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In the era of growing health care ex-
penditures, policymakers are increas-
ingly seeking measures to reduce 

preventable medical costs and optimize 

administrative efficiency. Hospital read-
missions are a burden on the health care 
system, contributing as much as $20 bil-
lion in costs per year.1-9 In response to 

this issue, the Patient Protection and Af-
fordable Care Act established the Hospital 
Readmission Reduction Program to cur-
tail costs incurred as a result of unplanned 
readmissions.10-14 Hospital readmission 
rates have quickly become a metric for 
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The study was conducted to determine the incidence rate, risk factors, and 
postoperative conditions associated with 30-day readmission after total 
shoulder arthroplasty (TSA). A total of 3547 patients who underwent primary 
TSA were identified from the 2011–2013 American College of Surgeons Na-
tional Surgical Quality Improvement Program. The 30-day readmission rate 
was 2.9%. The only preoperative predictors of hospital readmission were 
American Society of Anesthesiologists classification of 3 or greater (odds 
ratio, 2.16; 95% confidence interval, 1.30-3.61) and a history of cardiac 
disease (odds ratio, 2.13; 95% confidence interval, 1.05-4.31). Of patients 
with any perioperative complications, 42 (34%) were readmitted, and the 
presence of any complication increased the risk of readmission (odds ratio, 
28.95; 95% confidence interval, 18.44-45.46). Periprosthetic joint infec-
tion, myocardial infarction, pulmonary embolism, deep venous thrombosis, 
and pneumonia were significant predictors of hospital readmission after TSA 
(P<.0001). The incidence of hospital readmission after TSA peaked within 
the first 5 days after discharge, and 26%, 32%, and 55% of all hospital 
readmissions occurred by postoperative days 5, 7, and 14, respectively. Pre-
operative medical optimization to reduce the rates of postoperative com-
plications, such as periprosthetic joint infection, myocardial infarction, 
pulmonary embolism, deep venous thrombosis, pneumonia, and urinary 
tract infection, are likely to decrease the need for subsequent readmission. 
Patients should be counseled about these risk factors preoperatively. [Ortho-
pedics. 201x; xx(x):exxx-exxx.]
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evaluating hospital performance by the 
Centers for Medicare & Medicaid Ser-
vices and the National Quality Forum.10,14 
Financial penalties are imposed for rates 
exceeding normative values.15 Among 
the fields affected by these programs, or-
thopedic surgery has received significant 
focus because of its heavy reliance on 
ambulatory procedures and inpatient sur-
gery.16

The use of total shoulder arthroplasty 
(TSA) in the US health care system has 
risen dramatically over the past few de-
cades, with a nearly 250% increase to 
47,000 TSA procedures performed in 
2008.17 Despite the increasing prevalence 
of TSA procedures, limited broad-based 
data are available on their cost and epide-
miology.17-19 As a significant contributor 
to elective orthopedic surgical hospital 
readmissions, TSA is likely to become a 
major contributor to mounting health care 
expenses. Although factors that affect 
length of stay after TSA are well delineat-
ed,20 literature on readmission after TSA 
is limited to either single-institution21,22 or 
registry data.23-26 Readmission rates after 
TSA have been reported at 4.5% to 6.0% 
at 90 days,21,25 and rates are significantly 
lower than after total knee arthroplasty or 
total hip arthroplasty.23 However, pre- and 
postoperative in-hospital patient charac-
teristics that herald an increased likeli-
hood of readmission are largely unexam-
ined, with only 1 known retrospective, 
single-state registry exploring variables 
that predict readmission after TSA.25

This study was conducted to identify 
factors associated with postoperative re-
admission after TSA. The authors used 
the American College of Surgeons Na-
tional Surgical Quality Improvement Pro-
gram (NSQIP) database, with the goal of 
reducing unplanned readmissions and as-
sociated costs. A model for reducing read-
missions would provide a basis for early 
intervention and provide strategies to re-
duce adverse events and secondary health 
care costs associated with readmission. 
To replicate the interval used by existing 

quality control programs, this study eval-
uated patient characteristics and surgical 
variables leading to 30-day postoperative 
readmission after TSA.

