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Abstract
Objective—Study 90-day cardiac and thromboembolic complications and all-cause mortality
following total hip or knee arthroplasty (THA/TKA).

Method—In a population-based cohort of all Olmsted County residents who underwent a THA or
TKA between 1994 and 2008, we assessed 90-day occurrence and predictors of cardiac
complications (myocardial infarction, cardiac arrhythmia or congestive heart failure),
thromboembolic complications (deep venous thrombosis (DVT) or pulmonary embolism (PE))
and mortality.

Results—Among the Olmsted County THA and TKA cohorts, 90-day complication rates were as
follows: cardiac, 15.8% and 6.9%; thromboembolic, 4.9% and 4.0%; and mortality, 0.7% and
0.4%, respectively. Unadjusted frequency of cardiac/thromboembolic events differed by history of
prior respective event. In multivariable-adjusted logistic regression analyses, ASA class III–IV
(OR, 6.1, 95% CI:1.6, 22.8) and higher Deyo-Charlson comorbidity score (OR, 1.2, 95% CI:
1.0,1.4) were significantly associated with odds of 90-day cardiac event post-THA in patients with
no known prior cardiac event. In those with known prior cardiac disease, ASA class III–IV (OR,
4.4, 95% CI:2.0, 9.9), male gender (OR, 0.5, 95% CI:0.3,0.9) and history of thromboembolic
disease (OR, 3.2; 95% CI:1.4,7.0) were significantly associated with odds of cardiac complication
90-day post-THA. No significant predictors of thromboembolism were found in THA patients.

In TKA patients with no prior cardiac history, age >65 years (OR, 4.1, 95% CI:1.2, 14.0), and
ASA class III–IV (OR, 2.8, 95% CI:1.1,6.8) and in TKA patients with known cardiac disease,
ASA class III–IV (OR, 3.2, 95% CI:1.8,5.7) was significantly associated with odds of 90-day
cardiac event. In TKA patients with no prior thromboembolic disease, male gender (OR, 0.5, 95%
CI:0.2,0.9) and higher Charlson index (OR, 1.2, 95% CI:1.1,1.3) and in patients with known
thromboembolic disease, higher Charlson index score (OR, 1.1, 95% CI:1.1,1.4) was associated
with odds of 90-day thromboembolic event.
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Conclusion—Older age, higher comorbidity, higher ASA class and prior history of cardiac/
thromboembolic disease was associated with an increased risk of 90-day cardiac and
thromboembolic complications.
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Total knee arthroplasty (TKA) and Total Hip Arthroplasty (THA) lead to significant
improvement in pain, function and health-related quality of life (HRQoL) [1–2]. Cardiac and
thromboembolic complications are not uncommon in the peri- and post-operative period.
Since a significant number of elderly patients undergo these common procedures, it is
important to study these complications and their predictors. Most estimates for cardiac and
thromboembolic complications following THA or TKA have been obtained from single-
center studies or national/regional datasets, including Medicare [3–4], National Inpatient
Sample (NIS) [5–6] and state-based discharge registries [7–9]. None of these estimates are
truly population-based. In an analysis of Medicare data, 90-day cardiac, thromboembolic
and mortality rates after primary TKA were 0.8%, 0.8% and 0.6%, respectively [4].
Following THA, 30-day mortality was 2% overall, higher following hip fracture (6%) than
other diagnoses (0.9–1.6%) [3].

Very few well-designed studies, with adequate sample size and adjustment for important
confounders using multivariable analyses, have examined predictors of cardiac and
thromboembolic complications and mortality. Using the NIS sample from 1990–2004,
authors found that older age, male gender, larger hospital size, comorbidities, post-operative
complications and payer-type were associated with higher inpatient mortality in patients
who underwent THA or TKA [5–6]. In an analysis of Medicare data from 1983–85, older
age was a significant predictor of 30-day mortality after THA in multivariable-adjusted
analyses [3]. Basilico et al. performed a case-control study of 209 cases with post-operative
cardiac complications (including pulmonary embolism) compared to 209 controls without
any complication following THA or TKA [10]. Prior history of heart disease (arrhythmia,
coronary artery disease, myocardial infarction (MI), congestive heart failure (CHF) or
valvular heart disease), older age, revision and bilateral surgery were associated with
significantly higher odds of 90-day cardiac complication post-arthroplasty [10]. While these
studies have provided insight into cardiopulmonary complications following THA and TKA,
they have important limitations. These studies are limited in that complications were studied
only during inpatient stay (NIS) [5] [6], in certain age groups (≥65 years for Medicare) [3],
or they combined cardiac and thromboembolic complications [10]. With the exception of
one study [10], data were claims-based.

