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Abstract
Background—Thrombotic and bleeding complications are major concerns during orthopedic
surgery. Given the frequency of orthopedic surgical procedures and the limited data in the
literature, we sought to investigate the incidence and risk factors for thrombotic (myocardial
necrosis and infarction) and bleeding events in patients undergoing orthopedic surgery.

Methods and Results—We performed a retrospective cohort analysis of 3,082 consecutive
subjects ≥ 21 years of age undergoing hip, knee, or spine surgery between November 1, 2008, and
December 31, 2009. Patient characteristics were ascertained using ICD-9 diagnosis coding and
retrospective review of medical records, and laboratory/blood bank databases. In-hospital
outcomes included myocardial necrosis (elevated troponin), major bleeding, coded myocardial
infarction (MI), and coded hemorrhage as defined by ICD-9 coding. Of the 3,082 subjects, mean
age was 60.8 ± 13.3 years and 59% were female. Myocardial necrosis, coded MI, major bleeding,
and coded hemorrhage occurred in 179 (5.8%), 20 (0.7%), 165 (5.4%), and 26 (0.8%) subjects,
respectively. Increasing age (P<0.001), CAD (P<0.001), cancer (P=0.004), and chronic kidney
disease (P=0.01) were independent predictors of myocardial necrosis, while procedure type
(P<0.001), cancer (P<0.001), female sex (P<0.001), CAD (P<0.001), and COPD (P=0.01) were
independent predictors of major bleeding.
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Conclusion—There is a delicate balance between thrombotic and bleeding events in the
perioperative period following orthopedic surgery. Perioperative risk of both thrombosis and
bleeding deserve careful attention in preoperative evaluation and future prospective studies aimed
at attenuating this risk are warranted.
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The competing risks of thrombotic and hemorrhagic complications are a major concern
following orthopedic surgery. Perioperative thrombotic complications are a major cause of
morbidity and mortality, occurring in 1–53% of cases depending on type of surgery,
comorbidities present, and outcome ascertainment1–9. On the opposite end of the
haemostatic equilibrium, major perioperative bleeding increases the risk of reoperation,
overall length of stay, and hospital costs10. Despite the significant consequences of
perioperative bleeding, there is a lack of information about baseline risk factors and
incidence of major bleeding following orthopedic surgery.

With the ageing population, up to 25% of patients undergoing orthopedic surgery have
underlying coronary artery disease (CAD)6, 11, 12. Subjects with established CAD are at
increased risk for both perioperative thrombotic and bleeding complications4, 13, and the
potential benefit of antiplatelet therapy to decrease thrombotic events must be weighed
against increased risk of bleeding during the perioperative period.

To properly assess the potential benefit/risk trade-off during the perioperative period, one
must know the incidence of both thrombotic and bleeding events following surgery. Most
studies investigating the incidence of perioperative myocardial infarction (MI) in non-
cardiac surgery were done in vascular surgery, a high-risk population that is likely to differ
from the orthopedic population14–17. Furthermore, there are few data on the perioperative
risk of bleeding in orthopedic surgery. Given the frequency of orthopedic surgical
procedures and the limited data in the literature, we undertook this study to investigate the
incidence of thrombotic (myocardial necrosis and/or MI) and major bleeding events in a
cohort of patients with and without established coronary CAD who underwent orthopedic
surgery in a tertiary medical center.

Methods
Study Design

We performed a retrospective cohort analysis of 3,294 consecutive subjects at a tertiary care
academic medical center between November 1, 2008 and December 31, 2009. Patients older
than 21 years of age who underwent hip, knee, or spine surgery were eligible. 212 subjects
younger than 21 years of age were excluded leaving 3,082 subjects in this cohort. This study
was approved by the Institutional Review Board with an informed consent waiver.

