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TOTAL HIP ARTHROPLASTY IS A

safe and effective therapy for
patients with advanced degen-
erative joint disease.1,2 In re-

cent years, there has been a dramatic
increase in performance of this proce-
dure both in the United States and
abroad.3-6 There is a general assump-
tion that increasing experience with
total hip arthroplasty has resulted in im-
provements in patient outcomes, as has
been observed in other procedures,7-9

but rigorous empirical data document-
ing such improvement are limited.10-14

This lack of data are striking given that
an estimated 280 000 total hip arthro-
plasty procedures are performed annu-
ally at a cost of more than $12 billion.5

The lack of rigorous evaluation of
total hip arthroplasty outcomes is some-
what surprising given ongoing efforts
to regionalize surgical procedures to
higher-volume and higher-quality hos-
pitals.15-17 As a generally elective sur-
gery, total hip arthroplasty is the type
of procedure that should be amenable
to regionalization. Moreover, the in-
troduction of the Medicare prospec-
tive payment system in 1983 provided
incentive to hospitals to control

costs.18,19 A particularly important cost-
control mechanism has been through
reducing hospital length of stay (LOS).
However, there is growing concern that

hospitals may be reducing LOS by dis-
charging patients prematurely, result-
ing in increased use of skilled-care fa-
cilities20,21 and increased patient
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Context Total hip arthroplasty is a common surgical procedure but little is known
about longitudinal trends.

Objective To examine demographics and outcomes of patients undergoing pri-
mary and revision total hip arthroplasty.

Design, Setting, and Participants Observational cohort of 1 453 493 Medicare
Part A beneficiaries who underwent primary total hip arthroplasty and 348 596 who
underwent revision total hip arthroplasty. Participants were identified using Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modification codes for pri-
mary and revision total hip arthroplasty between 1991 and 2008.

Main Outcome Measures Changes in patient demographics and comorbidity, hos-
pital length of stay (LOS), mortality, discharge disposition, and all-cause readmission
rates.

Results Between 1991 and 2008, the mean age for patients undergoing primary total
hip arthroplasty increased from 74.1 to 75.1 years and for revision total hip arthro-
plasty from 75.8 to 77.3 years (P� .001). The mean number of comorbid illnesses per
patient increased from 1.0 to 2.0 for primary total hip arthroplasty and 1.1 to 2.3 for
revision (P� .001). For primary total hip arthroplasty, mean hospital LOS decreased
from 9.1 days in 1991-1992 to 3.7 days in 2007-2008 (P=.002); unadjusted in-
hospital and 30-day mortality decreased from 0.5% to 0.2% and from 0.7% to 0.4%,
respectively (P� .001). The proportion of primary total hip arthroplasty patients dis-
charged home declined from 68.0% to 48.2%; the proportion discharged to skilled
care increased from 17.8% to 34.3%; and 30-day all-cause readmission increased from
5.9% to 8.5% (P� .001). For revision total hip arthroplasty, similar trends were ob-
served in hospital LOS, in-hospital mortality, discharge disposition, and hospital read-
mission rates.

Conclusion Among Medicare beneficiaries who underwent primary and revision hip
arthroplasty between 1991 and 2008, there was a decrease in hospital LOS but an
increase in the rates of discharge to postacute care and readmission.
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readmissions, thus eliminating much of
the cost savings originally envisioned
by the prospective payment sys-
tem.22,23

The objective of this study was to
evaluate long-term trends in the out-
comes of Medicare beneficiaries under-
going primary and revision total hip ar-
throplasty and to explore whether
reductions in hospital LOS might be as-
sociated with increased discharge of pa-
tients to postacute care settings, in-
creased readmission rates, or a
combination of both outcomes.

METHODS
Data

We used Medicare Provider Analysis
and Review (MedPAR) Part A data
files to identify fee-for-service benefi-
ciaries who underwent primary or
revision total hip arthroplasty between
1991 and 2008. Patients were identi-
fied using International Classification
of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) procedure
codes (81.51 for primary total hip
arthroplasty and 80.05, 81.53, 00.70,
00.71, 00.72, and 00.73 for revision
total hip arthroplasty).24-27 The Part A
files contain a range of data collected
from discharge abstracts for all hospi-
talized fee-for-service Medicare enroll-
ees including patient demographics,
ICD-9-CM codes for primary and sec-
ondary diagnoses and procedures,
admission source (eg, emergency
department or transfer from outside
hospital), admission and discharge
dates, discharge disposition (coded as
25 separate categories), death occur-
ring as many as 3 years after discharge,
a unique patient identifier that allows
for identification of patient readmis-
sions, and each hospital’s unique
6-digit identification number.

