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Abstract

Background There has been great interest in performing

outpatient THA and TKA. Studies have compared such

procedures done as outpatients versus inpatients. However,

stated ‘‘outpatient’’ status as defined by large national

databases such as the National Surgical Quality Improve-

ment Program (NSQIP) may not be a consistent entity, and

the actual lengths of stay of those patients categorized as

outpatients in NSQIP have not been specifically ascer-

tained and may in fact include some patients who are

‘‘observed’’ for one or more nights. Current regulations in

the United States allow these ‘‘observed’’ patients to stay

more than one night at the hospital under observation status

despite being coded as outpatients. Determining the degree

to which this is the case, and what, exactly, ‘‘outpatient’’

means in the NSQIP, may influence the way clinicians read

studies from that source and the way hospital systems and

policymakers use those data.

Questions/Purposes The purposes of this study were (1)

to utilize the NSQIP database to characterize the differ-

ences in definition of ‘‘inpatient’’ and ‘‘outpatient’’ (stated

status versus actual length of stay [LOS], measured in

days) for THA and TKA; and (2) to study the effect of

defining populations using different definitions.

Methods Patients who underwent THA and TKA in the

2005 to 2014 NSQIP database were identified. Outpatient

procedures were defined as either hospital LOS = 0 days

in NSQIP or being termed ‘‘outpatient’’ by the hospital.

One of the authors certifies that he (PB), or a member of his

immediate family, has or may receive payments or benefits, during

the study period an amount less than USD 10,000 from Yale School

of Medicine Medical Student Fellowship (New Haven, CT, USA), all

outside the submitted work. One of the authors certifies that he (JNG),

or a member of his immediate family, has or may receive payments or

benefits, during the study period an amount less than USD 10,000

from Bioventus (Durham, NC, USA), an amount less than USD

10,000 from ISTO Technologies (St Louis, MO, USA), an amount

less than USD 10,000 from Medtronic (Minneapolis, MN, USA), an

amount less than USD 10,000 from Stryker (Kalamazoo, MI, USA),

an amount less than USD 10,000 from Novella Clinical (Morrisville,

NC, USA), an amount less than USD 10,000 from Andante Medical

Devices (White Plains, NY, USA), an amount less than USD 10,000

from Vertex Pharmaceuticals (Boston, MA, USA), and an amount less

than USD 10,000 from the Orthopaedic Trauma Association

(Rosemont, IL, USA), all outside the submitted work.

All ICMJE Conflict of Interest Forms for authors and Clinical

Orthopaedics and Related Research1 editors and board members are

on file with the publication and can be viewed on request.

Clinical Orthopaedics and Related Research1 neither advocates nor

endorses the use of any treatment, drug, or device. Readers are

encouraged to always seek additional information, including FDA-

approval status, of any drug or device prior to clinical use.

Each author certifies that his institution approved or waived approval

for the human protocol for this investigation and that all

investigations were conducted in conformity with ethical principles of

research.

This work was performed at Yale School of Medicine, New Haven,

CT, USA.

Electronic supplementary material The online version of this
article (doi:10.1007/s11999-017-5236-6) contains supplementary
material, which is available to authorized users.

P. Bovonratwet, N. T. Ondeck, A. M. Lukasiewicz, J. J. Cui,

R. P. McLynn, J. N. Grauer (&)

Department of Orthopaedics and Rehabilitation, Yale University

School of Medicine, 47 College Street, New Haven, CT 06520,

USA

e-mail: jonathan.grauer@yale.edu

M. L. Webb

Department of Orthopaedic Surgery, Hospital of the University

of Pennsylvania, Philadelphia, PA, USA

123

Clin Orthop Relat Res (2017) 475:2917–2925

DOI 10.1007/s11999-017-5236-6

Clinical Orthopaedics
and Related Research®

A Publication of  The Association of Bone and Joint Surgeons®

http://dx.doi.org/10.1007/s11999-017-5236-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-017-5236-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-017-5236-6&amp;domain=pdf


The actual hospital LOS of ‘‘outpatients’’ was character-

ized. ‘‘Outpatients’’ were considered to have stayed

overnight if they had a LOS of 1 day or longer. The effects

of the different definitions on 30-day outcomes were

evaluated using multivariate analysis while controlling for

potential confounding factors.