Data Sources
Data for this study were obtained from the hospital administrative database, hospital
laboratory database, hospital blood bank database, and from retrospective medical record
review. Data quality was assessed by reviewing a random sample of 10% of all medical
records, blood bank database cases, and laboratory database cases.
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Patient Characteristics
Patient characteristics and comorbidities were ascertained using the hospital administrative
dataset. Information was collected on the following baseline demographics: age, sex, race/
ethnicity, admission type (elective, urgent, or emergent surgery), and discharge disposition
(alive, transferred to hospice, or expired). International Classification of Disease (ICD)-9
procedure codes were used to ascertain spinal fusion (81.0x), refusion of spine (81.3x), joint
replacement of lower extremity (81.5x), other procedures on spine (81.6x). ICD-9 diagnosis
codes were used to ascertain comorbidities on admission: history of coronary artery disease
(412, 414.x), hypertension (401.x, 402, 403.x, 404, 405.x), cancer (140–208.9), diabetes
mellitus (250.x), chronic obstructive pulmonary disease (COPD) (491.x, 496), chronic
kidney disease (CKD) (585.x), peripheral vascular disease (PVD) (440.x, 443.x).

Approximately 11% of all subjects undergoing orthopedic surgery had CAD as determined
by an ICD-9 diagnosis code indicating previous myocardial infarction (412.x), previous
cardiac revascularization procedure (coronary artery bypass graft surgery or percutaneous
coronary intervention, 36.x), or coronary artery disease (412, 414.x). Retrospective medical
record review was carried out for all cases with a diagnosis of coronary artery disease
(CAD) to obtain detailed information on demographics, clinical risk factors, and
preoperative medications. History of heart failure (HF) and the preoperative use of aspirin
(within 3 days of surgery) were additionally collected in the CAD cohort.

Outcomes
Myocardial necrosis was defined by an elevation in troponin level above the upper reference
limit of the laboratory. Major bleeding was defined according to a modified definition of the
International Society on Thrombosis and Haemostasis (ISTH) perioperative definition as
transfusion of two or more units of packed red blood cells within 1 calendar day of surgery.
We performed a medical record review of all blood bank data and obtained number and date
of transfusions18. Troponin level was collected from laboratory data. Additional endpoints
collected included discharge diagnosis codes for myocardial infarction (410.x),
postoperative hemorrhage (998.11), and stroke (430, 431, 432.9, 433.x, 434.x, 435.x, 436,
674.x, 997.02), all not present on admission, all-cause mortality, and length of stay.

Statistical Analysis
Baseline variables with a continuous outcome were summarized as means ± standard
deviation (SD) and categorical variables as frequencies and percentages overall and
stratified by presence of CAD. Continuous variables were compared using Student’s t test
and categorical variables were compared by χ2 Chi-square test/Fisher exact test. Baseline
characteristics associated with thrombotic and bleeding events were estimated with
univariate logistic regression models and reported as odd ratios (ORs) with corresponding to
95% confidence intervals (CIs). Those with a value of P ≤ 0.2 were introduced in a
multivariate logistic regression model to identify independent predictors for thrombotic and
major bleeding events.

All p values were obtained from two-sided tests. Statistical significance was defined as P <
0.05.

Funding Sources
The study was an investigator initiated study. It was supported in part by grant
1UL1RR029893 from the National Center for Research Resources, National Institutes of
Health. The authors are solely responsible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper and its final contents.
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Results
Overall Population

A total of 3,082 subjects who underwent orthopedic surgery of the spine (38%), knee (33%)
and hip (30%) were included. Baseline characteristics are described in Table 1. The mean
age of the cohort was 60.8 ± 13.3 years, 59% were female, and 65% were Caucasian. A
history of coronary artery disease (CAD) was present in 327 (11%) subjects. Forty-nine
percent of subjects had a history of hypertension, 15% diabetes, 3% kidney disease, 2%
cancer, and 1% peripheral vascular disease.

