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Background: Total hip arthroplasty (THA) causes a great medical burden globally, and

the same-day discharge (SDD) method has previously been considered to be cost

saving. However, a standard cost-effectiveness analysis (CEA) in a randomized controlled

trial (RCT) is needed to evaluated the benefits of SDD when performing THA from the

perspective of both economic and clinical outcomes.

Methods: Eighty-four participants undergoing primary THA were randomized to either

the SDD group or the inpatient group. Outcomes were assessed by an independent

orthopedist who was not in the surgical team, using the Oxford Hip Score (OHS),

EuroQol 5D (EQ-5D), SF-36 scores and the quality-adjusted life years (QALYs). All the

cost information was also collected.

Results: The mean stay of patients in the SDD group was 21.70 ± 3.45 h, while the

inpatient group was 78.15± 26.36 h. This trial did not detect any significant differences in

OHS and QALYs. The total cost in the SDD group was significantly lower than that in the

inpatient group (U69,771.27 ± 6,608.00 vs. U80,666.17 ± 8,421.96, p < 0.001). From

the perspective of total cost, when measuring OHS, the incremental effect was −0.12

and the incremental cost was –U10,894.90. The mean incremental cost-effectiveness

ratio (ICER) was 90,790.83. When measuring QALYs, the incremental effect was 0.02,

and the ICER was negative. Sensitivity analysis produced similar results.

Conclusions: SDD has an acceptable likelihood of being more cost-effective than the

traditional inpatient option. After conducting cost–utility analysis, SDD resulted in better

QALYs, while significantly reducing the total cost.
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INTRODUCTION

Total hip arthroplasty (THA) is the first-choice treatment for
many hip joint diseases. There were 378,089 THAs in the
US in 2015 (1), with a cost of over 22,000 US dollars per
procedure (2). In China, there were around 900,000 THAs in
2019. Thus, THAs result in substantial medical costs and are
placing pressure on national budgets in both developed and
developing countries. To reduce the cost, US Medicare launched
the mandatory Comprehensive Care for Joint Replacement
bundled payment model, which resulted in substantial hospital
savings and reduced Medicare payments (3, 4). China adopted
some strategies such as the diagnosis-related group (DRG)
payment system to reduce the cost (5). Moreover, the economic
environment greatly influences the number of joint arthroplasty
procedures (1) and extreme poverty rises for the first time since
1998 due to the spread of COVID-19. In short, it is vital to reduce
the medical cost both for the government and for individuals
under these conditions.

Length of stay (LOS) in hospital is a crucial determinant of
medical cost, and minimizing LOS could result in significant
cost savings for arthroplasty (6). In the past 10 years, joint
replacement has been performed on strictly selected patients
on a same-day discharge (SDD) basis in the US and Europe,
and studies showed similar or even better outcomes compared
to inpatient operation, resulting in cost savings of up to
30% per case (7, 8). Based on this, the US government
removed arthroplasty from the inpatient operation list in Jan.
2018, in an attempt to move toward outpatient surgeries.
However, data or polices from a high-income country cannot
be extrapolated to the whole world, especially low-income
countries. Moreover, studies have shown conflicting results
regarding surgery effects, complications and adverse events when
comparing between classical inpatient surgery and SDD for
arthroplasty (9–11). Therefore, a standard and comprehensive
cost-effectiveness study is needed, to help surgeons decide
between outpatient or inpatient THA, balancing outcomes
and costs (12). Recently, a computer-based retrospective study
revealed that outpatient THA was cheaper but less effective in
terms of total utility, and more cost-effective than inpatient
THA within a specific willing-to-pay (WTP) threshold (13).

However, to the best of our knowledge, no randomized
controlled trial has been performed to analyze the cost-

effectiveness of primary THA on a SDD basis. In addition,

no systematic evaluation of SDD THA has ever been reported

in China.
In this study, we evaluated the cost-effectiveness of SDD

compared with that of regular care for patients who needed

primary THA by analyzing the effect using the Oxford hip
score (OHS), medical costs (both out-of-pocket and reimbursed),

mean incremental cost-effectiveness ratio (ICER), and quality-

adjusted life years (QALYs) at 6-month follow up. By a
standard cost-effectiveness analysis (CEA), we hope to help
physicians and government to look at SDD in a more
accurate way.

