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Abstract
We used Medicare administrative data to examine trends in primary and revision THA utilization
and hospital volume. Between 1991 and 2005 primary and revision THA utilization increased by
40.9% and 16.8% respectively. The percentage of primary THA procedures performed in high
volume hospitals (those in the highest quintile of volume) increased slightly from 58.0% of all
procedures in 1991 to 58.7% in 2005 (P-value < 0.01). The percentage of revisions performed in
high volume hospitals increased from 60.9% to 62.4% (P-value < 0.01). The percentage of
primary THA procedures performed by low volume hospitals remained relatively stable (P-value
= 0.36) while the percentage of revision THA performed by low volume hospitals declined (P-
value < 0.001). In aggregate these results suggest minimal evidence that regionalization of THA is
occurring.

BACKGROUND
Total hip arthroplasty (THA) is one of the most common surgical procedures performed in
the United States (U.S) and worldwide.1,2 In 2006 an estimated 280,000 THA procedures
were performed in the U.S. at a cost of more than $12 billion.3 THA is generally safe with
major complication rates of approximately 3% for primary procedures and 8% for revision
procedures.4,5

More than 25 years of research have demonstrated an association between higher volume
and improved patient outcomes for an array of surgical and medical procedures including
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THA.6–10 Based upon these data major healthcare purchasers and payors have attempted to
guide patients in need of elective surgery such as THA to higher volume hospitals whenever
possible in efforts to improve outcomes and reduce costs.11,12 Despite efforts to regionalize
major surgical procedures to higher volume medical centers, there are few empirical studies
evaluating whether such consolidation is occurring.13 Moreover, almost all of the studies
examining longitudinal trends in hospital volume have focused on coronary artery bypass
graft surgery14,15 where secular trends of declining CABG utilization make interpretation of
study findings difficult. While some studies have found evidence that higher volume CABG
hospitals have gained market share,14,16 other studies have found that regionalization of
CABG may not be occurring.15,17

In the area of orthopaedics very few studies have evaluated longitudinal trends in
volume18,19 and, to the best of our knowledge, no studies have specifically evaluated trends
in hospital THA volume. Thus, the objectives of the current study were to examine long-
term trends in primary and revision THA utilization and hospital volume among Medicare
enrollees. Our expectation was that, over time, we would find that utilization of THA
substantially increased and that an increasing proportion of procedures were being
performed by higher volume arthroplasty hospitals.

METHODS
Data

We used Medicare Provider Analysis and Review (MedPAR) Part A data files to identify
fee-for-service beneficiaries who underwent primary or revision THA between 1991 and
2005. Patients were identified using International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9CM) procedure codes (81.51 for primary and 80.05, 81.53,
00.70, 00.71, 00.72, 00.73 for revision THA).9,20–22 The Part A files contain a range of data
collected from discharge abstracts for all hospitalized fee-for-service Medicare enrollees
including: patient demographics; zip code of primary residence; ICD-9CM codes for
primary and secondary diagnoses and procedures; admission source (e.g., emergency
department or transfer from outside hospital); admission and discharge dates; discharge
disposition (e.g., home, another acute-care hospital, dead); death occurring up to three years
after discharge; each patient’s unique Medicare beneficiary number allowing for
identification of patient readmissions; and each hospital’s unique six digit identification
number. Comorbid illnesses present on the index admission were identified using algorithms
described by Elixhauser et al.23,24 which consider 30 specific conditions and exclude
comorbid conditions that may represent complications of care or that are related to the
primary reason for hospitalization.

Because the objective of our study was to examine trends in volume and regionalization of
elective THA procedures we excluded several populations where surgery is typically more
emergent and hospital choice more limited. In particular, we excluded patients with acute
fractures (116,210 primary THAs and 27,746 revision THAs), patients undergoing THA
after transfer from another acute care hospital (2,400 primary THAs and 4,399 revision
THAs), and patients admitted through the emergency department (16,294 primary THAs and
28,092 revision THAs) in accordance with other studies assessing orthopaedic
outcomes.9,25,26

Statistical Analysis
First, we examined the demographic characteristics and prevalence of comorbid illness for
patients undergoing THA across the study period. We used analysis of variance for
comparisons of continuous variables and the chi-square test for categorical variables. All
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analyses were performed separately for primary and revision THA patients. For simplicity,
tabular data are presented for years 1992, 1998, and 2004. Second, we examined the total
number of primary and revision THA procedures performed each year using similar
methods. We calculated primary and revision THA utilization rates as the number of
procedures performed each year per 10,000 fee-for-service Medicare beneficiaries.

