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Abstract

Background: Limited information exists regarding mortality and readmission following proximal humerus fracture. This

study examines risk factors following hemiarthroplasty for these fractures.

Methods: A retrospective analysis of prospectively collected data on 788 patients treated with hemiarthroplasty for acute

proximal humerus fracture from January 2005 to December 2011 was conducted. One-year mortality and 30- and 90-day

hospital readmission were evaluated. Patient risk factors included age, race, gender, diabetes, American Society of

Anesthesiologists (ASA) score, and body mass index.

Results: One-year mortality rate was 5.2%. Patients with ASA �3 had 2.37 times (95% confidence interval [CI]: 1.05–5.32)

greater mortality risk versus patients with ASA1/2. The 30-day readmission rate was 8.4% and at 90 days was 12.6%. Females

had 0.53 risk of readmission versus males (95% CI: 0.29–0.96). Patients with ASA �3 had 1.79 (95% CI: 1.04–3.09) risk of 90-

day readmission versus patients with ASA1/2; females had 0.52 (95% CI: 0.31–0.85) risk of readmission versus males.

Increased age increased all odds ratios.

Conclusions: Readmission rate after hemiarthroplasty for proximal humerus fracture is significant both at 30 and 90 days

and is higher in males. Age and ASA �3 correlate with this. Diabetes and obesity were not significant risk factors for

readmission or mortality.
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Introduction

Approximately 1 in 3 women and 1 in 5 men will sustain

an osteoporotic fracture in their lifetime.1,2 By 2025,

there will be over 3 million such fractures in the

United States.1 Proximal humerus fractures are the

third most common osteoporotic fracture, accounting

for 10% of fractures in the Medicare population.3,4

These fractures are most commonly associated with

low energy falls, and the incidence is increasing.3,5–8

Management of minimally displaced proximal humer-

us fractures is often nonoperative. As the severity of

fractures increases, so does the likelihood of operative

treatment.9 There are several options for treating severe

3 and 4 part proximal humerus fractures.8–10 One of the
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most commonly employed procedures is hemiarthro-

plasty.4,9–11 The results of hemiarthroplasty have been

reported in regard to shoulder function, pain relief,

and complications, but in an era of increasing scrutiny

of quality measures, there is little information that

addresses risk factors for readmission or mortality

after hemiarthroplasty for proximal humerus

fracture.12–20

The aim of this study was to determine patient risk

factors for 30-day and 90-day readmission as well as

1-year mortality following hemiarthroplasty for the

treatment of proximal humerus fractures.

Materials and Methods

Study Design, Data Collection, and Inclusion Criteria

A retrospective cohort study was conducted. Patients

were identified using a large nationally integrated

health-care system Shoulder Arthroplasty Registry

(SAR). Details on the data collection mechanisms, out-

comes, and participation of the SAR have been previ-

ously published.19,20 Forty-seven hospitals participated

in the SAR. As of December 2011, the SAR contained

over 6200 procedures including total shoulder arthro-

plasty, hemiarthroplasty, humeral head resurfacing,

and reverse total shoulder arthroplasty performed for

both elective and traumatic indications. A trained clini-

cal content expert, with extensive knowledge of the clin-

ical definitions relevant to this study, reviewed the

patients’ electronic medical records after initial identifi-

cation of the procedures. Characteristics of the patients

and procedures were extracted from the operative

reports that had been reviewed by the clinical con-

tent expert.
Patients registered from January 2005 (the start of the

registry) to December 2011 were included in the study,

allowing for 6 years and over 780 procedures to be eval-

uated. These end points were selected, as they had the

highest rate of participation in the registry and most

accurately captured the representative patient popula-

tion in this system. Only primary unilateral procedures

were included; in 5 individuals who had 2 primaries per-

formed only the first primary procedure was included.

Pathologic fractures were excluded.

Outcome of Interest

There were 3 end points for this study: 1-year mortality,

and all-cause 30-day and 90-day readmission.

Readmissions were defined as any inpatient readmission

within 30 and 90 days of the discharge date of the orig-

inal procedure.

Covariates

Patient risk factors evaluated included race (White,

Black, Hispanic, Asian, Other), gender, diabetes diagno-

sis, American Society of Anesthesiologists (ASA) score

(<3 vs �3), body mass index (BMI) (continuous). Age

(categorical) was evaluated as a risk factor for readmis-

sion but was regarded strictly as a confounder when

mortality was the outcome.

Statistical Analyses

Frequencies, proportions, mean, and standard devia-

tions (SDs) were used to describe the study sample.