Our aim was to use a population-based approach using the data from the Rochester
Epidemiology Project (REP) to study these complications after THA and TKA. REP is a
rich resource to conduct population-based studies [11–13]. The objectives of this study were
to: (1) provide population-based estimates of cardiac and thromboembolic events and
mortality rates up to 90-days after primary THA and TKA; (2) assess the predictors of these
outcomes at 90-days; and, (3) examine the time-trends in these outcomes.

METHODS
Data Sources and Study Population

We used the data from the Mayo Clinic (Rochester) electronic clinical and administrative
databases for this study. We merged the data from the Rochester Epidemiology Project
(REP) [13] and the prospective Mayo Clinic Total Joint Registry [14]. REP is a population-
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based records linkage system that captures health care and outcomes of residents of Olmsted
County, which is situated in southeastern Minnesota and is comprised of approximately
124,000 people (2000 U.S. census). REP was developed in the 1960s and has been
continuously supported by the NIH since then [13]; it has been used to study population-
based epidemiology of rheumatic diseases [15–21] and several other conditions [22–26] in
the U.S. Previous studies have shown that in any three-year period, over 90% of Olmsted
County residents are examined at Mayo Clinic health care system in the Olmsted County
[13]. The closest competing medical centers are in Minneapolis, Minnesota (139 kilometers
to the north) and LaCrosse, Wisconsin (114 kilometers to the east). The Mayo Clinic
provides primary and secondary care to local residents. The total joint registry has been
prospectively capturing every hip and knee arthroplasty procedure since the procedures were
introduced in 1969 and 1971, respectively. Patients are routinely followed up 1-, 2- and 5-
years after hip and knee arthroplasty. For patients who miss their appointments, mailed
questionnaires regarding outcomes and complications are requested along with radiographs.
Patients not returning for follow-up and not responding to mailed letters/questionnaires are
contacted by telephone call from trained, dedicated registry staff, who administers these
questionnaires over the phone.

The time period of interest for this study was from 1/1/1994 to 5/31/2008. This longer
observation period was chosen to provide us with enough outcome events, have all
predictors of interest in our databases and in order to avoid significant change in definitions
of cardiac and thromboembolic events that we may have encountered. From the list of all
primary Total Hip and Total Knee Arthroplasties (THA/TKA) conducted at the Mayo
Clinic, we identified patients residing in the Olmsted County, using the Zip Code + 4
information, to obtain a population-based sample. Since all Olmsted County residents use
the Mayo Clinic system for their healthcare, this allowed us to capture all complications
following the index arthroplasty. There are 1,744 THA patients and 1,604 TKA patients.
After excluding those with hip fracture as the underlying diagnosis to identify only those
with elective surgeries, the final sample consisted of 1,195 THA and 1,604 TKA patients.

Study Outcomes
Three study outcomes of interest were cardiac events, thromboembolic events and all-cause
mortality within 90-days of the index surgery in the Olmsted County residents during our
study period of interest, 1994–2008. We extracted the diagnoses codes for cardiac and
thromboembolic events from the Mayo Clinic Medical Indexing system using Mayo Clinic’s
Hospital Adaptation of International Code for Diseases (H-ICDA) codes [27] (available
from 1935 to current) and International Classification of Diseases ninth version (ICD-9).
These codes are valid and are collected for every in- and out-patient at the Mayo Clinic [28].
Cardiac events were defined as new occurrence of myocardial infarction (MI), congestive
heart failure (CHF) or cardiac arrhythmia, identified by new codes for these conditions
(online supplementary Table S1). We also extracted procedure codes for angioplasty with
and without stent and coronary artery bypass grafting. Since addition of these procedure
codes led to identification of only 0.9% of additional events in hip and 0.6% additional
events in knee patients who underwent the procedures without documentation of diagnostic
code for cardiac or thromboembolic event, we restricted our analyses to only those with H-
ICDA or ICD-9 codes. Thromboembolic event was defined as occurrence of new codes for
deep vein thrombosis or pulmonary embolism (online supplementary Table S1).

