, mortality among day-case and
nonday-case patients.

Overall conclusions

This thesis demonstrates, that discharging patients on day of surgery after hip
and knee arthroplasty can be safely implemented in a multicentre, publicly

funded healthcare system. Overall, 21% of patients were discharged on day of
surgery during the implementation period. Eligibility and success rates for day-
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case surgery were comparable between THA and TKA patients, while higher
rates were seen for mUKA patients. Day-case failure among eligible patients
was mainly due to mobilisation issues, prolonged spinal anaesthesia, and
PONYV. 90% of patients reported willingness to repeat discharge on day of
surgery, indicating high satisfaction. Safety outcomes were favourable, with low
rates of in-hospital complications, early readmissions, and mortality.

This thesis further illustrates how research can guide and support the
implementation of patient pathways in clinical practice through a data-driven
process, where continuous evaluation of safety and patient experience provides
both clinical and patient-centred assurances of quality, reinforcing confidence
that the day-case approach is clinically appropriate, sustainable, and safe.
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Background and purposs — Length of hospital stay
after hip and kmee arthroplasty is about 1 day in Denmark
with few patients discharged om the day of surgery. Hence,
2 protocol for mmlticenter implementation of discharge on
day of surgery has been instimted We aimed to describe the
implementation of outpatient hip and knee arthroplasty in a
multicenter public healthcare setmng.

Mathods — We performed a prospective multicenter
stndy from 7 public hospitals across Denmark. Patients were
screened using well-defined in- and exchusion criteria and
were dizcharged on day of surgery when fulfillimg fimetional
discharge criteria. The smdy period was from September
2022 to February 2023 with variable start of implementation.
Data from the same centers in a §-month period before the
COVID pandemic from Joly 2019 to December 2019 was
nsed for bazsslime control.

Rasults — Of 2,756 primary hip and knee arthroplas-
ties, 37% (95% confidence interval [CI] 35-39) were eli-
zible (range 21-50% i centers) and 52% (ranze 24-62%)
of these were discharged om day of surgery. 21% (CI 20-23)
of all patients (eligible and non-eligible) were discharged on
day of surgery with a range of 10-31% within centers. This
was an additiomal 15% (CI 1317, P < 0.001) compared with.
patients discharged in the control period (6% in 2019).

Conclusion — We found it possibile to perform outpa-
tient hip and knee replacement i 21% of patients m a public
healthcare setting, probably to be mcreased with further
CENIET SEPETIENCE.

Department of Orthopasdc SUgery, Nstied,
nhagen Unhrsty Hospiial,

and Traumatalogy, Cops
: 9 Department of Anaesthesta, Hospital of Northern Zeakand, Hillered; 1*Section of Surglcal Pathophysioiogy,

There have been significant developments in hip and knee arthro-
plasty during the past decades with the introduction of fast-track
protocols resulting in a reduction in postoperative length of hos-
pital stay (LOS), postoperative morbidity, and costs [1-5]. Safe
outpatient arthroplasty with dischargs on day of surpery may be
the ultimate zoal of fast-track arthroplasty [6].

Previous single-center studies have shown the potemtial o
discharge patients om the day of surgery after primary total
hlprﬂnuplastj{'lﬂm total knee anthroplasty (TECA), and

kmee arthroplasty (UKA) [7-10]. Althouzh
selective use of outpatient surgery m individual cemters has
been shown to be feasible, the use of outpatient surgery on
a national level is low [11,17]. Therefore, the study group
designed a detailed protoeol for the implementation of outpa-
tient surgery in a muolticenter collaboration across all regions
in Dienmark [13].

Hence, the aim of our study was to imvestizate the imple-
mentation of discharge on the day of surgery after primary hip
and knee arthroplasty in @ multicenter setting during the first
G-month study period.

Meathods

Studly design

The study was designed as a prospective multicenter cohort
study. All reporting was performed according to the REport-
ing of studies Conducted using Observational Foutinely-col-
lected Diata (RECORDY) guideline [14].
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Tabie 1. InClusion and exclusion cmema for plannad discharge on
day of surgery

Inclusion criteria
* Unilaberal elective primary THA, THA, or UKA

infarchion, cerabrovascular ascident, ransient
Eschemic atack, or coronary atharoedenotic diseass within last 3
months

Unstabis ischamic haart disease

Ejection fraction < 40%

Glomenular filtration rate < 60 mLninf. 73 m

Chienie cbstrUclive pUFMGRAY Sisaase with home cxygen
Insulin-depandeant dabeles malltus

Sleap apnaa requiing mechanical reatment

CF3z4n

2 o more Talls within last 3 months

Body miass index < 18.5 07 = 40

Mot infarested in discharge on day of surgary

Mo acull prasent &t home duing e inital postioperative right

R

& CFS = Clirical Frailty Scale [25].
© Thig eriterion was iadvenenly omitisd from e pretoco paper bul
has consistently bean appied acoss all cantars,

Setfing

“The Center for Fast-wack Hip and Enee Feplacement”™ is a
multicenter collaboration consisting of § public arthroplastyr
centers across all 5 repions in Denmark, covering approxi-
mately 40% of the ammmal romber of hip and kmee arthroplas-
ties in Denmark [915]. Cnly 3 of the § centers had previous
experience with uze of outpadent swgery before the study
pericd. An educational program was mmoduced supporting
that all centers followed the same protocol [13]. The study
period was from September 1, 2022, to Febmary 28, 2023,
with centers labelled A~G- 1 center (Hospimal Unit West, God-
strup) did not participate because of major logiztical chanzes
due to wansfer to a new hospital site and therefore did not
include padents. Furthermore, 4 of the cemters were only
ready to start inclusion from October 1, 2022,

Study population
The smdy populatdon mcluded patients receiving a primary
elective THA, TEA, or UEA and included in the EEDCap
database at the 7 study centers in the implementation period.
Patiemts were inchnded after informed conzent. The informed
consent was In wrfing and necessary in order o gain full
access to padent files and to semd our gquestonnaires o the
patients. Inclusion and exclusion criteria for planned out-
patent surgery are presented im Table 1. Patient: were dis-
charged om day of surgery if fulfilling predefined discharze
criteria {Table 2). The data completensss on center level is
provided in Table 3 (zee Appendix).

Parients elizible for outpadent surzery were scheduled with
intended start of surgery before 1 pm. (Figure 1).

A historic comtrol cobort with data onm the mumber of
outpatient procedures from the study centers in a S-month
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Tabla 2. Criena for discharge on day of surgery

Activity leval
+ Steady gail with crutches
- Mo dizziness during mobilization
+ Canuss staire, if required by parlicipant’s home amdronment
Postoparative nausea and voemiting
+ Mirimal and efficiently reated with of withoul medication EWS® < 2
+ Patients with EWS = 2 must be discusssd with 2 docier prior o
disetarge
Pain
« Nurneral rating scae (NRS) (0-10, with 0 being no pain and 10
ratée)

» NRZ < & when walking 5 m
. of cfierwise, leval of pain
regardiess of NAS score

Ly the particigant

Posioperative beeding

» Should be congistert with expecied biood loss for this procedurs
and not require repeabed dressing changs

* EWS = nafional implementsd Early Warring Scone systems based
on MEWS2 from the Royal College of Physicians [26].

period from Joly 1, 2019, to December 31, 2019 was nsed
for comparizomn.

Dewviation from study profocol

The focus of our stady was to document and describe the imple-
mentation process following the detailed protocol desizned by
the study group prior to the implementation process.

We occasionally noticed a discrepancy in the exclusion cni-
teria publizhed in the protocol paper and those used in prac-
tice. The exclnzion criterion “no adult presemt at home during
the initial postoperative night” is not mentoned in the pub-
lizhed protocol, and our smdy therefore deviates from smdy
protocol regarding this criterion.

Dafa sources

Data was prospectively collected by dedicated research staff
at the mdividual smdy sites with physician back-up if neces-
sary and stored online in a RED<Cap database in collaboration
with the Open Patient data Explorative Netwark (OFEMN) in
Odense University Hospital. The databazse ncludez patient-
reported data as well as detailed data on patient comorbidides
and medications collected prospectively by research staff [13].

Data on the historical baseline conmol group was obtined
from the Danish Watiomzl Patient Registry (DNFE), which
comiains specific procedure codes, diagnosis codes as well and
discharge dates from all hospitalizations since 1977 [15].
Statistics
A prelimmary power calculaton was performed to ensure the
feazibility of the smdy within the planned smdy period. To
detect a 10-percentage point increase in discharge on the day
of surgery, we required a sample size of 266 patients in each
zroup, ensuring a power of 90% and an alpha level of 3%, and
this was fully achisved with a 6-month study period [13].
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Table 4. Patent demographics. Values ane percenages unless oth-
arwlse specified

Eigihe Nee-aligibie
Ertire: patients patiens
sty n = 1,022 n=1734

Fastor gohort  DOS NolDOS DOS MolDOS

Sugical procedure, n 2756 537 495 B3 16T

THA 1287 213 203 20 B4B

THA 1p65 BB 1AL 21 BI6

LKA 424 128 @A 22 20
Mean age, years 89 85 88 @& T
Sex

Femala 58 48 85 8 B

Ml 42 B2 45 41 3B
Mesn body mass index 29 7 @ 2 a0
Cobabitation

Cahabiting 73 @i AT @8 &2

Livirg alore 27 9 13 ®m 38
Maan CFS 28 21 22 28 28

scaly treated

dishetes malliue 9 & 8 & 1

hear dissase 58 8 5 5 &

puknonary Geesse 25 W1z 13 oM

DOS = dischanged on the day of supeny.
CFS = Clinical Fraity Seale [25]

A before-and-after design was used, and outcomes pre-
zemted a5 proportions with 95% confidence mgervals (CT).
An estimate of the intervention effect was quantified through
the measurement of the difference in proportions nsing Stata
Statstical Software: Release 18 (SataCorp LLC, College 5ta-
tion, TX, USA).

