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ABSTRACT

Objective To determine if same-day discharge total knee
arthroplasty (TKA) or total hip arthroplasty (THA) is not
associated with increased risk of unplanned readmission
and adverse outcomes within 30 days of surgery.
Design This is a population-based observational study.
Setting Patients from 708 participating institutions who
underwent primary TKA or primary THA between 2011 and
2017 were divided into three groups by length of stay (LOS
0, 1 and 2-3 days). All patients with LOS>3 days were
excluded from the current study. Regression analysis and
propensity score matching were performed.

Data sources American College of Surgeons—National
Surgical Quality Improvement Programme database.
Main outcomes and measures Primary outcomes
included unplanned readmission and cardiac/pulmonary
complications within 30 days of surgery.

Results We identified 226 481 TKA (LOS 0=3118, LOS
1=31404, and LOS 2-3=191959) and 140 557 THA patients
(LOS 0=2652, LOS 1=29617, and LOS 2—-3=108288).

There were no differences in 30-day mortality. After adjusting
for relevant covariates, LOS 0 (compared with LOS 1)

was associated with higher odds of cardiac/pulmonary
complications in both TKA (OR 1.95, 95%Cl 1.20 to 3.16;
0.67% vs 0.37%) and THA (OR 1.96, 95%Cl 1.05 to 3.64;
0.57% vs 0.26%). There were no statistical differences in
unplanned readmissions between LOS 0 and LOS 1 groups in
TKA (2.41% vs 2.31%) and THA (1.62% vs 2.04%).
Conclusions LOS 0 discharge after TKA and THA was
associated with higher odds of cardiac/pulmonary
complications compared with LOS 1 discharge. While
the overall burden of complications is relatively low, until
future studies can confirm or challenge our findings, a
measured approach is advisable when recommending
discharge of patients on the same day of surgery.

INTRODUCTION
Joint arthroplasty is among the most
commonly performed procedures in USA

Strength and limitations of this study

» Information on safety of same-day discharge after
total knee arthroplasty (TKA) and total hip arthro-
plasty (THA) is lacking.

» This is the first comprehensive study to focus on
length of stay (LOS) 0 and LOS 1 TKA and THA
patients.

» This is a population-based observational study, and
cannot establish causal relationships.

with projections of continuous growth in
parallel with an ageing population. Total
knee arthroplasty (TKA) is projected at
3.48 million procedures annually, while total
hip arthroplasty (THA) at 700000 per year
by 2030." Until recently, TKA and THA were
listed as Inpatient Only (IPO) procedures
by the Centre for Medicare and Medicaid
Service (CMS), which requires greater than
24hours of postoperative care. Financial
necessity, advances in surgical techniques,
improved pain management and early
physical rehabilitation have led to a contin-
uous reduction in total hospital length of
stay (LOS) after surgery.” This trend has
made ambulatory joint arthroplasty practice
feasible. In fact, CMS removed TKA from the
IPO list in January 2018 with the expectation
of reducing healthcare cost.” It is likely that
CMS might remove THA from the IPO list
in the near future, especially since the Amer-
ican Association of Orthopaedic Surgeons
has also provided supportive statements for
outpatient total hip arthroplasty.* Such policy
decisions by CMS cast significant pressure on
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hospitals and healthcare providers to fast track patients,
and expedite a push towards performing surgery at free-
standing ambulatory surgery centres.

However, practical and logistical concerns remain
regarding the safety of fast track approaches, especially
the true ambulatory practice with same day discharge.
While mostly focused on patient selection and optimis-
ation of peri-operative care guided under well-defined
clinical pathways, actual outcome data are scarce. Several
studies found no difference in short-term complications
after comparing shorter inpatient stay with LOS>2 days.””’
Additional studies comparing admission status of outpa-
tient versus inpatient, and concluded that outpatient
joint arthroplasty is safe and effective.*'" None of these
studies focused on true ambulatory population (LOS 0)
and the fast track group (LOS 1). One previous study
by Otero et al included a small group of LOS 0 patients,
and did not identify differences among TKA patients but
increased complication rate in THA patients.'* Gromov
et al studied 116 LOS 0 patients with matching cohort of
339 patients (LOS 1-9 days), and found no readmissions
within 48hours and comparable incidence of readmis-
sion within 90 days."”” However, these earlier studies were
limited by the small sample size to be conclusive, and
study cohort included emergent procedures, bilateral
arthroplasties, or mixed TKA/THA patient population.

