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Abstract

Background

Hospital readmission rates are being used to evaluate performance. A survey of the present
rates is needed before policies can be developed to decrease incidence of readmission.
We address three questions: What is the present rate of 30-day readmission in orthope-
dics? How do factors such as orthopedic specialty, data source, patient insurance, and time
of data collection affect the 30-day readmission rate? What are the causes and risk factors
for 30-day readmissions?

Methods/Findings

A review was first registered with Prospero (CRD42014010293, 6/17/2014) and a meta-
analysis was performed to assess the current 30-day readmission rate in orthopedics. Stud-
ies published after 2006 were retrieved, and 24 studies met the inclusion criteria. The 30-
day readmission rate was extrapolated from each study along with the orthopedic subspe-
cialty, data source, patient insurance, time of collection, patient demographics, and cause
of readmission. A sensitivity analysis was completed on the stratified groups. The overall
30-day readmission rate across all orthopedics was 5.4 percent (95% confidence interval:
4.8,6.0). There was no significant difference between subspecialties. Studies that retrieved
data from a multicenter registry had a lower 30-day readmission rate than those reporting
data from a single hospital or a large national database. Patient populations that only includ-
ed Medicare patients had a higher 30-day readmission rate than populations of all insur-
ance. The 30-day readmission rate has decreased in the past ten years. Age, length of stay,
discharge to skilled nursing facility, increased BMI, ASA score greater than 3, and Medi-
care/Medicaid insurance showed statistically positive correlation with increased 30-day re-
admissions in greater than 75 percent of studies. Surgical site complications accounted for
46 percent of 30-day readmissions.
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Conclusions

This meta-analysis shows the present rate of 30-day readmissions in orthopedics. Demon-
strable heterogeneity between studies underlines the importance of uniform collection and
reporting of readmission rates for hospital evaluation and reimbursement.

Introduction

Recent proposed changes in hospital and physician reimbursement place greater emphasis on
reducing adverse events associated with surgical procedures [1]. The Centers for Medicare and
Medicaid Services (CMS) as well as private insurance agencies scrutinize the costs of these
complications, and they have highlighted readmission within 30 days of hospital discharge as a
potential area for improvement [2,3]. The Affordable Care Act added a section to the Social Se-
curity Act establishing a Hospital Readmissions Reduction Program. This required the CMS to
reduce payments to hospitals with excess 30-day readmissions following acute myocardial in-
farction, heart failure and pneumonia [4]. This pilot program is expanding to include chronic
obstructive pulmonary disease and total hip and knee replacement in 2014 [5]. Thus, it is para-
mount to understand the current rates of readmission to help establish a benchmark at which
hospitals can be monetarily penalized.

Readmission rates reported in the literature have varied depending on the patient profile
and specialty of service. Within orthopedics alone, reported 30-day readmission rates have ran-
ged from 2-14% [6,7]. Given the wide range of patient age, medical comorbidity, and proce-
dure complexity within orthopedics, this variability is not unexpected. However, to our
knowledge, the literature lacks any systematic reviews on the 30-day readmission rates reported
for different subspecialties within orthopedics.

The goal of this analysis is to first understand the incidence of 30-day readmissions in or-
thopedics. From there, we will examine factors associated with 30-day readmission as well as
frequent causes of readmission. This study aims to find: a) thirty-day readmission rates strati-
fied by subspecialty (spine, arthroplasty, trauma, and general); b) how factors such as orthope-
dic specialty, data source, patient insurance, and time of data collection affect the 30-day
readmission rate; and ¢) the causes and risk factors of 30-day readmission.

Materials and Methods
Electronic Literature Search

The study was registered with Prospero, an international database of prospectively registered
systematic reviews (CRD42014010293, 6/17/2014). Two independent reviewers then con-
ducted a systematic literature search of four electronic databases (PubMed, Web of Science,
Cochrane Library, and Google Scholar) for articles published in English after 2006 (Fig 1).
Searches were performed using Medical Subject Headings (MeSH) used by the National Li-
brary of Medicine. The MeSH terms were used to produce the search: “(patient readmission
OR readmission*) AND (30 day* OR thirty day) AND (orthopedic* OR orthopaedic* OR
spine).” This search yielded 83 articles from PubMed. Four additional, non-duplicate studies
were found using the same search criteria in the Web of Science and the Cochrane Library.
Google Scholar did not yield any additional studies. These 87 articles underwent title/abstract
review and 38 met the primary exclusion criteria. Studies were eliminated if: the study tested a
specific medical device, surgical technique, or post-operative care protocol (18 studies), the
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Fig 1. Flowchart of systematic review methodology.
doi:10.1371/journal.pone.0123593.g001

patients were already subgrouped (i.e. diabetic patients with hip fracture) (9), the majority
were outpatient procedures (3), there were fewer than 100 patients (3), the study did not report
on orthopedic procedures/admissions (3), or if the data collection began before the year 2000
(2) (S1 Table). This left 49 studies for full-text review. The inclusion criteria were studies that
quantified 30-day readmission rates following any orthopedic procedure or admission; twenty-
five did not report an all-cause 30-day readmission rate. This left 24 publications included in
this study. There were no restrictions on the study design (retrospective, prospective, cohort,
case-control, etc.). Studies that included inpatient-only procedures or both inpatient and out-
patient procedures were considered.

