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Abstract

Background Studies suggest a trend in the selection of
younger and healthier individuals to undergo bilateral
TKAs in an attempt to diminish the incidence of compli-
cations. It remains unclear whether this development has
reduced overall perioperative morbidity and mortality.
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Methods We accessed Nationwide Inpatient Survey data
files between 1999 and 2008. One-year periods were cre-
ated and changes in demographics, length of in-hospital
stay, and perioperative morbidity and mortality were
analyzed.

Results  An estimated 258,524 bilateral TKAs were per-
formed between 1999 and 2008 in the United States. The
number of annual procedures increased from 19,288 to
33,679 (75%). Length of hospital stay decreased from 4.98
to 4.01 days. Absolute in-hospital mortality rates decreased
at an average rate of 10% per year. The unadjusted percent
and adjusted incidence per 1000 inpatient days decreased
from 0.42% and 0.85 to 0.16% and 0.39. Although the
unadjusted incidence of pneumonia, pulmonary embolism,
and nonmyocardial infarction cardiac complications did
not change, an increase with time was detectible after
adjustment for length of stay. No changes in adjusted
incidence were seen for other complications.

Conclusions Although a decreased incidence was seen
for some major complications, others either remained
unchanged or had an increased incidence when adjusted for
length of stay. Future interventions should focus on
reducing perioperative risk to improve patient safety.

Introduction

Approximately 6% of all knee arthroplasties performed in
the United States are performed on both knees under the
same anesthetic [18]. Based on data collected primarily in
the 1990s, there appears to be a recent increase in the use of
bilateral TKAs [13]. Despite these trends, controversy
persists among physicians regarding the perioperative
safety of these procedures [16, 18, 20]. Likely to address
safety concerns, a trend toward selection of younger and
healthier individuals was evident in nationally representa-
tive data collected between 1990 and 2004 [13]. However,
it remains unclear whether this approach has reduced
overall perioperative morbidity and mortality associated
with bilateral TKAs.

A decrease in the cumulative incidence of in-hospital
procedure-related complications was detected between
1990 and 2004 when analyzing data collected for the
National Hospital Discharge Survey [13]. The available
information clearly was limited; no distinction between
major or minor morbidity could be made, and no infor-
mation on individual complications was available. As such,
minor complications such as subclinical urinary tract
infections or deep venous thrombosis may be much less
consequential than those that pose a potential threat to life,
ie, pulmonary embolism or myocardial infarction. Fur-
thermore, mortality rates could not be studied because of

@ Springer

data source limitations. The effect of a substantial decrease
in length of hospital stay (LOS), and thus the capture time
for perioperative complications, could not be accounted for
in this prior analysis. Therefore, in addition to presenting
the absolute incidence of perioperative complications, the
presentation of data as number of events per 1000 inpatient
days has gained popularity to provide a measure of
observation period-adjusted data. This strategy was used to
verify whether a decrease in complications could be
explained by a shortening of the observation time for these
complications. Despite the limitation that such an approach
assumes even distribution of complications during the
length of hospitalization, the results gained from such
analysis provide an additional method of analysis of this
topic [5, 15], particularly because most life-threatening
complications are known to occur during the early post-
operative phase [12, 19].

Major improvements in perioperative care continue to
take place. The cumulative impact of such changes in
practice on patient safety remains dynamic, thus requiring
review of recent data and trends. For example, while a shift
to the selection of younger patients with reduced preva-
lence of cardiopulmonary disease was detected in the mid
to late 1990s [13], it is unknown whether this trend has
continued more recently. Detailed and accurate knowledge
of perioperative risk is important to the contemporary care
of patients having orthopaedic procedures, promoting the
implementation of appropriate management strategies.

Studying major complications (ie, those that are an
immediate threat to life) in the immediate postoperative
period during which a patient is hospitalized is not only
important but also relevant because (1) it represents the
time during which perioperative clinicians can influence
events and (2) most major complications after knee
arthroplasty reportedly occur during hospitalization [6].

Using representative data collected between 1999 and
2008 for the largest all-payer database available in the
United States, we determined whether (1) demographics
and comorbidity patterns of patients undergoing bilateral
TKAs changed with time, and if there were detectable
changes in (2) length and cost of hospitalization, or (3) the
in-hospital mortality rate and incidence of major
complications.