Given the current push towards same-say discharge
after lower extremity joint arthroplasty surgery and lack
of large-scale data on crucial comparisons, we therefore
sought to study the safety of ambulatory surgical practice
of TKA and THA with the access of several folds of more
subjects to hopefully draw more convincing conclusion.
For this purpose, we studied and compared complica-
tions and readmission rate and risk in patients discharged
on the day of surgery (LOS 0) to those with a LOS of 1 day
(LOS 1). We also included the standard practice group
with LOS 2-3 days as a reference group. We hypothesised
that there would be no difference in complications and
readmission rates and risks among patients discharged
same day of TKA or THA surgery.

METHODS

The population-based observational study follows the
Strengthening the Reporting of Observational Studies
in Epidemiology statement (second paragraph of the
‘Patient and Public Involvement’ section).

Cohort description
We acquired the data from the American College of
Surgeons National Surgical Quality Improvement

Program (NSQIP) from 2011 to 2017 (http://site.acsn-
sqip.org). NSQIP prospectively collects data on over 200
variables, including demographic information, comor-
bidities, intraoperative variables, 30-day postoperative
complications and readmission. NSQIP conducted inde-
pendent follow-ups of all registered patients for 30 days
even after discharged from hospital, therefore NSQIP was

able to capture postsurgical events for 30 days no matter
whether patients were still in hospital or were discharged
to other destination. NSQIP database does not include
surgical procedures performed at ambulatory surgical
centre as of 2017. To define our study cohort, we only
included patients with the principal Current Procedural
Terminology (CPT) code for primary TKA (CPT 27447)
or primary THA (CPT 27130). We only included patients
from 2011 to 2017, as the NSQIP dataset provides infor-
mation on the readmission incidence within 30 days of
surgery during this time frame.

There were a total of n=232218and n=141767 entries
for TKA and THA with LOS from 0 to 3 calendar days,
respectively. We first excluded patients categorised as
‘emergency’ to establish a more homogeneous study
cohort (n=193 and 435 respectively). We then excluded
patients who received bilateral arthroplasty as defined
by the relevant concurrent CPT code (n=5544 and 775
respectively). The final cohort included 226481 and
140557 subjects for TKA and THA, respectively.

Study variables

Patients were separated into three groups based on LOS
calculated based on calendar days (LOS 0 for same day
discharge; LOS 1 for patients with next day discharge; and
LOS 2-3 for patients with a traditional LOS of 2 to 3 days).
The outcomes of interest were readmission within 30 days
and six composite complication variables, including:
wound infection, systemic infection, cardiac/pulmonary
complications (including cardiac arrest requiring CPR,
myocardial infarction, pulmonary embolism, unplanned
intubation and/or on ventilator >48hours), major
complications (including any cardiac, pulmonary, central
nerve system, renal, or systemic infection complications),
any complication (including any complications enlisted
in the NSQIP database), and any complication excluding
blood transfusion.

Statistical analysis

Data analysis was executed using STATA V.14.2 statistical
software (StataCorp LP, College Station, TX). Analysis of
variance was used to analyse continuous variables.

Pearson y tests were applied for categorical variables.
After applying Bonferroni correction, p value less than
0.0036 (0.05/14 variables) was used as the cut-off for
statistical significance.

We next conducted single variable and multi-variable
regression analysis to examine the impact of LOS on read-
mission and complications. The confounding variables
included age, sex, race, body mass index (BMI), surgical
duration, year of surgery and American Society of Anes-
thesiologists (ASA) classification. In the regression anal-
ysis we treated the LOS 1 group as the reference. The OR
and 95% CI were reported. We elected to report output
from the multi-variable regression analysis in the result
section. To further evaluate robustness of our results,
we also performed a propensity score matched analysis
where the significant covariates were entered to calculate
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the propensity score to receive either same day (LOS 0)
or fast track (LOS 1) surgery. We employed the Kernel
matching algorithm based on the weighted average of all
controls, and the weights are inversely proportional to
the distance between the propensity scores.

Patient and public involvement

The current study involved prospectively collected patient
information without any identifiable patient specific
information. None of these included study subjects would
benefit from the current study. However, future patients
may benefit from the knowledge highlighted in the
current study once it is publicly available. Patients were
not involved in the design and conduct of current study.
All patient related information was de-identified from the
database to preserve privacy.

