
A commentary by DavidW.Manning, MD, is
linked to the online version of this article at
jbjs.org.

Trend Toward High-Volume Hospitals and
the Influence on Complications in Knee and

Hip Arthroplasty
Nicholas C. Laucis, BSE, Mohammed Chowdhury, PhD, Abhijit Dasgupta, PhD, and Timothy Bhattacharyya, MD

Investigation performed at the Clinical and Investigative Orthopedic Surgery Unit, National Institute of Arthritis
and Musculoskeletal and Skin Diseases, National Institutes of Health, Bethesda, Maryland

Background: Hospitals in which a high volume of arthroplasty procedures are performed have been observed to have better
outcomes. As the number of arthroplasties has increased, it is not known whether surgical cases have shifted to high-volume
hospitals. In this study,weexamined thechange in the volumeofarthroplasties toprovideacontemporary definitionof “high-volume”
centers, quantified surgical volume that shifted to high-volume centers, and investigated the resulting effect on complications.

Methods: Data from the National (Nationwide) Inpatient Sample (2000 to 2012) were used to quantify trends in total hip
arthroplasty (THA) and total knee arthroplasty (TKA) volume. Elective primary THAs and TKAs were identified and grouped
by hospital by utilizing the hospital identifier, which indicates the geographic location of the hospital. County geographic
and population data were obtained from the U.S. Census, and the distances between hospitals and the centroids of
counties were calculated. Risk-standardized surgical complication rates for hospitals (2009 to 2012) were obtained from
Medicare Hospital Compare and grouped by hospital volume.

Results: From 2000 to 2012, there was a marked increase in the number of hospitals that performed a combined volume of
‡400 elective primary THAs and TKAs. The number of elective primary TKAs and THAs performed annually increased from
343,000 to 851,000. In 2012, 65.5% of the arthroplasties were performed in high-volume hospitals (‡400 arthroplasties
annually), and 26.6% of the arthroplasties were performed in very high-volume hospitals (‡1,000 procedures annually). The
proportion of arthroplasties performed in low-volume hospitals (<100 arthroplasties annually) shrank from17.9% to 5.4%. Very
high-volume hospitals had the lowest complication rates (2.745 per 100; 95% confidence interval [CI], 2.56 to 2.93), and low-
volume hospitals had the highest complication rates (3.610 per 100; 95% CI, 3.58 to 3.64; p < 0.0001) (odds ratio, 1.327;
95% CI, 1.26 to 1.40). Our analysis showed that 81.9% of the U.S. population lived within 50 miles of a high-volume hospital.

Conclusions: Arthroplasty patients are electing to have their procedures at higher-volume hospitals in the United States.
Each successively higher hospital volume category manifested a lower complication rate.

P
revious studies of hip and knee replacements have es-
tablished that lower rates of complications, lower rates of
revisions, and better outcomes are observed for hospitals

and surgeons performing greater numbers of these procedures1-7.
As a result, many have argued for regionalization of these pro-
cedures at high-volume hospitals4,8,9. Most of this previous work

defined “very high-volume” centers as hospitals completing ‡200
total joint arthroplasties a year; however, the annual number of total
joint arthroplasties has drastically increased in recent years10,11. As a
result of this change in procedure volume, it is unclear whether
previous definitions of “high-volume” hospitals still hold true
today, and it is possible that previous associations between
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procedure volume and outcomes may have changed. Further-
more, it is unknownwhether the increase in arthroplasty volume
occurred because more hospitals began performing total joint re-
placements or because existing hospitals increased their capacity.

We performed an epidemiological study of total hip and knee
arthroplasty in the United States. We sought to reexamine the def-
inition of “high-volume” centers and confirm that hospital volume
remains associated with complication rates. We further studied the

geographicdistribution of high-volume centers and examined trends
in the distribution of arthroplasties over time to investigate whether
geographic distance is a limitation of access to high-volume centers.

Materials and Methods

Toexamine the historical trends of joint replacements, we used the National
(Nationwide) Inpatient Sample (NIS) to identify elective primary total

knee and total hip arthroplasty procedures from 2000 to 2012
12,13

. The NIS is

Fig. 1

Schematic showing the analyses performed and the data sets used. Solid arrows indicate data used in the analysis. Dashed arrows indicate that data were

not directly used, but results from the analysis were used.