Results Of 72,651 patients undergoing THA, 529 were

identified as ‘‘outpatients’’ but only 63 of these (12%) had a

LOS = 0. Of 117,454 patients undergoing TKA, 890 were

identified as ‘‘outpatients’’ but only 95 of these (11%) had a

LOS = 0. After controlling for potential confounding

factors such as gender, body mass index, functional status

before surgery, comorbidities, and smoking status, we

found ‘‘inpatient’’ THA to be associated with increased risk

of any adverse event (relative risk, 2.643, p = 0.002),

serious adverse event (relative risk, 2.455, p = 0.011), and

readmission (relative risk, 2.775, p = 0.010) compared

with ‘‘outpatient’’ THA. However, for the same procedure

and controlling for the same factors, patients who had LOS

[0 were not associated with any increased risk compared

with patients who had LOS = 0. A similar trend was also

found in the TKA cohort.

Conclusions Future THA, TKA, or other investigations

on this topic should consistently quantify the term ‘‘out-

patient’’ because different definitions, stated status or

actual LOS, may lead to different assignments of risk

factors for postoperative complications. Accurate data

regarding risk factors for complications after total joint

arthroplasty are crucial for efforts to reduce length of

hospital stay and minimize complications.

Level of Evidence Level III, therapeutic study.

Introduction

The annual demand for both THA and TKA in the United

States is expected to increase substantially over the next

decade owing to an aging population and increased public

demand [26, 29]. There has been a recent surge of interest

in performing THA and TKA in the outpatient setting

[3, 4, 9]. The benefits of outpatient arthroplasty are

reported to include higher patient satisfaction and reduced

costs [15, 29]. Multiple studies comparing the outcomes of

inpatient with outpatient arthroplasty have been reported

[2, 5, 9, 10, 15, 16, 24, 25, 29, 30, 37, 40, 48].

However, the difference between ‘‘inpatient’’ and

‘‘outpatient’’ is not as intuitive as one might think. Out-

patient surgery is generally thought of as surgery for which

patients are discharged home on the same day as the pro-

cedure. That said, current regulations in the United States

allow patients who underwent outpatient surgery to stay a

night or more at the hospital under ‘‘observation’’ status

despite being coded as outpatients. This ‘‘observation’’

status obscures the division between what is considered

inpatient or outpatient. Some studies on outpatient

arthroplasty have defined ‘‘outpatient’’ status as patients

who were discharged the same day [5, 9, 10], patients who

stayed at most one night at the hospital [2, 4, 24], patients

who stayed at most two nights at the hospital [15, 25], or

simply provided stated status with no quantitative

description [16, 29, 40].

Since 2005, the number of orthopaedic studies reported

that utilize national databases has risen considerably [7].

These databases allow access to large, nationally repre-

sentative populations and grant high statistical power to

study less common procedures and rare outcomes. One

commonly used national database in orthopaedics is the

American College of Surgeons National Surgical Quality

Improvement Program (NSQIP). NSQIP gathers high-

quality data from over 500 participating institutions in the

United States and tracks general health complications for

30 days postoperatively [1]. This data set has proved to be

a valid data source in orthopaedic research [47]. The

NSQIP database allows investigators to easily compare

inpatient and outpatient procedures because it provides an

‘‘inpatient’’ or ‘‘outpatient’’ status variable. Many studies

in different surgical subspecialties have used this variable

to compare short-term outcomes of inpatient versus out-

patient surgery [19–22, 27, 28, 33, 34, 36, 39, 42–46].

Multiple recent studies in orthopaedics have used these

variables to study outpatient procedures or have included

these variables in their studies as well [32, 35, 41, 50].

However, in NSQIP, the ‘‘inpatient’’ or ‘‘outpatient’’

variable is distinct from the hospital length of stay (LOS)

variable [1]. On analyzing these two distinct variables, we

found that the ‘‘inpatient’’ or ‘‘outpatient’’ variable often

does not match with LOS [ 0 day or LOS = 0 day.

Determining the degree to which this is the case, and what,

exactly, ‘‘outpatient’’ means in NSQIP, may influence the

way clinicians interpret results from that source and the

way hospital systems and policymakers use those data.

The primary purpose of this investigation is to charac-

terize the different definitions of inpatient and outpatient

status for THAs and TKAs by utilizing the NSQIP data-

base. The secondary purpose is to determine the effects of

using different definitions of inpatient and outpatient status

on complications and readmissions to the hospital after

surgery.