Ethics, registration, funding, and disclosures
The smdy was preregistered in the Region of Sounthern Den-
mark and approval for data storage and management of stdy-
associated data was obtained. The stedy was also registered on
Clinical Trials gov (NCT03613430).

Treament of elizible patents for cutpatent surgery was
standard of care at the participating cemters according to the

Frimary unilareml hip and knes anhoplastes incuded
Eepember 2022 w February 2023 from 7 Sudy Camars

Distribution of causes of not being algités (%)

Mo primary, unlaeeal THE, TRA. or LKA
Aga = BOyaars

AMI, OVA, TIA or CAD within la= 3 momhs
Ursmble lEchemic hean diseass

EF = 409 OF SvGrs Near vahs disaass:
ORF < B0mLimia.73m”

COPD whi homa oygen
Insuin-dependem dinberes mellus
Cllnical ralyy salo = 4

2 ior mora falls within 3 momhs:

Body mass Inda < 185 or > 40

Mo arul a1 homa tha inital posIp. night
Othars.

£ 15 @ 35
Figure 2. Causes of not baing elgibla for dischangs on day of sugeny.
AMI = aouls myocardal infarction. CVA = carebrovasculsr acsident
T = transient ischemic attack. CAD = oofonary stheroschandlic dis-
eaga, EF = gjection raction. GFA = glomerular filration rate. OOPD
- enronic abstiuctive pumonary disease. OFS - Clhnisal Trailly scale.
Ohers = a.g.. cognitively impaired patient, akdafydll cohabitant, reguir-
g herry transpon o get home, e

described protocol [13] and ethical approval was therefore not
required.

“The Center for Fast-mack Hip and Enee Replacement™ col-
laboration [15] was funded in 2021 from the NOVO Nordisk
Foumdation (Grant number: KMF215A0073760) to support the
overall fast-mrack project, including research staff at all cem-
ters, data management and follow-up on complications. Fur-
thermore, salary for the PAD student (0D} was funded from
the Candy s Foundation, Uriversity of Southem Denmark and
Fegion of Southern Dermark HE and EG are members of
the Zimmer Biomet advizory board on rapid recovery, and CV
received mavel expenses from Soviker with no relevance o
the prasent study. The remaining authors report no conflicts of
interest related to thiz project. Completed disclosure forms for
this article following the ICKMIE template are available on the
article page, dod: 10 2340/17453474.2024 40185

Rasults
The study cohort included 2,756 patients with 1,267 primary
THAs, 1065 primary THAs, and 424 primary UKAs The
mean age was 69 years and 38% were females (Table 4).
1,022 patients (37%, CI 35-39) were found eligible for dis-
charge on day of surgery (Figure 1). The propor-
ton of patients eligible ranged from 21% to 50%
between centers and causes of not being eligible

are presented in Figore 2. 52% (CI 48-535) of the

eligible patierts were discharged on the day of
aumrzery, with a range of 24-61% berween the

centers (Figure 3). 92% of the eligible patients

had start of surgery before 1 pm az intended
according to the study protocol.

21% (CT 20-23) of all patients {eligible and
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non-aligible) were discharged on the day of sur-
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Proportion aligibla () Proportion daycases of aligible (%) Proportion daycases overall %]

[}
& E C

4 BE C D E F @ oD E F G
Figure 3. (Lef pansl) Patients found aligibie for dischargs on day of
surgary on canter level (A-G). (Right panel) Proporion of eligibla
patierts dischanged on the day of surgery on canfer level {A—G).

gery (range 10-31% berween centers) (Figure 4). There was a
statistically sigmificant differemce in the overall propordon of
patients discharged on day of surpery between 2019 (conmol
period 6%) and 2023 (smdy period 21%), with a difference of
15% (CI 13-17, P< 0.001). 36% of UK.As, 20% of TEAs, and
15% of THAs were discharped on day of surgery.

The distribution of patients discharged on the day of sur-
gery was relatively constant during the §-month implementa-
tiom period.

Discussion

We aimed to describe the implementation of cutpatient hip
and kmee arthroplasty in a mmldeemrer public healtheare set-
tng, and we found an increase in outpatdent surzery from 6%
at bazeline w 21% during the implementation period of the
study protocol. To our knowledge, this is the first multicenter
study with a sudy protocol incloding well-defimed eligibility
criteria and discharpe criteria from a public healthcare setting
reporting the feasibility of multicenter implementation of out-
patient hip and knee replacement.

Diezpite an ncreasing imterest in outpatient surgery world-
wide, the eligihility criteria are =l debatable. In- and exclu-
siom criteria in our study were based on previous data from
ourpatient surgery [16-17] as well as our previous multicenter
data on the risk of complicatdons after fast-oack hip and knea
arthroplasty [4].

52% of the elipible patents were discharged om the day of
SUrgerv, Where previous prospective sidies have reported buge
wvariations in success from 24-99% [7-10,17-19]. There are sev-
eral pessible explanations for these variable rezults. First, the
selection of patents in the smdies vamed and was not always
based on well-defined in- and exclusion criteria [ 18 20-21].
Furthermore, some stdies were performed in ambulatory day
care cemter setings with very resmictive elipihility criteria
inchading mainly bealthy young patients [3.10]. Finally, previ-
ous zmdy cohorts were rather small (< 200 patients) makmz
generalizability and interpretation difficult [3-10.18].
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a B

C D E F &

Figure 4. Overall discharge on day of surgery an center laval (A-G) in
the study period (Saptembar 1, 2022-Febrisry 28, 2023) varsus the
control period (July 1, 2018-Decamber 31, 2015).

In our population reprezendng participants from all regions
of the county, the freguency of patients found eligible for
discharze on the day of surgery varied comsiderably betwesn
the centers. 3 of the centers receive maindy electve patents
whereas 2 centers have both acute and elective patients on the
same site. Furthermaore, the individual surgeon’s interpretaton
of the protocol and the comcept of discharge on day of surgery
may play a role deszpite the pre-smdy edncational program
being instituted at all centers [13].

We alzo found important differemces in the proporton of
patdents discharged on day of surgery among centers. Cmly 3
of the sudy centerz (center D, F, G in Figure 4) had previous
experience with discharpe on day of surgery, and 2 of these
centers improved comsiderably from about 10% at bassline
w about 30% in the sudy period. 4 centers had no pre-smdy
experience with discharge on day of sumgery and 3 centers
reached 10% of owtpatiemt surgery with 1 eemter reaching
26% . Swarprisingly, we did not obzerve any siznificant increase
m the propordon discharged om day of suwrgery during the
G-month smdy period, requiring further smdy over a longer
tme period. Mevertheless, based on this midal data, we esti-
mate it fo be realiztic to achieve an overall 30% discharge on
day of surgery in our multicenter collaboration within the fol-
lowing years.

The owverall frequency of patients discharged on day of sur-
zery reached 21% in the implementation period of our smdy.
In comparizon, Coenders et al. reached 34% of 257 patents
discharged on the day of swgery in thelr prospective smdy
over 3.5 years. The proportion of patients meeting the inclu-
siom criteria (40%) was at the same level as our stady (37%),
bt they ncluded omly primary THA: from a single private
cemger [7].

The swength of our study was the prospective design with a
well-defined semp [13]. Furthermore, our smdy included data
from 3 multicenter collaboration contributing about 40% of a1l
anrmal primary hip and kmee arthroplasties in Demmark [22 %]
from all Dianish regions and from a socialized bealtheare set-
ang, which may increasze the zemeralizability of the results.
The nmlticenter collaboradon was originally established in
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2009, and thus was already well-functioning before the Imple-
mentation of the protocol for this study [15].

We acknowledge that time trends throughout the study
period may have inmoduced confounding factors in our
before-and-after analysis. Additionally, diverse logistical bar-
rers at ndividual centers could have influenced our results,
despite adherence to the same protocol, which included a pre-
study educational program [13]. Further investigation of the
center type aspect is waranted and a subject for upcoming
smdies. Another imitation of the study was that not all centers
reached acceptable completeness of data m the REDCap data-
base during the implementagon period (Table 3, see Appen-
dix). Reasons for incompleteness were primarily related to
logistical challenges with implementation of the database on
center level. A few patients also refused to provide informed
consent to registration within the REDCap database, which
might introduce selection bias.

The intemal logistic problems have been solved with all
centers having reached 90% data completeness after the
implementation period. However, we also acknowledge that
the overall frequency of patents discharged on day of surgery
may be overestimated, as we have no information on patients
not included in the database. Finally, our collaboration focuses
not only on the speed of discharge, but also on the safety of the
outpatient setup [24]. This important aspect will be secured in
future studies by complete follow-up through the established
obligatory bealth registers in Denmark. Nevertheless, our cur-
rent study aimed to describe the feasibility of implementation
of our study protocol for outpatient surgery and may provide
valuable information for setting realistic goals when planning
an outpatient protocol in other institutions.

Conclusion

During the implementation period we found it possible to per-
form outpatient hip and knee arthroplasty in 21% of patients
in a nmiticenter public healthcare setting.
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Number of surgeries, n (%)  Sept. Oat.