Fig. 2

Annual number of elective primary THA and TKA procedures performed. Hospitals were grouped into one of four categories on the basis of their combined

THA and TKA annual procedure volume.
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a statistically validated, all-payer database of inpatient care containing annual, na-
tionally representative data based on more than 8 million hospital stays from
approximately 1,000 hospitals. The NIS is conducted as part of the federal
Healthcare Cost and Utilization Project (HCUP) and is sponsored by the Agency
for Healthcare Research and Quality (AHRQ). Starting in 2012, the NIS was
changed from consisting of a sample of all discharges from 20% of hospitals
nationwide to consisting of a sample of 20% of discharges from all short-term-stay
hospitals in the United States. The NIS contains statistical trend weighting files for
the standardization of data for longitudinal analysis, which also account for the
sampling changes in the 2012NIS data

14
. Clinical diagnoses and surgical procedures

are recorded in the NIS using the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM).We used ICD-9-CMcodes 81.51 and
81.54 to identify, respectively, primary total hip arthroplasty (THA) and total knee
arthroplasty (TKA) and selected only procedures categorized by the NIS as elective.
Hospitals were divided into four groups on the basis of the annual number of
elective primary TKAs and THAs. The final model resulted in the following four
groupings by volume: low (a combined volume of <100TKAs andTHAs annually),
intermediate (100 to 399), high (400 to 999), and very high volume (‡1,000). The
low, the intermediate, and the high combined with very high-volume categories
divide hospitals approximately into tertiles based on their TKA and THAprocedure
volume in 2012. Because several hospitals had a much larger procedure volume
than 400 TKAs and THAs per year, the “very high-volume” category was created to
analyze the trends of these very high-volume hospitals separately.

To compare the complication rates of primary THA and TKA procedures
between hospitals, we used the hip and knee surgical complication rate data from
July 1, 2009, toMarch 31, 2012, from theMedicare Hospital Compare database

15
.

This risk-standardized complication rate (per 100 procedures) measures the
likelihood of any of 8 complications occurring within a specific time period. The
8 complications include 3measures within 7 days of admission (acutemyocardial

infarction, pneumonia, or sepsis), 3 within 30 days of admission (surgical site
bleeding, pulmonary embolism, or death), and 2 within 90 days of admission
(mechanical complications or periprosthetic joint infection or wound infection).
These complications can occur or be treated at any facility. Hospitals with <25
eligible cases are excluded from analysis by Hospital Compare. To calculate the
volume cutoffs for the Medicare Hospital Compare data, hospital data from the
NIS over the same time period were used to categorize hospitals on the basis of
procedure volume of all patients and ofMedicare patients only.Medicare volume
cutoffs were then selected, which minimized the number of hospitals that were
incorrectly categorized when compared with categorization on the basis of
procedure volume of all patients. These volume cutoffs were scaled by 33/12
to account for the Medicare Hospital Compare data spanning 33 months.

Geographic distribution was determined using U.S. county location and
population data from the 2010 U.S. Census

16
and the annual hospital volume

calculated from the Medicare Hospital Compare database. The distribution of the
U.S. population living within 50 or 100 miles (approximately 80 or 160 km) of
hospitals in the highest three volume categories (‡100, ‡400, and ‡1,000 annual
primary TKAs or THAs) was calculated. The population centroid of each county
and the geographic location of each hospitalwere used to calculate the distance from
the hospital. Figure 1 provides an overview of the analyses and databases used.

The statistical analysis involved two-tailed t tests with a significance threshold
of 0.05. Because multiple comparisons were made between the complication rates of
the hospital-volume categories, p valueswere corrected using the Bonferronimethod.

Results

From 2000 to 2012, there was a marked increase in the
number of primary elective THAs and TKAs performed

(Fig. 2). An estimated 343,000 of these procedures (95%

Fig. 3

Percentage of annual number of elective primary THA and TKA procedures performed by the four hospital-volume categories. Hospitals were grouped into

one of four categories on the basis of their combined THA and TKA annual procedure volume.
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confidence interval [CI], 311,000 to 375,000) were performed
in 2000. The number of arthroplasties rose steadily to 851,000
(95% CI, 765,000 to 936,000) in 2010, and remained steady,
with 853,000 (95% CI, 813,000 to 893,000) performed in 2012.