MATERIALS AND METHODS

Study Design and Participants
A prospective RCT was conducted between Oct 2017 and
Aug 2019. Prior to the start of this study, the study protocol
was approved by Wuhan Union Hospital Ethical Committee
(0086-01). All participants provided written informed consent.
Patients qualified for inclusion in the study if they met the
following criteria: undergoing unilateral primary THA; having
the ability to understand the relevant treatment process; aged
between 18 and 75 years; a body mass index (BMI) ≤ 40 kg/m2;
hemoglobin ≥ 12 g/dL; American Society of Anesthesiologists
(ASA) physical status classification of I or II; and no ongoing
infection or blood coagulation disorders. Those with a history of
coronary artery disease, chronic obstructive pulmonary disease,
arrhythmias, or untreated obstructive sleep apnea were excluded.
Eligible individuals were randomly assigned (1:1) to an inpatient
THA group or an SDD THA group. SDD-THA was defined
as admission, surgery, and discharge within 24 h, whereas the
inpatients stayed in hospital for more than 1 day.

Treatment
Preoperatively, patients undergoing SDD-THA received
information in the form of a teaching class conducted by a
bedside clinician, which included the protocol, matters needing
attention, exercise training, and home-based rehabilitation.
All operations were performed by the same surgical team
through a posterolateral approach. Celebrex 400mg orally was
used as routine analgesia before surgery. Cefazolin (1.0 g) and
Tranexamic Acid (0.4 g) were administered 30min prior to skin
incision. A uniform perioperative multimodal pain management
protocol was established by cocktail periarticular injection before
wound closure, which consisted of Flurbiprofen axetil (50mg)
and Ropivacaine (200mg). To avoid venous thromboembolism
(VTE), all participants were encouraged to perform ankle
pumping and quadriceps-setting exercises immediately. To
relieve the pain, a multimodal postoperative pain management
protocol was used, with all patients being given 200mg Celebrex
orally every 12 h and 5 mg/325mg Hydrocodone/acetaminophen
orally every 6 h. Patients undergoing SDD-THA received an
additional IV dosage of antibiotics before discharge and 4 doses
of 750mg Cefaclor orally every 12 h after discharge.

Regardless of group assignment, all participants met the same
criteria before discharge: general wellbeing, a dry wound, capable
of independent transfers, and able to walk one hundred feet. On
the first day after discharge, a visiting nurse called each patient to
confirm they were doing well. All patients were followed up for 6
months, whether it was by phone, WeChat, or other means.

Outcomes
The primary outcome was the OHS with 12 questions reflecting
the different aspects of hip function. Each question was scored
from 0 to 4, with 4 representing the best outcome or least
symptoms (14). The secondary outcome was QALYs which
was calculated as the outcome in cost utility analysis, as
proposed by the CHEERS and CEA guidelines. QALYs is a
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FIGURE 1 | Flow chart of participants enrolled in the study with details on loss of data.

TABLE 1 | Characteristics of the THA patients in the two groups at baseline.

Variable Inpatient (n = 42) SDD (n = 42) P-value

Age (years) 54.50 ± 11.52 53.81 ± 12.21 0.79

Sex 0.83

Female 23 (54.76%) 22 (52.38%)

Male 19 (45.24%) 20 (47.62%)

BMI (kg/m2 ) 27.12 ± 3.67 26.78 ± 3.37 0.66

ASA 1.48 ± 0.51 1.52 ± 0.51 0.67

Comorbidity

Hypertension 11 9 0.61

Diabetes 8 9 0.79

Coronary heart disease 6 7 0.76

LOS (hours) 78.15 ± 26.36 21.70 ± 3.45 <0.001

OHS 21.14 ± 2.92 21.05 ± 3.02 0.88

EQ-5D 0.29 ± 0.11 0.29 ± 0.09 0.91

BMI, body mass index; ASA, American Society of Anesthesiologists classification; OHS,

Oxford hip score (numerical rating scale); LOS, length of stay.

parameter used to evaluate quality of life (QOL) and life
year gain.The values of QOL were estimated by EQ-5D (15).
The score for the EQ-5D ranges from −0.59 to 1.00, with a
higher score indicating a better quality of life. QALYs health
benefits were estimated by calculating the area under the curve
(AUC) of the EQ-5D for linear interpolation over the whole
6-month period, and was calculated as: QALYs = EQ-5D
× 0.5.