Patients and Methods

For this retrospective cohort study, we obtained and ana-
lyzed Nationwide Inpatient Sample (NIS) data files. The
NIS constitutes the largest all-payer inpatient discharge
database in the United States. Detailed information on the
NIS design is available electronically [6]. Because data
used in this study are sufficiently deidentified, our
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institutional review board exempted it from review. We
accessed and analyzed annual data files from 1999 to 2008.
Admissions for bilateral TKAs were identified using the
ICD-9-CM and entries with two 81.54 codes were included
as described previously [13, 16, 18].

One-year periods were used for temporal analysis. We
analyzed trends in patient demographics, including average
age, comorbidity burden as indicated by the Deyo index
[1, 2], LOS, total hospital charges, average age, and dis-
position status. As data for total hospital charges were not
available for 1999 to 2000, only entries from 2001 to 2008
were used for this portion of the analysis.

Additionally, trends in the incidence of individual
comorbidities were computed using definitions accepted for
analysis of administrative databases [2, 3]. Rates of major
complications were tabulated by identifying entries that
listed ICD-9-CM diagnosis codes consistent with postoper-
ative cerebral infarction, sepsis, shock/cardiorespiratory
arrest, acute myocardial infarction, cardiac complications
(except myocardial infarction), pneumonia, other pulmon-
ary complications, and pulmonary embolism [7]. This
approach has been described when analyzing major com-
plication risk among recipients of bilateral knee
arthroplasties [17], and definitions were chosen to represent
potentially life-threatening events. In-hospital mortality
rates were determined for each period. Morbidity and mor-
tality rates were adjusted for changes in LOS by computing
the number of events per 1000 inpatient days.

We calculated and plotted weighted means and percent-
ages for continuous and categorical variables, respectively,
and 95% Cls were provided [21]. Weighted estimates were
calculated by uniformly multiplying stratum weights to the
number of discharges per stratum, summing the multiple
over all strata, and dividing by the total sum of weights.
Different regression methods for trend analysis were used to
characterize the association between various variables of
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interest and time [4]. In particular, Poisson regression,
linear regression, and logistic regression were applied to
person-time data (ie, in-hospital mortality per 1000 inpa-
tient days, etc), continuous data (ie, average age, average
comorbidity burden, average LOS, etc), and proportions
(ie, percentage of female patients, etc), respectively. The
regression coefficient associated with time, which illus-
trates the direction and magnitude of the trend with time,
was reported along with its p value and 95% CI. For linear
regression, the magnitude of the coefficient has a direct
interpretation as the increase or decrease corresponding to
a one-unit difference in the predictor (ie, per year in this
analysis). For Poisson regression, the exponentiated value
of the regression coefficient is a rate ratio per year. For the
binary variables, we used the estimated logistic regression
formula to back-transform the proportion and computed
average percentage change per year. The trend analysis
was performed using STATA™ Version 11 (StataCorp
LP, College Station, TX, USA), and other descriptive
statistical analyses were performed using SAS™ Version
9.2 (SAS Institute, Inc, Cary, NC, USA). To facilitate
analysis of data and to obtain consistent estimates of
mean and variance parameters taking into account the
complex survey data setting, we used SAS™ procedures
SURVEYMEANS and SURVEYFREQ for descriptive
analyses and STATA® procedures SVYSET and SVY
LINEARIZED for trend analysis.

Results

An estimated 258,524 bilateral TKAs were performed
between 1999 and 2008 in the United States. During this
time, the total number of procedures increased annually by
75.0% (from 19,288 to 33,679) (Fig. 1). We observed a
decrease in average patient age (p < 0.001; coefficient,
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—0.299; 95% CI, —0.328, —0.269) and a decrease in the
proportion of Medicare recipients (p < 0.001; coefficient,
—0.063; 95% CI, —0.070, —0.057), meaning the number of
patients insured through Medicare decreased by 2.9% per
year and the average age of patients undergoing bilateral
TKAs decreased by 4 months per year (Table 1). More
women underwent bilateral TKAs at any given time com-
pared with men. The sex gap tended to widen (p = 0.124)
with time (Table 1). An increase in the overall comorbidity
burden (Deyo index) was evident (p < 0.001; coefficient,
0.013; 95% (I, 0.011, 0.016) (Table 1). An increase in all
comorbidities examined was also observed (p < 0.001 for
all comorbidities), except for congestive heart failure, which
decreased at an average rate of 4.6% per year (p < 0.001;
coefficient, —0.048; 95% CI, —0.067, —0.028) (Fig. 2).