Patients and Methods

The NSQIP database collects over 300 patient variables

through chart abstraction and patient interviewers from over

500 participating institutions in the United States [1]. The

database uses trained clinical reviewers to collect
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specifically defined variables such as preoperative comor-

bidities, intraoperative variables, and postoperative adverse

events for 30 days regardless of hospital discharge [23].

Interrater reliability audits revealed an overall disagreement

rate of only approximately 2% for all assessed program

variables [1]. This data set has been proven to be a valid data

source in orthopaedic surgery [47]. Our institutional review

board granted an exemption for studies using this data set.

Patients who underwent THAs and TKAs in 2005 to

2014 were extracted from NSQIP by using Current Pro-

cedural Classification (CPT) codes. Patients undergoing

THA were selected using CPT code 27130, whereas

patients undergoing TKA were selected using CPT code

27447. Cases involving fractures, trauma, neoplasia, and

infections were excluded by using International Classifi-

cation of Diseases, 9th Revision codes. Emergency cases

were excluded as well. Based on these criteria, 72,651

patients undergoing THA and 117,454 patients undergoing

TKA remained for analysis.

Patient attributes such as age, gender, height, weight,

functional status before surgery, and smoking status are

available in the database. For each patient, a modified ver-

sion of the Charlson Comorbidity Index (CCI) [8] that has

been adapted to the NSQIP database was calculated [12].

Modified CCIs have been shown to predict similar prognoses

as the original CCI and have also been previously used with

NSQIP data [6, 31, 49]. The comorbidities used to calculate

the modified CCI include (followed by their CCI point val-

ues): congestive heart failure (1), myocardial infarction

within the 6 months before surgery (1), peripheral vascular

disease or rest pain (1), history of transient ischemic attack or

cerebrovascular accident (1), diabetes mellitus (1), chronic

obstructive pulmonary disease (1), end-stage renal disease

(2), hemiplegia (2), ascites or esophageal varices (3), and

disseminated cancer (6). The modified CCI for each case is

then calculated by summing up these point values and adding

a point for age of at least 40 years with an additional point for

each decade older than 40 years old.

NSQIP provides a distinct ‘‘inpatient’’ or ‘‘outpatient’’

variable. According to the NSQIP Data User Guide, the

‘‘inpatient’’ and ‘‘outpatient’’ classification variable is

defined as ‘‘The hospital’s definition of inpatient and out-

patient status’’ [1]. This means that each hospital that

supplies clinical data to NSQIP will also give their

patients’ admission status based on their own definition of

what is considered inpatient or outpatient, which could be

different.

NSQIP also provides a LOS variable, recorded as days,

and is defined as the length of hospital stay from hospital

admission to discharge. A patient who had LOS = 0 was

considered to be discharged home the same day of surgery

and did not stay overnight at the hospital. A patient who

had LOS [ 0 was considered to have stayed at least one

night at the hospital. Patients who are under 23-hour holds

are part of the LOS[0 cohort. The maximum LOS in this

study is limited to 30 days.

Individual adverse events are tracked during the first 30

postoperative days regardless of discharge by NSQIP [1].

These events were used to generate three classes of adverse

events. A minor adverse event (MAE) was defined as the

occurrence of any of the following: wound dehiscence,

urinary tract infection, pneumonia, and renal insufficiency.

A serious adverse event (SAE) was defined as the occur-

rence of any of the following: death, sepsis/septic shock,

unplanned intubation, on ventilator [ 48 hours, stroke/

cerebrovascular event, cardiac arrest requiring cardiopul-

monary resuscitation, myocardial infarction, acute renal

failure, thromboembolic event, wound-related infection,

and return to the operating room. Any adverse event was

defined as the occurrence of a MAE or a SAE.

Readmission within 30 days for each patient is also

recorded in NSQIP database. Occurrence of readmission is

reported in NSQIP database for cases that occurred in 2011

to 2014, but not for earlier cases.

Hospital LOS characteristics for both patients undergoing

THA and those undergoing TKA were depicted by graphic

representations. Patients who had ‘‘outpatient’’ or ‘‘inpa-

tient’’ surgery according to the classification variable

provided by NSQIP were analyzed for LOS = 0 or LOS[0.