Total Costs
In cost-effectiveness analysis, the total costs includes direct costs
and indirect costs. Direct costs are all costs that are attributable to
health care intervention, which can be divided into direct medical

costs and direct non-medical costs. Direct medical costs are
all treatment costs incurred during hospitalization, while direct
non-medical costs are payments other those for the medical
institute, e.g., transportation costs and nutritional costs. Indirect
costs represent economic losses resulting from hospitalization
due to disease, e.g., the loss of working opportunity. The
subjects of this study were hospitalized patients, whose costs
were mainly reflected in direct medical costs, while direct non-
medical costs and indirect costs were negligible, which had
little impact on the research results. In addition, the direct
non-medical costs and indirect costs vary among individuals
and gathering this information by questionnaire was usually
challenging in real world scenario. Therefore, the total costs
of this study is the direct medical costs, including operating
room (OR) supply costs, surgical facility costs, hospital room
costs, examination costs, laboratory costs, medication costs,
and therapy costs. The total costs also could be calculated
by summing up reimbursed costs and out of pocket costs.
Reimbursed costs refer to the cost reimbursed by the national
medical insurance and commercial insurance, and out of pocket
costs refer to the costs that patients need to pay by themselves
after reimbursement.

Out-of-Pocket Costs
The out-of-pocket and reimbursed charges added up to the total
costs. From the patients’ standpoint, the out-of-pocket costs
meant the final total costs, which were considered to be the
patients’ primary concern.

Statistical Analysis
The study did not have enough power to statistically test
for differences in health economy outcomes. As a result, we
adopted a probabilistic approach to healthy economic inference,
with the aim of informing decision makers about probability
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TABLE 2 | Mean costs over the 6-month follow-up between the SDD group and the inpatient group (based on intent-to-treat population, n = 84).

Inpatient (n = 42) Mean

± SD, U

SDD (n = 42 Mean ±

SD, U

Incremental cost

difference, U

P-value

Total charges 80,666.17 ± 8,421.96 69,771.27 ± 6,608.00 −10,894.90 <0.001

Reimbursed 55,010.42 ± 13,042.44 48,554.52 ± 9,264.96 −6,455.90 0.01

Out-of-pocket 25,655.75 ± 11,908.91 21,216.75 ± 7,820.36 −4,439.00 0.05

OR suppliesa 53,981.56 ± 7,714.41 52,646.64 ± 6,832.78 −1,334.92 0.40

Surgical facility feeb 12,161.78 ± 2,299.03 11,431.36 ± 1,444.84 −730.42 0.09

Hospital room 167.86 ± 55.07 51.48 ± 13.96 −1,116.38 <0.001

Examinationsc 1,659.37 ± 743.21 1,144.95 ± 336.97 −514.42 <0.001

Laboratory charges 1,951.53 ± 474.25 1,131.24 ± 261.80 −820.29 <0.001

Medications 10,345.40 ± 2430.09 3,365.61 ± 1,134.37 −6,979.79 <0.001

PT and OT 398.67 ± 158.28 0 −369.94 <0.001

OR, operating room; OT, occupational therapy; PT, physical therapy.
aOR supplies includes all the medical materials utilized during the operation process.
bSurgical facility fee includes anesthesia, OR utilized and recovery room fees.
cExaminations includes electrocardiography, ultrasonic cardiogram, X-ray, Computed Tomography (CT), etc.

FIGURE 2 | The composition of each cost as a proportion of total charge. (A)

Inpatient group; (B) SDD group.

rather than statistical significance. This study was also an
exploratory study, based on this fact, we did not set any
hypothesis and the sample size would be pre-determined by
clinical experience. All analyses were conducted according
to the intention-to-treat (ITT) principle. ITT consists of
keeping all patients included, in their initial group in the
case of randomization, to perform final analysis of a study.
ITT approach was adopted in this trial in which patients
were analyzed as randomized regardless of the treatment
actually received.

In the CEA, the resulting estimates were incremental cost-
effectiveness or cost-utility ratios (ICER/ICUR). Incremental cost
over 6 months was divided by incremental effect (treatment

response or QALYs, respectively): ICER/ICUR = (CostSDD -
Costinpatient)/(EffectsSDD - Effectinpatient). Effects were calculated
separately utilizing OHS and QALYs, and the ICER/ICUR
was based on the incremental costs per unit effect (OHS and
QALYs) gained.