Third, we examined the total number of acute care hospitals providing care to Medicare
enrollees each year and the proportion of these hospitals performing primary and revision
THA each year. Since prior studies have demonstrated that, in contrast to bypass surgery,
many U.S. hospitals performed very low volumes of THA (i.e., fewer than five procedures
per-year), we considered a hospital to perform THA if it performed at least one primary or
revision THA on Medicare beneficiaries during a particular year. We also calculated the
mean and median hospital volume for primary and revision THA for each year.

Fourth, to examine evidence for regionalization of THA, we began by stratifying hospitals
into quintiles of primary and revision THA volume for each year. We then compared how
the threshold volume demarcating the highest volume quintile and lowest volume quintile
changed over time and we examined the mean volume for each quintile for each year. There
is no established method for defining high and low volume THA hospitals and establishing
thresholds is made more difficult given a secular trend towards increasing THA utilization
over time.18,19 While we considered defining high and low volume THA hospitals using a
constant volume threshold applied to each study year (e.g., high volume >100 primary THA
per year; low volume <10 THA per year), we felt it more appropriate to allow thresholds for
high and low volume hospitals to vary over time. We then defined a hospital as high volume
during a specific year if their primary (or revision) THA volume met the threshold for the
top quintile of volume for all hospitals in the same year. Likewise, a hospital was defined as
low volume if their volume for primary (or revision) THA placed them in the lowest quintile
of volume during the same year. After identifying all high volume and low volume hospitals
for each study year, we calculated the percentage of all primary (and revision) THA
procedures performed in high volume and low volume hospitals. To evaluate whether high
volume THA hospitals were gaining a larger share of the overall THA market, we used
simple linear regression.

Sensitivity Analysis
To assess the robustness of our results, we conducted an array of sensitivity analyses. In
particular, we repeated our analyses after adding back the excluded populations described
previously (e.g., fracture patients). We also repeated our analyses using a constant threshold
for high volume and low volume hospitals across time rather than volume quintiles. In
primary THA our thresholds for high volume and low volume hospitals were 100 per year
and 10 per year, respectively and 25 per year and 5 per year for revision THA.

All p-values are 2-tailed, with p-values less than .05 deemed statistically significant. All
statistical analyses were performed using SAS 9.1.3 (SAS Institute Inc., Cary, NC). This
project was approved by the University of Iowa Institutional Review Board.

RESULTS
Our final study population included 1,146,786 elective primary THAs performed on
1,002,997 unique patients and 225,330 revision THAs performed on 189,832 unique patients
between 1991 and 2005. The characteristics of patients undergoing primary and revision
THA are displayed in Table 1 and Table 2, respectively. Over the study period the mean age
of patients undergoing both primary and revision THA increased and the proportion of
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procedures performed on women declined. There was also an increase in comorbidity
among both primary and revision THA patients.

The number of primary THA procedures increased by 53.1% between 1991 and 2005 from
59,791 to 91,548 (Figure 1) while the number of revision THA procedures increased by
26.9% from 12,066 to 15,312 (Figure 1). Viewed from another perspective, primary THA
utilization increased by 40.9% between 1991 and 2005 whereas revision THA increased by
16.8% (Figure 2).

The percentage of U.S. acute care hospitals performing elective primary THA increased
from 58.4% of hospitals in 1992 to 73.0% in 2004 while the percentage of hospitals
performing revision THA increased from 41.8% to 54.2% (Table 3). Mean (and median)
hospital volume increased for both primary and revision THA (Table 3 and Figure 3) over
the study period, though the increase was much larger for primary THA. Mean hospital
volumes for primary THA in 1992 for volume quintiles 1, 2, 3, 4 and 5 were 1.9 procedures
per-year, 5.7, 12.0, 23.1, and 59.8; mean hospital volumes for revision THA in 1992 for
quintiles 1, 2, 3, 4, and 5 were 1, 2, 3.5, 6.2, and 18.4. Mean hospital volumes for primary
THA in 2004 for quintiles 1, 2, 3, 4 and 5 were 2.3, 8.6, 18.8, 36.3,and 96.3; mean hospital
volumes for revision THA in 2004 for quintiles 1, 2, 3, 4 and 5 were 1, 2, 3.8, 7.5, and 22.9.
From a different prospective, median hospital volumes for primary THA in 1992 for
quintiles 1, 2, 3, 4 and 5 were 2, 6, 12, 22, and 49; median hospital volumes for revision
THA in 1992 for quintiles 1, 2, 3, 4, and 5 were 1, 2, 3, 6, and 14. Median hospital volumes
for primary THA in 2004 for quintiles 1, 2, 3, 4 and 5 were 2, 8, 19, 36, and 80; median
hospital volumes for revision THA in 2004 for quintiles 1, 2, 3, 4 and 5 were 1, 2, 4, 7, and
18.

