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Risk Factors for Clinically Relevant Pulmonary Embolism
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Background: Prevention of thromboembolic complications
after elective lower extremity arthroplasty has increasingly re-
lied on routine thromboprophylaxis in all patients. Not all
patients are at equal risk, however, and prophylaxis is not
devoid of complications. The aim of this study was to examine
the risk factors for clinically relevant pulmonary embolism and
deep venous thrombosis after elective primary hip or knee
arthroplasty in a large patient population.

Methods: During the 10-yr study period, 116 of 9,791 patients
undergoing primary hip or knee arthroplasty at the authors’
institution who experienced pulmonary embolism or deep ve-
nous thrombosis within 30 days of surgery were matched at a
1:1 ratio with patients undergoing the same surgery with the
same surgeon who did not experience an adverse event. Medi-
cal records were reviewed, with data abstracted using a stan-
dardized data collection form.

Results: Increased body mass index (P � 0.031; odds ratio �
1.5 for each 5-kg/m2 increase) and American Society of Anes-
thesiologists physical status classification of 3 or greater (P �
0.005; odds ratio � 2.6) were found to independently increase
the likelihood of pulmonary embolism or deep venous throm-
bosis. In addition, use of antithrombotic prophylaxis was found
to decrease the likelihood of these thromboembolic events (P �
0.050; odds ratio � 0.2 for aspirin or subcutaneous heparin, and
odds ratio � 0.4 for warfarin or low-molecular-weight heparin).

Conclusions: In patients undergoing primary elective lower
extremity arthroplasty, obesity, poor American Society of An-
esthesiologists physical status classification, and lack of throm-
boprophylaxis are independent risk factors for clinically rele-
vant thromboembolic events.

A LARGE number of studies have examined the inci-
dence of thromboembolic complications after lower ex-
tremity orthopedic surgery.1–4 Early studies reported a
high frequency of symptomatic deep venous thrombosis
and pulmonary embolism in patients after hip or knee
arthroplasty.5,6 More recent studies have demonstrated a
significant reduction in the frequency of deep venous

thrombosis (as diagnosed by contrast venography or
ultrasonography) after hip and knee arthroplasty when
mechanical or medical thromboprophylaxis is used.7–11

It remains controversial whether the reduction in asymp-
tomatic deep venous thrombosis results in a similar de-
crease in the frequency of clinically significant thrombo-
embolic events such as fatal pulmonary embolism or
postphlebitic syndrome. In a recent study, we demon-
strated a consistent frequency of clinically relevant deep
venous thrombosis (1.5%) and pulmonary embolism
(0.7%) within 30 days of elective primary hip or knee
arthroplasty over a 10-yr period that spanned the wide-
spread adoption of routine thromboprophylactic strate-
gies used in contemporary practice.12

Not all patients undergoing elective lower extremity
joint replacement surgery are necessarily at the same risk
for venous thromboembolism. Genetic influences may
place specific patient populations at increased thrombo-
embolic risk.13 Other suggested risk factors for venous
thromboembolic events in the general and surgical pop-
ulation include history of cigarette smoking,14 malignan-
cy,15 hormone therapy,16 obesity,17,18 immobility,18 and
use of general instead of regional anesthetic tech-
niques.19 Additional risk factors for adverse thromboem-
bolic events may be present after primary elective hip or
knee arthroplasty, including surgeon-specific effects.20

Optimization of perioperative treatment strategies may
result in improved patient outcomes and decreased cost.

The purpose of this study was to evaluate the medical,
surgical, and anesthetic risk factors potentially associ-
ated with increased frequency of clinically relevant
thromboembolic complications in the perioperative pe-
riod for patients undergoing lower extremity joint re-
placement. A case–control methodology is especially
useful when the outcome/condition of interest (i.e.,
cases) occurs infrequently.21 This methodology is well
suited for the study of clinically significant thromboem-
bolic events, because prospective ascertainment of sur-
rogate markers may result in additional diagnosed events
of undetermined clinical relevance.21 In addition, the
availability at our institution of a large and broadly based
patient population allows retrospective examination of
multiple potential risk factors. Therefore, we designed a
case–control study of patients undergoing primary elec-
tive primary hip or knee arthroplasty who developed
clinically relevant venous thromboembolism within 30
days of the surgical procedure.
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Materials and Methods