For purposes of this analysis, pa-
tient race was categorized as white,
black, other, and not available. Comor-
bid illnesses present on the index ad-
mission were identified using algo-
rithms described by Elixhauser et al28,29

that consider 30 specific conditions and
exclude comorbid conditions that may
represent complications of care or that

are related to the primary reason for
hospitalization.

To perform our 18-year longitudi-
nal study, we used 2 separate Medi-
care Part A data files obtained from the
Centers for Medicare & Medicaid Ser-
vices (1 file detailed 1991-2005; 1 file
2006-2008). Each of these files con-
tains an internally consistent unique pa-
tient identifier that allows for the track-
ing of individual patients across time
within the file. However, because the
unique patient identifiers differ across
the 2 different data files, it was impos-
sible to link individual patients across
the 2 different files. Thus, for ex-
ample, if a single patient were hospi-
talized in December 2005 and readmit-
ted again in January 2006, the lack of
a consistent unique identifier across the
2 files precluded us from determining
whether a single patient were admit-
ted and readmitted or whether 2 dif-
ferent patients were admitted (one in
December 2005 and another in Janu-
ary 2006). From a practical stand-
point, this had minimal impact on our
results but did influence our method-
ological approach, as described further.

Our intention was to examine
changes in outcomes of patients un-
dergoing primary and revision total hip
arthroplasty procedures. Because pri-
mary total hip arthroplasty is most of-
ten an elective procedure while revi-
sion total hip arthroplasty can be either
an elective or more urgent procedure,
we applied separate exclusion criteria
to the primary and revision total hip ar-
throplasty populations in accordance
with prior studies.27,30,31 For primary
total hip arthroplasty we sequentially
excluded patients with acute fractures
(136 887), patients admitted through
the emergency department (19 721),
and patients admitted after transfer from
another acute-care hospital (2856);
these exclusion criteria were devel-
oped to select a population of primary
elective total hip arthroplasty pa-
tients. Our revision total hip arthro-
plasty population did not exclude these
types of patients because revision total
hip arthroplasty is often an emergent
or unscheduled procedure. This study

was approved by the University of Iowa
Institutional Review Board.

Outcomes of Interest
Our outcomes of interest included
hospital length of stay (LOS), mortal-
ity (in-hospital, within 30 and 90 days
of admission), discharge disposition,
and all-cause readmission within 30
days and 90 days of admission. Dis-
charge disposition was stratified into
6 mutually exclusive categories:
home; skilled care/intermediate care;
transfer to another acute-care hospi-
tal; inpatient rehabilitation; dead; and
other. We limited our 30-day read-
mission analysis to patients whose
index hospitalization occurred prior
to November 30, 2005, for procedures
performed between 1991 and 2005,
and prior to November 30, 2008, for
procedures performed between 2006
and 2008, to allow for a full 30-day
follow-up period. Similarly, our
90-day readmission analysis was lim-
ited to patients whose index hospital-
ization occurred prior to September
30, 2005, for procedures performed
between 1991 and 2005, and prior to
September 30, 2008, for procedures
performed between 2006 and 2008.
Patients with hospital LOS longer
than 1 year were excluded from the
LOS analysis in accordance with other
recent studies.22

Statistical Analysis

We examined the demographic char-
acteristics and prevalence of key
comorbid illnesses for patients who
underwent total hip arthroplasty dur-
ing the study period; for simplicity,
data are presented separately for each
2-year period (eg, 1991-1992, 1993-
1994, etc). We used analysis of vari-
ance for comparisons of continuous
variables and the Mantel-Haenszel �2

test for categorical variables. All analy-
ses were performed separately for pri-
mary and revision total hip arthro-
plasty patients.