In additional analyses, we found that the percentage of all primary THA procedures
performed by hospitals in the highest quintile of primary THA volume increased marginally
from 58.0% in 1991 to 58.7% in 2005 (Figure 4)(P-value < 0.01). We also found that the
percentage of all revision THA procedures performed by hospitals in the highest quintile of
revision THA volume increased modestly over the course of the study period (P-value <
0.01); in 1991 high volume revision THA hospitals performed 60.9% of all revision
procedures while in 2005 high volume THA hospitals performed 62.4% of revision
procedures (Figures 5). The percentage of elective primary THA procedures performed by
low volume hospitals remained relatively stable over the study period (P-value = 0.36) while
the percentage of revision THA procedures performed by low volume hospitals dropped
significantly (P-value < 0.001)(Figures 4 and 5).

Sensitivity analyses that included patients requiring more emergent procedures yielded
similar results to the primary analyses (Appendix A and B). In supplementary analyses that
defined high volume and low volume primary THA hospitals using constant threshold
across time (and thus did not account for the secular trend towards increasing primary THA
utilization), we found the percentage of all primary THA procedures performed by high
volume hospitals increased significantly from 9.7% in 1991 to 27.9% in 2005 (p-value <
0.001), whereas the percentage performed by low volume hospitals dropped from 11.8% in
1991 to 5.1% in 2005 (P-value < 0.001) (Appendix C); however, these analyses must be
interpreted with caution because they largely reflect the fact that THA volume and
utilization are increasing over time rather than the fact that procedures are migrating to
higher volume hospitals. Likewise, using a fixed threshold for revision THA we found that
the percentage of all revision procedures performed by high volume hospitals increased
from 18.9% in 1991 to 29.6% in 2005 (P-value < 0.001) and the percentage of all revision
THA procedures performed by low volume hospitals decreased from 29.9% in 1991 to
19.8% in 2005 (P-value < 0.001) (Appendix D).
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DISCUSSION
In a longitudinal analysis of Medicare administrative data from 1991–2005, we found an
increase in age and comorbidity among patients undergoing elective THA procedures. We
also found that while both primary and revision THA volume increased substantially, per-
capita utilization of primary THA increased while utilization of revision procedures actually
declined. Finally, while we found evidence of increasing concentration of primary THA
procedures in high volume hospitals we found little evidence of regionalization of revision
THA procedures to high volume hospitals. In aggregate, our results suggest that despite
more than twenty years of efforts promoting regionalization of elective surgical procedures
there is only modest evidence that regionalization of THA has occurred.

A number of our findings warrant further discussion. First, our finding of increasing
complexity of both primary and revision THA patients is important. Prior studies from the
cardiovascular disease literature have documented a trend towards increasing patient
complexity27–29 but studies of longitudinal trends in orthopaedics are much more limited
with most studies focusing exclusively on knee arthroplasty.4,30–32 For example Jain et al.
evaluated trends in knee replacement recipients between 1990 and 2000 and found evidence
of increasing patient complexity over time.30 Our study extends findings from the
cardiovascular disease literature and knee arthroplasty to the area of hip arthroplasty.

Second, it is important to discuss our finding of an increase in utilization of primary THA
but a decrease in revision THA. The increase in primary THA utilization expands and
supports several studies that have demonstrated a steady increase in utilization of knee
arthroplasty over the past two decades.4,30,33 Interestingly, in the only study we could
identify focusing on THA utilization in the United States, Kurtz et al. found a substantial
increase in both primary and revision THA rates.18 The difference in our findings may relate
to differences in the data sources used for the two studies, the years included in the analyses,
and the patient populations included. A trends towards increased utilization of primary THA
seems logical given continually increasing experience with this procedure, the excellent
outcomes, and desire for an aging population to remain physically active. Likewise, a trend
towards decreasing utilization of revision THA would be consistent with improvements in
surgical skill and implant design reducing the need for revision procedures.

Third, and perhaps most interesting are our findings with regards to regionalization. In
particular, we found that the proportion of all primary THA procedures performed in high
volume hospitals increased by a relatively modest 3.6% between 1991 and 2005 while the
proportion of primary procedures performed in low volume hospitals remained nearly
constant at 1.6%. In contrast, we found that the proportion of total revision THA volume
performed in high volume hospitals declined slightly between 1991 and 2005 while the
proportion of revision THA volume performed in low volume hospitals actually increased.
In an analysis of TKA Jain et al. found that between 1990 and 2000 the proportion of all
procedures performed in high volume centers increased while the proportion performed in
low volume centers decreased, but they did not differentiate primary and revision procedures
and their study focused on TKA rather than THA.30