Data Extraction

The following data were extracted by a single author: sample, readmissions within 30 days, sub-
specialty, cause of readmission, risk factors for readmission, data source, date of enrollment,
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inpatient versus outpatient procedures, and tracking of admissions to outside hospitals. This
was done by reading of the full article with interpretation of figures and tables. Causes of read-
mission were pooled from studies that reported these data. We collected risk factors that were
reported by univariate or multivariate analysis when available. Statistically positive correlation
with 30-day readmission or no statistical correlation was recorded for all risk factors reported.
Risk factors that were examined in only one study were not analyzed. The time of data collec-
tion, which we refer to as “date of enrollment,” was grouped into three categories of four year
increments: after 2009, between 2006 and 2009, and before 2006. A “30-day readmission” was
defined as an admission to any service of any hospital within 30 days of either an orthopedic
procedure or discharge from the orthopedic service. The data source was categorized as: single
hospital’s database, multicenter registry database (collecting data on 2-15 hospitals), or large
national database (Center for Medicare and Medicaid Services (CMS), Veteran Affairs (VA),
and National Surgical Quality Improvement Program (NSQIP)). Patient information included
age, gender, smoking status, body mass index (BMI), American Society of Anesthesiologists
(ASA) score, Charlson Comorbidity Index (CCI), and All Patient Refined Diagnosis Related
Groups Severity of Illness Score (APR-DRG SOI). All quantitative values were recorded as
mean and standard deviation. Patient insurance status was grouped into three categories: VA,
Medicare, or other. Studies that accepted all insurances were defined as “unrestricted.” Gender
was reported as proportion of males in the total patient population.

Bias & Quality Assessment

All studies were assessed for bias according to the Quality in Prognosis Studies (QUIPS) tool
[40]. The tool contains six domains assessing (1) participation, (2) attrition, (3) prognostic fac-
tor measurement, (4) outcome measurement, (5) confounding, and (6) statistical analysis and
reporting. All studies were given a rating of low, moderate, or high risk of bias for each domain
based on the prompting items and considerations outlined in the tool. If a domain could not be
applied to a study, “NA” was recorded. Additionally, each study was given a prognostic level of
evidence according to the Journal of Bone and Joint Surgery guidelines [41].

The risk factors were evaluated for quality of evidence using the adjusted Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE) framework [42]. Each risk
factor was evaluated according to the seven GRADE factors and was given a score of having no
serious limitations or serious limitations based on study bias. The risk factors that had five or
more scores of ‘no serious limitations’” were determined to be high quality while those that had
three or four scores of ‘no serious limitations’ were determined to be moderate quality. Risk
factors with fewer than three scores of ‘no serious limitations” were determined to be
low quality.

Data Analysis

Comprehensive Meta-Analysis, version 2.2050 (Biostat, Englewood, NJ, USA) was used for
data pooling. Sensitivity analysis was performed by sequential removal of all studies from the
analysis. To assess historical changes and determine a correlation between the date of patient
enrollment and 30-day readmission rate, we used a method of moments meta-regression.

All confidence intervals (CI) were reported at 95 percent. P-value statistical significance was
measured at 0.05. Heterogeneity was assessed by calculating the Cochrane Q-value and the I-
squared statistic. They are both quantitative measures of the amount of heterogeneity between
pooled studies. A Q-value closer to the degrees of freedom signifies low heterogeneity. I-
squared has an upper limit of 100%. I-squared values of 25%, 50% and 75% were considered in-
dicative of low, moderate and high heterogeneity, respectively. The studies were assumed to be
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Table 1. Evidentiary table.
Citation

Cullen, ARCSE 2006[8]
Vorhies, CORR 2012[9]
Vorhies, JArth 2011[10]
Wang, Spine 2012[11]
Zmistowski, JBJS 2013[12]
Morris, JAMASurg 2014[13]
Schairer, CORR (a) 2014[14]
Schairer, CORR (b) 2014[15]
Cram, MCP 2012[16]
Schairer, Spine 2013[7]
Hoyer, JHM 2014[17]
McCormack, Spine 2012[18]
Amin, JNSS 2013[19]
Dailey, JBJSAm 2013[20]
Hageman, JOT 2014[21]
Bosco, JArth 2014[22]
Bosco, JArth 2014[22]
Clement, JArth 2013[23]
Mesko, JArth 2014[24]
Mesko, JArth 2014[24]