We compared rates of each of the
outcomes described previously for
each of the 2-year periods using simi-
lar statistical methods. We used
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graphical techniques to examine
changes in LOS, mortality, discharge
disposition, and readmission rates
over the course of the study period. To

account for the changing demograph-
ics of the primary and revision total
hip arthroplasty populations over
time, we calculated risk-standardized

mortality ratios that adjusted for age,
sex, and race.32 Inclusion of patient
demographics in calculating these
rates is important given that prior

Table 1. Characteristics of Medicare Beneficiaries Receiving Primary Total Hip Arthroplasty, 1991-2008

Characteristics

No. (%)a

1991-1992 1993-1994 1995-1996 1997-1998 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008
No. of hospitalizations 124 038 133 287 146 047 147 317 145 521 169 429 189 574 188 335 209 945
Age, mean (SD), y 74.1 (6.0) 74.1 (6.0) 74.8 (6.1) 75.1 (6.2) 75.2 (6.2) 75.3 (6.2) 75.4 (6.2) 75.6 (6.3) 75.1 (6.5)
Female sex 79 673

(64.2)
85 074
(63.8)

93 799
(64.2)

94 582
(64.2)

93 556
(64.3)

109 175
(64.4)

121 038
(63.8)

118 078
(62.7)

130 653
(62.2)

Race/ethnicity
White 113 637

(91.6)
123 459
(92.6)

137 453
(94.1)

138 944
(94.3)

137 022
(94.2)

159 052
(93.9)

177 370
(93.6)

176 028
(93.5)

195 707
(93.2)

Black 4573
(3.7)

5001
(3.8)

5668
(3.9)

5683
(3.9)

5806
(4.0)

7032
(4.2)

8064
(4.3)

8287
(4.4)

9729
(4.6)

Otherb 1774
(1.4)

1895
(1.4)

1648
(1.1)

2081
(1.4)

2176
(1.5)

2694
(1.6)

3407
(1.8)

3376
(1.8)

3930
(1.9)

Not available 4054
(3.3)

2932
(2.2)

1278
(0.9)

609
(0.4)

517
(0.4)

651
(0.4)

733
(0.4)

644
(0.3)

579
(0.3)

Comorbidity
Diabetes 8863 (7.1) 10 785 (8.1) 13 018 (8.9) 14 603 (9.9) 15 354 (10.6) 19 572 (11.6) 24 411 (12.9) 27 148 (14.4) 32 566 (15.5)
Congestive heart

failure
3575 (2.9) 4620 (3.5) 5708 (3.9) 6087 (4.1) 6147 (4.2) 7559 (4.5) 8883 (4.7) 8965 (4.8) 8859 (4.2)

Obesity 2774 (2.2) 3631 (2.7) 4599 (3.1) 5165 (3.5) 5440 (3.7) 7444 (4.4) 9622 (5.1) 11 387 (6.0) 16 007 (7.6)
Renal failure 548 (0.4) 657 (0.5) 823 (0.6) 829 (0.6) 940 (0.6) 1262 (0.7) 1791 (0.9) 4691 (2.5) 8225 (3.9)
No. of comorbid

conditions,
mean (SD)

1.0 (1.1) 1.2 (1.2) 1.3 (1.3) 1.4 (1.3) 1.5 (1.3) 1.6 (1.3) 1.8 (1.4) 1.9 (1.4) 2.0 (1.4)

Abbreviation: SD, standard deviation.
aP value is less than .001 for all comparisons except age (P=.01). All values are presented as No. (%) unless otherwise indicated.
bThe race/ethnicity category of Other includes Asian, Hispanic, North American Native, or other not-specified individuals.

Table 2. Characteristics of Medicare Beneficiaries Receiving Revision Total Hip Arthroplasty, 1991-2008

Characteristics

No. (%)a

1991-1992 1993-1994 1995-1996 1997-1998 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008
No. of hospitalizations 31 969 33 772 36 409 38 703 38 815 42 972 42 790 40 488 42 678
Age, mean (SD), y 75.8 (6.9) 75.9 (6.9) 76.6 (6.9) 76.9 (6.9) 77.2 (6.9) 77.2 (6.9) 77.3 (6.9) 77.5 (7.0) 77.3 (7.2)
Female, sex 20 507

(64.1)
21 423
(63.4)

23 278
(63.9)

24 404
(63.1)

24 585
(63.3)

26 920
(62.6)

26 633
(62.2)

25 262
(62.4)

26 305
(61.6)

Race/ethnicity
White 29 269

(91.6)
31 105
(92.1)

33 982
(93.3)

36 236
(93.6)

36 236
(93.4)

39 983
(93.0)

39 904
(93.3)

37 799
(93.4)

39 765
(93.2)

Black 1333
(4.2)

1481
(4.4)

1689
(4.6)

1786
(4.6)

1770
(4.6)

2099
(.9)

1979
(4.6)

1824
(4.5)

1933
(4.5)

Otherb 396
(1.2)

417
(1.2)

421
(1.2)

515
(1.3)

645
(1.7)

749
(1.7)

779
(1.8)

787
(1.9)

886
(2.1)

Not available 971
(3.0)

769
(2.3)