2022
Now Dec Ja  Feb  Towml

‘8c00(Ging 10 deparment a
fegseednREDC 213 9(91)

54 40 70 41 23
22(41) 20(50) 38(54) 21(51) 108(47)

67 50 8 58 364
63(04) 43(88) 7B(88) 56(97) 300 (82

according to department 114 161 180 114 192 147 888
naul;uhnsnoao 71(62) 140(87) 149(38) 100 (88) 183 (95) 135(92) 778 (88)
ing o department  — 100 55 8 54 358
regstered in REDCap = 42(52) 83(83) 43(78) 75(%0) 59{%2) 302(77)

according 1o depariment 60 150 174 129 168 118 797
nﬂ‘:ﬁhm 15(25) 53(35) 70(40) BO(62) 114(68) B5(74) 418(52)
acoording 1o depariment 70 80 7 48 88 62 3n
Nﬂsla-ﬂhREDO-o 89(89) 56(83) 65(%2) 43(%0) 63(%3) 61(98) 357(84)
acoording 1o department — 102 167 118 176 127 667
registered in REDCap - 8(7.8) 102(61) 110(S5) 160(91) 113 (89) 456 (72)
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Almes

Dory-c2sa sunmess Rtes after primary total hip arthroplasty (TH&), botal knee arthroplasty (TRAL
and medial unicompartmental knoa artfeophsty (mUEA] may vary, and dotaliod data are
readed on cuses of not being discharged, Tha aim of this study was to 2rabyze the assodation
bstwean surgical procedure typa and successful day-mes surgary, 20d i 2rakym cusos of not
bing discharged on tha day of surgery when eigible 2nd scheduled for day-casa THA, THA, and
KA

Msithods

A multicantrs, prospecttoe consecutive cohort study was carmed out from Saptembar 3022 to
August 023 mmmmﬂhﬁa—mdgﬂw using well defined Indusion and
axdlusion crtaria, and discharged whan ling predatarmined discharge oitaria Day-cass
aligibla patinits wane schedulad fior surgery with intended start of surgany bafors 1.00 pm.

Results

0 £,142 primary bip and krea arthroplastis, aligibility mtes for day-came surgeny wara 34% for
THA [05% C1 32% o 35%], 349 for TIGA [95% €1 32% o 36%), and 52% for milkA [(95% O 40% 1o
55%). Surgery befioes 1.00 pen was achiewed In 25% of aligible patiants. The day-mse sumess rbe
among patiants with s bafiom 1.00 pen weas: 599 [95% O 55% 1o &62%;) for THA, 51% (955
O 57%: bo E5%) fior THA, mmunmm?ﬁjhmmmmmm
ialigibla ard non-cligibla) ware 19% 5% O 17% 1o 209 for THA, 20% [95% O 12% to 219
fior THLAL and 3% [95% O] 39% to 45%) for mUKA. Adjusted arakysts confrmad highar day-case

merem o why 1Hl in hospital sfer THA, TEA, snd madil UKAT anr
O\ Dunichen, © E lorsen, © Vermum, o ol
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suoess: In aligible mUKS patients (odds il 1.9 (16 to 23] companed fo TKA 2nd THA

Frimary causas for

falkrs wera mobiiztion Issues (95 bo 12% babwesn peocedurs), peolonged spinal anaesthesta (9% fo 9%), and postoperatie

rausaa and vomiting (PORN] (4% 10 14%)

Conclesion

THA and THA patients showed comparabla dlgﬂl}l 34%] with smilar day.caso suores @ies (59 1o 61%), wharas mLUKA
patients demonstrated highar aligibllity (52%) and day-mase suoess (73%]. Mobiltion sues, prolonged spinal araesthesia, and

FOMY wers the most frequent causes for not being discharged.

Taka home massagae
= Total hip and total lree | showied
comparzbla aligibilty [34%) with similar dapy- e sucres
e [595% 10 61%], wharnaas medial unicompartenantal knes:
arthroplasty patients demonstrated highar aligibiliny 523
arﬂdﬁlmmm

bbbl Lzt bon bwues, prolonged spinal anacst hesla, and
postoparatha nausea and womking were tha most frequent

causas for not baing discharged.

Intreduction
Tha fazsibility of discharging sekcted patients on the day of
surgery 2fer hip and knes arthroplasty Fas bean reportad
n pravious shudies™ Discharge on day of sugary 15 used
Incraasingly dua to the potertial for b
and costs As this tend 15 avolving and becomes mora
prevalont, [ Is important bo reflect on tha existing dats and
protocols io clarify which patients am bast sufted for discharge
on the day of su Higibility criterta for day-cse su
ara debatable. -
ﬂn-rnlnnfmrymlplmq‘pnbrﬂlgﬂ:llﬁ
lesz wall known, but the wm of day-case proceduss
bean reported higher after medial unicompartmantal krea
arthroplasty |mUs) than after primary total hip artheop
(THA) and iotal knes arthroplasty (TKA) on 2 ratiomsd
asis™ Howaver, limited daia axist on diffesences In day-
250 SRS [bes bebween swegkcal procadures n patients

with similar profiles fulfiling idantical aligibiity
criteria Furthermoes, a of the cuses of
not baing discharged on the of surgery despita baing
fioeured aligibla s Important for Improvamant.

Tha purpose of this study wes to aralym the affect
of tha surgical procedure on successful disdhargs on day of
surgery. Furthermons, to analyze muses of not being dis-
changed on day of surgery whan found sligible and schedulad
fiowr chry-rzsa THA, THA, and miliA.

Msthods

This was 2 prospective consecutive maitientes cobort shudy
conducted In 2ccordance with RECORD guidalines for the
ruporting of routinely collected, obsenvational data”

Zattin

Ifumamunlllnnﬂlgm&rumhrmdep
and Knea Raplacement conskt of srean public arthepbasty
centres distibuted across 2l reglons In Donmask, account-
ing for appeo 4% of tha total arraal rationsda

procedures in this

65

Study population
Consacutive patients undengoing primary THA, THA, and
mmm1fnﬁm1tnrmﬂiualm:gmt?ﬂﬂ-hmm

public departimants of ortfopasdic surgery wor Indudod.

discharge critera
(Tabla . Pationts eligibia for discharga on day of surgany wees
schaduled with 2n intended start of surgary befors 1.00 pm.
Tha protocol and Implementation of day-czsa surgery In our
collzbeoration has besn published ™™

Data sources

Prooperattes patient-raporied data and data from patient
fikes were reccrded and securely stored In an
online REDC2p databesa™ proveded by the Opan Patient Dotz
Explomtive Motwerk (0FEN] at Odonsa Unhwrshy Hospital”

wera prospectively Ih'mgh dediczbad
ressardh =t at ndvidunl bospitals with n backup
I remssary. Reasons for not being d on tha day of

surgary wees prospacthady recorded and chssfed based on
unmat discharge critarta.

wanablas
etz on the mumber of hip and knee arthroplasties par-
formed were avallable from the FEDC2p databasa. The primary
outcoma was tha poportion of da
bo surgical procedure type in el matiants schedulad for
day-cass swgery (ungary bofore 1.00 pm), 2nd owell A
day-casa patient was defined 2= 2 patient whe was admitted
on tha day of sugery and discharged on the same day.

Tha secondary cutroma was proportions of caausas for
not baing dischanged, despita being aligible 2nd scheduled for
day-c25a surgery.

Camankfxtive variables
Causes for patients not being discharged on day of surgary,
desphia being eligible and scheduled for day-casa surgery,
warg registored by the resaarch st In accondance io the
profpcol” & desigrated was assigned as “other”
when spedfed causas were nadequate. & dwdkmark woas
placed naxt 1o all causos loading to prolonged hospitalimtion,
hanca tha possibility of patients hawing more tham ona cusa
Tha swarbble “iate retun o0 ward™ refers o patients
retuming to tha ward too bio In the aftormoon, providing
tha staff with no Bme to prapare the pationt for discharge
acording 1o the discharge otena. Tha veriable "maobiliza-
tion lssue” oovers all cwmes of the patient mot being mobi-

lized suffciantly for dscharga, induding bath physical fog.
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Tabla LInchisicn ard eastesion elgitdling crteria for plenned Tabsbs 1. Criteria for discharge on dap of nzrgery.
dinchangs on day of margery.
bttty lavel

Inchamicss crtimria Steazhy qat with cratche
Ursletural wlectivm prisry THA, TRA, or UKA Mz i e during mobsdiaton
Fegedd 18 o B0 e Zan wue wwin,  reqeined by partic pamt o home evirzema
|Eschusicn criteria ™ M
- = Lem Warring Symem® 17

5 = Futwrsiuwith Early Warming Sywies® 2 1 munt be discumed witha

Epection fnsction « 4%
Clomerelar flkration o < 60 sl min'1.73 o

Charcoic o o s y i £l 7
" 2 P -
Cinical Frailty Scale o 4

T or mces Falb within lemt 2 months
BB < 105 b o x40 kg

Hat e on eyl wargery
Mz vt preere at home dering theiniial ]

FThin criterios s indverionily omitied fom the paoicen] paper, b

b comibiersily been applied e all conie,

THA, ictal bip etheping; TOY, iolel kooe arsheping; U
d ke sthoph

moftor blockads, pain, dirziness] and logistical fackors, sudh
as the absemce of a otherapist 1o ghe Instruction In
rehabilltation exencises discharge. The varabla “surgical
complications” includes cuses mbied o the opomihe
Intersention that could rot be chssfed as expecied accond-
Ing 1o the specfic proedure, ag. sgnificant bleeding or an
axcaptionaly long cperation.