Predictors of Outcomes
In univariate analyses, we considered the following variables: (1) Age, categorized as ≤65
and >65 years; (2) Gender; (3) Prior underlying cardiac events (MI, CHF, or arrhythmia),
yes/no; (4) Prior underlying thromboembolic event (DVT or PE), yes/no; (5) Body mass
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index: available from 1988, for each 5-unit increase (values over 80 and under 10 were set to
missing); (6) Comorbidity assessed by Deyo-Charlson index, a validated comorbidity
assessment consisting of a weighted sum of 19 comorbidities (including cardiac, pulmonary,
renal, hepatic disease, diabetes, cancer, HIV, etc.) [29–30] with higher score indicates more
comorbidity, per 1-point increase; available from 1994; (7) American Society of
Anesthesiologist (ASA) score: a validated measure a validated measure of peri-operative
mortality and immediate post-operative morbidity, categorized as class I–II vs. III–IV [31–
32] (class I, normal healthy patient; class II, patient with mild systemic disease (with no
functional limitation); class III, patient with severe systemic disease (with some functional
limitation); class IV, patient with severe systemic disease that is constant threat to life or
moribund patient). Since there were only seven bilateral THAs, all 2006 or later, this
variable was not analyzed for THAs. Due to an dramatic effect of pre-existing cardiac and
thromboembolic disease on occurrence of these events after THA and

TKA, all analyses were done separately for those with and without pre-existing cardiac and
pre-existing thromboembolic disease. Specifically, the predictors considered for respective
multivariable analyses were as follows: (a) Predictors for 90-day Cardiac event: Age,
gender, ASA, BMI, Deyo-Charlson Index and pre-existing thromboembolic disease; (b)
Predictors for 90-day thromboembolic event: Age, gender, ASA, BMI, Deyo-Charlson
Index and pre-existing cardiac disease. Only predictors statistically significant in univariate
analyses (p<0.05) were entered into multivariable regression models. Since 90-day mortality
rate was low (<10 each for THA and TKA), we could not perform any analyses for
predictors of mortality.

Statistical Analyses
Descriptive statistics are reported as number (percentage) or mean (SD) as appropriate.
Olmsted County residents were assessed for the occurrence of a cardiac event,
thromboembolic event and all-cause mortality within 90 days of their initial joint
arthroplasty. A 90-day cardiac event included a diagnosis of arrhythmia, myocardial
infarction, or congestive heart failure within 90 days of the THA/TKA. A 90-day
thromboembolic event included a diagnosis of either pulmonary embolism or deep vein
thrombosis within 90 days of THA/TKA.

Separate logistic regression models were used for univariate and multivariable-adjusted
analyses of 90-day cardiac event and 90-day thromboembolic event. A backward selection
method was used to identify the significant variable in the multivariable models. Variables
with significant associations with the outcome (p<0.05) in univariate analyses were entered
into the multivariable models. Variables assessed for association with each event included:
age (categorized as ≤65 vs. >65), male gender, ASA score (categorized as I/II vs. III/IV),
body mass index (BMI), Deyo-Charlson Index, thromboembolic event prior to THA/TKA
(assessment of 90-day cardiac event), and cardiac event prior to THA/TKA (assessment of
90-day thromboembolic event). Odds ratios (OR) and 95% confidence intervals (CIs), based
on the logistic regression model estimates, are reported. Both univariate and multivariable-
adjusted estimates are presented in tables, but only multivariable-adjusted estimates are
described in results and discussion, to avoid complexity.