Materials and Methods
This study was exempted from insti-

tutional review board approval because it 
was a publicly available, deidentified da-
tabase review study. The American Col-
lege of Surgeons NSQIP database was 
queried. The NSQIP is a data repository 
that receives records from 374 partici-
pating medical centers across several US 
health care settings. Patients enrolled in 
the NSQIP are prospectively followed 
for 30 days postoperatively and are moni-
tored for hospital readmission, postop-
erative complications, and mortality. The 
ACS stringently maintains NSQIP, and it 
has shown excellent interrater reliability, 
with a 1.6% disagreement rate for all vari-
ables.27 The use of the NSQIP database 
and its methods are well documented28-32 
and can be referenced in the program’s 
participant user guide.33 

The Current Procedural Terminology 
(CPT) code 23472 for total shoulder ar-
throplasty was used to identify patients 
who underwent this procedure and had 
their data registered with the NSQIP from 
2011 to 2013. In the existing classifica-
tion, CPT code 23472 includes both ana-
tomic TSA and reverse TSA prosthesis. 
Independent analysis of anatomic TSA 
and reverse TSA prosthesis was not pos-
sible because of the shared CPT code. 
Patient-specific factors, including demo-
graphic data, medical comorbidities, and 
selected laboratory values, were recorded 
(Table 1). In addition, surgical charac-
teristics were obtained, including total 
operative time, mode of anesthesia, and 
postoperative blood transfusion within 72 
hours of the procedure.

Systemic and local complications 
were classified as either major or minor, 
based on the categories used in previous 
reports (Tables 2-3).34,35 Major systemic 
complications were recognized as those 

requiring complex medical intervention. 
Major local complications included peri-
prosthetic joint infection, peripheral nerve 
injury, and implant failure. Periprosthetic 
joint infections included all deep wound 
and organ or space surgical site infections. 
Deep surgical site infections were defined 
as those occurring within 30 days after the 
principal operative procedure and involv-
ing deep soft tissues as well as either pu-
rulent drainage, spontaneous dehiscence 
with signs or symptoms of infection, or 
abscess. Hospital readmission within 30 
days of the index TSA was the primary 
outcome measure.

Bivariate logistic regression analysis 
was used to determine the effect of patient 
variables, surgical factors, and complica-
tions on hospital readmission. Principal 
patient-based predictors included medi-
cal comorbidities, wound classification 
(clean vs clean contaminated/contami-
nated/dirty/infected), age (<60 years, 60-
69 years, 70-79 years, and ≥80 years), 
sex, body mass index (≤29.9, 30.0-39.9, 
and ≥40 kg/m2), hospital discharge status 
(admitted from home vs admitted from 
acute care hospital/nursing home/outside 
emergency department/other), American 
Society of Anesthesiologists (ASA) clas-
sification (1 or 2 vs 3 or 4), designated 
preoperative laboratory values, and func-
tional status (independent vs dependent). 
Patients were determined to have a history 
of cardiac disease if they had 1 or more 
of the following: new diagnosis or exac-
erbation of chronic congestive heart fail-
ure within 30 days of surgery, history of 
angina within 30 days of surgery, history 
of myocardial infarction within the past 
6 months, or any percutaneous cardiac 
intervention or other history of cardiac 
surgery. Surgical risk factors incorporated 
were mode of anesthesia (general vs spi-
nal/epidural/regional), operative time, and 
blood transfusion within 72 hours postop-
eratively. Operative time was character-
ized as being greater or less than the aver-
age procedural time plus 1 SD. Surgical 
outcomes included those specified within 
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the NSQIP data set by the surgical clinical 
reviewers and were indexed as mortality, 
all complications, major systemic compli-
cations, major local complications, minor 
systemic complications, and minor local 
complications.