Adverse perioperative events are recorded in Table 2. Myocardial necrosis and coded
myocardial infarction (MI) occurred in 179 (5.8%), and 20 (0.7%) subjects, respectively.
Any transfusion, ISTH defined perioperative major bleeding, and coded hemorrhage
occurred in 781 (25.3%), 165 (5.4%), and 26 (0.8%) subjects, respectively. Stroke and all-
cause mortality or transfer to hospice occurred in 4 (0.1%) and 5 (0.2%) subjects,
respectively. The mean length of stay was 5.3 ± 5.6 days.

Perioperative Myocardial Necrosis
Myocardial necrosis occurred in 179 subjects. Subjects with myocardial necrosis were older
(72.3 ± 11.3 years vs 60 ± 13.1 years, P<0.001) than those without myocardial necrosis.
There were no significant differences in sex and type of surgery between groups. As
expected, subjects with myocardial necrosis had more cardiovascular risk factors (Table 3).
To determine the independent factors related to the incidence of myocardial necrosis, we
performed multivariate logistic regression analysis (Table 3). Increasing age, history of
CAD, history of cancer, and kidney disease were independent predictors of myocardial
necrosis. Increasing age, history of CAD, and history of cancer had the highest Wald’s chi
square values and therefore were most strongly correlated with myocardial necrosis.
Procedure type and clinical urgency were not independently associated with the risk of
myocardial necrosis. Subjects with perioperative myocardial necrosis had a 2-fold increased
length of stay compared to subjects without myocardial necrosis (10.8 days ± 10.3 vs 5.0
days ± 4.9), P<0.001). Although occurring less frequently, we performed a multivariable
analysis for the endpoint of coded MI. Similar to the findings for the myocardial necrosis
endpoint, age and cancer were most strongly correlated with coded MI (data not shown).

Perioperative Major Bleeding
Perioperative major bleeding defined by the ISTH perioperative major bleeding definition
occurred in 165 subjects18. Characteristics of subjects with and without major bleeding are
described in Table 4. To determine the independent factors related to the incidence of major
bleeding, we performed multivariate logistic regression analysis (Table 4). Procedure type,
cancer, female sex, CAD, and COPD were independent predictors of major bleeding.
Procedure type, cancer, female sex, and CAD had the highest Wald’s chi square values, thus
were most strongly correlated with major bleeding. Subjects with a major bleeding event
had a significantly longer length of stay versus those without a major bleeding event (9.0
days ± 7.1 vs 5.1 days ± 5.4, P<0.001). After multivariable analysis for the endpoint of
coded hemorrhage, cancer and CAD were the strongest correlates (data not shown).

CAD Population
In the CAD population, the perioperative incidence of both thrombotic and bleeding events
was higher than in subjects without CAD (Appendix Table 1). Of the 63 subjects who
developed myocardial necrosis, 36 (57.1%) had a troponin elevation greater than or equal to
two times the upper limit of normal, and 7 (13.2%) subjects were given a discharge
diagnosis of acute MI not present on admission.
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Preoperative aspirin use was infrequent among patients with CAD (7.6%), and not
significantly different in subjects with and without myocardial necrosis or major bleeding.

Discussion
There have been few studies on thrombotic and bleeding complications following orthopedic
surgery. This lack of information complicates the preoperative evaluation and makes it
difficult to assess the thrombotic and bleeding risks of surgery. Furthermore, differences in
both the study population and the definitions used for thrombotic and bleeding
complications limits the comparison between studies. Our study showed an overall
incidence of myocardial necrosis and major bleeding of 5.8% and 5.4%, respectively.
Previous studies have shown an incidence of perioperative myocardial necrosis ranging from
1% to 53%3–9, depending on the study population. For example, Chong et al found an
incidence of perioperative myocardial necrosis of 53% in subjects with a mean age of 79
years undergoing emergency orthopedic surgery4. Dawson et al and Fisher et al found
perioperative incidences of 39% and 29%, respectively, in the elderly population7, 9. Few
studies have simultaneously investigated the incidence of both thrombotic and bleeding
complications in orthopedic surgery, and in those studies, the majority of data were
ascertained from coding alone without any biomarker data13, 19–22.