The average LOS decreased from 4.98 days (95% CI,
4.87, 5.10) in 1999 to 4.01 days (95% CI, 3.96, 4.05) in
2008 (p < 0.001; coefficient, —0.116; 95% CI, —0.126,
—0.106), while the proportion of routine discharges to the
patients’ customary residence without home health care
decreased at an average rate of 5.5% per year (p < 0.001;
coefficient, —0.067; 95% CI, —0.075, —0.058) (Fig. 3).
Combined hospital charges for bilateral TKAs were
approximately $1.4 billion (US dollars) between 2001 and
2008. The average charges increased from $17,357 in 2001
to $23,252 in 2008 per procedure, representing a $965
increase per year (p < 0.001; coefficient, 0.965; 95% (I,
0.928, 1.001).

In-hospital mortality decreased at an average rate of
9.8% per year (p = 0.001; coefficient, —0.100; 95% ClI,
—0.157, —0.042) (Table 2). The unadjusted incidence
decreased with time from 0.42% to 0.16% while the
adjusted incidence decreased from 0.85 to 0.39 deaths per
1000 inpatient days (p = 0.021; coefficient, —0.070; 95%
CI, —0.129, —0.011) (Table 3). The incidence of stroke
decreased at an average rate of 6.9% per year (p = 0.012;
coefficient, —0.072; 95% CI, —0.129, 0.016) (Table 2) and
results remained similar when adjusted for LOS
(p = 0.078; coefficient, —0.050; 95% CI, —0.107, 0.006).

Before adjustment for LOS, the incidence of major
morbid events did not decrease (pneumonia: +0.7%,
p = 0.657; coefficient, 0.007; 95% CI, —0.025, 0.039;
pulmonary embolism: +3.2%; p = 0.064; coefficient,
0.032; 95% CI, —0.002, 0.065; nonmyocardial infarction
cardiac: 4+0.6%; p = 0.344; coefficient, 0.006; 95% CI,
—0.006, 0.018), except for acute myocardial infarc-
tion. The incidence for the latter event decreased by
—4.2% (p = 0.049; coefficient, —0.044; 95% CI, —0.088,
< 0.001). However, when LOS adjustments were consid-
ered, we found increased incidence rate ratios of 1.03 in the
occurrence of pneumonia (p = 0.042; coefficient, 0.033;
95% CI, 0.001, 0.064), 1.06 in pulmonary embolism
(p < 0.001; coefficient, 0.061; 95% CI, 0.028, 0.094), and
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1.03 in nonmyocardial infarction cardiac complications
(p < 0.001; coefficient, 0.031; 95% CI, 0.019, 0.043). The
rate ratio of acute myocardial infarction, however, was
insignificantly decreased at 0.98 (p = 0.354; coefficient,
—0.021; 95% CI, —0.064, 0.023). Trends for other com-
plications were not significant (Table 3).

Discussion

Attempts have been made to diminish the incidence of
complications among recipients of bilateral TKAs [16, 17,
20]. It remains unclear whether the trends to performing
surgery on younger and presumably healthier patients have
reduced perioperative morbidity and mortality with time.

Our study has some limitations. First, owing to the
nature of the database, detailed clinical information is not
available and coding errors cannot be excluded. Multiple
different coding options in the ICD-9-CM coding system
may lead to a disparity in codes used to describe the same
event. However, we used validated methods to identify and
analyze these variables in this study and the NIS undergoes
rigorous quality checks to assure overall accuracy of data.
Second, the NIS does not capture postdischarge events.
Thus, information on readmissions remains unknown. It is
likely that the actual incidence of morbidity and mortality
is underestimated. Further, although the incidence of
events was adjusted for changes in LOS in this study, we
cannot control for different distribution of complications
across postoperative days. In other words, the assumption
is made that the risk of complications is the same on each
day of hospitalization, which likely is not the case.
Unfortunately, the timing of complications is not recorded
in the NIS and further analysis is not possible. Being aware
that our attempt to adjust complication rates by LOS is
associated with limitations, we also have provided absolute
rates for major complications to provide the reader with as
much information as possible. Adjusted rates should be
interpreted with this limitation in mind. Regardless, the
in-hospital period potentially is amenable to appropriate
interventions by perioperative physicians, and thus the
information reported here regarding perioperative morbid-
ity and mortality remains highly relevant. In addition, this
trend analysis provides only information on changes
in the rates of events and not on potential changes in risk.
Finally, no causal relationships can be established using
NIS data.