Kim, JNSS 2014[25]
Lovecchio, Spine 2014[26]
Basques, Spine 2014[27]
Pugely, Spine 2014(a) [28]
Pugely, Spine 2014(b) [29]
Issa, JKS 2014(6]

Total

* Not reported
** Random effects model

Specialty
THA

TKA

THA

Spine
Arthroplasty
Arthroplasty
THA

TKA

TKA

Spine

All Ortho
Spine
Spine

All Ortho
Trauma
THA

TKA

THA

All Ortho
Arthroplasty
Spine
Spine
Spine
Spine
Spine

TKA

heterogeneous. Funnel plots were used to assess publication bias. Sensitivity analysis was per-
formed by single elimination of each study and determining if statistical results were changed.

Results
Systematic Review

We identified 24 studies reporting 30-day readmissions in orthopedic surgery (Fig 1). All were
retrospective observational studies. From the 24 studies we are reporting on 26 unique patient
populations as two of the studies reported two separate populations based on the subspecialty
[22,24]. The total number of patients included was 487,780, with studies ranging from 412 to
343,068 patients (Table 1). Five studies included non-operative admissions [7,21,26,27,29].

Insurance Data Source Data Collection Patients Readmissions (%) Weight* *(%)
All Single hospital ~ Aug 1997—Mar 2001 769 65 (8.5) 4.02
Medicare CMS Jan 2002—Dec 2007 4057 228 (5.7) 4.58
Medicare CMS Jan 2002—Dec 2007 1809 123 (6.8) 4.37
Medicare CMS Jan 2003—Dec 2007 343068 27102 (7.9) 4.83
All Single hospital ~ Jan 2004—Dec 2008 10633 348 (3.3) 4.67
VA VA Jan 2005—Dec 2009 2273 175 (7.7) 4.50
All Single hospital ~ Jan 2005—Dec 2011 1415 61 (4.3) 4.36
All Single hospital  Jan 2005—Dec 2011 1408 56 (4.0) 4.36
Medicare CMS Jan 2006—Dec 2006 64712 5320 (8.2) 4.82
All Single hospital  Jan 2006—Dec 2011 836 116 (13.9) 4.31
All Single hospital  Jul 2006—Dec 2012 3292 273 (8.3) 4.61
All Single hospital  Jan 2007—Dec 2009 3673 156 (4.2) 4.47
All Single hospital ~ Oct 2007—Jun 2011 5780 281 (4.9) 4.63
All Single hospital  Jul 2008—Jun 2010 3261 137 (4.2) 4.43
All Single hospital ~ Jan 2008—Dec 2011 3452 186 (5.4) 4.52
Medicare Single hospital  Jan 2009—Dec 2012 1077 57 (5.3) 4.34
Medicare Single hospital  Jan 2009—Dec 2012 1263 55 (4.4) 4.34
All Single hospital  Jul 2009—Jun 2011 1583 103 (6.5) 4.30
All Single hospital  May 2010—Apr 2011 2368 159 (6.7) 4.55
All Single hospital May 2010—Apr 2011 1291 46 (3.6) 4.55
All NSQIP Jan 2011—Dec 2011 7016 314 (4.5) 4.65
All NSQIP Jan 2011—Dec 2011 2320 59 (2.6) 3.99
All NSQIP Jan 2011—Dec 2012 2339 87 (3.7) 4.22
All Multicenter Jan 2012—Dec 2012 2005 79 (3.9) 417
All Multicenter Jan 2012—Dec 2012 15668 695 (4.4) 4.75
All Multicenter * 412 8 (2.0) 1.90
- - - 487780 36083 100.00

(a) and (b) are 2 separate publications that share the same author, journal, and publication year
All studies were retrospective observational studies
Readmissions = 30-day readmissions. THA = Total Hip Arthroplasty. TKA = Total Knee Arthroplasty. VA = Veterans Affairs. CMS = Center for Medicare &
Medicaid Services. NSQIP = National Surgical Quality Improvement Program.

doi:10.1371/journal.pone.0123593.1001
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These studies did not report which of the readmissions were from non-operative admissions,
therefore this could not be analyzed.