317
(0.9)

166
(0.4)

164
(0.4)

141
(0.3)

128
(0.3)

78
(0.2)

94
(0.2)

Comorbidity
Diabetes 2290 (7.2) 2819 (8.3) 3589 (9.9) 4166 (10.8) 4470 (11.5) 5391 (12.5) 5841 (13.7) 5926 (14.6) 6685 (15.7)
Congestive heart

failure
1679 (5.3) 2299 (6.8) 2824 (7.8) 3083 (8.0) 3303 (8.5) 3878 (9.0) 4207 (9.8) 4187 (10.3) 3880 (9.1)

Obesity 448 (1.4) 554 (1.6) 813 (2.2) 876 (2.3) 967 (2.5) 1255 (2.9) 1413 (3.3) 1588 (3.9) 1588 (4.7)
Renal failure 257 (0.8) 321 (1.0) 400 (1.1) 455 (1.2) 605 (1.6) 744 (1.7) 919 (2.1) 1906 (4.7) 2584 (6.1)
No. of comorbid

conditions,
mean (SD)

1.1 (1.2) 1.4 (1.3) 1.6 (1.4) 1.6 (1.4) 1.8 (1.5) 1.9 (1.5) 2.1 (1.5) 2.3 (1.5) 2.3 (1.5)

Abbreviation: SD, standard deviation.
aP value is less than .001 for all comparisons. All values are presented as No. (%) unless otherwise indicated.
bThe race/ethnicity category of Other includes Asian, Hispanic, North American Native, or other not-specified individuals.
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Table 3. Unadjusted Hospital LOS, Discharge Disposition, Mortality, and Readmission Rates for Primary Total Hip Arthroplasty

% (95% Confidence Interval)a

1991-1992 1993-1994 1995-1996 1997-1998 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008
No. of hospitalizations 124 038 133 287 146 047 147 317 145 521 169 429 189 574 188 335 209 945
LOS 9.1 (9.1-9.2) 7.2 (7.2-7.2) 5.5 (5.5-5.5) 4.7 (4.7-4.7) 4.5 (4.5-4.6) 4.4 (4.4-4.4) 4.1 (4.1-4.1) 3.9 (3.9-4.0) 3.7 (3.7-3.7)
LOS, median (IQR) 8 (7-10) 7 (5-8) 5 (4-6) 4 (3-5) 4 (3-5) 4 (3-5) 4 (3-4) 3 (3-4) 3 (3-4)
Mortality

In-hospital 0.5 (0.5-0.5) 0.4 (0.3-0.4) 0.3 (0.3-0.4) 0.3 (0.3-0.4) 0.2 (0.2-0.3) 0.3 (0.3-0.3) 0.2 (0.2-0.3) 0.2 (0.2-0.2) 0.2 (0.2-0.2)
30-Day 0.7 (0.7-0.7) 0.6 (0.6-0.6) 0.6 (0.6-0.6) 0.6 (0.6-0.6) 0.5 (0.4-0.5) 0.5 (0.5-0.5) 0.5 (0.4-0.5) 0.4 (0.4-0.4) 0.4 (0.4-0.4)
90-Day 1.2 (1.2-1.3) 1.1 (1.0-1.1) 1.1 (1.0-1.2) 1.1 (1.1-1.2) 1.0 (0.9-1.0) 1.0 (0.9-1.0) 0.9 (0.9-1.0) 0.8 (0.8-0.9) 0.8 (0.7-0.8)

Discharge disposition
Home 68.0

(67.8-68.3)
57.5

(57.2-57.8)
46.4

(46.1-46.6)
37.8

(37.5-38.0)
35.5

(35.3-35.7)
33.0

(32.7-33.2)
35.1

(34.9-35.3)
41.5

(41.3-41.7)
48.2

(48.0-48.5)
Skilled or

intermediate
care

17.8
(17.6-18.1)

23.2
(23.0 23.5)

30.3
(30.1-30.6)

36.0
(35.8-36.2)

34.2
(34.0-34.5)

30.9
(30.7-31.1)

28.4
(28.2-28.6)

32.4
(32.2-32.6)

34.3
(34.1-34.5)

Transfer to other
acute care
hospital

1.0
(0.9-1.0)

1.2
(1.1-1.2)

1.3
(1.2-1.3)

1.2
(1.2-1.3)

1.3
(1.3-1.4)

1.9
(1.8-2.0)

0.8
(0.7-0.8)

0.6
(0.6-0.6)

0.4
(0.4-0.5)