Patients
This investigation includes patients who underwent

primary elective total hip or knee arthroplasty at Mayo
Clinic between January 1, 1986, and December 31,
1995.12 All patients who underwent one or more elec-
tive primary total hip or knee replacements at our insti-
tution in the 10-yr study period were identified using
prospectively collected databases, after review board
approval. Patients who had denied research access to
their medical records were excluded from the study
(Minnesota state law [Minnesota Statute 144.335 Subd.
3a. (d)]). Our institutional total joint registry is a pro-
spectively collected computerized database of all joint
replacements performed at our institution since 1969
and has been validated previously.22 Joint registry per-
sonnel abstract detailed information on surgical ap-
proach, prosthesis data operative indication, preopera-
tive diagnoses, and postoperative medical and surgical
complications and perform a formal chart review at 1, 2,
and 5 yr and every 5 yr thereafter using a standardized
data collection form. In a previous study, the overall rate
of clinical follow-up within the total joint registry was
greater than 95%.22 The total joint registry was used to
identify all patients who received one or more elective
primary hip or knee joint replacements in the 10-yr study
period. We excluded patients who received nonelective
arthroplasty for fracture management. For patients who
underwent more than one lower extremity arthroplasty
during the study period, only the most recent procedure
was considered. Thus, only one joint replacement epi-
sode was examined for each patient. All patients with
evidence of a potential thromboembolic complication
within the first year after the date of operation as docu-
mented in the total joint registry were identified, and
their medical records were examined. As a cross-refer-
ence to the total joint registry, the institutional unified
medical record system, which contains information on
all patients who have ever been examined at Mayo Clin-
ic,23 was used to identify all patients treated with total
hip or knee arthroplasty at our institution who had a
diagnosis of pulmonary embolism or deep venous throm-
bosis at any time during the previous year, the year of, or
the year after the surgical event. The medical records of
all patients identified in either database search were
retrospectively reviewed. Strict and validated criteria
were used for the definition of adverse thromboembolic
events. The level of diagnostic certainty was determined
for each episode of pulmonary embolism or deep venous
thrombosis occurring during the initial 30 days after the
date of operation using previously defined criteria.24

Patients meeting diagnostic criteria for probable events
were not included as cases and were also excluded from
the pool of potential controls. The patients meeting

diagnostic criteria for definite thromboembolic events
(table 1) make up the cases for the current investigation.

For each case, we identified a pool of potential con-
trols who had undergone the same surgery with the
same surgeon. Using 1:1 matching of cases and controls,
a control was selected as the individual with the closest
surgery date before the surgery date for the case. The
records of selected controls were reviewed to confirm
the absence of noncoded thromboembolic events. Thus,
each patient experiencing a definite adverse event was
matched with a patient who underwent the same surgi-
cal procedure with the same surgeon, without an ad-
verse event, and within a narrow time frame. All patient
records were abstracted by a single investigator using
standardized data collection forms. Demographic data
and information on comorbid diseases, medications, and
laboratory results were noted. Surgical procedure; anes-
thetic technique; and surgical, anesthetic, and recovery
duration were recorded. Additional intraoperative and
immediately postoperative information, including moni-
toring used and amount and type of fluids administered,
was noted. Postoperative disposition, use of in-hospital
thromboprophylaxis, postoperative analgesia, and dura-
tion of stay were also recorded.

Statistical Analysis
Statistical analyses were performed using SAS® Soft-

ware Release 6.12 (SAS Institute Inc., Cary, NC). Poten-
tial risk factors for perioperative thromboembolic events
were assessed using conditional logistic regression, mak-

Table 1. Definition of Adverse Thromboembolic Events

Perioperative
pulmonary
embolism

Episode occurring within 30 days of the date
of operation and:

1. confirmation by pulmonary angiography,
computed tomographic scan, magnetic
resonance imaging, echocardiographic
visualization, or pathologic examination of
thrombus removed at surgery or autopsy,
or

2. onset of new symptoms highly suggestive
of acute pulmonary embolism associated
with a perfusion or ventilation-perfusion
lung scan interpreted as high probability
for pulmonary embolism.