and relathie froquenckes. Percentages of caegonal vana-
blos wern presontod with 85% Os. The assodation botwoan
sungical procedure and succassul dischanga on day of

was assessad with a multhandate lsgistic regrassion m
adpsted for the continuous weriables of age and BAN, and
the @iegorical werisbles sax, dinkcal Frailty Scala (CF5),” and
wentre. The maulis 2 presenied as ratios (0Fs) with
95% Ol Data ware anzfyzed using Stata Statistical Softwars
w. 18 (StataComp, USAL

Ethics
Fatients ware incuded after informed consent. The manage-
mant of aligible patients for day.c2sa adhered o the

standard of @ee cwtlined In tha protocol at the partidpat-
Ing centre," olrelzting the necassty for athicl approval The
shudy wes proregistered 2t CinkcalTriak gov [NCTDS613430)
and in tha region of Southem Danmark, with approsal gnted
for data prossing (douwmnal Mo 72735458

r whyatillink J aitser THUB, THA, ancl mecial UKAT
o LI’I*I\E E lermer, ..'I'.rl.lrl, el
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dochor prior o duechange

Pain

Hurreml Rating Scalert o 3t et
I-'rnﬂm'rgid-d LE'-h-'w-l.irgirrﬁ-

: R i byt panici
lqnl-r.fmrr-irirgl:lkm
.q‘-uld"

Shenskd b - 1 el &
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¥iyuem baned on BEWSD bom e Royel Coliege of Fhysiciam. "
Fled on a wale of 0 90 with © bring no: jpein and 10 being the
W [miin mascinatie.

for shin przeesh

Rasults
Owarall, £142 pationts operated for primary bip and knes
wera mglstared in the databas iIn the Indusion
parind: 2729 THAs, 2363 THAs, and 1050 mUKAs (31% of
all kno arthroplastias) (Figuss 1), Bassling chamctenstics for
day-case aligible patiants ware companablo acmss al thes
.ﬂ'lnph.tjgnupl,‘l’d:hll‘ln.
yczme digibility rates veers 34% for THA [95%
n:nmm mhmmun;mmaﬂsﬁ
for mUEA 55% O 49% to 55%)]. Sugery befoes 1.00 pm was
achievad In 85% of eligiblo patfont=. Tha da sucmmss rba
among patiants with surgeny befioes 1.00 pm was 50% (95% O
559 10 679} for THA, 61% [95% O 57% bo &5%) for T, and
T 5% [05% O 68% to 755 for mUECA. Oreorall d. TR
rates (aligible and ron-cligibls) wees 195 [95% O 17% bo 20%)
for THA, 0% [95% C1 153% to 21%) for TEA, and &% (95%
01 39% bo 45%) for mUKA (Figuss 2L THA and THA axbibited
similar day-raea sucmess among eligible patients schadulad
for In the adjusted regression amalysis. In
coira, e A procdure was scsocated with 3 g
rata of day-case succass [OR 19 (156 bo 2.3) in the adushed

analysts) (Tabla 1.

Tha pni cansas for not being dscharged on the
day of surgary being oligible and schaduled for
day-mase wwgery ware mobllimbion lmuss: 1% (95% O &%
to 14%) for THA patients, T2% [95% O 9% o 15%) for TKA
patienits and 0% [05% O 5% to 14%) for mUKA pationts;
profonged spinal anaesthesi: 4% [D5% O 3% to &% for THA
patienis, 8% [05% O 5% bo 11%] for TEA patlents and &%
[95% C1 3% to 11%) for mUKA patiants; and postoparative
naussa and womiting [POMY]: 14% [95% O 17% to 17%) for

T



TEA
1T =28
ons elighile. n = |7
e - Dy - b
- Mo deyn, m= 174
Fligisie =1
wm sl we B

Wanehigile, § = 1880
nap e, = 43¢
- Mo, der-come, m = B4

*Although nan eligable or eligible but not scheduled for day-case susgery (operizon after 1.00 pm. ), some patvents were discharged

Fig.1

Flowchart of patlent Inclusion In the study. mUKA, medial unlcomparimental knee arthroplasty: THA, total hip arthroplasty; TKA, total knee

arthroplasty.

Tabile 1u1. Patient demographic data.

THA KA milKA
Dary-case eligible Day-case eligible Day-case eligible:
Owerall {n = 2,729} r;mm Ohverall (n = 2,363) wﬁm Creerall (n = 1,050) mi’:n
Variable =T795* =411 = 3285*
Maan aga, yrs (500 703 (106 652{9.9) FLANCE) G63(ED 683 {03) 5.9 {B.5)
Sax, %
Female: 567 485 59E 495 487 a3
Male 414 50.5 403 505 513 587
Maan BMI kg/m? (300 274 5.3 7.1 444 294 (58 ZBAET) 20.4 {53} 202 {4.7)
Maan CF5 (50) 1003 2207 260138 2T 26(1.0¢ 27 [0uB)

*Dperation stared before 1,00 pm

CF5, Cinical Frality Scale; muka, medial unéicomipartmental knes artheoplasty; THA, total hip artheoplasty; TRA, total nee artheoplasty.

THA patients, 7% (95% Cl 5% to 113) for TKA patients, and 4%
{95% €1 2% to 8%) for mUKA patients (Figure 3).

Discussion

In this prospective cohort study investigating the impact of
surgical procedure on successful discharge on the day of
surgery, we found that patients receiving THA and TKA had
similar eligibility and overall day-case success rates, while
patients receiving mUKA not only had higher eligibility rates
but also achieved higher day-tase success rates. Furthermone,
we found that the primary causes for not being discharged
on day of surgery were mobilization issues, prolonged spinal
anaesthesia, and PONV.

No significant differences were found in the dem-
ographic characteristics of patients undergoing mUKA
compared to THA and TKA that could explain the variations in
eligibility and day-case success rates between procedures. We
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believe that the significantly higher rate of day-cases among
mUKA patients is explained by the fact that the UKA proce-
dure is a less invasive procedure compared to TKA, hence less
pain and faster mobilization could be expected. There also
appears to be less orthostatic intolerance after UKA comipared
to TKA and THA.® Moreover, it may also be attributed to
a higher mate of eligible patients, and increased confidence
in day-case success after mUKA based on previous experi-
ence.*"* Additionally, there might be a tendency to prioritize
mUKA patients as the first patients on the operation schedule,
thereby enhancing their overall chances of success. However,
if we account for these assumptions and only focus on eligible
patients with start of surgery before 1.00 pm, mUKA patients
still had the highest rate of success (Figure 2. Our findings
confirm the advantage of offering mUKA to patients with
anteromedial knee arthrosis in order to achieve a higher
overall day-case success rate. This may also be reflected in
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type. A checkmark was placed next to all causes leading to prolonged hospitalization, hence the possibility

patients having more than one

cause. EWS, Early Waming Score; mUKA, medial unicompartmental knes arthroplasty; PONV, postoperative nausea and vomiting; THA, fotal hip

anthroplasty; TKA, total knee arthroplasty.

Table IV. Logistic regression analysts estimating odds ratios of
successful procedure for the day-case eligible patlents scheduled for
day-case surgery based on surgical procedure type.

Successful

day-case Adpusted OR
Variabie procedure, % OR (85% Cl) (5%
THAIN=272% 3518 Ref Ref
TEA(n=2363) 517 L0514 110914
mUKA {n=1,0500 &36 17131022} 19(16ew23

*pdjusted for age, B, sex, Chinical Fraifty Scale, and cantre.
mUkA, medal unicompartmental inee arttvoplasty; O, odds rabio;
THA, total hip arthroplasty; TKA, total knee arthroplasty.

Day-case success or why still in hospital after THA, TKA, and medial UKA?
0. Denlelsen, C.B. Jensen, C. Varnum, et al.
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the relatively high frequency (31%) of mUKAs out of all knee
arthroplasties performed in our collaboration and in Denmark
[27%).

Several studies have shown that discharge on the
day of surgery after THA, TKA, and mUKA is possible’”
but with higher day-case rates for mUKA" However, the
set-up and eligibility criteria in these studies vary, hinder-
ing sufficient comparison of the day-case success for each
surgical procedure. A previous Danish naticnwide register
study showed that the annual overall proportion of day-cases
was 5.4% for THA patients, 2.8% for TKA, and 20% for UKA
patients in 2019 In comparison, we have now increased our
overall day-case rates to 20% for both THA and TKA and
40% for mUKA in our multicentre collaboration. This has been

a8l



achieved by implementation of our protocol and guideline for
day-case surgery.”

Lack of suffident mobilization was one of the primary
causes of not being discharged on the day of surgery, but we
did not differentiate the causes for inadequate maobilization.
The relatively high rate of mobilization issues may, therefore,
indicate other potential underlying causes, such as logistical
issues related to patients not being assessed by a physio-
therapist on the day of surgery, or due to prolonged spinal
anaesthesia, PONV, pain, or orthostatic intolerance.

Prolonged spinal anaesthesia as an iolated cause
preventing discharge on the day of surgery was also rela-
tively prevalent. In our protocol and guideline for day-case
surgery, we did not set a requirement for the use of either
general anaesthesia or spinal anaesthesia. If using spinal
anaesthesia, the recommendation was to focus on using
relatively short-acting blockades with smaller volumes or
concentrations of local anaesthetic in order to facilitate
mobilization within two hours postoperatively.” Nevertheless,
prolonged spinal anaesthesia still hindered day-case success,
and previcus studies have shown that generl anzesthesia
may result in earlier recovery; less pain, dizziness, and nausea;
and earlier recovery of walking ability compared with spinal
anaesthesia.”'* Hence, general anaesthesia may be used more
frequently to improve day-case success rates, especially if
patients are not scheduled as the first in the operating theatre.