Inpatient
rehabilitation

12.6
(12.4-12.8)

17.6
(17.4-17.8)

21.6
(21.4-21.8)

24.6
(24.4-24.9)

28.6
(28.4-28.9)

33.1
(32.9-33.3)

33.4
(33.2-33.6)

23.0
(23.2-22.8)

15.0
(14.9-15.2)

Other 0.0
(0.0-0.1)

0.1
(0.1-0.1)

0.1
(0.0-0.1)

0.1
(0.0-0.1)

0.1
(0.0-0.1)

0.8
(0.8-0.9)

2.0
(2.0-2.1)

2.3
(2.3-2.4)

1.9
(1.8-1.9)

All-cause readmission
30-Dayb 5.9

(5.8-6.1)
5.4

(5.3-5.5)
5.3

(5.2-5.4)
5.2

(5.1-5.3)
4.8

(4.7-4.9)
4.6

(4.5-4.7)
4.6

(4.5-4.7)
5.4

(5.3-5.5)
8.5

(8.4-8.6)
90-Dayb 9.8

(9.7-10.0)
8.8

(8.7-9.0)
8.6

(8.5-8.8)
8.4

(8.3-8.5)
7.9

(7.8-8.1)
7.5

(7.4-7.6)
7.4

(7.3-7.5)
8.6

(8.4-8.7)
11.9

(11.7-12.0)
Abbreviations: IQR, interquartile range; LOS, length of stay; SD, standard deviation.
aValues are presented as mean % (95% confidence interval) unless otherwise indicated. P value is less than .001 for all comparisons except LOS (P=.002).
bAll-cause 30-day readmission limited to patients in whom index hospitalization was before November 31, 2005, for study years 1991-2005, and November 31, 2008, for study years

2006-2008; all-cause 90-day readmission limited to patients in whom index hospitalization was before September 30, 2005, for study years 1991-2005, and September 30, 2008, for
study years 2006-2008.

Figure 1. Trends in Hospital Length of Stay, Discharge Disposition, Mortality, and Readmission Rates for Primary Total Hip Arthroplasty
1991-2008
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adjusted data only. See Table 3 for data.
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studies have demonstrated differential
complication and use rates for joint
arthroplasty among different demo-
graphic groups.33-35 All analyses for
these variables were conducted sepa-
rately for the primary and revision
total hip arthroplasty cohorts.

All P values were 2-tailed, with P val-
ues less than .05 considered statistically
significant. All statistical analyses were
performed using SAS version 9.2 (SAS
Institute Inc, Cary, North Carolina).

Sensitivity Analysis

To assess the robustness of our re-
sults, we performed 2 supplemental
analyses. First, we repeated our analy-
ses while restricting our analysis to the
first primary or first revision hip ar-
throplasty procedure performed on
each patient during a 12-month pe-
riod; this eliminates patients who un-
dergo “staged” bilateral arthroplasty
procedures or complicated revisions.

Second, we repeated our analyses af-
ter adding back the excluded popula-
tions described previously (eg, frac-
ture patients) (eFigure 1 and eFigure
2, available at http://www.jama.com).

RESULTS
Our final study population included
1 453 493 elective primary total hip ar-
throplasty procedures and 348 596 re-
vision hip arthroplasty procedures per-
formed on Medicare beneficiaries
between 1991 and 2008. For primary
total hip arthroplasty comparing 1991-
1992 and 2007-2008 (TABLE 1), mean
(standard deviation [SD]) age in-
creased from 74.1 (6.0) years (95% con-
fidence interval [CI], 74.0-74.1) to 75.1
(6.5) years (95% CI, 75.1-75.2)
(P=.01); and diabetes prevalence in-
creased from 7.1% (95% CI, 7.0%-
7.3%) to 15.5% (95% CI, 15.4%-
15.7%), and obesity prevalence
increased from 2.2% (95% CI, 2.2%-

2.3%) to 7.6% (95% CI, 7.5%-7.7%)
(P� .001 for each), respectively.

Trends were similar for revision total
hip arthroplasty comparing 1991-
1992 and 2007-2008 (TABLE 2). In par-
ticular, mean (SD) age increased from
75.8 (6.9) years (95% CI, 75.7-75.9) to
77.3 (7.2) years (95% CI, 77.2-77.4),
diabetesprevalence increased from7.2%
(95% CI, 6.9%-7.4%) to 15.7% (95% CI,
15.3%-16.0%), and obesity prevalence
increased from 1.4% (95% CI, 1.3%-
1.5%) to 4.7% (95% CI, 4.5%-4.9%)
(P� .001 for each), respectively.