Fifteen of the 26 study populations were limited to arthroplasty (six THA, six TKA, and
three included all joints combined), nine spine, three all orthopedic admissions, and one trau-
ma. Nineteen of the groups had no restriction on patient insurance, while six included only
Medicare beneficiaries, and one was Veteran Affairs. Fifteen studies were reports of data from
a single hospital, three from multicenter registries, and eight from national databases (four
CMS, three NSQIP, one VA) (Table 1).

Thirty-Day Readmissions

The 30-day readmission rate across all orthopedic specialties was 5.4% (Confidence interval:
4.8,6.1) (Fig 2). The studies had high heterogeneity with an I-squared value of 98.2%. The fun-
nel plot for publication bias shows that there are studies missing to the right of average, mean-
ing that there is a lack of studies with a higher readmission rate (Fig 3). There are also few
studies near the bottom of the funnel, suggesting the literature is missing studies with fewer pa-
tients. Studies testing for publication bias including Orwin’s fail safe and the trim and fill did
not indicate that missing studies would have changed the results significantly. Sensitivity analy-
sis did not change any outcomes significantly.

Subspecialty 30-Day Readmissions

When stratified by subspecialty, spine had a rate of 5.0% (CI: 3.7,6.6), combined arthroplasty
group 5.2% (CI: 4.1,6.6), and all orthopedics 6.2% (CI: 4.2,9.1) (Figs 4 and 5). This was not sta-
tistically significant (p = 0.84, Table 2). All orthopedics included the three studies that reported
a single readmission rate for all orthopedic procedures. The single trauma study reported a
30-day readmission rate of 5.4% [21].

We compared populations that reported THA, TKA, and combined arthroplasty (total
shoulder arthroplasty, TKA, TKA). THA had a rate of 6.2%, TKA 4.8%, and combined 4.5%
(Fig 6). There was no statistically significant difference (p-value = 0.68, Table 3).

Comparison Between Data Sources

The three studies using a multicenter clinical registry had the lowest 30-day readmission rate at
3.9% (Table 4). This rate is lower than the national databases’ rate of 5.6% and the single hospi-
tal database rate of 5.8%. The p-value for this analysis was 0.020, representing

statistical significance.

Patient Insurance

Medicare patients showed a significantly higher 30-day readmission rate of 6.9% when com-
pared to populations with unrestricted insurance at 4.5% (p-value = 0.000037, Table 5). The
single study including only VA patients reported a rate of 7.7%.

Effect of Enroliment Date

The most recent studies, which began collecting data after 2009, had a 30-day readmission rate
of 4.5% (Table 6). This is significantly lower than the 30-day readmission rate of 7.7% in studies
that began data collection between 2006-2009 and the 7.8% readmission rate demonstrated in
studies that began data collection before 2006 (p-value = 0.030). When plotted as the natural
log of 30-day readmission rate versus time since enrollment began, the meta-regression was
statistically significant with p-value of 0.0029 (Fig 7).
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Thirty-Day Readmission Rate: All Studies

Issa, JKS 2014

Pugely, Spine 2014 (a)
Pugely, Spine 2014 (b)
Basques, Spine 2014
Kim, JNSS 2014
Lovecchio, Spine 2014
Mesko, JArth 2014
Mesko, JArth 2014
Clement, JArth 2013
Bosco, JArth 2014
Bosco, JArth 2014
Dailey, JBJSAm 2013
Hageman, JOT 2014
Amin, JNSS 2013
McCormack, Spine 2012
Hoyer, JHM 2014
Cram, MCP 2012
Shairer, Spine 2013
Morris, JAMAS 2014
Schairer, CORR 2014
Schairer, CORR 2014
Zmistowski, JBIS 2013
Wang, Spine 2012
Vorhies, CORR 2012
Vorhies, JArth 2011
Cullen, ARCSE 2006

Summary

Causes of Readmission

Logit
Event Rate
-3.92
-3.19
-3.07
-3.25
-3.06
-3.65
-2.63
-3.30
-2.67
-2.88
-3.09
-3.13
-2.87
-2.97
-3.12
240
-2.41
-1.83
-2.48
-3.10
-3.18
-3.39
-2.46
-2.82
-2.62
-2.38
-2.89

ll.ll.....l.l.+

-5.00 -2.50 0.00

Fig 2. Forest plot of the natural log of the 30-day readmission rate with 95% confidence interval. Logit
event rate = natural log of 30-day readmission rate.

doi:10.1371/journal.pone.0123593.g002

We identified 10 causes of readmission that were reported in three or more studies. Meta-anal-
ysis yielded surgical site infection as the most common cause of 30-day readmission at 32.2%
(Table 7). Combined with non-infectious wound problems, which accounted for 14.0% of read-
missions, surgical site complications were the cause of 46.2% of 30-day readmissions. Medical