Both patients undergoing THA and those undergoing

TKA were also subdivided into two subgroups, patients

who had a LOS of 0 day and patients who had a LOS

greater than 0 day. A Kaplan–Meier curve was used to plot

total length of hospital stay for both the ‘‘outpatient’’ and

‘‘inpatient’’ groups for both types of surgery. The hori-

zontal axis of these curves was plotted up to a 5-day LOS,

because this captured 90% of the study population.

Statistical Analyses

For the multivariate analyses in this study, propensity score

matching was used to match ‘‘inpatient’’ to ‘‘outpatient’’

and ‘‘LOS[0’’ to ‘‘LOS = 0’’ candidates. Propensity score

matching was used to minimize the effects of confounding

related to differences in patient demographics as a result of

the nonrandom assignment of patients to outpatient or

inpatient surgery. This type of matching uses a propensity

score, which is a single score that is calculated based on

covariate data, to match patients from different treatment

groups [18]. In the current study, each ‘‘outpatient’’ and

‘‘LOS = 0’’ case was matched with one ‘‘inpatient’’ and

‘‘LOS [ 0’’ case, respectively, without replacement with

regard to gender, body mass index, modified CCI, func-

tional status before surgery, and smoking status. Age was

not adjusted for separately because age is already a part of
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modified CCI. Matching without replacement has been

used to create matched cohorts for comparison of outpa-

tient and inpatient orthopaedic procedures before. This type

of matching tends to reduce bias toward poorer outcomes

for the inpatient cohort [32, 41].

Two distinct sets of multivariate analyses, utilizing

Poisson regressions with robust error variance, were then

performed to calculate the relative risks of three adverse

event classes and readmission for patients who underwent

THA who had ‘‘inpatient’’ surgery relative to ‘‘outpatient’’

surgery and who had LOS[0 relative to LOS = 0 [52]. In

these multivariate analyses, 529 matched ‘‘inpatient’’ cases

were compared with 529 ‘‘outpatient’’ cases and 436

matched LOS[0 cases were compared with 436 LOS = 0

cases.

Another two distinct sets of multivariate analyses were

performed to calculate the relative risks of three adverse

event classes and readmission for patients who underwent

TKA who had ‘‘inpatient’’ surgery relative to ‘‘outpatient’’

surgery and who had LOS [ 0 relative to LOS = 0. The

same type of regression was used to calculate the relative

risks as the THA cohort. In these multivariate analyses, 890

matched ‘‘inpatient’’ cases were compared with 890 ‘‘out-

patient’’ cases and 663 matched LOS [ 0 cases were

compared with 663 LOS = 0 cases.

Statistical analyses were conducted using Stata Version

13.0 (StataCorp, LP, College Station, TX, USA). For the

multivariate analyses, a Bonferroni correction was used,

and with n = 4, the level of significance was set at a =

0.0125 [11].

Results

Characterizing the Definition of Inpatient and

Outpatient Status for THA

We found that a large majority of patients (466 of 529

[88%]) coded in NSQIP as ‘‘outpatient’’ THAs in fact

stayed in the hospital for one or more nights. Of the

patients undergoing ‘‘outpatient’’ THA, 63 had a LOS = 0

day (12%), whereas 466 had a LOS[0 day (88%). Of the

patients undergoing ‘‘inpatient’’ THA, 373 had a LOS = 0

day (0.52%), whereas 71,749 had a LOS [ 0 (99%)

(Fig. 1). Based on the exclusion criteria outlined, 72,651

patients undergoing THA were identified. Of these, 529

were identified as ‘‘outpatient’’ procedures (0.73%) and

72,122 were identified as ‘‘inpatient’’ procedures (99%).

Demographics and comorbidities of patients who under-

went THA are reported (Appendix 1 [Supplemental

materials are available with the online version of

CORR1.]).

The Kaplan–Meier curve revealed that 99% of all ‘‘in-

patient’’ and 88% of all ‘‘outpatient’’ THA patients stayed

at least one night and remained at the hospital at LOS = 1

day. Furthermore, a total of 19% of all ‘‘inpatient’’ and

22% of all ‘‘outpatient’’ THA patients remained at the

hospital at LOS = 4 days (Fig. 2).