Of note, we found a high rate of PONV as a possi-
ble cause of not reaching discharge on day of surgery in
THA patients compared to TKA and mUKA patients. Previous
studies hawe found PONV as a possible reason for not being
discharged on the day of surgery, ™™ but to our knowledge,
no previous study has found PONV to be more likely in THA
patients. Further investigation on this subject is needed.

The strength of this study lies in the well-defined and
detailed protocol for the day-case surgery,” enabling other
surgical centres to compare their set up and results with ours.

The arthroplasty centres affiliated with the Centre for
Fast-track Hip and Knee Arthroplasty are distributed across all
regions in Denmark, constituting approximately 40% of the
total annual surgeries in the area nationwide. This strategic
distribution holds the potential to enhance the generalizability
of our findings.

Our study also has possible limitations. There is a small
possibility that the causes of not being discharged on day of
surgery may be affected by misclassification and information
bias. To limit this, possible causes of not being discharged on
the day of surgery aligned with the discharge criteria were
included in our database to assist research staff when filling in
causes of not being discharged.

Within the multicentre collaboration, the pericperative
management of day-case patients was optimized and all
centres adhered to the same guideline for discharge on the
day of surgery.” A relatively high percentage (15%) of eligible
patients were undergoing surgery after 1.00 pm, although
the study protocol recommends scheduled surgery before
this time for all day-case eligible patients.” This underscores
the need for improvemnent, particularly in the logistical setup
within the collaboration, and will be a focal point for targeted
enhancement.

In conclusion, we found similar day-case eligibility and
success for patients undergoing THA and TKA, while mUKA
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patients had higher rate of eligibility and day-rase success.
Maobilization issues, prolonged spinzl anzesthesia and PONV
were the major causes of not being discharged on day of
surgery.
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Aimns

The limited documentation on patients’ perspectives on undergoing discharge on the day
of surgery impedes its adoption as a standard of care. Hence, the aim of this study was to
investigate whether patients were willing to repeat being discharged on the day of surgery if
having a future hip or knee arthroplasty procedure.

Methods

This multicentre, prospective consecutive cohort study spanned from 1 September 2022 to
31 January 2024, and was conducted at six public arthroplasty centres adhering to the same
published pratocol for discharge on the day of surgery following hip and knee arthroplasty.
Patients undergoing primary total hip arthroplasty (THA), total knee arthroplasty (TKA), or
medial unicompartmental knee arthroplasty (mUKA) were screened for eligibility and dis-
charged when fulfilling predetermined discharge criteria. Patients discharged on the same
calendar day of surgery were sent a questionnaire 30 days postoperatively.

Results

0f 9,542 primary hip and knee arthroplasties registered, 3,457 (36%) were eligible for discharge
on day of surgery; 2, 011 (58%) of eligible patients were discharged on day of surgery and
therefore received the survey. Baseline characteristics were comparable across all arthroplasty
groups. The survey response rate was 88%. Overall, 90% (95% Cl B8 to 91) were willing to repeat
discharge on the day of surgery if having a future joint arthroplasty, with 91% (95% CI 83 to 93)
after THA, 89% (95% 1 86 to 92) after TKA, and $0% (95% O 86 to 92) after mUKA. The difference
between centres ranged from B4% to 93%. Patients responding 'no’ to repeat discharge on the
day of surgery were more often female (55%) compared to patients responding yes' (47%);
otherwise, the groups were comparable.

Conclusion

A total of 90% of patients discharged on the day of surgery following hip and knee arthroplasty
enpressed willingness to repeat discharge on the day of surgery. This supports further imple-
mentation effarts.

willingness to repeat discharge on day of surgery after hip and knee arthroplasty 1
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Introduction

With the anticipated rise in hip and knee arthroplasty
demand due to an ageing and increasingly active population,
optimizing the length of hospital stay while ensuring patient
safety remains a key focus. This has led to the increased use of
fast-track/enhanced recovery protocols in recent years,"” also
serving as a cost-saving effort.’ The ultimate goal of fast-track
surgery may be to discharge patients on the day of surgery
without compromising safety and satisfaction.** The feasibil-
ity of implementing discharge on the day of surgery in 20%
to 25% of all primary hip and knee arthroplasty patients in
a public multicentre setting, representing 40% of a Danish
natiomwide production, is now well established.”” Howewer,
despite the growing acceptance of discharging patients on
the day of surgery, there is a paucity of research dealing with
patients’ perspectives on discharge on the day of surgery for
these procedures”

While the clinical efficacy of discharge on the day
of surgery is well established, the successful implementa-
tion of discharge on the day of surgery depends on more
than just medical outcomes—it necessitates a comprehen-
sive understanding of patients' experiences and preferences.
Without thorough documentation of patients' perspectives,
it becomes challenging to adwocate for the widespread
adoption of discharge on the day of surgery as a standard
of care.

Hence, the aim of the study was to investigate whether
patients were willing to repeat being discharged on the day of
surgery if they were to have a future hip or knee arthroplasty
procedure,

Methods

Study design

This was a prospective cohort study following the REporting
of studies Conducted using Observational Routinely-collected
Diata (RECORD) guideline.™

Setting

This study emanated from the multicentre collaboration
The Centre for Fast-track Hip and Knee Replacement’” The
collaboration consists of eight public arthroplasty centres
covering 40% of a Danish nationwide production of hip and
knee arthroplasty procedures. For this study, we only included
the six centres that maintained a well-established protocol for
discharge on the day of surgery throughout the study period.”
Hence, one centre in the collaboration was excluded as they
did not manage to implement the protocol sufficiently during
the study period (33 patients discharged on the day of surgery
in the study perod). Ancther centre was excluded due to
a delayed start of inclusion caused by relocation to a new
hospital site. The study period was from 1 September 2022 to
31 January 2024 (Figure 1)

Study population

The cohort included patients undergoing primary total hip
arthroplasty [THA), total knee arthroplasty (TKA), and medial
unicompartmental knee arthroplasty (mUKA) from a mul-
ticentre hezlthcare setting receiving unselected patients.
The protocal for discharge on the day of surgery within
the collaboration has been published” Patients” eligibility
for discharge on the day of surgery was evaluated using

74

clearly specified inclusion and exclusion criteria (Supplamen-
tary Material). Patients were discharged upon meeting the
predetermined discharge criteria (Supplementary Material).
For this study, we only included eligible patients who were
discharged on the zame calendar day as surgery (Figurs 1)
Some of the patients included in this study cohort have also
been reported on in previous publications, but with a shorter
study period and a different endpoint.*™

Data sources

At each centre, dedicated research staff prospectively
collected patient data, with the option of physician assis-
tance if necessary. The data were securely stored in an
online REDCap database provided by the Open Patient Data
Explorative Metwork (DOPEN) at Odense University Hospital
The database comprised patient-reported data as well as
information extracted from patient files” Eligible patients
discharged on day of surgery received a survey 30 days
postoperatively with the guestion: ' you were to undergo
hip/knee arthroplasty on the opposite side, would you prefer
to be discharged on the day of surgery again?!

Variables

Demographic variables were age (continuous variable), sex
{male/female), BMI (ka/m”), cohabitation (cohabiting, living
alone), Clinical Frailty Scale (1 to 41", alcohol consumption
above 10 units fyes/no), regular home assistance before
surgery (yes/na), previous cerebrovascular accident fyes/na,
preoperative psychiatric medication (yes/no), and precpera-
tive opioid use (yes/no).

The primary outcome variable was the proportion of
patients discharged on the day of surgery who were willing to
repeat being discharged on the day of surgery if undergaing
a second hip or knee arthroplasty procedure. This outcome
varizble was analyzed overall as well as by procedure and
centre level. Secondary outcome variables were differences
in baseline characteristics between ‘yes' responders and 'no’
responders” (Table I). An additional subanalysis also compared
‘responders’ and ‘non responders’ (Supplementary Material).

Ethics and registration

Fatients were included after informed consent. Since the
outpatient surgical treatment for eligible patients adhered to
the standard of care at the collaborating centres, as spedified
in the protocol,” ethical approval was deemed unnecessary
according to Danish law.

The fast-track project was preregisterad at Clinical-
Trials.gow (NCT05613439) and within the Region of South-
em Denmark, with the necessary data processing approval
obtained (Journal Mo. 22/39454).

Statistical analysis

Descriptive statistics were presented as means with SDs for
continuous variables that followed a normal distribution.
For non-normally distributed continuous variables, medians
along with 1QRs were presented. Categorical variables were
described as proportions with 5% Cls and analyzed using
Stata Statistical Software: Release 18 (StataCorp, USA).
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Results

Among the 9,542 primary hip and knee arthroplasties
registered in the database, 3457 (36%) were eligible for
discharge on the day of surgery. Owerall, 58% of eligible
patients were discharged on the day of surgery and hence
2011 patients received the survey: 786 (30%) THA, 638 (32%6)
THA, and 587 mUKA (29%) (Figure 1)

Baseline characteristics were comparable across all
three arthroplasty groups (Table N). The overall survey
response rate was 86%. In total, 90% (95% O BB to 91)
of the respondents were willing to repeat being discharged
on the day of surgery, if they were to have a second hip
or knee arthroplasty procedure. The proportion of patients
willing to repeat being discharged on the day of surgery
remained consistent throughout the study period (Figure 2b).
Procedure-specific willingness to repeat discharge on the day
of surgery was 91% (95% Cl 88 to 93) after THA, 89% (95% C1
86 to 92) after TKA, and 90% (95% C1 86 to 92) after mUKA
(Figure 3. The proportion of “yes’ responders varied between
centres (84% to 93%) (Figure 4). Fatients not willing to repeat
discharge on the day of surgery were more often female (55%)
compared with patients willing to repeat discharge on the
day of surgery (47%). Otherwise, the groups were compara-
ble. Additionally, a sensitivity analysis examining differences
between age groups stratified by decades was performed, but
no notable differences were identified. A greater proportion of
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patients lived alone among non-responders (78%) compared
to responders (9%) (Supplementary Material).