For primary total hip arthroplasty
comparing 1991-1992 and 2007-
2008, mean hospital LOS decreased
from 9.1 days (95% CI, 9.1-9.2) to 3.7
days (95% CI, 3.7-3.7) (TABLE 3 and
FIGURE 1), a 59.3% relative decline
(P� .001); in-hospital mortality after
primary total hip arthroplasty de-
creased from 0.5% (95% CI, 0.5%-
0.5%) to 0.2% (95% CI, 0.2%-0.2%), a

Table 4. Unadjusted Hospital LOS, Discharge Disposition, Mortality, and Readmission Rates for Revision Total Hip Arthroplasty

% (95% Confidence Interval)a

1991-1992 1993-1994 1995-1996 1997-1998 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008

No. of hospitalizations 31 969 33 772 36 409 38 703 38 815 42 972 42 790 40 488 42 678

LOS 12.3
(12.2-12.4)

9.8
(9.7-9.9)

7.5
(7.5-7.6)

6.4
(6.4-6.5)

6.5
(6.4-6.5)

6.3
(6.3-6.4)

6.3
(6.2-6.3)

6.1
(6.1-6.2)

6.0
(6.0-6.1)

LOS, median (IQR) 9 (7-13) 7 (6-11) 6 (4-8) 5 (4-7) 5 (4-7) 5 (4-7) 5 (3-7) 4 (3-7) 4 (3-7)

Mortality
In-hospital 1.8 (1.6-1.9) 1.6 (1.5-1.8) 1.5 (1.4-1.6) 1.4 (.2-1.5) 1.5 (1.4-1.6) 1.4 (1.3-1.5) 1.3 (1.2-1.4) 1.1 (1.0-1.3) 1.2 (1.1-1.3)

30-Day 2.0 (1.8-2.1) 2.0 (1.9-2.2) 2.1 (2.0-2.3) 2.2 (2.0-2.3) 2.4 (2.2-2.5) 2.2 (2.1-2.4) 2.2 (2.1-2.4) 2.0 (1.9-2.1) 2.4 (2.2-2.5)

90-Day 4.0 (3.8-4.2) 4.3 (4.0-4.5) 4.2 (3.9-4.4) 4.4 (4.2-4.6) 4.9 (4.7-5.1) 4.8 (4.6-5.0) 4.9 (4.7-5.1) 4.8 (4.6-5.0) 5.2 (5.0-5.4)

Discharge disposition
Home 57.4

(56.8-57.9)
48.9

(48.4-49.5)
40.9

(40.4-41.4)
34.2

(33.7-34.6)
32.0

(31.6-32.5)
30.7

(30.3-31.1)
30.4

(30.0- 30.8)
32.3

(31.8-32.7)
35.4

(34.9-35.8)

Skilled or
intermediate
care

26.7
(26.2-27.1)

30.9
(30.4-31.4)

36.8
(36.3-37.3)

40.9
(40.4-41.3)

39.4
(39.0-39.9)

36.8
(36.4-37.3)

36.9
(36.5-37.4)

40.5
(40.0-41.0)

42.4
(42.0-42.9)

Transfer to other
acute care
hospital

1.4
(1.2-1.5)

1.4
(1.3-1.6)

1.4
(1.3-1.6)

1.4
(1.3-1.5)

1.6
(1.5-1.7)

1.7
(1.6-1.8)

1.1
(1.0-1.2)

0.8
(0.7-0.9)

0.6
(0.5-0.6)

Inpatient
rehabilitation

12.7
(12.3-13.0)

17.0
(16.6-17.4)

19.3
(18.9-19.7)

22.2
(21.8-22.6)

25.4
(24.9-25.8)

28.5
(28.1-28.9)

27.3
(26.8-27.7)

21.6
(21.2-22.0)

16.5
(16.1-16.9)

Other 0.1
(0.1-0.2)

0.1
(0.0-0.1)

0.1
(0.0-0.1)

0.1
(0.0-0.1)

0.1
(0.0-0.1)

0.9
(0.8-1.0)

3.0
(2.8-3.2)

3.7
(3.5-3.9)

3.9
(3.7-4.1)

All-cause readmission
30-Dayb 8.7

(8.3-9.0)
8.0

(7.8-8.3)
8.4

(8.2-8.7)
8.4

(8.1-8.7)
8.2

(7.9-8.5)
8.4

(8.1-8.6)
8.9

(8.7-9.2)
9.9

(9.6-10.2)
14.1

(13.8-14.5)