PLOS ONE | DOI:10.1371/journal.pone.0123593 April 17,2015
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Funnel Plot of Standard Error vs Logit Event Rate

0.0

0.11

0.2

Standard Error

0.31

0.4

4

-2 -1 0
Logit Event Rate

Fig 3. Funnel plot assessing publication bias. Missing studies to the right of average and near the bottom indicate that the literature lacks studies with
higher readmission rates and fewer patients, respectively. Logit event rate = natural log of 30-day readmission rate.

doi:10.1371/journal.pone.0123593.9003

problems occurred in 26.4% of readmissions, and specifically DVT had a rate of 3.5%. Surgical
problems accounted for the fewest 30-day readmissions, with dural tear, fixation failure, and
pain summing to 21.2% of 30-day readmission causes.

Risk Factors for Readmission

Twenty-two risk factors were identified that were examined on univariate or multivariate anal-
ysis in at least two studies (Table 8). The risk factors positively associated with increased
30-day readmissions were: age (8), length of hospital stay (7), discharge to skilled nursing facili-
ty (4), increased BMI (3), and ASA score greater than 4 (3). Diabetes, male sex, and history of
pulmonary disease were found to have no correlation in greater than 50 percent of the studies
reporting data. Protective factors associated with decreased odds of readmission could not be
analyzed because they were included in only one study. The GRADE analysis demonstrated
that two of the identified risk factors (age and length of stay) were high quality based on mini-
mal bias from the reporting studies. Six studies were of moderate quality and the remaining
fourteen risk factors were low quality.

PLOS ONE | DOI:10.1371/journal.pone.0123593 April 17,2015 8/20
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Thirty-Day Readmission Rate: All Orthopedics

Mesko, JArth 2014
Dailey, JBJISAM 2013

Hoyer, JHM 2014

Summary

Logit

Event Rate

-2.63

3.13 .

-2.40
-2.72

-5.00 -2.50 0.00

Fig 4. Forest plot for studies examining all orthopedic subspecialties. Logit event rate = natural log of 30-day readmission rate.

doi:10.1371/journal.pone.0123593.9004

Quality Assessment

The results of the QUIPS quality assessment are presented in S2 Table. The greatest risk of bias
was seen in the study participation domain. Twelve studies were determined to have a high risk
of bias because they reported only on a subset of orthopedic patients (i.e. spine) and reported
data only from a single hospital. Both of these factors contribute to a lack of generalizability for
the results of the study. All studies were determined to have a low risk of bias in the outcome
measurement and statistical analysis domains because all studies reported 30-day readmissions
and the total number of eligible patients. All studies were retrospective cohort studies and thus
qualified as prognostic level III.

Heterogeneity

The assumption that all studies were heterogeneous was confirmed by the high Q-values and I-
squared values that were consistently greater than 90 percent, indicating that greater than 90
percent of the variance was due to differences between studies.

Discussion

Ultimately, our aim is to initiate interventions to lower the frequency of 30-day readmissions.
The main goal of this study is to determine the present 30-day readmission rate in orthopedics.
Our meta-analysis shows that the 30-day readmission rate across all orthopedic specialties is
between 4.8 and 6.0 percent. Given the high heterogeneity, it is best to consider the confidence
interval rather than the pooled result (5.4 percent). The Center for Medicare & Medicaid Ser-
vices reports the same value for specifically hip and knee surgeries [5]. The orthopedic

PLOS ONE | DOI:10.1371/journal.pone.0123593 April 17,2015 9/20
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Thirty-Day Readmission Rate: Spine

McCormack, Spine 2012
Schairer, Spine 2013
Wang, Spine 2012
Pugely, Spine 2014 (a)
Pugely, Spine 2014 (b)
Basques, Spine 2014
Kim, JNSS 2014
Lovecchio, Spine 2014
Amin, JNSS 2013

Summary

Logit
Event Rate

-3.12
-183
-2.46
-3.19
-3.07
-3.25
-3.06
-3.65
297
295

-5.00

-2.50

Fig 5. Forest plot for studies examining spine. Logit event rate = natural log of 30-day readmission rate.

doi:10.1371/journal.pone.0123593.g005

0.00

readmission rate in absolute terms is 7-9 percent lower than rates reported in meta-analyses of

general internal medicine and six percent lower than general surgery [30,31]. This 30-day read-
mission rate could be underreported, as patients may be treated at a different hospital within
30 days and may not be reflected in our study. In our experience, the rate of 30-day readmis-
sion to outside hospitals has been difficult to identify. On the other hand, we have found that
5.4 percent may overstate unplanned readmissions by almost 25 percent by including planned

readmissions for staged procedures. In general the data was collected using International Clas-
sification of Diseases, Ninth Revision (ICD-9) coding as well as Current Procedural Terminol-
ogy (CPT) data, which have both been shown to have inaccuracies [32,33].