Our study used troponin elevation as a definition of myocardial necrosis. Coded myocardial
infarction was defined by ICD-9 diagnosis coding. We found an incidence of myocardial
necrosis of 5.8%, while coded myocardial infarction was noted in 0.7%. A recent study
showed that nearly two-thirds of subjects having a perioperative MI will not experience
ischemic symptoms17. The high incidence of myocardial necrosis not acknowledged in
diagnosis coding may be secondary to a small cardiac insult, blunting of symptoms from
perioperative pain medication and anesthesia, and post-surgical complications23.
Understanding that patients in the perioperative period may not demonstrate clinical signs or
symptoms of myocardial infarction emphasizes the point that diagnosing myocardial
ischemia based on ICD-9 coding will lead to underascertainment of myocardial ischemia.

Like myocardial necrosis, perioperative bleeding is a major complication of surgery that is
often difficult to define. The International Society on Thrombosis and Haemostasis (ISTH)
proposed guidelines for the definition of major bleeding in surgical patients18. We found an
incidence of ISTH major bleeding of 5.4%; however, coded hemorrhage was only found in
0.8%. This underestimation of major bleeding reflects that coded hemorrhage does not
identify all patients with major bleeding. The ISTH standardized definition of perioperative
bleeding is a useful option for future studies in the in the perioperative period.

Our study demonstrates several important findings. Increasing age, CAD, cancer, and CKD
were independent predictors of myocardial necrosis, while procedure type, cancer, female
sex, CAD, and COPD were independent predictors of major bleeding. Given the delicate
balance between thrombotic and bleeding events during the perioperative period, it is
important to understand the baseline risk for each of these complications. It is worthwhile to
note that CAD and cancer were independent predictors of both myocardial necrosis and
major bleeding (Figure 1). While CAD is a well-known risk factor for arterial thrombosis
and bleeding complications, cancer may be an under recognized risk factor for perioperative
complications that likely deserves attention in preoperative evaluation.

The question then arises of whether these perioperative complications have an impact on
short- and long-term prognosis. We found that subjects with either an elevation in troponin
or bleeding complication had approximately a 2-fold increased length of stay compared to
subjects without these complications. Given the morbidity and expense that occurs with
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remaining in the hospital, a better understanding of the risk of perioperative complications
may allow for a reduction in the length of stay. Although our study shows the overall
incidence and risk factors for perioperative complications, it does not determine whether
these complications impact prognosis. Previous studies have shown that perioperative
troponin elevation, regardless of etiology, is associated with short- and long-term
mortality4, 6, 15–17, 24, 25. While troponin elevation may have important prognostic
implications, future studies are needed to assess the potential clinical benefit and/or cost-
effectiveness of adopting routine troponin measurements in orthopedic surgery.

Similarly, major bleeding in the non-operative setting has been associated with increases in
cardiovascular events and long-term mortality26, 27; however, data in the perioperative
setting is lacking. The negative prognostic impact of perioperative troponin elevation and
major bleeding emphasizes the importance of understanding the risk factors for
perioperative complications.

There were several limitations to our study. First, this was an observational study and
therefore many confounders may exist. Second, the data are limited to variables captured by
the hospital laboratory, blood bank and ICD-9 coding, therefore subject to misclassification
bias and underascertainment of medical comorbidities and endpoints. Third, troponin value
was not obtained in all subjects, and there was no uniform time assessment of measuring
troponin. Our data likely leads to an underestimation of myocardial necrosis, since we use
all subjects in the dataset as the denominator. If only higher risk patients had a troponin
checked, the denominator would be smaller and thus the incidence of myocardial necrosis
would be larger. Fourth, while we tried to use the ISTH bleeding definition for surgical
patients, we used 1 calendar day instead of 48 hours, because it is often difficult to
determine the precise time of surgery and therefore we attempted to be more conservative to
avoid overestimating the incidence of major bleeding. We extracted electronic blood bank
data for all 3,082 patients to determine the number and date of transfusions. However, it was
not feasible to perform a complete medical record review for all subjects to determine
symptoms/signs of bleeding. Moreover, many times this information is not available in the
medical chart.