P values are based on a v2 test or Student’s t test with

pooled variance. If patients left the integrated health-

care system before a 30- or 90-day readmission occurred,

they were treated as lost to follow-up (1 left within 30

days and 5 left within 90 days). A similar approach was

not taken for 1-year mortality because mortality infor-

mation was available after membership termination.

Generalized Estimating Equations were used to model

the relationship between the covariates and each of the

outcomes (1-year mortality, 30-day readmission, 90-day

readmission) in multivariable models that accounted for

the clustering of surgical cases within surgeon. Instead of

imposing a linear constraint on the relationship between

age and the logit, we allowed for a possible nonlinear

relationship by dividing age into 10 groups using deciles.

Missing data were handled using multiple imputations

with 100 imputed data sets and the imputation model

consisting of all exposure variables in the analysis

models, the 3 response variables, BMI (log transformed),

and race variables. Rubin’s rules for calculating param-

eter estimates and standard errors across imputed data

sets were used. For some imputed data sets involving

mortality as the response, the intraclass correlation

was negative when the working correlation structure

was compound symmetric. Therefore, we chose to use

an independence working correlation structure while still

using the robust standard error approach.21 For the

readmission models, a compound symmetric working

correlation structure was used. Odds ratios (ORs),

95% confidence intervals (CIs), and P values are

reported. Data were analyzed using SAS (Version 9.2,

SAS Institute, Cary, NC), and a¼ .05 was used as the

statistical significance threshold.

Results

A total of 788 acute primary hemiarthroplasty fracture

patients were identified. See Table 1 for sample descrip-

tion. Patients were predominantly female (76.3%), White

(79.7%), and not obese (55.5% had BMI< 30 kg/m2).

The prevalence of diabetes was 35.8%, and 53.1% had

2 Journal of Shoulder and Elbow Arthroplasty



an ASA score of �3 at the time of surgery. The mean age
at the time of surgery was 70.8 years old (SD¼ 11.6).

Readmission

Of the 788 individuals in the cohort, there were 66
(8.4%) all-cause readmissions within 30 days and 99
(12.6%) all-cause readmissions within 90 days. With

respect to 30-day readmissions, gender was the only sig-
nificant risk factor after multivariable adjustment, with

females having a lower risk than males (OR¼ 0.53, 95%
CI: 0.29–0.96). With 90-day readmissions, both ASA
score and gender were significantly associated with the

end point. Those with an ASA score �3 had increased
the odds of 90-day readmission by a factor of 1.79 (95%

CI: 1.04–3.09) and being female decreased the odds of
90-day readmission by a factor of 0.52 (95% CI: 0.31–

0.85). Advanced age significantly increased the OR for
readmission versus the reference cohort.

Mortality

There were 41 (5.2%) deaths in the cohort 1 year after
proximal humerus fracture. The only significant risk

factor associated with death within 1 year, after adjust-

ing for the covariates, was intraoperative ASA score

(Table 2). An ASA score of �3 was associated with

higher odds of death by a factor of 2.37 (95% CI:

1.05–5.32). Age significantly increased the OR for mor-

tality versus the reference cohort.

Discussion

This study analyzed a cohort of 788 patients and iden-

tified patient risk factors for 30- and 90-day readmission

as well as 1-year mortality.

Readmission

Our overall readmission rate was 8.4% at 30 days and

12.6% at 90 days. This rate is lower than all-cause read-

mission after hip fracture, which is reported to be 11.8%

at 28 days to 19.0% at 90 days.22,23 The disparity in

readmission may be attributable to hip fracture patients

on average being more elderly, more medically compli-

cated, and with a resultant loss of ambulatory capacity.

Table 1. Patient Characteristics, Overall and by 1-Year Death, 30-Day Readmission, and 90-Day Readmission Status.

Total

Sample No Death

Death

Within 1 Year

P

No 30-Day

Readmit

30-Day

Readmit

P

No 90-Day

Readmit

90-Day

Readmit

PMean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age 70.8 (11.6) 70.38 (11.5) 78.99 (11.5) <.001 70.41 (11.7) 75.4 (9.3) <.001 70.3 (11.6) 74.8 (10.7) <.001

N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Race

Asian 27 (3.4) 26 (96.3) 1 (3.7) .611 25 (92.6) 2 (7.4) .436 24 (88.9) 3 (11.1) .314

Black 22 (2.8) 22 (100) 0 (0.0) 21 (95.5) 1 (4.5) 21 (95.5) 1 (4.5)

Other 18 (2.3) 18 (100) 0 (0.0) 18 (100) 0 (0.0) 18 (100.0) 0 (0.0)

White 625 (79.7) 590 (94.4) 35 (5.6) 567 (90.7) 58 (9.3) 540 (86.4) 85 (13.6)