While the number of arthroplasties from 2000 to 2012
increased overall, the proportion of those procedures per-
formed in high or very high-volume hospitals markedly in-
creased (Fig. 3). In 2000, only 28.5% (95% CI, 19.5% to

Fig. 4

Geographic accessibility to hospitals performing a high volume of arthroplasties, using a 50-mile radius. As shown by the counties in orange, 97.6%

of the U.S. population was within 50 miles of a hospital that performed ‡100 THAs or TKAs per year (Fig. 4-A), 81.9% of the U.S. population was within

50 miles of a hospital that performed ‡400 arthroplasties per year (Fig. 4-B), and 44.2% of the U.S. population was within 50 miles of a hospital

that performed ‡1,000 arthroplasties per year (very high-volume hospital) (Fig. 4-C). Volume was based on the 2009 to 2012Medicare Hospital Compare

data. Counties in gray were excluded because of a mismatch between location and population data.

Fig. 5

The complication rate (per 100procedures) for patientsundergoing primary kneeor hip arthroplasty per hospital, basedonMedicareHospital Comparedata

measured from 2009 to 2012. The hospitals were grouped on the basis of their annual combined elective primary TKA and THA volume. There was a

significant decrease in the rate of complications as procedure volume increased. P values were corrected for multiple comparisons using the Bonferroni

method. The I bars indicate the 95% CI.
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37.5%) of elective TKAs and THAs were performed in high or
very high-volume hospitals. In 2012, 65.5% (95% CI, 60.7%
to 70.4%) of elective arthroplasties were performed in high
or very high-volume hospitals. In addition, the proportion of
procedures performed annually in low-volume hospitals
(<100 procedures) decreased considerably, from 17.9% (95%
CI, 15.9% to 19.9%) of TKAs and THAs performed in 2000 to
5.4% (95% CI, 5.0% to 5.7%) in 2012. However, these low-
volume hospitals still represented 38.9% of all hospitals that
performed an elective TKA or THA in 2012. The percentage of
arthroplasties performed annually by very high-volume hos-
pitals (‡1,000) grew from 4.3% in 2000 to 26.6% (95% CI,
22.0% to 31.1%) in 2012. These very high-volume hospitals
represented just 4.9% of all hospitals that had performed an
elective primary THA or TKA in 2012.

The majority of the U.S. population had access geo-
graphically to a high-volume hospital. Our analysis showed
that 97.6% of the U.S. population lived within 50 miles of a
hospital performing at least an intermediate volume of pro-
cedures (‡100 arthroplasties per year), 81.9% lived within
50 miles of a high or very high-volume hospital (‡400 ar-
throplasties per year), and 44.2% lived within 50 miles of a very
high-volume hospital (‡1,000 arthroplasties per year) (Fig. 4).

Our findings confirmed a strong association between
hospital volume and publicly reported surgical complication
rates.Medicare surgical complication rates for elective THAs and
TKAs differed significantly according to hospital procedure-
volume categories. The complication rates were lowest (2.745
per 100; 95% CI, 2.56 to 2.93) for very high-volume hospitals
and were highest (3.610 per 100; 95% CI, 3.58 to 3.64) for low-
volume hospitals (p < 0.0001) (Fig. 5) (odds ratio, 1.327; 95%
CI, 1.26 to 1.40). We noted a significant reduction in compli-
cation rates for each increase in volume category.

Discussion

We found that, from 2002 to 2012, there was a shift of ar-
throplasties toward higher-volume hospitals in the United

States. Although many hospitals have increased their annual
cases, higher-volume hospitals still demonstrated a lower rate of
publicly reported complications. Our findings challenge those
of previous studies that suggested that themajority of THAs and
TKAs were not being performed in high-volume hospitals17,18.

Our analysis of the NIS data shows that procedures have
shifted toward high-volume hospitals. This shift toward high-
volume hospitals could be due to a combination of factors,
including the influence of published studies on physician re-
ferral habits and the use of the Internet for research by patients.
Amovement of arthroplasty surgeons to high-volume hospitals
may also be a factor. Furthermore, we found that high-volume
hospitals have accommodated higher volumes of procedures
while still maintaining low complication rates compared with
those of lower-volume centers.