Characterizing the Definition of Inpatient and

Outpatient Status for TKA

Likewise, a large majority (795 of 890 [89%]) of patients

undergoing TKA described in the NSQIP database as

having undergone ‘‘outpatient’’ surgery stayed in the hos-

pital for at least one night. Of the patients undergoing

‘‘outpatient’’ TKA, 95 had a LOS = 0 day (11%), whereas

795 had a LOS[0 day (89%). Of the patients undergoing

‘‘inpatient’’ TKA, 568 had a LOS = 0 day (0.49%), whereas

115,996 had a LOS[0 day (99.5%) (Fig. 3). Based on the

exclusion criteria outlined, 117,454 patients undergoing

TKA were identified. Of these, 890 were identified as

‘‘outpatient’’ procedures (0.76%) and 116,564 were iden-

tified as ‘‘inpatient’’ procedures (99%). Demographics and

comorbidities of patients who underwent TKA are reported

(Appendix 1).

The Kaplan-Meier curve revealed that 99.5% of all

‘‘inpatient’’ and 89% of all ‘‘outpatient’’ TKA patients

stayed at least one night and remained at the hospital at

LOS = 1 day. Furthermore, a total of 21% of all ‘‘inpatient’’

Fig. 1 Top pie chart shows the distribution of ‘‘inpatient’’ and

‘‘outpatient’’ THAs. Lower left pie chart shows the distribution of

LOS of patients who received ‘‘outpatient’’ THA. Lower right pie

chart shows the distribution of LOS of patients who received

‘‘inpatient’’ THA.
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and 23% of all ‘‘outpatient’’ TKA patients remained at the

hospital at LOS = 4 days (Fig. 4).

Effects of Using Different Definitions of Inpatient and

Outpatient Status on Postoperative Outcomes for THA

After controlling for potential confounding factors such as

gender, body mass index, functional status before surgery,

comorbidities, and smoking status, the following variables

were found to be greater for ‘‘inpatient’’ THA compared

with ‘‘outpatient’’ THA: any adverse event (relative risk,

2.643 [98.75% confidence interval {CI}, 1.225–5.702]; p =

0.002), SAE (relative risk, 2.455 [98.75% CI, 1.018–

5.921]; p = 0.011), and readmission (relative risk, 2.775

[98.75% CI, 1.025–7.509]; p = 0.010) (Fig. 5). The fre-

quency of postoperative adverse events and readmission for

patients who underwent THA is reported (Appendix 1).

For the same procedure and controlling for the same

factors, patients who had LOS[0 were not associated with

any increased risk for any adverse event, SAE, MAE, or

readmission compared with patients who had LOS = 0

(Fig. 6).

Effects of Using Different Definitions of Inpatient and

Outpatient Status on Postoperative Outcomes for TKA

After controlling for potential confounding factors such as

gender, body mass index, functional status before surgery,

Fig. 2 Kaplan-Meier curve shows the percentage of patients who

remained at the hospital at a particular LOS after receiving

‘‘inpatient’’ or ‘‘outpatient’’ THA. Y-axis represents the percentage

of patients who remained at the hospital. X-axis represents the LOS.

Fig. 3 Top pie chart shows the distribution of ‘‘inpatient’’ and

‘‘outpatient’’ TKAs. Lower left pie chart shows the distribution of

LOS of patients who received ‘‘outpatient’’ TKA. Lower right pie

chart shows the distribution of LOS of patients who received

‘‘inpatient’’ TKA.

Fig. 4 Kaplan-Meier curve shows the percentage of patients who

remained at the hospital at a particular LOS after receiving

‘‘inpatient’’ or ‘‘outpatient’’ TKA. Y-axis represents the percentage

of patients who remained at the hospital. X-axis represents the LOS.

Fig. 5 Relative risk of adverse events is shown using the ACS-

NSQIP ‘‘inpatient’’/’’outpatient’’ classification for THA: ‘‘inpatient’’

relative to ‘‘outpatient.’’ Adverse events listed at the left. Diamonds

central to the horizontal lines indicate relative risks. Horizontal lines

denote the 98.75% CIs of those relative risks per Bonferroni’s

correction. The vertical line indicates a relative risk of 1. Therefore,

horizontal lines that cross the vertical line indicate relative risks that

are not statistically significant. Black lines and bolding indicate

relative risks that are statistically significant.
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comorbidities, and smoking status, the following variables

were found to be greater for ‘‘inpatient’’ TKA compared

with ‘‘outpatient’’ TKA: any adverse event (relative risk,

1.964 [98.75% CI, 1.113–3.466]; p = 0.003) and SAE

(relative risk, 2.238 [98.75% CI, 1.174–4.266]; p = 0.002)

(Fig. 7). The frequency of postoperative adverse events and

readmission for patients who underwent TKA is reported

(Appendix 1).