Hispanic 92 (11.7) 88 (95.7) 4 (4.3) 87 (94.6) 5 (5.4) 82 (89.1) 10 (10.9)

Unknown 4 3 (75.0) 1 (25.0) 4 (100.0) 0 (0.0) 4 (100.0) 0 (0.0)

Gender

Male 187 (23.7) 176 (94.1) 11 (5.9) .632 167 (89.3) 20 (10.7) .190 157 (84) 30 (16) .100

Female 601 (76.3) 571 (95) 30 (5.0) 555 (92.3) 46 (7.7) 532 (88.5) 69 (11.5)

Diabetes

No 506 (64.2) 480 (94.9) 26 (5.1) .913 465 (91.9) 41 (8.1) .711 441 (87.2) 65 (12.8) .749

Yes 282 (35.8) 267 (94.7) 15 (5.3) 257 (91.1) 25 (8.9) 248 (87.9) 34 (12.1)

ASA

<3 335 (46.9) 326 (97.3) 9 (2.7) .005 313 (93.4) 22 (6.6) .047 306 (91.3) 29 (8.7) .002

>3 380 (53.1) 352 (92.6) 28 (7.4) 339 (89.2) 41 (10.8) 317 (83.4) 63 (16.6)

Unknown 73 69 (94.5) 4 (5.5) 70 (95.9) 3 (4.1) 66 (90.4) 7 (9.6)

BMI, kg/m2

<30 429 (55.5) 403 (93.9) 26 (6.1) .037 390 (90.9) 39 (9.1) .813 370 (86.2) 59 (13.8) .502

[30–35) 172 (22.3) 169 (98.3) 3 (1.7) 158 (91.9) 14 (8.1) 152 (88.4) 20 (11.6)

>35 172 (22.3) 167 (97.1) 5 (2.9) 159 (92.4) 13 (7.6) 154 (89.5) 18 (10.5)

Unknown 15 8 (53.3) 7 (46.7) 15 (100.0) 0 (0.0) 13 (86.7) 2 (13.3)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard deviation.

Square bracket “[” indicates value inclusive and parentheses “(” indicates value exclusive.
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We found patients with an ASA score �3 had nearly

80% higher risk of readmission versus individuals with

ASA 2 or lower at 90 days after shoulder hemiarthro-

plasty. These data have not been reported for this pop-

ulation and should help providers inform patients and

their families regarding surgical risk preoperatively.

Females had roughly half the risk of readmission at

both 30 and 90 days relative to males. It is unclear

why females were less likely to be readmitted. In a sim-

ilarly powered study, Khan et al. evaluated 28-day read-

mission patients with hip fracture but did not find a

difference between males and females.23

Mortality

Mortality data are limited for proximal humerus frac-

tures treated with hemiarthroplasty. In a study of deep

vein thrombosis (DVT) rates and mortality, Navarro

et al. reported a 0.5% 90-day mortality rate in 2574 elec-

tive shoulder arthroplasty cases.24 Farng et al. noted a

90-day mortality of 2.9% in fracture patients treated

with arthroplasty.13 In our study, the 1-year mortality

rate for all patients was 5.2% and increased to 6.3% for

patients aged 64 years and older.
There are robust data on the 1-year mortality follow-

ing hemiarthroplasty for femoral neck fractures. In these

studies, the 1-year mortality was found to be between

11% and 34%.18,25–32 Risk factors for increased mortal-

ity after hip fracture include time to surgery, ASA score,

and age.28

Our findings support relative risk of mortality at 1

year after shoulder fractures treated with hemiarthro-

plasty to be nearly 25%; this finding is similar to that

of hip fractures treated with hemiarthroplasty. The dif-

ference in mortality between hip and shoulder fractures

is possibly related to the retained ambulatory capacity in

shoulder fractures as well as other factors such as patient

comorbidities, blood loss, age, and postoperative inci-

dence of DVT. In addition, the majority of hip fractures

are treated operatively regardless of comorbidities,

whereas surgeons may recommend nonoperative man-

agement of proximal humerus fracture in a medically

compromised individual.7,8,11,18,28

In terms of risk factors for mortality, patients with an

ASA score of 3 or more had 2.4 times the 1-year mor-

tality risk compared to patients with an ASA score of 1

or 2. To our knowledge, there are no comparable studies

for shoulder hemiarthroplasty in the current literature.