Time-trends in cardiac and thromboembolic events was examined for the various study
periods using a linear regression with the independent variable being time of the orthopedic
surgery. Trends in BMI and comorbidity were analyzed similarly. The alpha-level was set at
0.05 for statistical significance. All analyses were performed using SAS 9.2 by SAS Institute
Inc., Cary, NC, USA.
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RESULTS
Characteristics of the Study Populations

We identified all Olmsted County residents who underwent primary elective THA (n=1,195)
or TKA (n= 1,604) at the Mayo Clinic during 1994–2008, after excluding patients with hip
fracture. Cardiac and thromboembolic events and mortality were assessed for this
population-based cohort. Olmsted County residents who underwent THA and TKA had
mean ages of 67 and 68 years, 43% and 37% were male and the underlying diagnosis was
osteoarthritis in 84% and 92%, respectively (Table 1). Only those with primary THA or
primary TKA were analyzed, which constituted the majority of all hip and knee
arthroplasties, respectively (Table 1).

Incidence of complications after THA and TKA
Table 2 shows the population-based incidence of cardiac and thromboembolic events and
mortality in THA and TKA in Olmsted County cohort at 7-, 30- and 90-days post-
operatively. Overall, among patients from Olmsted County undergoing primary THA
(n=1,195), 6.9% had a cardiac event, 4.0% had a thromboembolic event and 0.7% died
within 90-days post-THA. Similarly, among Olmsted County patients undergoing primary
TKA (n=1,608), 6.7% had a cardiac event, 4.9% had a thromboembolic event and 0.4% died
within 90-days post-TKA.

Table 3 shows the distribution of cardiac and thromboembolic events between patients who
had prior cardiac or prior thromboembolic events. The rates differed sharply between
patients with and without prior cardiac and thromboembolic events. Therefore, all
subsequent analyses were done separately for patients with and without prior cardiac and
thromboembolic events. Since only 8 THA and 7 TKA patients died within 90-days of the
respective procedure, no further analyses of predictors were performed for 90-day mortality.

Risk Factors for Cardiac and Thromboembolic Events 90-days after Elective Primary THA
In multivariable-adjusted analyses of THA patients with no known prior cardiac disease,
higher (worse) ASA class of 3–4 and higher Deyo-Charlson index were associated with
significantly higher risk of a cardiac event 90-days post-THA (Table 4). In multivariable-
adjusted analyses of THA patients with known cardiac disease, higher (worse) ASA class of
3–4, female gender and prior history of thromboembolic event were significantly associated
with higher risk of a cardiac event 90-days post-THA.

In THA patients with or without known prior thromboembolic disease, none of the risk
factors were significantly associated with 90-day risk of thromboembolic event (Table 4).

Risk Factors for Cardiac and Thromboembolic Events 90-days after Elective Primary TKA
In TKA patients with no known prior cardiac disease, age >65 years and higher (worse)
ASA class of 3–4 were associated with higher risk of a cardiac event 90-days post-TKA
(Table 5). In TKA patients with known cardiac disease, higher ASA class of 3–4 was
significantly associated with higher risk of a cardiac event 90-days post-TKA.

In TKA patients with no known prior thromboembolic disease, higher Deyo-Charlson index
score and female gender were associated with higher risk of 90-day risk of thromboembolic
event (Table 5). In TKA patients with known prior thromboembolic disease, higher Deyo-
Charlson index score was associated significantly higher risk of thromboembolic event
within 90-days of index TKA.
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Time Trends in Post-operative Cardiac Events and Thromboembolic Events
We noted significant time trend with increase in cardiac events in those with pre-existing
cardiac disease, both in THA and TKA cohorts (Figure 1a, 1c). No significant time trends in
thromboembolic events in patients with thromboembolic events were noted, in both THA
and TKA cohorts (Figure 1b, 1d). No significant time-trends in cardiac or thromboembolic
events were noted in patients without prior respective events, in both THA and TKA cohorts
(data not shown).