90-Dayb 15.1
(14.7-15.5)

14.4
(14.1-14.8)

14.7
(14.3-15.0)

14.5
(14.2-14.9)

14.0
(13.6-14.3)

14.0
(13.7-14.4)

14.9
(14.5-15.2)

16.9
(16.5-17.3)

21.2
(20.8-21.6)

Abbreviations IQR, interquartile range; LOS, length of stay; SD, standard deviation.
aValues are presented as mean % (95% confidence interval) unless otherwise indicated. P value is less than .001 for all comparisons except 30-day mortality (P=.004).
bAll-cause 30-day readmission limited to patients in whom index hospitalization was before November 31, 2005, for study years 1991-2005, and November 31, 2008, for study years

2006-2008; all-cause 90-day readmission limited to patients in whom index hospitalization was before September 30, 2005, for study years 1991-2005, and September 30, 2008, for
study years 2006-2008.
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60.0% relative reduction (P� .001); 30-
day mortality decreased from 0.7%
(95% CI, 0.7%-0.7%) to 0.4% (95% CI,
0.4%-0.4%), a 42.9% relative reduc-
tion (P=.004); and 90-day mortality de-
creased from 1.2% (95% CI, 1.2%-
1.3%) to 0.8% (95% CI, 0.7%-0.8%)
(P� .001), respectively. After adjust-
ment for patient characteristics, risk-
adjusted 30-day mortality over the
study period decreased from 0.7% (95%
CI, 0.7%-0.8%) to 0.3% (95% CI, 0.3%-
0.4%) and 90-day mortality decreased
from 1.3% (95% CI, 1.2%-1.3%) to
0.7% (95% CI, 0.7%-0.7%) (P� .001 for
each).

The proportion of primary total hip
arthroplasty patients discharged to
home decreased from 68.0% (95% CI,
67.8%-68.3%) (P � .001) in 1991-
1992 to 48.2% (95% CI, 48.0%-
48.5%) in 2007-2008, while the pro-
portion of patients discharged to skilled
or intermediate care increased from

17.8% (95% CI, 17.6%-18.1%) to 34.3%
(95% CI, 34.1%-34.5%) (P � .001)
(Table 3 and Figure 1). The 30-day all-
cause readmission rate decreased from
5.9% (95% CI, 5.8%-6.1%) in 1991-
1992 to 4.6% (95% CI, 4.5%-4.7%) in
2001-2002 (P� .001), before increas-
ing to 8.5% (95% CI, 8.4%-8.6%) in
2007-2008 (P� .001)—results were
similar for 90-day readmission rates.

For revision total hip arthroplasty,
mean hospital LOS decreased from 12.3
days (95% CI, 12.2-12.4) in 1991-
1992 to 6.0 days (95% CI, 6.0-6.1) in
2007-2008 (TABLE 4 and FIGURE 2), a
51.2% relative decline (P� .001). Un-
adjusted in-hospital mortality after re-
vision total hip arthroplasty decreased
from 1.8% (95% CI, 1.6%-1.9%) in
1991-1992 to 1.2% (95% CI, 1.1%-
1.3%) in 2007-2008, a 33.3% relative
reduction (P� .001). Conversely, dur-
ing the study period, unadjusted 30-
day mortality increased from 2.0% (95%

CI, 1.8%-2.1%) in 1991-1992 to 2.4%
(95% CI, 2.2%-2.5%) in 2007-2008, a
20.0% relative increase (P=.004), and
90-day mortality increased from 4.0%
(95% CI, 3.8%-4.2%) to 5.2% (95% CI,
5.0%-5.4%), a 30.0% relative increase
(P� .001). However, after adjustment
for patient characteristics, risk-
adjusted 30-day mortality remained
stable within a narrow range between
1.9% and 2.3% (P = .22), while ad-
justed 90-day mortality remained near
4.5% throughout the study period
(P=.16).

The proportion of revision total hip
arthroplasty patients discharged to
home decreased from 57.4% (95% CI,
56.8%-57.9%) in 1991-1992 to 35.4%
(95% CI, 34.9%-35.8%) in 2007-2008
(P� .001), while the proportion of pa-
tients discharged to skilled or interme-
diate care increased from 26.7% (95%
CI, 26.2%-27.1%) to 42.4% (95% CI,
42.0%-42.9%) (P� .001) (Table 4 and

Figure 2. Trends in Hospital Length of Stay, Discharge Disposition, Mortality, and Readmission Rates for Revision Total Hip Arthroplasty
1991-2008
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Figure 2). The 30-day all-cause read-
mission rate decreased from 8.7% (95%
CI, 8.3%-9.0%) in 1991-1992 to 8.2%
(95% CI, 7.9%-8.5%) in 1999-2000
(P� .001), before increasing to 14.1%
(95% CI, 13.8%-14.5%) in 2007-2008
(P� .001), with similar results for 90-
day readmission rates.