Table 2. Thirty-Day Readmission Rates Stratified by Subspecialty.

Subspecialty Studies Patients Readmission (%)* Cl Lower Cl Upper Q I-squared (%)
All Orthopedics 3 8921 6.2 4.2 9.1 45.1 95.6

Spine 9 382705 5.0 3.7 6.6 678.4 98.8
Arthroplasty 13 92702 5.2 41 6.6 442.0 97.5

Trauma 1 3452 5.4 -

Total 26 488780 5.4 4.8 6.0 -

Cl = 95% Confidence Interval.

*No difference present between all orthopedics, spine, arthroplasty, and trauma, p-value = 0.835.

doi:10.1371/journal.pone.0123593.t002
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Thirty-Day Readmission Rate: Joints

Subspecialty

Logit
Event Rate

Mesko, JArth 2014 330 . *
Al Arthron aty Moris, JAMAS 2014 248

Zmistowski, JBJS 2013 339 [ ]

Summary -3.05 (

Clement, JArth 2013 267 -

Bosco, JArth 2014 -2.88 L o
THa  Schairer, CORR 2014 -3.10 .

Vorhies, JArth 2011 -2.62

Cullen, ARCSE 2006 238

Summary -2.72

Issa, JKS 2014 392 — -

Bosco, JArth 2014 -3.09 .

Cram, MCP 2012 241 [ 1]
TKA

Schairer, CORR 2014 318 g

Vorhies, CORR 2012 -2.82 L]

Summary -3.00

Overall -2.81

-5.00 250 0.00

Fig 6. Forest plot for arthroplasty studies. Logit event rate = natural log of 30-day readmission rate.

doi:10.1371/journal.pone.0123593.9006

The 5.4 percent 30-day readmission rate we report for orthopedics is encouraging compared
to other specialties but reveals an opportunity for further improvement. There are known risk
factors for orthopedic 30-day readmissions such as age, length of stay, discharge to skilled nurs-
ing facility, BMI, and ASA score [11,13,18,20,21,23,25,27,29], which were confirmed in our
study. Based on the GRADE analysis, age and length of stay were the two risk factors with the
highest quality of supporting evidence. In the majority of manuscripts in this current study,
these risk factors were either not reported or were presented in a way that is not adequate for
quantitative analysis. Thus, there is a need to report this data and stratify outcomes based on
risk factors to allow for pooling and improved statistical power. Furthermore, to our

Table 3. Arthroplasty 30-Day Readmission Rates Stratified by Subspecialty.

Subspecialty Studies Patients Readmission (%)* Cl Lower Cl Upper Q I-squared (%)
All Joints 3 14197 4.5 2.4 8.3 90.6 97.8

THA 5 6653 6.2 5.0 7.5 18.1 77.9

TKA 5 71852 4.6 3.3 6.8 103.8 96.2

Total 13 92702 4.6 3.1 7.4 - -

Cl = 95% Confidence Interval.

*No difference present between all joints, THA, and TKA, p-value = 0.679.

doi:10.1371/journal.pone.0123593.1003
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Table 4. Thirty-Day Readmission Rates Stratified by Data Source.

Data Source Studies
Single Hospital 11
Multicenter 3
National 9

Total 24

Patients Readmission (%)* Cl Lower Cl Upper Q I-squared (%)
39761 5.8 4.5 7.3 300.3 96.7

18085 3.9 3.1 5.0 6.5 69.3

429934 5.6 5.0 6.3 313.6 97.5

487780 5.3 4.8 5.9 - -

Studies with two patient populations collapsed into one. Cl = 95% Confidence Interval.
*Statistically significant difference present between all single hospital, multicenter, and national database, p-value = 0.0198.

doi:10.1371/journal.pone.0123593.1004

knowledge, no studies have implemented or reported on quality improvement initiatives to
lower the 30-day readmission rate based on this knowledge of risk factors. This is an important
knowledge gap that warrants future study.

Examination of the readmission causes highlights potential targets for 30-day readmission
reduction. Nearly half of all readmissions were due to wound complications, the majority of
which were surgical site infections. There have been many strategies directed at infectious com-
plications, such as compliance with antibiotics [34], screening programs for methicillin-resistant
Staphylococcus aureus [35], decolonization [36], and intraoperative optimization of air quality
[37]. Non-infectious wound problems, including hematoma, seroma, and cellulitis, however,
present a different clinical problem. Although these diagnoses may point toward prevention
through improvement of surgical techniques (wound closure and intraoperative hemostasis),
their treatment is less well defined and standardized. Better definitions, prevention, and treat-
ment strategies for non-infectious wound problems could reduce 30-day readmission rates. In
particular, wounds that are not found to be infected and do not require intravenous antibiotics
could potentially be managed in the outpatient setting. Medical complications were, in our opin-
ion, relatively low but improved patient optimization prior to surgery could have an impact on
reducing 30-day readmissions. It should be noted that risk factors and causes of readmission
were missing from greater than 75 percent of studies and thus the conclusions drawn represent
only what is available in published literature.