For all factors with P<.2 and with fre-
quencies greater than 10 on initial bivari-
ate testing, multivariate logistic regres-
sion analysis was used.36,37 To minimize 
model distortion, any variable that was 
absent in more than 20% of the cohort 
was excluded from multivariate analy-
sis. Both odds ratio (OR) and 95% con-
fidence interval (CI) were reported. Sig-
nificant independent predictor variables 
were identified as those that maintained 
P<.05 with OR and 95% CI exclusive of 
1.0 after multivariate analysis. The C- 
statistic was used to measure discrimina-
tive capacity, and the Hosmer and Lem-
eshow goodness of fit test was used to 
assess model calibration.

results
There were 3547 patients who under-

went TSA. Mean age of the entire cohort 
was 70.1 (±9.9) years (Table 1). A sub-
stantial number of patients had comorbidi-
ties that included ASA classification of 3 
or greater (51.8%), diabetes (16.7%), and 
body mass index of 40 or greater (9.0%). 
Within the 30-day postoperative period, 8 
patients (0.23%) died and 122 (3.4%) had 1 
or more complications (Table 2). A total of 
46 major systemic complications occurred 
in 44 (1.2%) patients, and 75 minor sys-
temic complications occurred in 70 (2.0%) 
patients. Of the major systemic complica-
tions, 52% were cardiovascular. Pulmo-
nary embolism was the most prevalent 
(0.4%), followed by myocardial infarction 
(0.3%). Transfusion was required in 5.4% 
of patients. Urinary tract infection (1.0%), 
pneumonia (0.5%), and deep venous 
thrombosis (0.5%) were the most com-
mon minor systemic complications. There 
were 13 patients (0.4%) who had a major 
local complication and 11 patients (0.3%) 
who had a minor local complication. Deep 

wound infection was the most common 
major local complication (0.4%). Average 
length of stay was 2.2 (±2.2) days, and 103 
patients (2.9%) were readmitted within 30 
days of discharge after TSA.

Of the patients who had any compli-
cation, 42 (34%) were readmitted. Peri-
operative complications were strongly 
associated with increased risk of readmis-
sion (OR, 28.95; 95% CI, 18.44-45.46). 
Complications with readmission rates that 
approximated or exceeded 50% included 
pulmonary embolism, postoperative sep-
sis, cardiac arrest requiring cardiopulmo-
nary resuscitation, deep venous throm-
bosis, progressive renal insufficiency, 
periprosthetic infection, and wound de-
hiscence (Table 2). 

Bivariate analysis identified multiple 
risk factors for readmission, and these 
were analyzed in multivariate testing 
(Table 3). Multivariate logistic regres-
sion analysis showed that ASA classifica-
tion of 3 or greater (OR, 2.16; 95% CI, 
1.30-3.61) and a history of cardiac disease 
(OR, 2.13; 95% CI, 1.05-4.31) were the 
only preoperative surgical characteristics 
that predicted hospital readmission (Table 
4). Preoperative demographics, including 
age, sex, body mass index, functional 
status, and remaining medical comorbidi-
ties, as well as surgical variables, such 
as operative time, type of anesthesia, 
and need for blood transfusion, were no 
longer significant. Individual postopera-
tive complications that were significantly 
associated with hospital readmission 
included periprosthetic joint infection 
(OR, 268.93; 95% CI, 57.43-1001.00), 
myocardial infarction (OR, 29.32; 95% 
CI, 7.34-117.49), pulmonary embolism 
(OR, 21.18; 95% CI, 4.85-92.48), deep 
venous thrombosis (OR, 21.10; 95% CI, 
6.41-69.44), pneumonia (OR, 11.99; 95% 
CI, 3.52-40.80), and urinary tract infec-
tion (OR, 6.35; 95% CI, 2.33-17.35). The 
C-statistic (0.79) for the final regression 
model indicated good discriminative ca-
pacity, and the goodness of fit test showed 
no statistically significant lack of fit, 

which indicates good calibration between 
the model and the source data.

Information on the timing of hospital 
readmission was available for 71.8% (74 
of 103) of cases. The incidence of hospi-
tal readmissions after TSA peaked within 
the first 5 days after discharge, and 26%, 
32%, and 55% of all hospital readmis-
sions occurred by postoperative days 5, 7, 
and 14, respectively.