For the same procedure and controlling for the same fac-

tors, patients who had LOS[0 were not associated with any

increased risk for any adverse event, SAE, MAE, or read-

mission compared with patients who had LOS = 0 (Fig. 8).

Discussion

Multiple studies in orthopaedics have used NSQIP, a large

national database that provides an ‘‘outpatient’’ status

variable, to study outpatient procedures without determin-

ing what, exactly, ‘‘outpatient’’ means in NSQIP

[32, 35, 41]. Under current regulations in the United States,

patients who underwent outpatient surgery may stay one or

more nights at the hospital under ‘‘observation’’ status

despite being coded as an outpatient [38]. It is important to

determine the degree to which this is the case in NSQIP

because this may influence the way clinicians interpret

results from that source and the way hospital systems and

policymakers use those data. The primary aim of the pre-

sent study was to utilize NSQIP to characterize the

definition of ‘‘inpatient’’ and ‘‘outpatient’’ status for THAs

and TKAs in comparison to actual hospital LOS. The

secondary aim was to assess if using different definitions of

hospital stay, stated status versus actual LOS, would lead to

different results when examining risk for postoperative

adverse events after THA and TKA. The relevance of these

research aims is important because not only is the number

of these procedures expected to rise with an aging US

population, but also because the number of studies inves-

tigating outpatient arthroplasty is expected to rise as a

result of efforts to improve levels of patient satisfaction and

reduce cost [15, 26, 29].

Limitations of the present study are inherent to data sets

and include concern regarding data accuracy, followup

only through the 30th postoperative day, potential for

underreporting of postdischarge adverse events, and lack of

procedure-specific outcomes. That being said, NSQIP

undergoes interrater reliability audits to ensure that it

contains high-quality data [1]. Furthermore, the grouping

of specific adverse events into broad categories, which may

misrepresent the severity of some complications, and not

distinguishing among adverse events that occurred before

hospital discharge and those that occurred after discharge,

Fig. 6 Relative risk of adverse events is shown using the length of

stay variable definition for THA: LOS[0 (inpatient) relative to LOS

= 0 (outpatient). Adverse events listed at the left. Diamonds central to

the horizontal lines indicate relative risks. Horizontal lines denote the

98.75% CIs of those relative risks per Bonferroni’s correction. The

vertical line indicates a relative risk of 1. Therefore, horizontal lines

that cross the vertical line indicate relative risks that are not

statistically significant. Black lines and bolding indicate relative risks

that are statistically significant.

Fig. 7 Relative risk of adverse events is shown using the ACS-

NSQIP ‘‘inpatient’’/’’outpatient’’ classification for TKA: ‘‘inpatient’’

relative to ‘‘outpatient.’’ Adverse events are listed at the left.

Diamonds central to the horizontal lines indicate relative risks.

Horizontal lines denote the 98.75% CIs of those relative risks per

Bonferroni’s correction. The vertical line indicates a relative risk of 1.

Therefore, horizontal lines that cross the vertical line indicate relative

risks that are not statistically significant. Black lines and bolding

indicate relative risks that are statistically significant.

Fig. 8 Relative risk of adverse events is shown using the length of

stay variable definition for TKA: LOS[0 (inpatient) relative to LOS =

0 (outpatient). Adverse events are listed at the left. Diamonds central

to the horizontal lines indicate relative risks. Horizontal lines denote

the 98.75% CIs of those relative risks per Bonferroni’s correction.

The vertical line indicates a relative risk of 1. Therefore, horizontal

lines that cross the vertical line indicate relative risks that are not

statistically significant. Black lines and bolding indicate relative risks

that are statistically significant.
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are limitations in this study. Another limitation is the

limited resolution of the LOS = 0 parameter in this study.