Discussion

In this prospective multicentre cohort study, 90% of patients
discharged on the day of surgery following primary unilat-
eral hip or knee arthroplasty expressed their willingness to
repeat being discharged on the day of surgery i undergaing a
future hip or knee arthroplasty procedure. Assessing patients’
willingness to repeat being discharged on the day of surgary
serves as a proxy for their satisfaction with the fast-track setup,
as it is presumed that patients would not wish to repeat a
course of treatment they found unsatisfactory.

Discharge on the day of surgery following hip or knee
arthroplasty has generated increasing attention in recent
years, especially after the COVID-19 pandemic. Mevertheless,
patients' perspectives on discharge on the day of surgery for
these types of procedures remain less known. In a previ-
ous single-centre study from the USA" patients received
a questionnaire prior to hip or knee arthroplasty: 32% of
the patients reported feeling either uncomfortable or very
uncomfortable being discharged within 23 hours prior to
surgery. In another Danish single-centre study from one of
the participating centres prior to the cument multicentre
collaboration, patients' attitudes towards discharge on the
day of surgery were examined preoperatively, when they
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Table 1. Charactaristics of responders.

Table 1. Patient demographic characteristics of all respondars.

“Yes' respondersn= ‘Mo’ responders n Characterstic THA (n=688] TKA(n=>557] mUKA (n=3528)
Characteristic 1,550 =174
M s
Mean age, yrs [SD) 660 (B5) 65487 (501 65.009.1) 66.118.2) 655 B3]
SN, I (%] SEx, I %)
Femala 744 147) 55 (55) Femals 330(48) 273 (49 237 [45)
Male 835 {53) 77 (44 Male 355 (53 276500 287 [55)
Missing minn 200 Missing 304 {14 204
Mzan BMI, kg/im? (SD) 289 (45 743 Mzan BMI, kgim?
i tatiin 1 PR (SD) 7243 29.5(45) 297 [44)
Cohabiting 1,404 85) 160321 fay hation. n
Living akone 17611} 12in cohabiting 616 (90) 524 (34 456 (87)
Missing 1040.6) 200 Lrang alone 68 (10} 26E 66113}
Mzan CFS (S0 2208 22407 Missing 4 (06} 4{07 408
Alcohol consumption
above 10 units, n (%] 254 {16} 716} e o e 2 Zh 2EE5
Alcohol
Reguilar home consumption
assistance before above 10units, n
surgery, n (%) W 2m 9) nznn 86 (15} 7a(15)
Previous cercbral
Regular home
accident, n (%) &7 i) Tl asststance before
SUNgery, n (%) 2(03] 4{0m 4 {08
psychilatric medica- Previous cerebal
ton, n (%) acodent,n (% 1803 240 30{8)
es 106 (7) 16 15 Preoperative
No 1477 (53] 158481) psychiatric
medication, n (%)
Miss] 70
= L es 31 (5 173 1904
use, ,,' %) 5 Mo £54(95) 538 (97) 505 [96)
fes (710 06 Missing 304 208 204
No 1524/26) 164 (24} Lo =i
oplold use, n (%)
Missing 4i03)
¥ies 3551 346 214
CF5, Clinical Fraiity Scle. No 651 (95} 5273 [ogy 513 96)
Missing 203} 2{nd)

were scheduled for surgery.™ It was found that only 43%
were interested in discharge on the day of surgery. These
findings were conceming just before the broader multicen-
tre implementation of discharge on the day of surgery in
Denmark. However, our results, which show a 90% willing-
ness to repeat discharge on the day of surgery, alleviate
these concerns. The variability in these findings can likely be
attributed to the fact that the patients in the study by Halken
et al™ were unselected and asked before undergoing surgery
without receiving any structured information about day-case
surgery before answering the guestionnaires. In contrast, the
patients in our study answered the questionnaire after the
arthroplasty procedure, and they were selected for discharge
on the day of surgery based on well-defined criteria.

Lovasz et al™ presented findings with an even higher
satisfaction rate than we report, with 3&% of patients selected
for discharge on the day of surgery expressing their willing-
ness to repeat same-day discharge if they were to undergo

76

oF5, Chinical Frailty Scals; muks, medal unicompartmentzl knes
arthroplesty; THA, total hip arthroplasty; TKA, total knee arthoplasty.

a similar procedure. However, this study was a single-centre
study with only 200 patients. Additionally, data collection for
this study occurred during a six-week postoperative follow-up
wisit at the hospital, raising the possibility that some patients
may have felt pressured to express satisfaction with their
EXperience.

According te Figure 4, there was a variaticn in overall
discharge on the day of surgery success rates among the
participating centres, as well as differences in the proportion
of 'yes’ respanders. However, there did not appear to be any
obwious correlation between these two variables, suggesting
that a higher proportion of patients discharged on the day
of surgery did not necessarily lead to more or less satisfied
patients.
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The strength of our study primarily lies in its com-
prehensive and well-defined protocol for discharge on the
day of surgery after hip and knee arthroplasty.” ‘The Cen-
tre for Fast-track Hip and Knee Replacement’ consists of
public arthroplasty centres across all regions in Denmark and
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accounts for approximately 40% of all hip and knee arthroplas-
ties in the country. This setup, combined with a high response
rate (88%) and the largest cohort reported on so far, enhances
the potential generalizability of our findings. Furthermore, we
specifically included centres in this study that maintained a
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Fig.2
Proportion of patients willing to repeat being discharged on day of surgery divided by surgical procedure. THA, total hip arthroplasty; TKA, total knee
arthroplasty; UKA, unicompartmental knee arthroplasty.
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Proportion of patients willing to repeat being discharged on the day of surgery divided by centra. Overall discharge on the day of surgery raprasents
the propartion of eligible patients discharged on the day of surgery out of all patients. Eligible discharge on day of surgery represents the proportion

of eligible patients discharged on day of surgery out of eligible patients. Proportion of ‘yes’ responders.

well-established protocol for discharge on the day of surgery.  carefully managed.” This also contributed to a high level of
As standard of care, all patients eligible for discharge on the willingness to repeat being discharged on the day of surgery.
day of surgery were provided with preoperative information Qur study is not without limitations. Given its reli-
regarding the discharged plan, and their expectations were  ance on patient-reported data, there exists a potential for
recall bias. Patients were administered a survey 30 days
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postoperatively, presumed to encompass the timeframe
wherein potential complications associated with expedited
discharge are accounted for, while still maintaining proximity
to the surgical intervention and discharge, thereby minimizing
recall bias.

Overzll, 10% of the patients were unwilling to repeat
discharge on the day of surgery. To further enhance the
satisfaction rate for discharge on day of surgery in the future,
a doser examination of the reasons behind patients’ respon-
ses of 'no’ is imperative. There are several potential inter-
nal and external factors contributing to why some patients
do not wish to repeat discharge on the day of surgery i
having a future hip or knee arthroplasty procedure. Gather-
ing qualitative data on this aspect may thus offer limited
additiznal insights capable of significantly influencing clinical
practice. However, it is plausible that it could contribute to
enhance patient selection and refining the day-case pathway.
Considering that only 10% of the patients were unwilling to
repeat discharge on the day of surgery, ongoing implementa-
tion of discharge on the day of surgery is deemed acceptable.

In conclusion, a total of 90% of patients discharged
on the day of surgery after hip and knee arthroplasty were
willing to repeat this length of time to discharge. This rate is
encouraging and acceptable for ongeing implementation.

Supplementary material
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Patient safety after day-case and non day-case fast-track hip and knee

arthroplasty

A multicentre, prospective cohort study from a public healthcare setting

Abstract

Aim

The aim of this study was to investigate patient safety defined as in-hospital complications, early
readmissions, mortality and days alive and at home (DAH) after day-case and non day-case hip and
knee arthroplasty i multicentre public healthcare setting.

Method

This multicentre cohort study included consecutive patients undergoing primary total hip
arthroplasty (THA), total knee arthroplasty (TEA). or npicompartmental knee arthroplasty (UKA)
from September 2022 to May 2024. All eight public hospitals followed the same standardised
protocol with consistent eligibility for day-case surgery and discharge criteria. Postoperative
hospital contacts within 30 days were recorded using patient files and electronic guestionnaires.

Day-case surgery was defined as discharge on day of surgery to own home.

Rezults

12,607 patients were included, of whom 3,159 (23%) were day-case and 9,430 (75%) non day-casze
patients. Overall, mean length of hospital stay (LOS) was 1.0 day (range 0-70). 5% (95%CT 4.9 to

3.5) of patients had LOS =2 days, primarily due to mobilisation issues (1.4%) and pain (1.3%).
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The overall readmission rate was 0.5% (95%CI 0.4 to 0.7) within 42 hours and 4 4% (93%CI 4.1 to
4.8%) within 30 days. Readmission rates were 0.7% (93% CI 0.3-1.1) and 1.9% (95% CI 1.5-2.3)
for day-case patients. and 0.3% (93% CI 0.3-0.6) and 3.3% (95% CI 4.8-3.8 for non-day-case
patients within 48 hours and 30 days respectively. When stratified by surgical type, only minor
variations were seen. No patients died within 48 hours, and overall 30-day mortality was 0.08%
(n=10), with no deaths among day-case patients. The median DAHz was 30 (range 0-30) for day-

case patients and 29 (0-30) for non day-case patients.