Interestingly, significant increase was noted in body mass index through the study period
(p<0.001), for example BMI increased from 26.5 kg/m2 in 1994–96 to 28.8 kg/m2 in 2006–
08 and Deyo-Charlson index during the study period (p=0.02), as an example it increased
from 2.0 in 1994–96 to 2.6 in 2006–08 in THA cohort. Similarly in TKA cohort, body mass
index increased significantly over study period (p<0.001), for example it increased from
30.3 in 1994–96 to 32.1 in 2006–08.

DISCUSSION
In this population-based study, we provided population-based estimates of cardiac and
thromboembolic complications and mortality in a U.S. cohort of primary THA and TKA for
the first time. We found that female gender and higher ASA class of III-IV were risk factors
for cardiac events after THA. In TKA patients, older age and ASA class of III-IV were risk
factors for 90-day cardiac events, and female gender and higher comorbidity index were risk
factors for 90-day thromboembolic events. With very few exceptions (cardiac events in
those with prior history of cardiac events), we did not note any significant time-trends.
Increase in disease diagnosis, closer surveillance for these complications and change in
disease definitions may contribute to time-trends. Several findings deserve further
discussion.

This study provides population-based estimates for 90-day cardiac and thromboembolic
events in a U.S. arthroplasty cohort and adds to the literature. We know of no other
population-based U.S. study that has provided incidence rates for post-arthroplasty
complications. Overall, in the THA cohort, 6.9% had 90-day cardiac and 4.0% had 90-day
thromboembolic events. In the TKA cohort, 6.7% had 90-day cardiac and 4.9% had 90-day
thromboembolic events. It is not surprising that the rate of 1.4% for 90-day myocardial
infarction in our TKA cohort is very similar to the 0.8% reported for primary TKA Medicare
study population from the year 2000 [4]. One difference in these studies was inclusion of all
patients in our study versus only those 65 years and older in the previous study that used
Medicare data.

Although not directly comparable, the thromboembolic event rates from two previously
published non-population-based U.S. studies were 1.9% for THA and 3.0% for TKA
patients during the index hospitalization [7] and 2.8% for primary THAs and 2.1% for
primary TKAs within 90-days [8]. Differences in study design (population- versus non-
population-based), study time-frames and mean age in THA cohort may underlie these
differences. Non-population based studies lack the ability to provide true incidence rates,
since the denominator is patients seen in a facility and not the population. Therefore, they
can over- or under-estimate rates based on patient case-mix. Rates of symptomatic
thromboembolic event 90-day postoperatively in a population-based study from Scotland
were 2.2% for THA and 1.7% for TKA during 1992–2001 [33]. Differences in outcome
event definition (any versus symptomatic thromboembolism), health care delivery systems
(U.S. versus Sweden), risk factor profile of patients, patient age (69 versus 71 years for
THA) and study time-period differences may explain the differences in the rates between
our and the Swedish study.
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We identified risk factors for cardiac events following THA and TKA. An important
observation was that the factors and the risk associated with them varied by the type of
arthroplasty (THA versus TKA) and the history of prior cardiac or thromboembolic disease.
In fact, the complication rates were so dramatically different between patients with and
without pre-existing disease that all analyses were conducted separately. One notable
exception was the lack of difference in rates of thromboembolism by prior such history in
the TKA cohort (6.7% versus 6.6%). These observations imply that caution must be taken
before combining events in patients with and without prior history of these events and in
patients with THA versus TKA.

One of the previous well-designed case-control study combined THA and TKA cohorts and
included pulmonary embolism in cardiovascular complications [10]. In this study, prior
history of cardiac disease, older age, revision and bilateral surgery were associated with
higher odds of 90-day cardiac complication after total joint arthroplasty [10]. We confirm
the previously reported old age and pre-existing cardiac disease associations with cardiac
complications. In addition, not surprisingly, we identified ASA class as a risk factor for
cardiac complications, in both THA and TKA cohorts. ASA has been identified as a risk
factor for peri-operative complications, in general [34]. Our study extends this finding to
postoperative cardiac complications in arthroplasty cohorts.