Perioperative deep
venous
thrombosis

Episode occurring within 30 days of the date
of operation and the onset of local or
systemic symptoms suggestive of venous
thromboembolism:

1. confirmed by venography, computed
tomographic scan, magnetic resonance
imaging, or pathologic examination of
thrombus removed at surgery or autopsy,
or

2. associated with a documented positive
noninvasive diagnostic test: impedance
plethysmography, continuous wave
Doppler ultrasound, compression duplex
ultrasonography, radionuclide venography,
or radiolabeled fibrinogen leg scan.
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ing use of the 1:1 matched-pair study design. Age, body
mass index (weight in kilograms divided by the square of
height in meters), hemoglobin concentration, duration
of anesthesia, and duration of surgery were treated as
continuous variables in the logistic regression analysis.
The American Society of Anesthesiologists (ASA) physi-
cal status classification was adopted in 1962 for the
grading of patients based on severity of illness and phys-
iologic reserve.25 For analysis purposes, ASA physical
status was dichotomized (� 2 vs. � 3). Other potential
risk factors included in the logistic regression analysis
were treated as categoric variables as presented in table
2. Characteristics found to be statistically significant
from the univariate analysis were included in a multivar-
iate analysis with stepwise backward elimination of non-
significant variables. To assess consistency in variable
selection, a multivariate analysis was also performed
using a stepwise forward procedure. To assess whether

the effect of any potential risk factor changed over calen-
dar time, two additional sets of analyses were performed.
For each potential risk factor, an additional analysis was
performed, which included the two-way interaction of the
given risk factor with calendar time. In addition, because
the use of routine thromboprophylactic strategies is known
to have changed over the study period, the cases were
separated into two groups, 1986–1990 (n � 66) and 1991–
1995 (n � 50), to represent the periods before and after
routine thromboprophylactic strategies were employed.
Univariate analysis of risk factors was then performed sep-
arately for each group. In all cases, two-sided tests were
used, with P values � 0.05 denoting statistical significance.

Results

A total of 116 of 9,791 eligible patients undergoing
elective primary hip or knee arthroplasty surgery in the

Table 2. Univariate Analysis of Patient and Procedural Characteristics

Characteristic
Controls

(n � 116)*
Cases

(n � 116)* OR 95% CI P

Gender
Female 69 (59) 59 (51)
Male 47 (41) 57 (49) 1.5 0.8, 2.6 0.168

Age, yr 68.9 � 12.1 69.5 � 11.0 1.0† 0.8, 1.3† 0.680
Body mass index, kg/m2 28.5 � 5.0 30.0 � 5.2 1.5‡ 1.1, 2.0‡ 0.012
Preoperative anticoagulant use 28 (24) 29 (25) 1.0 0.6, 1.9 0.882
Coronary artery disease 19 (16) 30 (26) 1.8 0.9, 3.6 0.075
Previous thromboembolic event 3 (3) 11 (9) 3.7 1.0, 13.1 0.046
Diabetes mellitus 7 (6) 11 (9) 1.7 0.6, 4.5 0.323
Smoking status 0.495

Never 89 (77) 84 (72)
Former 21 (18) 28 (24) 1.4 0.7, 2.7
Current 6 (5) 4 (3) 0.8 0.2, 2.8

ASA physical status classification � 3 43 (37) 67 (58) 2.6 1.4, 4.7 0.002
Use of regional anesthesia§ 53 (46) 49 (42) 0.9 0.5, 1.5 0.580
Use of arterial catheter monitoring 8 (7) 19 (16) 2.8 1.1, 7.2 0.028
Duration of surgery, h 2.9 � 0.8 2.9 � 1.0 1.0 0.6, 1.5 0.885
Duration of anesthesia, h 3.9 � 0.9 3.9 � 1.0 1.0 0.7, 1.4 0.855
Red blood cell use 0.172

None 42 (36) 52 (45)
Intraoperative autotransfusion only 9 (8) 11 (9) 0.9 0.3, 2.6
Banked blood 65 (56) 53 (46) 0.5 0.3, 1.1

Postoperative characteristics
Intensive care unit admission 2 (2) 10 (9) 5.0 1.1, 22.8 0.038
Hemoglobin, g/dl 10.7 � 1.7 10.9 � 1.5 1.1 0.9, 1.3 0.333
Use of neuraxial analgesia§ 5 (4) 8 (7) 2.0 0.5, 8.0 0.327

Thromboembolic prophylaxis used 0.038
None 8 (7) 19 (16)
Aspirin/subcutaneous heparin# 39 (34) 27 (23) 0.2 0.1, 0.7
Warfarin/low-molecular-weight heparin# 68 (59) 70 (60) 0.5 0.1, 1.5

Data are reported as number of patients (percentage) for categorical variables and mean � SD for continuous variables. The odds ratio (OR) and 95% confidence
interval (CI) were obtained from conditional logistic regression, taking into account the matched-pair study design.