We identified numerous clinically relevant trends asso-
ciated with the performance of bilateral TKAs. The total
number of bilateral procedures performed annually
increased by approximately 75% in the United States during
the study period. This increase cannot be explained by the
growth of the civilian population alone but represents a
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proportionally comparable increase to that seen for unilat-
eral procedures. With approximately 1.1 million TKAs
performed in 2007 and 2008 (data extracted from the NIS),
the proportion of bilateral procedures compared with all
knee arthroplasties remained at approximately 6%, a rate
similar to that previously reported [18]. However, this
number represents a major increase compared with data
primarily collected in the 1990s, when bilateral procedures
comprised 3.7% of all knee arthroplasties [16]. A decrease in
the average age of patients of approximately 2.5 years was
seen with time, consistent with earlier findings [13] and
findings for patients having unilateral TK As during the same
time [9]. Bilateral knee procedures reportedly are associated
with increased risk for postoperative morbidity and mor-
tality, and advanced age is a risk factor for such
complications [12, 18, 20]. Although it may be argued that
the trend toward decreasing age among patients having
bilateral TKAs reflects a deliberate selection of younger
patients for this procedure, it cannot be disregarded that the
average age generally has been decreasing among patients
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requiring TKAs and thus the reasons for the changes among
recipients have to remain speculative [8, 14].

We previously described an increase in the incidence of
comorbidities among patients undergoing unilateral and
bilateral TKAs [13, 14], likely representing a trend that
affects the entire arthroplasty population [9, 10, 14]. The
overall comorbidity burden among patients receiving
bilateral procedures is lower compared with that for
patients receiving unilateral procedures [9, 14, 16]. The
incidence of congestive heart failure, one of the most
important risk factors for perioperative morbidity and
mortality after TKA [18], steadily decreased with time.

We identified a decrease in the average LOS, a decrease
in discharge to the patients’ customary residence, and an
increase in hospital charges with time. Although bilateral
TKAs may have advantages in terms of cost-effectiveness
compared with staged surgery [22] and shorter LOS may
contribute to cost savings, the impact of the increase in
nonroutine discharges must be considered [11]. The char-
ges among patients admitted for unilateral TKAs increased
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(from $11,146 to $14,718 [extracted from the NIS]) by a
similar factor between 2001 and 2008 compared with those
seen for patients admitted for bilateral TKAs in this study
(32% versus 34%). The impact of these trends on patient
safety remains largely unstudied.

The majority of life-threatening complications occur
during the first days postoperatively [12, 19]. This and the
observation that most patients having these complications
develop have no identifiable risk factors [19] should cau-
tion against shortening LOS without further study on the
affect on perioperative safety. The safety of such a step
requires rigorous study before expansion of this practice to
patients having bilateral TKAs [18, 20].

The disparity in the trends of major complications and
mortality may be explained by improvements in perioper-
ative care (eg, more extensive use of telemetry) that may
have an impact in preventing a fatal event, while the
increased rates of many complications may represent the
consequence of patients presenting with a higher comor-
bidity burden. However, our analysis was not able to
identify causes for the trends identified. In addition, with
concomitant trends in demographics, our results may lend
themselves to different interpretations.

We identified numerous trends in the United States
between 1999 and 2008 associated with bilateral TKAs.
Reduced mortality rates represent a remarkable achievement
and decreases were seen in the incidence of certain major
complications. However, the unchanged incidence of many
perioperative events and increased rates of some major com-
plications when adjusted for LOS demands that future
interventions focus on reducing perioperative risk to improve
patient safety. Perioperative physicians should strive to
maintain the appropriate balance of cost-effectiveness and
patient safety for bilateral TKAs.
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