There was significant heterogeneity between studies based on Q and I-squared values. This
is not surprising given the variable populations and procedures encountered in surgical dis-
eases. Heterogeneity suggests that important covariates between studies may have a significant
influence on outcomes. The number of patients, patient age, insurance, subspecialty, and type
of procedure all varied between studies. Additionally, the inclusion of non-operative patients,
outpatient surgeries, and admissions to outside hospitals was inconsistent. Even further, vari-
able patient age and insurance suggest that the populations may have had baseline comorbidity
differences. Although we could not analyze many of these variables due to inconsistent

Table 5. Thirty-Day Readmission Rates Stratified by Patient Insurance.

Insurance Studies
Unrestricted 16
Medicare 5

VA 1

Total 22

Patients Readmission (%)* Cl Lower Cl Upper Q I-squared (%)
66229 45 4.0 5.6 278.5 94.6

415986 6.9 6.4 7.5 71.2 94.4

2273 7.7 - - - -

484,488 6.4 5.9 6.9

Studies with two patient populations collapsed into one. Cl = 95% Confidence Interval.
*Statistically significant difference present between unrestricted, Medicare, and VA insurance, p-value = 0.0000367.

doi:10.1371/journal.pone.0123593.1005
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Table 6. Thirty-Day Readmission Rates Stratified by Time of Data Collection.

Enrollment Date Studies Patients Readmission (%)* Cl Lower Cl Upper Q
After Jan 1, 2010 6 365432 45 4.3 4.8 49.9
Jan 1, 2006 to Dec 31, 2009 9 88929 7.7 7.5 7.9 300.7
Before Dec 31, 2005 8 33007 7.8 7.7 7.9 366.9
Total 22 487368 7.6 7.5 7.7 =

Studies with two patient populations collapsed into one®>2*. One study excluded for lack of data. Cl = 95% Confidence Interval.
*Statistically significant difference present between the three time periods, p-value = 0.0303.

doi:10.1371/journal.pone.0123593.1006

I-squared (%)
88.0
97.7
98.4

reporting in the studies, we believe that the heterogeneity could be driven by these factors and

suggest exploration of these factors in future studies.

When stratified by subspecialty, 30-day readmission rates ranged from 4.5-6.2%. Although
these differences were not statistically significant, they may represent a clinically significant dif-
terence. For example, quality improvement efforts may be better directed at total hip arthro-
plasty (THA) versus spine procedures, as THA has a larger margin for improvement. The
mean direct cost for a readmission following THA has been reported at 17,000 dollars by
Bosco et al. [22] and by 2030, the demand for primary THA in the United States is estimated to
grow by 174 percent to 572,000 [38]. Thus, decreasing the 30-day readmission rate of joint
arthroplasty to the frequency currently achieved by spine or trauma could equate to millions of

Logit Event Rate vs Patient Enrollment
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Fig 7. Regression plot of 30-day readmission rate versus time when patient enroliment began. Regression line: y = 0.004x — 3.3. P-value = 0.00292.

Logit event rate = natural log of 30-day readmission rate.
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Table 7. Pooled Causes of Readmission.

Category  Cause Number of Citations Number of Patients  Percentage of Cl Cl
Studies Readmitted With Readmissions (%) Lower Upper
Reporting Diagnosis
Wound- SSI 11 7,11,14,15,18,19,20,21,23,27,29 4771 32.2 22.7 43.4
related Non-Infectious 9 7,12,14,15,18,19,20,20,27 232 14.0 9.1 21.0
Wound Problem
Hematoma 7 7,11,14,15,18,23,29 1028 4.2 3.3 5.2
Seroma 4 7,14,15,29 49 6.5 4.0 10.4
Cellulitis 3 14,15,23 23 9.0 1.9 34.0
Surgical Dural Tear 4 7,18,19,29 45 4.1 2.3 7.3
Fixation Failure 4 7,18,21,29 83 9.4 4.0 20.5
Pain 6 14,18,20,23,27,29 188 7.7 3.4 16.3
Medical Medical 6 7,11,14,18,26,29 1136 26.4 18.9 35.5
Complication
DVT 5 14,18,20,23,29 49 3.5 1.3 9.0

SSI = Surgical Site Infection. DVT = Deep Venous Thrombosis. Cl = 95% confidence interval

doi:10.1371/journal.pone.0123593.t007

dollars in saved cost. We attempted multivariate analysis by subspecialty (i.e. arthroplasty read-
mission rates reported by single institution vs. multicenter registry vs. national registry), how-
ever there was insufficient data. This could be a direction for future studies.