In conclusion, our study provides an overall incidence of perioperative thrombotic and
bleeding complications, using standardized definitions, of the general population undergoing
orthopedic surgery. Increasing age, CAD, cancer, and CKD were independent predictors of
myocardial necrosis, while procedure type, cancer, female sex, CAD, and COPD were
independent predictors of major bleeding. Given the delicate balance between thrombotic
and bleeding events during the perioperative period, as well as the long-term prognostic
implications, it is important to understand the association between baseline risk factors and
thrombotic and bleeding complications. We found a similar incidence of myocardial
necrosis and major bleeding, thus highlighting the importance of a patient-centered approach
to perioperative evaluation. Perioperative risk for thrombosis and bleeding deserves careful
evaluation in preoperative evaluation and future prospective studies aimed at attenuating this
risk are warranted.
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Appendix
Table 1

Adverse perioperative events in subjects with and without coronary artery disease

CAD (n=327) No CAD (n=2755) P-value

Myocardial Necrosis 63 (19.3) 116 (4.2) <0.001

Coded MI 7 (2.1) 13 (0.5) 0.003

Major Bleeding* 33 (10.1) 132 (4.8) <0.001

Coded Bleeding 7 (2.1) 19 (0.7) 0.02

Any Transfusion w/in 1 day of surgery 39 (11.9) 176 (6.4) <0.001

Any Transfusion 147 (45.0) 634 (23.0) <0.001

Coded Stroke 2 (0.6) 2 (0.1) 0.06

All-cause mortality† 3 (0.9) 2 (0.1) 0.01

*
Defined by ISTH guidelines18

†
1 subject passed away and 4 were discharged to hospice

CAD, coronary artery disease; MI, myocardial infarction
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Figure 1.
Figure 1a. The incidence of in-hospital myocardial necrosis and major bleeding in subjects
undergoing orthopedic surgery when stratified by coronary artery disease
Subjects with CAD were significantly more likely to experience myocardial necrosis (19.3%
vs 4.2%, P<0.001) and major bleeding (10.1% vs 4.8%, P<0.001) than subjects without
CAD.
CAD, n=327
No CAD, n=2755
Figure 1b. The incidence of in-hospital myocardial necrosis and major bleeding in subjects
undergoing orthopedic surgery when stratified by cancer
Subjects with cancer were significantly more likely to experience myocardial necrosis
(21.7% vs 5.4%, P<0.001) and major bleeding (30.4% vs 4.8%, P<0.001) than subjects
without cancer.
Cancer, n=69
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No Cancer, n=3013
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Table 1

Baseline characteristics in the overall population

Overall Population (n=3082)

Mean Age (yr) 60.8 (± 13.3)

Female 1822 (59.1)

Race

 White 2005 (65.1)

 Black 439 (14.2)

 Hispanic 416 (13.5)

 Other 222 (7.2)

Admission Type

 Elective 2902 (94.1)

 Emergency or Urgent 181 (5.9)

Procedure

 Spine 1161 (37.7)

 Knee 1001 (32.5)

 Hip 920 (29.9)

Hypertension 1513 (49.1)

CAD 327 (10.6)

Cancer 69 (2.2)

Diabetes Mellitus 447 (14.5)

COPD 69 (2.2)

CKD 82 (2.7)

PVD 23 (0.8)

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; PVD, peripheral vascular disease
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Table 2

Adverse perioperative events in the overall population

Overall Population (n=3082)

Myocardial Necrosis 179 (5.8)

Coded MI 20 (0.7)

Major Bleeding* 165 (5.4)

Coded Bleeding 26 (0.8)

Any Transfusion w/in 1 day of surgery 215 (7.0)

Any Transfusion 781 (25.3)

Coded Stroke 4 (0.1)

All-cause mortality 5 (0.2)†

*
Defined by ISTH guidelines18

†
1 subject passed away and 4 were discharged to hospice

MI, myocardial infarction
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