However, Singh et al. have evaluated the effect of ASA

score on 90-day mortality after elective total shoulder

arthroplasty,33 finding patients who were ASA class 3

or 4 had a 3.6 and 13.4 times greater risk of mortality

after surgery, respectively. Farng et al.13 did not evaluate

ASA score, although they did examine other risk factors

for 90-day mortality and found fracture patients with

high Charleston comorbidity indexes and vascular dis-

ease had a higher 90-day complication rate.
There are several strengths to this study. First, our

study findings can be generalized to most practice set-

tings, as the health plan captures a large representative

Table 2. Risk Factors of 1-Year Mortality, 30-day Readmission, and 90-day Readmission in Patients With Primary Acute Fracture
Hemiarthroplasty (Generalized Estimating Equation Multivariable Models).

Death Within 1 Year 30-Day Readmit 90-Day Readmit

Odds

Ratio 95% LB 95% UB P

Odds

Ratio 95% LB 95% UB P

Odds

Ratio 95% LB 95% UB P

Gender Reference group: Males 0.63 0.29 1.38 .250 0.53 0.29 0.96 .036 0.52 0.31 0.85 .010

ASA score Reference group <3 2.37 1.05 5.32 .037 1.39 0.78 2.46 .261 1.79 1.04 3.09 .035

DiabetesReference group: No 0.98 0.51 1.87 .954 0.99 0.60 1.64 .965 0.82 0.51 1.31 .407

Age categories Reference

group: [27.9, 55.9)a

[55.9, 61.2) 4.67 0.47 46.37 .189 –b – – – 2.18 0.58 8.14 .245

[61.2, 64.1) 0.98 0.06 17.48 .992 3.27 0.80 13.36 .100 1.99 0.50 7.89 .330

[64.1, 68.3) 1.02 0.06 17.85 .988 4.2 1.13 15.68 .033 2.46 0.71 8.53 .157

[68.3, 71.7) 1.88 0.15 23.64 .626 3.97 1.06 14.96 .041 2.28 0.68 7.66 .181

[71.7, 75.1) 4.95 0.51 48.05 .168 4.77 1.19 19.02 .027 3.37 0.92 12.28 .066

[75.1, 77.9) 1.8 0.16 20.67 .638 3.33 0.83 13.30 .089 3.52 0.93 13.32 .064

[77.9, 81.0) 7.43 0.73 75.45 .090 4.88 1.29 18.41 .019 3.83 1.17 12.55 .027

[81.0, 85.3) 5.02 0.54 46.4 .155 4.86 1.31 18.02 .018 3.00 0.87 10.33 .081

[85.3, 101.2] 12.91 1.44 115.93 .022 7.04 2.00 24.74 .002 5.81 1.59 21.20 .008

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; LB, lower bound; UP, upper bound.

Square bracket “[” indicates value inclusive and parentheses “)” indicates value exclusive.
aThe reference group for the 30-day readmit models is [27.9, 61.2), because the original reference group had 0 events.
bNo estimates because there are no events in this group.

4 Journal of Shoulder and Elbow Arthroplasty



cross-section of the U.S. population. The cohort evalu-

ated consists of cases from many surgeons and hospi-

tals.34 The relatively large study cohort allowed for a

more in-depth statistical analysis of risk factors than

previously reported in the literature. A final strength of

the study is the high internal validity of the information

presented, as all cases included had been validated

through chart review and actively monitored by

graduate-level staff.
Our limitations include only examining patients with

proximal humerus fractures treated with hemiarthro-

plasty. These findings do not apply to patients treated

with reverse total shoulder arthroplasty, internal fixa-

tion, or nonoperative treatment. We also could not

determine the impact that implant and procedure char-

acteristics had on the outcomes examined or the impact

of time from injury to surgery due to the still small

sample size of our study to conduct more complex anal-

ysis. Furthermore, we did not distinguish between frac-

ture subtypes. Intraoperative factors such as operative

time, blood loss, and surgeon experience were not ana-

lyzed. Potential confounders such as smoking, workers

compensation, income level, and medication history

were not analyzed. Another limitation is that we did

not study the reasons for readmission to the hospital

in this study. This is a preliminary study of mortality

and readmission after shoulder fractures, examining

the impact of other risk factors (eg, surgical, implant,

and hospital factors), and reasons for readmission may

serve as the basis for future studies.

Conclusions

In conclusion, hemiarthroplasty for proximal humerus

fracture carries a substantial 30-day (8.4%) and 90-day

(12.6%) readmission rate as well as 1-year mortality rate

(5.2%). ASA score of 3 and over, male gender, and

advanced age were independent risk factors for readmis-

sion. ASA and advanced age were risk factors for mor-

tality. Diabetes and obesity had no effect on mortality or

readmission risk. Surgeons, patients, and families may

use these results to better understand the risk factors for

readmission and death following shoulder hemiarthro-

plasty for proximal humerus fracture.
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