COMMENT
In an analysis of 1991-2008 Medicare
administrative data, 3 trends were iden-
tified. First, we found that despite in-
creasing patient complexity, both un-
adjusted and adjusted mortality for
primary total hip arthroplasty showed
substantial improvement over time.
Conversely, our second finding was that
for revision total hip arthroplasty, un-
adjusted mortality appeared to in-
crease modestly but this increase was
largely explained by increasing pa-
tient complexity. Third and most im-
portantly, marked declines in hospital
LOS for both primary and revision total
hip arthroplasty seemed to corre-
spond with an increase in the propor-
tion of patients who were discharged
to postacute care and an increase in pa-
tient readmissions.

A number of our findings warrant
further discussion. First, we found in-
creasing complexity of both primary
and revision total hip arthroplasty pa-
tients. Although a number of studies
have documented increasing complex-
ity of patients in the cardiovascular dis-
ease literature,22,23,36 few studies have
evaluated trends in patient complex-
ity in orthopedics and most have fo-
cused on knee arthroplasty.37-40 Our
finding of an increase in the mean age
of both primary and revision total hip
arthroplasty patients suggests that at
least some of the increase in patient
complexity is real and is not simply an
artifact of more aggressive coding prac-
tices (ie, upcoding).41

Our finding of increased patient com-
plexity is particularly important when
considering the changes in patient mor-
tality that were observed. We found
clinically and statistically significant re-
ductions in primary total hip arthro-
plasty mortality, albeit from very low

baseline levels. Conversely, the find-
ing of an increase in revision total hip
arthroplasty mortality in unadjusted
analyses was somewhat unexpected; the
finding that this increase in mortality
was no longer significant in adjusted
analyses is reassuring. The absence of
similar large-scale studies of the US hip
arthroplasty population with which to
compare our results highlights the need
for more rigorous study of total hip ar-
throplasty outcomes.

Second, the marked decrease in hos-
pital LOS for both primary and revi-
sion total hip arthroplasty may have
policy implications. The motivation for
hospitals to reduce LOS under the
Medicare prospective payment system
has been well described,42,43 but the im-
pact of declining LOS is much less clear.
While Bueno et al22 noted that reduc-
tions in LOS for Medicare beneficia-
ries hospitalized with congestive heart
failure were accompanied by an in-
crease in readmission rates, a prior
study by Baker et al44 found that reduc-
tions in LOS were not associated with
an increase in readmissions. To the best
of our knowledge, no prior studies have
evaluated associations with reduction
in LOS in regard to joint arthroplasty.

We found that the reduction in hos-
pital LOS in both primary and revi-
sion total hip arthroplasty patients was
accompanied by a significant increase
in the proportion of patients dis-
charged to postacute care facilities (ie,
nursing homes and rehabilitation cen-
ters), and a significant reduction in the
proportion of patients discharged di-
rectly home. Moreover, we found that
while the reduction in hospital LOS was
not associated with an increase in re-
admission rates between 1992 and
1999, in more recent years, readmis-
sion rates have risen markedly. These
findings reinforce the potential wis-
dom of moving to bundled payments,
reimbursing for episodes of care, or a
combination of both as a way for in-
centivizing the correct LOS, rather than
perpetual reductions in LOS that seem
to be occurring.

Our study has limitations that war-
rant brief mention. First, our study was

limited to fee-for-service Medicare ben-
eficiaries and thus extrapolation to
other populations should be done with
caution. That said, more than 60% of
all total hip arthroplasty procedures are
performed on Medicare enrollees, mak-
ing this an appropriate data set for
studying total hip arthroplasty. Sec-
ond, our study relied upon adminis-
trative data and thus we were unable
to evaluate some important arthro-
plasty outcomes including functional
status and patient satisfaction.

In conclusion, mortality after pri-
mary total hip arthroplasty has de-
clined moderately over time and mor-
tality after revision total hip arthroplasty
has remained stable despite substan-
tial increases in patient complexity.
There have also been marked reduc-
tions in hospital LOS and rising read-
mission rates.
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