Conclusion

We showed that fast-track surgery with a one-day LOS and 2 23% day-case rate in a national,
publicly fonded healthcare system is safe, based on low rates of in-hospital complications, early

readmission, mortality, along with a high DAHzq.
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Introduction

Healthcare systems worldwide are under increasing pressure due to an aging population and

constrained resources, heightening the need for cost-effective strategies in surgery and patient care.

These challenges have given rise to a growing interest in increasing the proportion of patients
discharged on the day of surgery following hip and knee arthroplasty. Discharge on the day of
surgery, also known as day-case surgery, has been made possible by advancements in surgical
techniques and enhanced recovery protocols [1-4]. However, the success of day-case procedures
relies heavily on careful patient selection, ensuring both safety and logistical feasibility [3, 6]. We
have demonstrated that it is possible on a national level and in public healthcare settings to
discharge up to 23% of patients on the day of surgery [6, 7]. These improvements have been made
possible through the implementation of a detailed multicentre protocol for day-case surgery [8].
However, the question remains whether this has been achieved without compromising patient
zafety, and this information is necessary to consider further increasing the number of day-case
procedures.

Therefore, the aim of our study was to investigate patient safety defined as in-hospital
complications, early readmissions, mortality and days alive and at home (DAH) after day-case and

non day-case hip and knee arthroplasty.

Methods

Design and setup
This s a prospective multicentre cohort study from the multicentre collaboration “The Centre for
Fast-track Hip and Knee Replacement™ [9] from September 1, 2022, to May 31, 2024. “The Centre

for Fast-track Hip and Knee Eeplacement™, i3 a collaboration consisting of 8 public arthroplasty
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centres across all regions in Denmarke. Patients in all centres were treated in accordance with the
well-described and previous published protocol [8]. The reporting of this study fellowed the
EEporting of studies Conducted using Observational Routinely-collected Data (RECOERD)

guideline [10].

Participants and data sources

All patients undergoing primary total hip arthroplasty (THA), total knee arthroplasty (TEKA), and
naicompartmental knee arthroplasty (UEA) were included. Preoperatively, all patients were
evaluated according to well-defined criteria to determine thedr eligibility for discharge on day of
surgery (Supplementary table I). The patients were discharged when they fulfilled the
predetermined discharge criteria (Supplamentary table II). Research staff at each centre
prospectively assessed patient data. The database contained both data extracted from patient files
and patient-reported (questionnaires) data. The data were securely stored in an online EEDCap
database provided by the Open Patient Data Explorative Network (OPEN) at Odense University
Hospital [12]. Only 4 out of 12,589 patients had missing data for all cutcome measures, resulting in
a follow-up completeness of 99.97%.

Some patients included in this study cchort were also reported on in previous publications;
however, these studies had fewer patients and did not focus on early readmissions or time spent at

home [6, 7, 11].

Variables

Outcome variables were proportions oft
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Length of stay (LOS). defined as the number of nights a patient remained in hospital following
SUrgery.

In-hospital complications including mobilisation issues and pain; for patients with a LOS > 2 days
the underlying complication contributing to the prelonged LOS was registered.

Feadmission < 48 hours and < 30 days, defined as an overnight hospital stay at a hospital within the
zame region where the index procedure was performed.

Mortality = 48 hours and = 30 days postoperatively.

Days alive and at home (DAH); 2 numerical number calculated using all hospitalizations (primary
admission and readmissions) and mortality data from the date of the index surgery [12], aszessed at
30 days postoperatively. The total number of days the patient was hospitalised were subtracted from
30. A patient being discharged on day of surgery and not having any hospitalizations and i3 still
alive at day 30 would have a DAHzp of 30. If patients had a readmission, both the day of
readmission and the day of discharge were included in the calculation. Patients who were
readmitted and discharged on the same day had 1 day subtracted from 30. In case of mortality
during the first 30 days postoperatively the patient scored 0. Although the original definition of
DAH includes time spent in rehabilitation units [12], this is extremely rare in Danish arthroplasty

patients [13] why we did not include it in the present study.

Statistics

Descriptive variables that followed a normal distribution were provided with means and standard
deviations (SD). Non-normally distributed descriptive variables were additionally presented with
medians along with range. Percentages of categorical outcome variables were presented with 93%

confidence intervals (CI). Postoperative complications were compared using crude percentages.
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Data were analysed using Stata Statistical Software: Release 18 (College 104 Station, TX:

StataCom LLC).

Registration

The fast-track project was registered in advance at Clinical Trials. gov (NCT03613439) and received
data processing approval from the Region of Southern Denmark (Journal No 22/39454). The
database has been exempted from ethical approval after evaluation by the Danizh National Ethics

Committee (Journal No. 2500357).

Founding

In 2021, The Centre for Fast-track Hip and Knee Replacement received funding from the Novo
MNordizsk Foundation (Grant number: NNF21540073760). This grant supported research staff at all
participating centres and organisational setup. Furthermore, fonding for the PhD student (OD) was
provided by the Candys Foundation, the University of Scuthern Denmark. and the Region of

Southern Denmark.

Results

A total of 12,607 patients were operated on in the study period, of whom 3,159 (25%) patients were
day-case patients and 9,430 (75%) non day-case patients (Figure J). Day-case patients were
younger, and were less likely to live alone or require home assistance compared to non day-case

patients (Tabls ). 1.2% (93%CT 1.0 tol.4) of all patients were discharged to rehabilitation or

88



121

122

123

124

125

126

127

128

125

130

131

132

133

134

135

136

137

138

135

nursing facilities, including 0.06% (93%4CI 0.03-0.08) of day-case patients and 1.5% (95%0CT 1.3 to

1.7) of non day-case patients.

The mean LOS for the entire study cohort was 1.0 day (range 0-70) with 3% (93%CI 4.9 t0 3.5) of
the patients having LOS>2 days (Table II). Mobilization issues (1.4%) and pain (1.4%) were the

main mn-hospital complications registered in patients with LOS > 2 days (Figure 1.

The overall readmission rate for the entire study cohort was 0.3% (93%CI 0.4 to 0.7%4) within 48-
hours and 4.4% (93%CT 4.1 to 4.8) within 30-days following surgery. The = 48 hours readmission
rate was 0.7% (93%CI 0.5 to 1.1) for day-case patients vs 0.3% (93%CI 0.3 to 0.6%) for non day-
case patients. The < 30 days readmission rate was 1.9% (95%CI 1.3 to 2.5) for day-case patients vs
3.3% (95%CI 4.8 to 5.8%) for non day-case patients (Table [). When stratified by surgical type,
only minor variations were seen (figure II). Registered complications leading to readmission < 43

hours and = 30 days are presented in Figure [V and 175,

No mortality was recorded < 48 hours postoperatively. The mortality rate < 30 days postoperatively

for the entire study cohort was 0.08%: (n=10) with no mortality among day-case patients.

The median DAH:o was 30 (range 1-30) for day-case patients, whereas non day-case patients had a

median DAHzp of 29 (range 0-30) (Table 1)
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Discussion

In this prospective cohort, we found that fast-track surgery following hip and knee arthroplasty was
safe for both day-case and non-day-case patients within a national, publicly funded healthcare

system.

The length of stay (LOS) following hip and knee arthroplasty has decreased over the past decades
due to advancements in pre-, pgri- and postoperative optimisation protocoels, along with an
increasing emphasis on discharging patients on the day of surgery. However, to our knowladge,
detailed and comprehensive studies evaluating the safety of discharging patients on day of surgery
remain limited. Prior to implementation of the current day-case protocol [8]. retrospective
nationwide register studies from Denmark on primary THA, TKA and UKA from 2010-2020,
reported that fewer than 3% of patients were discharged on the day of surgery [14]. and the 30-day
readmission rate for day-case patients were 4.4% for THA, 4.7% for TKA, and 3.0% for UKA [13].
When comparing data from the pre-implementation period with current outcomes, where 23% of
patients are discharged on day of surgery, a notable decrease in the 30-day readmission rate is
observed among these patients, now at 1.9%. Previous international studies focusing on readmission
rates following day-case hip and knee arthroplasty have predominantly been conducted as single-
centre studies, thereby limiting the generalisability of their findings. These studies all reported little
to no difference in readmission rates between day-case and non day-case patients [16-19].
Consistent with our findings, three multicentre retrospective registry studies from the United States,
utilising the National Surgical Quality Improvement Program database, also reported similarly low
30-day readmission rates (1.8%—2.2%) following outpatient surgery. However, direct comparison is
challenging, as the definition of "outpatient” surgery in some studies includes an overnight hospital

stay and discharge within 24 hours, and the day-case setups are not consistently reported [20-22].
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While the existing literature provides some insights into 30-day readmission rates, it may not fully
capture the true implications associated with discharging patients on the day of surgery. To
comprehensively evaluate readmissions associated with a day-case setup, we therefore documented
all readmizsions < 48 hours post-surgery, hypothesising that some complications related to the
practice of discharging patients on the day of surgery, rather than after a short inpatient stay, would
emerge within the initial days. That said, the overall readmission rate < 48 hours was 0.3% and low
across both day-case and non day-case groups. To our knowledge, this is the first study to examine

very early readmissions (< 48 hours) following discharge.