The sampling uncertainty of the ICER/ICUR estimate was

calculated by using a non-parametric bootstrapping method in

each of the 5,000 iterations. These estimates were visualized

using the cost-effectiveness plane and the cost-effectiveness

acceptability curve. The cost-effectiveness plane showed four

quadrants of the uncertainty of cost and effect, namely
the southeast (intervention costs lower than the control

group, and the effect is better), northeast (intervention costs

higher than control group, but effect is better), southwest

(intervention costs lower than the control group, but the
effect is worse) and northwest (intervention costs higher than
the control group, but the effect is worse). Cost-effectiveness
acceptability curves were plotted to show the likelihood that
interventions would be cost-effective according to different
WTP thresholds. All statistical analyses were performing
using R software (Version 3.6.1; 2019 The R Foundation for
Statistical Computing).

Sensitivity Analysis
A sensitivity analysis was conducted to evaluate the
robustness of the findings. Sometimes, the EQ-5D could
be replaced by the SF-6D in measuring QALYs. Some
studies used these two items together when estimating
QALYs of patients after joint replacements (16). Since the
direct use of the SF-6D questionnaire is not recommended,
we used the Japanese SF-36 (version 2) to calculate
QALYs, which are reported to be more sensitive to QALY
variations when treating patients with osteoarthritis in
China (17).
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TABLE 3 | Differences in treatment response and QALYs outcomes between inpatient and SDD groups at the 6-month follow-up (based on 5,000 bootstrap simulations).

Incremental cost, U Incremental effect Mean ICER Distribution over the ICER plane

(95%CI) (95%CI) NE NW SE SW

Cost-

effectiveness

OHS at 6

months

−10,899.38

(−14,183.34,

−7,342.22)

−0.14 (−1.49,

−1.08)

77,852.71 45% 55%

Cost-utility,

EQ-5D, QALYs

−10,899.38

(−14,183.34,

−7,342.22)

0.02 (−0.05, 0.11) Dominate 85% 15%

Sensitivity

analysis SF-6D,

QALYs

−10,899.38

(−14,183.34,

−7,342.22)

0.03 (0.01, 0.05) Dominate 90% 10%

NE, northeast; NW, northwest; SE, southeast; SW, southwest.

RESULTS

Patients Characteristics
Eighty-four participants were recruited from 186 primary
THAs at our institution. The remaining 102 patients did
not meet the eligibility criteria or decline to participate
(Figure 1). Four patients of the SDD group failed to
be discharged within the first day, giving a failure rate
of 9.52%. The failures did not affect the results of the
descriptive statistics according to any socio-demographic
factor or any health status factor which was reported at
the baseline. Based on the intent-to-treat principle, we still
took them into account. All the participants completed a
6-month follow-up, and 84 (100%) of them completed the
questionnaires. The characteristics of 84 participants are shown
in Table 1.

Effects
The mean OHS at the 6-month follow-up was 38.98 ±

3.06 in the SDD group (95%CI 38.02–39.93), while in the
inpatient group it was 39.10 ± 2.64 (95%CI 38.27–39.82).
Between groups, there was no statistically-significant difference
(p = 0.85). The mean QALY at the 6-month follow-up was
0.34 ± 0.08 in the SDD group and 0.32 ± 0.07 in the
inpatient group (95%CI 0.32–0.37 and 0.30–0.34, respectively),
again with no statistically-significant difference (p = 0.19).
The incremental effects of OHS and QALY were −0.12
and 0.02.

Costs
At baseline, the mean total cost was U69,771.27 ± 6,608.00
in the SDD group and U80,666.17 ± 8,421.96 in the inpatient
group, and the incremental cost was −10,894.90, indicating
that the total cost for the SDD group was lower than for the
inpatient group and the result was statistically significant (p <

0.001). Table 2 lists all the cost details and compares them by
categories. In other categories of charge, apart from OR supplies
and the surgical facility fee, all the others indicated the same
result as the total cost. This can probably be explained by the
shorter stay in hospital resulting in a lower cost. Figure 2 more

intuitively demonstrates the differences in total treatment costs
between the two groups as well as the differences in costs between
each category.