A finding of a relatively modest trend towards concentration of primary THA in high
volume hospitals and no evidence of concentration of revision procedures is somewhat
surprising given the significant efforts made to encourage regionalization. We deliberately
limited our analysis to elective procedures where patients and their physicians would,
theoretically, have substantial leeway in selecting hospitals. While trends in hospital volume
have been well studied in the case of cardiac procedures,17,34 analyses focusing on
orthopaedics are much more limited. The finding that concentration of procedures in high
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volume hospitals appeared greater for primary THA when compared to revision THA is also
difficult to explain given that revision procedures are more difficult to perform with higher
complication rates (2%–4% versus 6%–10%) and thus would seem to be exactly the
procedures that would benefit most from regionalization.9,26

Our study has a number of limitations that warrant brief mention. First, our study was
limited to fee-for-service Medicare beneficiaries and thus extrapolation to other populations
should be done with caution. Second, our estimates of hospital THA volume were calculated
based upon procedures performed upon Medicare beneficiaries; thus certain hospitals
classified as low volume may actually have had higher volume if their ratio of Medicare to
non-Medicare arthroplasty cases differed substantially from that of the population at large.
Third, our study relied upon administrative data and thus there is the possibility that changes
in coding practices could have impacted our results. That said, we are unaware of any
systematic changes in the coding of primary or revision THA that would have significantly
impacted our findings.

In conclusion, we found evidence of a modest concentration of primary THA procedures in
higher volume centers, but little evidence that regionalization of revision THA procedures is
occurring. Given the sustained efforts that have been made to increase regionalization, our
results give pause over whether such efforts have been successful and whether efforts should
instead turn towards improving quality in lower volume hospitals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Primary and revision Medicare THR volume 1991–2005
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Figure 2.
Primary and revision Medicare THR utilization per 10,000 enrollees per-year 1991–2005
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Figure 3.
A AND 3B: Primary and revision Hospital THR volume 1991–2005
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Figure 4.
Proportion of total primary THR procedures performed in high volume and low volume
hospitals
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Figure 5.
Proportion of total revision THR procedures performed in high volume and low volume
hospitals
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Appendix A.
Proportion of total primary THR procedures performed in high volume and low volume
hospitals (all patients)
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Appendix B.
Proportion of total revision THR procedures performed in high volume and low volume
hospitals (all patients)
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Appendix C.
Proportion of total primary THR procedures performed in high volume and low volume
hospitals (fixed thresholds)
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Appendix D.
Proportion of total revision THR procedures performed in high volume and low volume
hospitals
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Table 1

1992
(N=62,636)

1998
(N=71,651)

2004
(N=93,537)

P-value

Demographics

Age, mean (SD) 74.1 (6.0) 75.2 (6.2) 75.5 (6.2) <0.001

Sex, women (%) 41377 (64.4) 47032 (64.1) 61123 (63.7) <0.01

Race, number (%)

    White 58697 (91.4) 69226 (94.3) 89809 (93.5) <0.001

    Black 2410 (3.8) 2782 (3.8) 4120 (4.3) <0.001

    Other 985 (1.5) 1124 (1.5) 1734 (1.8) <0.001

    Missing 2166 (3.4) 249 (0.3) 359 (0.4) <0.001

Comorbidity, number (%)

    Diabetes 4887 (7.6) 7404 (10.1) 12743 (13.3) <0.001

    CHF 2063 (3.2) 3012 (4.1) 4633 (4.8) <0.001

    Obesity 1574 (2.5) 2606 (3.6) 5108 (5.3) <0.001

    Renal failure 296 (0.5) 403 (0.6) 980 (1.0) <0.001

    Number of comorbid conditions, mean (SD) 1.1 (1.1) 1.4 (1.3) 1.8 (1.4) <0.001
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Table 2

1992
(N=12,531)

1998
(N=14,905)

2004
(N=15,327)

P-value

Demographics

Age, mean (SD) 75.1 (6.5) 76.4 (6.6) 76.8 (6.6) <0.001

Sex, women (%) 8130 (62.9) 9704 (61.9) 9977 (60.8) <0.001

Race, number (%)

    White 11821 (91.5) 14678 (93.6) 15340 (93.5) <0.001

    Black 537 (4.2) 738 (4.7) 731 (4.5) 0.27

    Other 180 (1.4) 207 (1.3) 289 (1.8) <0.01

    Missing 386 (3.0) 54 (0.3) 42 (0.3) <0.001

Comorbidity, number (%)

    Diabetes 922 (7.1) 1738 (11.1) 2280 (13.9) <0.001

    CHF 589 (4.6) 1046 (6.7) 1337 (8.2) <0.001

    Obesity 221 (1.7) 387 (2.5) 600 (3.7) <0.001

    Renal failure 87 (0.7) 140 (0.9) 299 (1.8) <0.001

    Number of comorbid conditions, mean (SD) 1.1 (1.2) 1.6 (1.4) 2.0 (1.5) <0.001
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