Surgical complications have been shown to be rare following UKA in a fast-track setting [23].
Compared with THA and TEA, UKA is generally regarded as a less invasive procedure, and
patients are often reported to experience less postoperative pain and faster mobilisation. In our
stratified analyses of risk of readmission, however, we did only observe minor variations in 30-day
readmission rates, and these are unlikely to be of clinical relevance (figure [1]). These findings
suggest that the overall safety profile of fast-track arthroplasty applies consistently across surgical

types.

When focusing on registered complications leading to readmission, there were no notable
differences in the types of complications occurring within the first 42 hours following discharge
between the day-case and non day-caze groups (Figure [I'g). By comparison, complications leading
to readmizsion within 30 days were noticeably different between the groups, with a higher
incidence of all complications in the non day-case group (Figure [IE). This likely reflects the
impact of our selection criteria, as day-case patients being vounger and healthier than non day-case

patients.
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The risk of mortality following hip or knee arthroplasty is reported to be exceedingly low [24, 23].
In cur study, no patients died within the first 48 hours postoperatively. A more comprehensive
patient-centred outcome for evaluating postoperative complications 1s DAH, which accounts for all
hospitalisations and complications, including mertality, within a specified period [12]. The median
DAHzy for the entire study cohort was 29 with day-case patients having a DAHz) of 30 and non
day-case patients a DAHzp of 29. This indicates that most patients had an uncomplicated admission.
Compared to our current data, Jgrgensen et al. [26] reported a lower median DAHzg (28) from the
same centre collaboration but in a time-period from 2012-2015. Although a substantially higher
proportion of patients are now discharged on the day of surgery compared to the findings of
Jargenzsen et al | the overall risk of postoperative complications decreased. The improvement in
DAH indicates an encouraging improvement in patient recovery patterns over the recent years for
both day-case patients, but importantly also for non day-case patients. This has been achieved
through the comprehensive fast-track setup with an increased focus on safe treatment and ongoing

optimisation of pre-, pegl-, and postoperative care.

The ongoing debate on optimal selection criteria for discharging patients on the day of surgery
needs to balance patient safety with the logistical realities of modern healtheare systems, including
limited resources, bed availability, and the increasing average life expectancy [2, 27]. By
implementing a highly detailed protocol for the fast-track: project [8], we have successfully
discharged an increasing mumber of patients on the day of surgery [7] without observing an increasze
1in in-hospital complications, readmissions, or early mortality rate. Furthermore, in a separate study,
we alzo demonstrated that our fast-track setop does not impose a greater burden on primary care
services [11]. This raises the question of whether a widening of eligibility criteria for outpatient
surgery thay be feasible. We must also acknowledge that other studies have demonstrated the

feasibility of discharging a considerably higher proportion of patients on the day of surgery (33%-
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01%). although these were single-centre studies conducted on smaller cohorts and with different

setups [28-30].

The strength of cur study lies in its prospective desizn within a public multicentre collaboration,
supported by a well-defined and published protocol for the entire setup [8]. The arthroplasty centres
associated with the Centre for Fast-track Hip and Knee Replacement are located across all regions
of Denmark:, accounting for approximately 40% of the total annual procedures performed
nationwide. This broad geographical distribution and centres including both university hospitals and
regional hospitals enables a more comprehensive evaluation, reflecting a broader range of diversity
and enhancing the external validity of our findings. With our prospective design and the support of
dedicated research staff at all participating hospatals, we were also able to routinely and
systematically collect detailed data on a large cohort with complete follow-up, distinguishing our
study from previous research in the field. However, given the nature of the study and its reliance
primarily on crude percentages, it has kmown limitations, and the potential for misclassification and

missing information remain despite rigorous data collection.

Conclusion

Our findings demonstrate the safety of current fast-track setup in a national, publicly funded
healtheare system. We were able to demonstrate low rates of in-hospital complications, early
readmissions, mortality and a DAHsp of 30 for day-case patients and 29 for non day-case patients.
These results suggest that a fast-track setup with mean LOS of one day and 23% day-case surgery
for primary hip and knee arthroplasty can be safely implemented in a multicentre public healthcare
setting receiving unselected patients. Furthermore, these findings support the feasibility of widening

the eligibility criteria for day-case surgery, but further investigations are required to confirm safety.
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Table I. Demographics
n=12589 n=3159 n=10430
Sex, female n (%) T2O7 (57.2% 1517 (48.0%) 3690 (50.3%)
Missing, n (%) 203 (1.6%) 56(1.8%) 147 (L.6%)
Age (vears) mean (3D) 8.5 (10.1) 63.6 (2.0 70.8 (10.1)
Missing, 0 (%) 7 (0.04%) - 5 (0.07%)
Body Mass Index (BMI) mean (5D) 20.0 (6.3) 18.6(35) 01 (8.7
Miszing, n (%) 156 (1.2%) 31(1.0%) 125 (1.3%)
Clinical Frailty Scale mean (SD) 20011 21008 31011
Miszing, (%) 38 (0.3%) 2 (0.06%) T4
Smoking n (%)
Newer smaiced 5688 (43.295) 1336 (43.09%) 4302 (45.6%)
Fommer smaleer 5431 (43.1%) 1370 (43 .4%) 4061 (43.1%)
Cumently smoking 1245 (10.2%) 370 (11.7%) 015 (9,7%%)
Missing 135 (1.5%) 33 (1.0%) 152 (L.6%)
Alcohol consumption sbove 10 weeldy ynjis n (%) 1624 (12.8%) 484 (15.3%) 1140 (12.1%)
Missing, n (%) 138 (1.3%) 28 (0.9) 130 (1.4%)
Living alone n (%) 2861 (30.79%) 390 (12.6%) 3462 (36.7%)
Mizzing, n.(%) 207 (1.6%) 28 (0.9%) 179 (1.9%)
Regular home assistance before surgery n (%) T1Z(5.6%) 33 (1.0%) a70 (7.2%)
Missing, n (%) 437 (3.6%) 74(2.3%) 383 (4.1%)
FProcedure type n (%)
THA 3380 (42.7% 1194 (37.8%%) 4186 (44.4%4)
TEA 4344 (32.5%) 1005 (31.8%%) 3830 (£0.7%%)
UKA 2345 (18.8%) 060 (30.4%) 1404 (14.9%)
Medically treated diabetes n {3%) 1339 (10.6%) 247 (7.8%) 1262 (13.4%)
No medically treated disheses 10874 (8723) 2807 (91.79) 077 (857%)
Missing 73 (1.4%) 15 (0.5%) 160 (L.7%)
Medically treated heart divease n (%) 7535 (50.995) 1303 (50.5%) 3040 (53.0%6)
No medically treated heart disease 4045 (39.4%) 1546 (48.9%%) 3410 (36.3%)
Missing 28 (0.7%) 18 (D.6%4) 70 {0.7%)
Medically treated lung disease n (35) 1533 (12.6%) 203 (8.3%) 1200 (13.7%)
No medically treated hing disease 10861 (86.3%) 2832 (89.6%) 2020 (85.1%)
Missing 143 (1.1%) 33 (1.0%) 110 (1.2%)
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332 Table IL. Risk of in-hospital complications, early readmissions, mortality, and days alive and
333 out of surgery (DAH) after primary hip and knee arthroplasty

Entire study cobort Day-caze patients Non day-caze patients
n= 12589 n=73138 n="5430
aREECT BREECT ersecr
LOS, mem framge) 1.0(0-70) - 0 - 1.4 (1-70) -
Patientz with registered in-
hospital complications having | 633 (3.0%) 4734 - 633 (6.7%%) 6.2-73

LOS =2 davs. (545

Readmizsion = 48 hours, 235 | 66 (0.3%) 0.4-0.7 2300.7%%) 0.5-11 43 (0.3%) 0.3-0.6

Readmizzion = 30 dayz, a39 338(4.4%) 4.1-4.8 60 (1.9%) 1523 498 (3.3%) 48-38

Mortality = 48 hours, n 59 - - -

Mortality = 30 days, n 59 10(0.08%)  0.04-0.12 - 10(0.0%)  0.06-0.21
DAHss,
freshpe— 29 (0-30) - 30(1-30) - 29 (0-25) -
M (ST 28.6(55) - 29.9(1.3) - 28201 -

334  LOB, length of stay; DAHu, days alive and out of hospital.
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Figure I. Flow chart
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337  Figure IL In-hgspital complications among all patients with LOS > 2 days
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339 Legend:

340  *PONV; Postoperative nausea and vomiting.

0.1 0,2 03

341 **Challenging surgical procedure; e.g. noted prolonged surgical time without further explanation, break of

342  the sterile barrier, and perioperative bone fracture.

343 *™*Others; e.g. previous opioid misuse, haematological disease, unsuitable home environment.



Figure ITII. Early readmission rates stratified by type of surgery
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Legend:

* Regdm. =48 h; Readmission < 48 hours
** Regdm. < 30 d- Readmission = 30 days
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345  Figure IVa. Registered complications in patients readmitted < 48 hours postoperatively after

350 day-case and non day-case surgery
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352 Legend: *Others; e.g. unsuitable home environment.
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353  Figure IYb. Registered complications in patients readmitted < 30 days pestoperatively after

354  day-case and non day-case surgery
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356  Legend: *Others; e.g. newly diagnosed diabetes mellitus, cancer, unsuitable home environment, and alcohol

357  misuse.
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