discussion
The overall 30-day readmission rate 

after TSA was 2.9%, which is comparable 
to the rate of 2.7% for anatomic and re-
verse TSA reported in the only other study 
with a similar period of postoperative sur-
veillance.21 In this previous single-center 
review of 556 TSA procedures, the read-
mission rate after TSA increased to 4.5% 
at 60 days and 5.2% at 90 days postopera-
tively. In comparison, the overall 30-day 
readmission rate after total hip arthro-
plasty or total knee arthroplasty with the 
NSQIP data set was 3.7% to 4.6%.30,31 To 
the authors’ knowledge, the current study 
is the first to evaluate the effect of patient-
based variables, surgical risk factors, and 
postoperative complications on hospital 
readmission after TSA. Contemporary 
patients undergoing TSA have significant 
medical comorbidities, and the current 
study cohort had an ASA classification 
of 3 or greater (51.8%), age 70 years or 
older (54.7%), diabetes (16.7%), and mor-
bid obesity (9.0%). As a result, recogni-
tion of pertinent patient-based and surgi-
cal risk factors for stratifying individual 
surgical outcomes and the incidence of 
hospital readmission is essential. The cur-
rent study found that ASA classification 
of 3 or greater (OR, 2.16; 95% CI, 1.30-
3.61) and a history of cardiac disease (OR, 
2.13; 95% CI, 1.05-4.31) were the only 
preoperative surgical characteristics that 
predicted readmission after multivariate 
analysis. The remaining preoperative de-
mographic and surgical variables identi-
fied on univariate analysis were no longer 
significant on multivariate analysis after 
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controlling for the influence of the re-
maining risk factors. In contrast, the role 
of patient factors and surgical characteris-
tics in hospital readmission after TSA in 
single-state24-26or single-institution inves-
tigations21 is limited because these stud-
ies did not provide the same level of de-
tail on medical comorbidities, laboratory 
values, and surgical characteristics as the 
NSQIP data set. Additionally, the current 
study found no difference for factors pre-
viously shown to predict increased 60- to 
90-day readmission rates after TSA, such 

as age,25 race,26 or increasing number of 
medical comorbidities.25 

After TSA, 3.4% of patients had a com-
plication that significantly increased the 
likelihood of readmission (OR, 28.95; 95% 
CI, 18.44-45.46). Systemic complications 
accounted for three-fourths of patients 
with major complications (77%) and minor 
complications (86%). Multivariate analysis 
showed that medical complications that 
were significant risk factors for readmis-
sion included myocardial infarction, pul-
monary embolism, deep venous thrombo-

sis, pneumonia, and urinary tract infection. 
Further, periprosthetic joint infection was 
the strongest predictor of hospital readmis-
sion and the only statistically significant 
local complication. Medical complications 
rather than surgical complications were 
responsible for most readmissions after 
TSA, and this finding corroborates previ-
ous studies that showed that 80% to 82% of 
complications leading to readmission after 
TSA were medical.25,26 

The identification of pertinent com-
plications that contribute to hospital re-

Table 2

Complications (Current Procedural Terminology Code 23472) 
No.