RESULTS

We identified n=226 481 primary TKA (LOS 0=3118, LOS
1=31404, and LOS 2-3=191959) and 140557 primary
THA patients (LOS 0=2652, LOS 1=29617, and LOS
2-3=108288), respectively. There were no major clin-
ically significant differences in the comorbidity burden
between LOS 0 and LOS 1 groups, while LOS 2-3
group carried a higher comorbidity burden (table 1).
Between 2011 and 2017, LOS trended downwards, with
an increasing number of patients being discharged on
the day of surgery or the next day (TKA 1.04% in 2011,
and 26.55% in 2017; THA 3.44% in 2011, and 34.91% in
2017, respectively). The discharge destination was most
frequently to home among the various TKA groups (LOS
0 group 89.48%, LOS 1 group 97.62% and 76.39% in
LOS 2-3 group). Home discharge was the most promi-
nent disposition in THA as well (LOS 0 group 94.72%,
LOS 1 group 97.92% and 78.37% in LOS 2-3 group).
There were no differences in 30-day mortality in either
TKA (table 2) or THA groups (table 3). The incidences of
30-day major complications and unplanned readmissions
were low in the LOS 1 discharge group (0.53% and 2.31%
in TKA; 0.43% and 2.04% in THA respectively). There
were no statistically significant differences in unplanned
readmission between LOS 0 and LOS 1 group in TKA
patients (2.41% vs 2.31% in TKA, OR 1.10, 95% CI 0.86
to 1.42, table 2), nor among THA patients (1.62% vs
2.04% in THA, OR 0.84, 95% CI 0.60 to 1.16, table 3).
LOS 2-3 group otherwise carried the highest incidence
of unplanned readmission (tables 2 and 3).

Tables 2 and 3 also provide results from the univariable
regression, multivariable regression and the propensity
score matching analysis comparing the LOS 0 to the LOS
1 groups. The LOS 0 group was associated with higher
odds of cardiac/pulmonary complications in both TKA
(OR 1.95,95% CI 1.20 3.16; unadjusted prevalence 0.67%
vs 0.37%, table 2) and THA (OR 1.96, 95% CI 1.05 to
3.64; unadjusted prevalence 0.57% vs 0.26%, table 3)
when compared with the LOS 1 group. Propensity score
matching analysis confirmed such increased incidence

of cardiac/pulmonary complications in LOS 0 group
(tables 2 and 3). The incidence was even higher when
compared with the LOS 2-3 group (tables 2 and 3).

LOS 0 group was associated with higher odds of major
complications in TKA recipients (OR 1.94, 95% CI 1.29 to
2.92, table 2), but not in THA patients (OR 1.55, 95% CI
0.90 to 2.67, table 3) compared with LOS 1 patients.
Similar patterns of differences were also observed in the
outcomes for any complications, and any complications
excluding transfusion. These differences were statistically
significant only in TKA (table 2) but notin THA (table 3).
Propensity score matching analysis further confirmed all
significances (tables 2 and 3). There were no differences
in wound infection and systemic infection between LOS 0
and LOS 1 groups in either TKA or THA.

DISCUSSION

In this analysis of data collected by NSQIP, we present data
using population data that challenge the assumed safety
of same day discharge after TKA or THA surgery. Our
analysis showed somewhat surprising results that LOS 0
group had higher risks of cardiac/pulmonary complica-
tions within 30 days after surgery in both TKA and THA,
compared with patients in the LOS 1 group. Our study
also identified significantly increased odds for major
complications with LOS 0 discharge status compared with
LOS 1 group among TKA recipients.

The average LOS after TKA decreased from 3.42 days
in 2011 to 2.38 days in 2017, and from 3.54 days in 2011
to 2.31 days in 2017 after THA surgery (NSQIP data).
Accordingly, more patients received fast-track care in
more recent years. Previous studies have not shown a
difference in readmission rates and complications among
fast-track TKA and THA patients.'*" Definition of fast-
track practice has also been evolving, from previously
LOS 2-3 days to as short as LOS 1day. It is foreseeable
that fast-track practice will gear towards LOS 0day status
in the future. Otero et al studied patients from 2011 and
2013, which they concluded that there were no differ-
ences in readmission and 30-day complication in TKA
between LOS 0 and LOS 1 status, while THA patients with
LOS 0 status were associated with a higher 30-day compli-
cation rate.'” However, this study is limited by the small
number of patients in the LOS 0 and LOS 1 groups. In
addition, the authors did not exclude patients with emer-
gent admission status and patients who received bilateral
arthroplasty procedures. Lately, Gromov et alstudied LOS
0 patients with a matching cohort of controls with LOS
1-9 days."” The authors concluded that readmission rates
were comparable. However, such comparison might not
be fair since LOS 1-9 patients, especially patients with
longer LOS usually have indications for hospitalisation.
The staying in hospital would decrease chances of read-
mission, nor with recorded diagnosis for readmission.
Other researchers have attempted to study the difference
in complications in arthroplasty based on the admission
status either as outpatient or inpatient.*” However, such
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LOS, length of stay.

categorisation among arthroplasty recipients was arbitrary
which was most likely influenced by the type of patients’
insurance. Nonetheless, concerns remained among clini-
cians regarding the balance of safe clinical practice and
fast-track efficiency.