Cost-effectiveness and Cost-utility
Table 3 shows the incremental cost, incremental effect and mean
ICER based on a calculation of 5,000 bootstrap simulations
for both cost–utility analysis and sensitivity analysis. According
to OHS, the SDD group achieved a lower mean total cost
(–U10,899.38) compared with the inpatient group, while it
resulted in a decline in mean effect (−0.14). In the related cost-
effectiveness plane, after processing 5,000 bootstrap simulations,
as shown in Figure 3A, almost half of the bootstrapped ICERs
were mapped in the south west quadrant which indicated
that SDD saved money, but may reduce the treatment effect.
Meanwhile, the remaining half of the bootstrapped ICERs fell
into the south east quadrant, which indicated that SDD not
only saved money, but also obtained a better effect. Based
on this calculation, an acceptability curve was generated as
shown in Figure 3B. At a WTP ceiling value of U0, the
probability that SDD being cost effective was 100%, and
this trend ketp on when the WTP was around U800,000.
However, when WTP went on increasing, the probability would
decrease accordingly. For example, when WTP was increased
to U2,000,000, the probability that SDD could be regarded as
more cost-effective than inpatient treatment was reduced to
approximately 65%.

When calculating the mean ICER of cost–utility using
QALYs, we obtained a negative result. The cost-effectiveness
plane revealed the ICER distribution based on QALYs, as
shown in Figure 4A. Most of the ICERs were mapped to
the south east quadrant, which indicated that SDD produced
a better outcome and lower cost. Figure 4B also showed
the acceptability curve based on calculation of QALYs.
As WTP was between U 0 and 800,000, the probability
of SDD being cost-effective remained extremely closed to
100%. Similar to Figure 3B, when WTP went on increasing,
the probability of SDD being cost-effective would decrease
accordingly as well.
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FIGURE 3 | (A) Scatterplot of 5,000 replicates of the ICER (mean differences in total cost in OHS) on the cost-effectiveness plane. The circles in northwest quadrants

represent trials in which SDD-THA costs lower than the inpatient THA, but the effect is worse. The circles in northwest quadrants represent that SDD-THA was less

costly and more effective than the inpatient THA. (B) Cost-effectiveness acceptability curve showing the probability of the SDD procedure being cost-effective at

varying WTP ceilings (based on 5,000 replicates of the ICER using mean differences in total cost).

FIGURE 4 | (A) Scatterplot of 5,000 replicates of the ICER (mean differences in total cost in QALYs) on the cost-effectiveness plane. The circles in northwest

quadrants represent trials in which SDD-THA costs lower than the inpatient THA, but the effect is worse. The circles in northwest quadrants represent that SDD-THA

was less costly and more effective than the inpatient THA. (B) Cost-effectiveness acceptability curve showing the probability of the SDD procedure being

cost-effective at varying WTP ceilings (based on 5,000 replicates of the ICER using mean differences in total cost and QALYs).

Sensitivity Analyses
Using the SF-6D as an alternative measurement of QALYs
produced a similar result as using EQ-5D. At the 6-month
follow up, the incremental effect was 0.03 (95%: 0.01–0.05).
When calculating the mean ICER, we obtained a negative result
which meant that the SDD group dominated the inpatient
group. Up to 90% of the ICERs were mapping in the south
east quadrant. We also obtained another acceptability curve
based on calculation of QALYs using SF-6D which was similar
to Figure 4B. This indicated that as WTP increased, the
probability of SDD being cost-effective remained extremely close
to 100% and the results showed no differences with our findings
using EQ-5D.

DISCUSSION

Our study was designed to estimate the cost-effectiveness and
cost utility of same-day THA compared with traditional THA
surgery. The results showed that SDD exhibited similar effects
and lower cost compared with the traditional inpatient group. In
addition, cost-effective analysis demonstrated that effectiveness
varied at differentWTP thresholds. To the best of our knowledge,
this is the first CEA analysis on same-day THA, and the first
same-day THA study carried out in China.