Because NSQIP only provides LOS in days, this study is

unable to specify the number of hours from admission to

discharge. An additional limitation is the lack of rigorous

statistical power analysis in this study. Because this study

is a retrospective study, a priori power analysis, which is

universally accepted, is not possible. Retrospective power

analysis was not performed because it remains controver-

sial and can lead to biased power estimates with low

precision [14, 17]. Instead, confidence intervals are pro-

vided in this study [17]. Strengths of this analysis include

the clinical relevance of the research aims. The recent

changes in healthcare insurance and the aging US popu-

lation make the appropriate exploration of outpatient

procedures in terms of safety and cost-effectiveness more

important than ever. The large number of recent ortho-

paedic studies comparing inpatient and outpatient

procedures underscores this importance [2, 5, 9, 10, 15,

16, 24, 25, 29, 30, 37, 40, 48].

Contrary to the intuitive definition, this study demon-

strated that the definition of ‘‘inpatient’’ and ‘‘outpatient’’

status used by hospitals throughout the United States often

is not synonymous with LOS[ 0 and LOS = 0. This was

true for both patients undergoing THA and those under-

going TKA in which 22% and 23% of patients,

respectively, who underwent ‘‘outpatient’’ procedures still

remained at the hospital 4 days after admission. Certainly a

portion of the cost-saving benefits of true outpatient pro-

cedures stems from the patient not staying any nights in the

hospital. Furthermore, to accurately evaluate the safety and

efficacy of traditionally defined outpatient arthroplasty, a

quantitative and consistent definition, in terms of actual

hospital LOS, would seem to be important.

One potential reason that the ‘‘inpatient’’/‘‘outpatient’’

status does not correlate with LOS [ 0/LOS = 0 is

understood through the idea of observation status. Obser-

vation status is technically an outpatient visit, although the

patient can spend multiple nights in the hospital. The use of

this designation may stem from Medicare auditors denying

the more heavily reimbursed short-term hospital admission

but providing less scrutiny to the less compensated obser-

vation status, thus incentivizing hospitals to pursue this

option in cases in which they believe admission reim-

bursement is not possible [51]. In fact, in recent years, the

Centers for Medicare & Medicaid Services have observed a

higher frequency of beneficiaries being treated as hospital

outpatients and receiving extended ‘‘observation’’ services

[13].

Despite the definitional differences, certain past ortho-

paedic data set studies relied on the nebulous ‘‘inpatient’’/

‘‘outpatient’’ NSQIP variable in their analysis as opposed to

LOS[0/LOS = 0 [32, 35, 41, 50]. When a comparison was

done using admission status as a predictor of adverse events

after THA, an ‘‘inpatient’’ assignment in comparison to an

‘‘outpatient’’ assignment was found to be associated with an

increased risk of any adverse event, SAE, and readmission

(Fig. 5). When the same analysis was repeated comparing

LOS[0 with LOS = 0, there was no observed difference in

relative risk (Fig. 6). The same trend existed for a TKA

analysis in which ‘‘inpatient’’ assignment versus ‘‘outpa-

tient’’ status was associated with an increased risk of any

adverse event and SAE (Fig. 7). This association was not

present when comparing LOS[0 with LOS = 0 (Fig. 8). The

discrepancies in these findings may be because the ‘‘inpa-

tient’’/‘‘outpatient’’ assignment was assigned before surgery.

Patients who had more comorbid conditions that this study

was unable to control for could be assigned to the ‘‘inpatient’’

status because they may require more resources, thus pre-

disposing ‘‘inpatient’’ surgery as a risk factor for adverse

events. Another possible explanation may be the result of the

groupings of adverse events used in this study. Additional

possible explanations for these discrepancies could be

attributable to slight differences in the statistical power

between the ‘‘inpatient’’/‘‘outpatient’’ and ‘‘LOS[0’’/‘‘LOS

= 0’’ cohorts and other clinical factors that this study did not

include and could not control for.

In summary, the hospital-assigned ‘‘inpatient’’/‘‘outpa-

tient’’ status is not equivalent to LOS[0/LOS = 0 and the

use of different definitions of inpatient versus outpatient

may lead to different assignments of risk factors for post-

operative adverse outcomes. Accurate data on risk factors

for complications after total joint arthroplasty are crucial

for efforts to reduce length of hospital stay and minimize

complications after surgery. This study highlights the

importance of consistently quantifying outpatient proce-

dures based on actual hospital LOS for future

investigations, calls for careful interpretation of existing

studies on outpatient procedures that did not provide a

quantitative definition, and underscores the need to closely

scrutinize variables in large data sets before utilizing them.
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