Characteristic No. (%) No Readmission Readmission
Readmission 
<30 Daysa P

Overall complications 122 (3.4) 80 42 28.95 (18.44-45.46) <.0001

Major systemic complications 44 (1.2) 26 18 27.84 (14.71-52.72) <.0001

  Pulmonary embolism 13 (0.4) 7 6 30.37 (10.02-92.07) <.0001

  Unplanned intubation 4 (0.1) 3 1 14.41 (1.68-123.32) .01

  Postoperative sepsis/septic shock 8 (0.2) 2 6 106.41 (21.21-533.86) <.0001

  Stroke/cerebrovascular accident 5 (0.1) 4 1 8.43 (0.93-76.11) .06

  Acute renal failure 1 (0.03) 1 0 - -

  Cardiac arrest requiring cardiopulmonary 
resuscitation

2 (0.1) 1 1 33.54 (2.08-539.90) .01

  Myocardial infarction 11 (0.3) 7 4 20.74 (6.02-71.44) <.0001

  Coma 0 (0) 0 0 - -

Minor systemic complications 70 (2.0) 48 22 19.22 (11.08-33.33) <.0001

  Urinary tract infection 37 (1.0) 29 8 9.92 (4.42-22.27) <.0001

  Deep venous thrombosis 16 (0.5) 8 8 36.18 (13.30-98.43) <.0001

  Pneumonia 19 (0.5) 13 6 16.33 (6.08-43.86) <.0001

  Progressive renal insufficiency 3 (0.1) 1 2 68.12 (6.13-757.19) 0

Major local complications 13 (0.4) 3 10 123.33 (33.39-455.52) <.0001

  Deep wound infection/organ or space 
surgical site infection

12 (0.4) 2 10 185.03 (39.98-856.23) <.0001

  Peripheral nerve injury 1 (0.03) 1 0 - -

  Graft/prosthesis failure 0 (0) 0 0 - -

Minor local complications 11 (0.3) 6 5 29.24 (8.77-97.42) <.0001

  Superficial wound infection 7 (0.2) 5 2 13.63 (2.61-71.07) 0

  Wound disruption 4 (0.1) 1 3 79.83 (9.33-693.33) <.0001

Mortality or major complication 61 (1.7) 34 27 35.63 (20.48-62.01) <.0001
aOdds ratio (95% confidence interval).
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admission after primary TSA can lead to 
targeted interventions to mitigate these 
complications in high-risk patients dur-
ing the perioperative period. In the ab-
sence of reliable evidence, the American 
Academy of Orthopaedic Surgeons of-
fered a consensus statement advocating 
for perioperative mechanical or chemi-
cal venous thromboembolic prophylaxis 
for patients undergoing TSA. Although 
deep venous thrombosis and pulmonary 
embolism were among the most com-
mon and significant complications as-
sociated with readmission, few clinical 
studies have investigated these complica-

tions38-42 and their appropriate treatment. 
This finding underscores the importance 
of postoperative surveillance for venous 
thromboembolic disease and careful con-
sideration of chemoprophylaxis in pa-
tients undergoing TSA. Additionally, in 
patients with a history of cardiac disease, 
cardiology consultation and medical op-
timization and moderation of risk factors 
for postoperative urinary tract infec-
tion, such as prolonged catheterization, 
may decrease readmissions after TSA. 
Finally, hospitals may be pressured to 
use evidence-based algorithms that have 
been shown to improve clinical outcomes 

and reduce length of stay after total joint 
arthroplasty, independent of hospital or 
procedure volume,43 to recoup financial 
incentives.44 

Studies of overall 30-,21 60-,21 and 90-
day21,25,26 TSA readmission rates have 
not provided a detailed analysis of trends 
in readmission within the first 30 days. 
When patients are followed for a 90-day 
period, the plurality of TSA readmis-
sions occur within the first 30 days after 
hospital discharge.21 The current study 
found that among patients with a known 
time line for readmission, 26% occurred 
within 5 days and 55% occurred within 

Table 3

Univariate and Chi-square Analysis of 
the Influence of Risk Factors on 30-Day 

Readmission Rate 

Risk Factora
Readmission 
<30 Daysb P

  Any cardiac issue 3.07 (1.64-5.73) .0004

  Percutaneous cardiac inter-
vention

3.11 (1.40-6.91) .0054

  Previous cardiac surgery 3.85 (1.72-8.62) .001

  History of revascularization/
amputation for peripheral 
vascular disease/rest pain/
gangrene

7.76 (1.15-52.22)

  Sepsis within 48 h before 
surgery

4.86 (1.09-21.64) .0382

  Previous surgery <30 d earlier 11.19 (1.47-85.53) .0199

Comorbidities, total 

  3 vs 0 5.02 (2.53-9.96) .0016

Operative time, min

  Operative time, continuous 1.002 (0.998-1.006) .3753

Type of anesthesia

  General vs spinal/epidural/
regional

2.84 (0.39-20.51) .3019

Bleeding transfusions

  Yes vs no 1.92 (0.98-3.74) .0567

Time from operation to dis-
charge

1.03 (0.99-1.08) .1871

Length of stay (≥5 d vs <5 d) 2.64 (1.34-5.17) .0049
aThe word “continuous” means as a continuous variable. 
bOdds ratio (95% confidence interval).