In order to achieve these goals, clinicians have
attempted to identify patients at risk of readmission or
complications, and thus triage them accordingly. Many
independent risk factors have been identified, including
advanced age, gender, high BMI, increased ASA clas-
sification, the presence of chronic obstructive pulmo-
nary disease, congestive heart failure, coronary artery
disease, cirrhosis and chronic kidney disease.” '* *'™* In
addition, poor living conditions, use of mobility aids and
social economic factors are also likely to influence LOS
and outcomes.’ **** Clinicians further developed predic-
tion models to determine a patient’s candidacy for fast-
track surgical care with moderate success.” ®?” It should
be mentioned, however, that some data suggest that the
majority of patients suffering from a complication after
joint arthroplasty may not have any identifiable risk
factors,”! thus putting strategies currently being used to
identify patients at risk into question.

The majority of major complications, such as cardiac/
pulmonary complications, likely occur past 24hours,
and more likely peak on postoperative day 2 to 3.° %
This timeframe may therefore fall outside the in-hospital
observation period as it relates to fast-track patients.
It also has been shown that over 50% of patients with
major complications do not carry any of these predis-
posing risk factors.”’ Therefore, identifying risk factors
and risk stratification of patient populations may be of
limited use in predicting successful fast-track patients
without risk of readmission or complications. The current
approach seeks to identify higher risk patients and subse-
quently exclude them from the fast track pathway. This
is supported by our findings that patients in the LOS2-3
group have higher comorbidity burden and are older
than those in the LOS 0 and LOS 1 groups.

Many institutions have established enhanced recovery
after surgery pathways for TKA and THA. These pathways
seek to improve outcomes by standardising the routine
use of potentially beneficial interventions that improve
outcomes and by employing patient selection strategies.
Consequently they include younger and healthier patients
with sufficient social support to facilitate early discharge.
However, such approaches may not be sufficient to recon-
cile them with unaltered or lower level of complications
while gearing towards true ambulatory surgical model.

We conducted this NSQIP data analysis with the
hypothesis that ambulatory patients were not at increased
risk comparing to other fast track surgical patients after
TKA or THA. It is reasonable to assume that these fast-
tracked patients were carefully selected without major
comorbidity concerns. Further, it is reasonable to assume
that these patients met the discharge criteria established
across various institutions. Assuming such safe practice
model were established and applied, our findings raise
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concern regarding the safety of same day discharge after
TKA or THA surgery. This is especially problematic if
the increased risk of complications among this group is
related to gaps in continuity of care and lack of neces-
sary early intervention when indicated. However, despite
this possibility, our data is not able to establish this causal
relationship at this time, and future studies are needed to
identify the aetiology and mechanism by which complica-
tions may develop.

Our study has several limitations. First, this is a retro-
spective cohort study and related limitations in respect to
establishing causality apply. Although NSQIP has rigorous
quality measures to ensure high quality data collection,
there was still missing information on several interesting
pre-existing comorbidity variables, such as stroke and
myocardial infarction. Our study is therefore limited by
the accuracy and completeness of data collection, inclu-
sion of available variables and recorded information only.
Second, patients were categorised retrospectively based
on their actual LOS determined by calendar days. Future
research is indicated to prospectively assign clinical path-
ways and compare readmission and complications. Third,
NSQIP only contains outcome information within 30
days, thus outcomes beyond this point but still related
to the index procedure remain elusive. Fourth, NSQIP
prohibits identifying hospital and surgeon, while studying
surgical volume, inpatient hospital versus free-standing
surgical centre, and other practice pattern might be
insightful. Last, readmission indicator in NSQIP data-
base only included inpatient readmission. Information
on emergency department visit would also be important.
However, it is beyond the scope of our analysis.

CONCLUSION

Our study is the first comprehensive study to focus
on LOS 0 TKA and THA patients. Although same day
discharge after TKA and THA surgery is not associated
with increased risk of unplanned readmission, these
patients carry increased risk of complications. There-
fore, the current trend towards increasing discharges
on the same day of surgery after TKA and THA should
be approached with caution and requires reconsider-
ation. Future prospective studies are needed to confirm
our finding and identify if ambulatory joint arthroplasty
is associated with acceptable risk for complications and
readmissions, as well as its financial impact on our health-
care system.
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