We found that there were no additional demonstrable risk factors for 90-day
thromboembolic events in THA patients except prior history of thromboembolism
(unadjusted rates 5.9% versus 20.3%). Our study confirms a similar finding of association of
prior thromboembolic disease with 30-day post-operative symptomatic thromboembolic
events in patients undergoing major lower limb surgery, including THA, TKA and hip
fracture surgery [35], and extends this to 90-day follow-up. The surgeons may need to be
extra vigilant for thromboembolic events in THA patients with prior thromboembolism with
regards to the choice and intensity of venous thromboembolism prophylaxis. There is an
intense debate regarding the choice of thromboprophylaxis in patients undergoing knee or
hip arthroplasty [36] [37]. The American Association of Chest Physicians recommends the
use of heparin, coumadin or fondaparinux and recommending not using aspirin or
mechanical devices alone [38]. On the other hand, the American Academy of Orthopedic
Surgeons recommends aspirin as an option in those at lower risk of thromboembolism and
higher risk of bleeding [39].

Women undergoing TKA had significantly higher risk of thromboembolism in our study,
confirming similar prior observation [7]. In addition, we found that higher comorbidity was
a significant risk factor for thromboembolic events in both patients with and without prior
known thromboembolism. A similar observation has been made in THA, but not TKA,
cohorts [7]. Our study is limited in that we did not study post-thrombotic syndrome, an
important complication after TKA/THA. Deep venous thrombosis occurred more frequently
than pulmonary embolism in both THA and TKA cohorts, which is similar to previous
studies [40–44]. This is an expected finding due to immobilization of the lower extremity
after THA/TKA.

In conclusion, we performed a population-based study to estimate the incidence rates of
cardiac and thromboembolic events and mortality up to 90-days after elective primary THA
and TKA. Several findings of risk factors from other studies were confirmed and new
predictors and risk factors were identified. Findings from this study can guide providers to
discuss the risk of these complications depending on whether patients have prior history of
cardiac and thromboembolic disease or not. Future studies should explore whether use of
certain interventions, including type of thromboprophylaxis and comorbidity management,
can reduce these perioperative complications.
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Figure 1.
Time trends in cardiac and thromboembolic events in Olmsted county residents
1a. 90-day cardiac events in Olmsted County residents with THA
1b. 90-day thromboembolic events in Olmsted County residents with THA
1c. 90-day cardiac events in Olmsted County residents with TKA
1d. 90-day thromboembolic events in Olmsted County residents with TKA

Singh et al. Page 12

Ann Rheum Dis. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Singh et al. Page 13

Table 1

Clinical Characteristics of the Study Population

Olmsted County Residents Mean ± SD or n (%)

THA (n=1,195 patients) TKA (n=1,608 patients)

Age 66.6 ± 13.1 68.1 ± 10.6

Male/Female 512 (42.9%) 600 (37.3%)

Primary/Revision 1104 (92.4%) 1544 (96.0%)

% Bilaterala 46 (3.9%) 174 (10.8%)

% Cemented or hybrid 1115 (93.3%) 1547 (90.2%)

Operative Diagnosis

 Osteoarthritis 1005 (84.1%) 1473 (91.6%)

 Rheumatoid arthritis 24 (2.0%) 30 (1.9%)

 Otherb 166 (13.9%) 105 (6.5%)

Body Mass Indexc 29.0 ± 6.2 31.6 ± 6.7

ASA Class

 I–II 675 (56.5%) 905 (56.3%)

 III–IV 459 (38.4%) 646 (40.2%)

Deyo-Charlson Indexd 2.0 ± 2.5 2.2 ± 2.5

a
Bilateral indicates the number (percent) of patients who underwent bilateral knee or bilateral hip surgeries within 90-days of the index surgery and

includes simultaneous bilateral and staged bilateral surgeries;

b
Other category includes avascular necrosis, failure due to previous surgery etc.;

c
Body Mass Index data were available starting in 1988;

d
Deyo-Charlson Index data were available starting in 1994.

THA, Total hip arthroplasty; TKA, Total knee arthroplasty; SD, standard deviation; ASA, American Society of Anesthesiologists
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