Table 3

Univariate and Chi-square Analysis of 
the Influence of Risk Factors on 30-Day 

Readmission Rate 

Risk Factora
Readmission 
<30 Daysb P

Age, y

  Age, continuous 1.03 (1.01-1.06) .0037

Sex

  Female vs male 1.14 (0.77-1.69) .5133

Body mass index, mean, kg/m2

  Body mass index, continuous 0.98 (0.95-1.01) .2931

Functional status

  Dependent vs independent 2.69 (1.21-5.96) .0148

Wound classification

  All other vs clean 1.20 (0.29-4.98) .8035

American Society of Anesthesi-
ologists classification

  ≥3 (severe or life-threatening 
disturbance) vs ≤2 (no or 
mild disturbance)

2.32 (1.51-3.57) .0001

Preoperative laboratory values

  Platelets, mean±SD, ×103/µL 0.997 (0.993-1.000) .0403

  Serum albumin, mean±SD, 
g/dL

0.44 (0.22-0.89) .0213

  Prealbumin (≤3.5 g/dL vs 
>3.5 g/dL)

2.40 (1.12-5.18) .0251

Medical comorbidities

  Dyspnea 2.39 (1.36-4.21) .0024

  Hypertension 1.88 (1.16-3.05) .0107

(cont’d)
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14 days. Average length of stay was 2.2 
days in the TSA cohort. Most prevent-
able hospital readmissions occur in the 
days immediately after discharge and are 
related to coordination of care.45 These 
data suggest that efforts to decrease re-
admissions after TSA should be directed 
toward patients with ASA classification 
of 3 or greater or with a history of cardiac 
disease as well as those with a postop-
erative complication, including peripros-
thetic joint infection, myocardial infarc-
tion, pulmonary embolism, deep venous 
thrombosis, pneumonia, and urinary tract 
infection. Careful preoperative screen-
ing and discharge planning, with close 
postoperative surveillance, may be con-
sidered in patients with these risk factors, 
especially within the first 2 weeks after 
discharge.

Limitations
The strength of the NSQIP data set 

is its prospective multi-institutional data 
collection of patient-based and surgical 
characteristics as well as postoperative 
complications among more than 3500 
TSA procedures. Within the NSQIP in-
frastructure, rigid protocols dictate close 
oversight to limit errors in reporting ad-
verse outcomes and maintain the fidelity 
of data.27,32 The study had several meth-

odologic limitations. First, the NSQIP 
does not include information on potential 
variables, such as hospital volume, insur-
ance status, discharge destination, and 
standardized comorbidity scores.24-26 The 
study attempted to account for comorbid 
disease with the use of ASA classification 
as a proxy risk factor for overall health 
status.27 Second, the study did not stratify 
rates of readmission by operative indica-
tion and surgical technique (eg, anatomic 
TSA and reverse TSA) because these pro-
cedures were classified under a common 
CPT code during the study period. Based 
on previous studies that showed an in-
creased risk of complications in patients 
undergoing reverse TSA, the 2.9% read-
mission rate in the current study may be an 
overestimate of the TSA readmission rate 
and an underestimate of the reverse TSA 
readmission rate. However, more recent 
prospective case-control studies showed 
no difference in major complications or 
revision surgery at 2 years when TSA and 
reverse TSA were compared.46 Third, the 
NSQIP data set relates readmissions and 
the causative condition. Thus, it was not 
possible to determine the exact cause of 
readmission or to determine whether re-
admission events were directly related to 
the TSA procedure or to complications of 
surgery. 

Despite these limitations, this inves-
tigation offers the most comprehensive 
evaluation of 30-day readmission rates 
in a large volume of patients undergoing 
TSA in the United States. Measures to 
decrease hospital readmission rates must 
focus on clinically relevant perioperative 
variables that inform composite risk strat-
ification and reduce medical costs across 
the continuum of care.47 Optimized pre-
operative and perioperative management 
of patients undergoing TSA with ASA 
classification of 3 or greater or a history 
of cardiac disease may include preopera-
tive screening, in-depth surgical coun-
seling, and referral for medical manage-
ment. Medical interventions to minimize 
the potential for postoperative complica-
tions, such as periprosthetic joint infec-
tion, myocardial infarction, pulmonary 
embolism, deep venous thrombosis, 
pneumonia, and urinary tract infection, 
are likely to decrease the need for hospi-
tal readmission. 

conclusion
Risk factors that increase the likeli-

hood of readmission after TSA include 
ASA classification of 3 or greater and 
a history of cardiac disease. Preopera-
tive medical optimization to reduce rates 
of postoperative complications, such as 
periprosthetic joint infection, myocardial 
infarction, pulmonary embolism, deep ve-
nous thrombosis, pneumonia, and urinary 
tract infection, are likely to decrease the 
need for hospital readmission. Patients 
should be counseled on these risk factors 
preoperatively.
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