TKA and THA volume increased 148% between 2002
and 2012 (Fig. 2) while the U.S. population increased only
11.6%. Previous work concluded that the increase in volume
during the mid-2000s did not seem to result from an increase

in the number of arthroplasty programs19. Among Medicare
beneficiaries, the increase in procedures stems from increases
in both the number of Medicare enrollees as well as per capita
utilization20. Our analysis of the NIS data, however, differs from
a recent model created by Kurtz et al.11: our finding that pri-
mary TKAs and THAs plateaued from 2010 through 2012 is
not reflected in their model. The NIS underwent a sampling
change for 2012 that resulted in approximately 4.3% fewer
discharges for 2012, which may account for part of this pla-
teau14. However, more data are needed to determine whether
this reflects a true change in the trend regarding TKAs and
THAs performed each year.

The significant reduction in complications seen for higher-
volume hospitals is likely related to several factors. As hospitals
increase volume, their surgeons perform more procedures and
become more familiar with them. Previous work has established
that higher surgeon volume is associated with better outcomes
and fewer complications1,3,8,21,22. Increased hospital staff profi-
ciency in the supportive care of patients as procedure volume
increases may also contribute to the decrease in complications.
However, the authors of previous work have argued that it is not
necessarily the increase in procedure volume but an increase in
orthopaedic specialization of hospitals that contributes to their
improved outcomes23.

An important area for additional study is an examination
of the differences in practices between very high-volume and
high-volume hospitals. Very high-volume hospitals had a lower
risk-stratified complication rate than high-volume hospitals (p=
0.0008) even though it would have been expected that the ele-
ments of patient selection, clinical pathways, and standardiza-
tion had already been maximized in high-volume hospitals.

We know of no generally accepted criteria for establishing
the cut-off of high versus low-volume hospitals in orthopae-
dics. The authors of previous studies have used percentile-
based hospital groupings to define high-volume hospitals4,24,25,
while others have used hard-number thresholds1,3,6-8,18,22. The
authors of those previous studies chose cutoffs to determine
high-volume hospitals at ranges of >100 THAs, >200 TKAs,
and >200 combined TKAs and THAs. For our cutoffs, based
on elective primary TKA and THAvolume combined, we chose
4 volume categories: low (<100 procedures), intermediate (100 to
399), high (400 to 999), and very high (‡1,000). The low, the
intermediate, and the high combined with very high-volume
categories roughly divide the hospitals into tertiles for 2012,
but we decided to use hard numbers to facilitate comparison
over the years. Furthermore, it is thought that lower compli-
cation rates are related to the level of competency developed
by hospitals performing a threshold number of procedures.
As such, static hard-number cutoffs make more sense than
percentile-based volume cutoff levels that change every year
with overall procedure volume. Regardless of the cutoffs cho-
sen, the lower complications and shift toward higher volume
were robust.

Geographically, high-volume hospitals are readily avail-
able to the majority of the U.S. population. We initially con-
sidered a 100-mile radius as an appropriate travel distance in
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the United States for these procedures because it approximates
a two-hour drive. However, other work has found that 95% of
patients undergoing TKAs traveled <50 miles from their place
of residence26. Using 50 miles as a radius, the percentage of the
U.S. population living near a high or very high-volume hospital
(‡400 TKAs and THAs) was still 81.9%, well above the 65.5%
of procedures performed at high-volume hospitals. Our data
indicate that approximately 130,000 patients annually forwent
an arthroplasty procedure at a high-volume hospital despite
there being a high-volume center available in their geographic
area. Factors in addition to geographic distance appear to in-
fluence patient decisions about hospital selection for THA and
TKA procedures27.

There were several limitations to our study. Our compli-
cation data were based only on the Medicare patient population
and may not have represented the entire arthroplasty popula-
tion. However, the majority of arthroplasties are performed on
patients who are over the age of sixty-five years. Additionally,
the Medicare Hospital Compare data do not include hospitals
claiming <25 elective THAs and TKAs during the 33-month
data period, so hospitals with extremely low volume were not

included. Low-volume hospitals represented <6% of the pro-
cedures performed in 2012. Finally, Medicare Hospital Compare
data may be subject to observational bias in reporting. Addi-
tional research is needed to analyze trends in hospital volume
for revision knee and hip arthroplasty procedures.

The shift of arthroplasty case volume to high-volume
hospitals represents an interesting example of the invisible
hand of the market combined with evidenced-based medicine
to effect positive change in health care. n
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