The three studies using multicenter registry databases showed a lower 30-day readmission
rate than single hospital or national databases. Although this was statistically significant, we be-
lieve this to be confounded by the subspecialties in these three studies. One of the studies exam-
ined only a specific type of cruciate-sparing TKA, had only 412 patients, and reported the
lowest overall 30-day readmission rate at 2.6 percent. Of the remaining two studies, one only
examined pediatric patients while the other examined lumbar spine procedures, both of which
produced low 30-day readmission rates at 3.9 and 4.4 percent, respectively. As well, both stud-
ies drew from the same clinical registry. Therefore, we do not believe that the source from
which the data collected has a significant effect on 30-day readmission rate.

We also found that 30-day readmissions were 55 percent more likely in studies with only
Medicare patients as compared to studies reporting unrestricted insurance. Our finding sug-
gests that institutions with a higher percentage of Medicare patients are likely to have higher
30-day readmission rates. This is not surprising because Medicare insurance is associated with
increased age and comorbidities, both of which are factors that have been independently asso-
ciated with higher readmission rates [27,29]. Increased 30-day readmission rates may disincen-
tivize hospitals from accepting Medicare patients to avoid penalties. This could be accounted
for statistically by adjusting for risk or weighting Medicare patients differently in readmission
calculations. Further studies are required to validate this finding, as this study was unable to
control for age and socioeconomic status.

Our results indicate that 30-day readmissions are decreasing over time. Studies that began
enrollment before 2009 had significantly higher readmission rates than those that began enroll-
ment after 2009. We believe that this demonstrates an example of the Hawthorne effect, where
shining light onto this problem has led to systematic changes to reduce 30-day readmissions.
Furthermore, reimbursement changes have incentivized hospitals to begin quality improve-
ment programs. In the future, we hope that specific improvement measures will be developed
that can be generalized to all hospitals.

PLOS ONE | DOI:10.1371/journal.pone.0123593 April 17,2015 14/20
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Our study has several limitations. First, many factors that have been shown to affect 30-day
readmission rates could not be evaluated including diabetes, body mass index, and corticoste-
roid use [39]. Second, the definition of “30-day readmission” varied slightly across studies.
Some measured 30 days from the date of procedure while others measured from the date of dis-
charge. There are also substantial differences in variable definitions and uses of administrative
claims databases and clinical registries, which makes combining them for meta-analysis diffi-
cult. Similarly, many causes of readmission had unclear definitions. Some groups therefore had
overlap while other causes were excluded. Thus, standard definitions would be useful for future
studies. Finally, as demonstrated by the inverse funnel plot, there may be missing studies with
fewer patients and higher readmission rates. This is likely because researchers may not publish
their institution's high readmission rate.

All publications included in this analysis were retrospective observational studies. While
most were prognostic level II studies, which are considered moderate evidence, the conclusions
drawn in this analysis are limited by this study type. This highlights a need for randomized
controlled trials in orthopedic readmission literature. Over 97 percent of the patients in this
meta-analysis were from either spine or arthroplasty studies. This may limit the generalizability
of the results to all of orthopedics, however the 30-day readmission rates of those two subspe-
cialties did not significantly differ from the 30-day readmission rate found in studies reporting
on all orthopedic subspecialties. One study, Cullen et al., met inclusion criteria, yet the study
was completed six years prior to any other study. Sensitivity analysis, however, determined that
exclusion of this study would not have significantly changed the results. Finally, few studies
have been able to track readmission to outside hospitals and most did not state if they tracked
outside hospital admissions. At the time of this submission, 14 of the 20 authors that we con-
tacted regarding unclear inclusion of outside hospitals replied. In total, five of the 24 papers
presented in this analysis followed outside hospital readmissions. Even fewer studies (none pre-
sented in this analysis) have quantified the frequency of 30-day readmission to the same hospi-
tal versus another hospital. This information could be valuable to quality
improvement initiatives.

With the data presented in this study, institutions now have a benchmark to which they can
compare their 30-day readmission rates. We have also shown however, that there are factors
such as subspecialty and patient insurance that are correlated with increased 30-day readmis-
sion rates. Thus, these factors should be accounted for when examining 30-day readmission
rates. Additionally, the association between patient comorbidities and readmission, which have
been demonstrated in other studies and confirmed here, should also be considered.
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