SDD has been performed for almost 20 years in the
US and Europe, and a systematic review which included
1,009 patients undergoing SDD found no significant difference

Frontiers in Public Health | www.frontiersin.org 6 April 2022 | Volume 10 | Article 825727

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Shi et al. Cost-effectiveness of Same-day Discharge Surgery

between inpatient and SDD groups regarding readmissions and
complications (18). However, age has some influence on the
outcome of the two operations. Berger et al. included patients
aged from 50 to 80 years, and found more complications in
the SDD group than the inpatient group (10), while another
study which only included patients aged between 42 and 64
years (mean age 55) found no significant difference regarding
the outcome or complications (19), which is in line with our
data (mean age 53 years). This is possibly because health-related
quality of life measured by EQ-5D has a negative correlation
with age (20). Therefore, SDD is probably more feasible for
younger patients which is almost 10 years younger than the
general age of THA patients (around 63 years), so patients of
varied age are needed to be included in further studies to draw
definite conclusions.

SDD has been reported to reduce LOS and is a useful
method to reduce the cost. Molloy et al. found that shortening
the LOS could lead to a 17.6% decrease in the cost of THA
by reducing the LOS from 4.06 to 2.97 days (2). Bertin et
al. found that charges of SDD group were $2,465 less (p =

0.02) than that of inpatient THAs, demonstrating a 10.68%
drop (21), while other studies showed a 30–50% decrement,
which may be due to the 71.27% reduction of surgical facility
fees (7, 22). In our case, we reduced the LOS from 78.15 h
for inpatients to 21.70 h in SDD patients, and found 13.51%
reduced expenditure (U10,894.90) in the SDD group. Moreover,
the most obvious reduction was the medication fee (4.82
vs. 12.82%) in our study, while there were no differences
in OR supplies, which is reasonable and consistent with
previous studies.

In our study, we evaluated the out-of-pocket and
reimbursement portions separately. First, we showed that
out-of-pocket expenses were decreased by 4,439.00 RMB,
accounting for 7% of the 2019 GDP per capita in China.
Interestingly, we found that the reimbursement portion
decreased more significantly in the SDD group compared
with the out-of-pocket portion (6,455.90 RMB vs. 4,439.00
RMB). This may be because the medication fee dropped most
significantly, which are mostly on the reimbursement list.
Considering that 900,000 procedures of hip arthroplasty were
performed in China in 2019 and a projection of 572,000 in
the US in 2030 (23), day surgery could bring great savings for
the government. Therefore, our study provides a rationale to
perform THA on an SDD basis especially under the current
circumstances when we are undergoing a COVID-19 outbreak
and thus an economic crisis.

There is an ever-increasing impetus to reduce the
medical burden for every government, regarding medical
resources. In developing countries such as China, the
medical resources are especially limited: the number of
hospital beds in China is 28.49 ± 17.10/100,000 people
(24), and this is far less than that of developed countries.
SDD surgery maximizes bed utilization, which could make
fuller use of the medical resources, and specifically benefit
developing countries.

We also found that different WTP thresholds affected the
ICER. Assuming a WTP of U2,000,000, the likelihood of SDD
being cost-effective was approximately 65% for gaining one
unit of OHS. If the likelihood of SDD being cost-effective is
higher than 90%, a WTP of approximate U1,200,000 or lower
for gaining one unit of OHS would make the SDD option
cost-effective. If the WTP increased, the probability of SDD
being cost-effective would decrease. Meanwhile the result of
OHS gains were not mirrored in EQ-5D QALYs gains. We
observed that the SDD group dominated the inpatient group
when calculating cost–utility, which meant that the SDD option
was not only cost-saving, but also presented better result in
estimating patients’ quality of life. The sensitivity analysis showed
similar result.

This study has several limitations. First, we mainly compared
the direct medical costs of the surgery, although direct non-
medical costs and indirect costs were negligible, which had
little impact on the research results. Second, the follow-
up time was only 6 months, which is relatively short, and
thus we have no data regarding any differences in long-
term complications and revision rate between two groups.
Third, this is a single center study in one country, and as
health policies differ greatly between regions and countries
around the world, the data would probably be different.
Therefore, a multicenter long-term follow-up study is needed in
the future.

CONCLUSION

We found a reduced cost but similar surgical effects of
THA, and no complications, when performed as SDD surgery
compared to regular inpatient procedures in a short-term follow-
up pragmatic RCT study. Moreover, the probability of this
option being cost effective varied depending on the willing-to-
pay threshold.
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