* Duration of surgery, duration of anesthesia, and use of thromboembolic prophylaxis were missing for one control, use of neuraxial analgesia was missing for
two controls, and postoperative hemoglobin concentration was missing for two controls and six cases. † OR is for every 10-year increase in age. ‡ OR is for
every 5-kg/m2 increase in body mass index. § Regional anesthesia includes intraoperative delivery of local anesthetics via the subarachnoid or epidural routes,
resulting in adequate surgical anesthesia. Neuraxial analgesia includes postoperative use of continuous subarachnoid or epidural infusion of solutions containing
local anesthetics and/or opioids. # Of the 39 controls and 27 cases in the aspirin/subcutaneous heparin subgroup, only 3 (1 control, 2 cases) received
subcutaneous heparin. Of the 68 controls in the warfarin/low-molecular-weight heparin subgroup, 66 received warfarin. Of the 70 cases in the warfarin/low-
molecular-weight heparin subgroup, 65 are known to have received warfarin, 3 are known to have received low-molecular-weight heparin, and 2 participated in
a blind study and received either warfarin or low-molecular-weight heparin.

ASA � American Society of Anesthesiologists.
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10-yr study period were found to have experienced one
or more definite adverse thromboembolic events. The
frequency of definite adverse thromboembolic events is
displayed in figure 1 according to calendar time. There
were 56 patients who experienced a definite pulmonary
embolism and 68 patients who experienced a definite
deep venous thrombosis, with 8 patients experiencing
both events. There were an additional 34 patients who
met criteria for a probable event but did not meet crite-
ria for a definite event (24 for both pulmonary embolism
and deep venous thrombosis, 10 for deep venous throm-
bosis only). These patients were not included as cases
and were also not included in the pool of potential
controls. Of the 116 cases, 39 patients underwent elec-
tive primary total hip arthroplasty, 49 underwent unilat-
eral knee arthroplasty, and 28 underwent bilateral knee
arthroplasty. Of the 68 patients who experienced deep
venous thrombosis, 56 (82%) developed the thrombosis
in an operative leg and 12 (18%) developed the throm-
bosis in a nonoperative leg. Overall, 43 patients (of the
116 cases [37%]) experienced the first venous thrombo-
embolic event within 3 days after surgery, 43 (37%) from
4 to 10 days after surgery, and 30 (26%) from 11 to 30
days after surgery.

A summary of the univariate analysis of potential risk
factors for thromboembolic events is presented in table
2. The distribution of age and gender was similar for
cases and controls. Treated as a continuous variable,
larger body mass index was a significant risk factor for
thromboembolic events (P � 0.012; odds ratio [OR] �
1.5, 95% confidence interval (CI): 1.1–2.0 for each
5-kg/m2 increase). Obesity, defined as body mass index
� 30 kg/m2, was observed in 56% of cases and 34% of
controls (P � 0.001; OR � 3.4, 95% CI: 1.7–6.6). A
history of previous thromboembolic events was present
for 9% of cases and 3% of controls (P � 0.046; OR � 3.7,
95% CI: 1.0–13.1). The percentage of patients using
antithrombotic agents (aspirin, warfarin, unfractionated
heparin, or low-molecular-weight heparin preparations)
on admission for lower extremity arthroplasty surgery
was similar for cases (25%) and controls (24%), however.

The percentages of patients classified as having ASA
physical status 1, 2, 3, 4, and 5 were 3%, 39%, 55%, 3%,
and 0% for cases and 0%, 63%, 35%, 2%, and 0% for
controls, respectively. An ASA physical status classifica-
tion of 3 or greater was significantly associated with an
increased likelihood of a thromboembolic event (P �
0.002; OR � 2.6, 95% CI: 1.4–4.7). Coronary artery
disease, diabetes mellitus, and smoking status were not
found to differ significantly between cases and controls.

Anesthetic technique (regional vs. general), duration
of surgery, duration of anesthesia, transfusion of blood
products, and use of postoperative neuraxial analgesia
were similar in cases and controls and did not signifi-
cantly alter the frequency of pulmonary embolism or
deep venous thrombosis. The intraoperative use of inva-
sive blood pressure monitoring via arterial cannulation
was univariately associated with an increased risk for
these adverse postoperative thromboembolic events
(P � 0.028; OR � 2.8, 95% CI: 1.1–7.2), however. Other
invasive intraoperative monitoring modalities, including
central venous pressure and pulmonary artery catheters
or transesophageal echocardiography, were used infre-
quently (�5% of cases) and not evaluated as potential
risk factors. Postoperative intensive care unit admission
was infrequent (2% of controls, 9% of cases) but was
significantly associated with an increased likelihood of
pulmonary embolism or deep venous thrombosis (P �
0.038; OR � 5.0, 95% CI: 1.1–22.8). All intensive care
unit admissions in both groups were scheduled for pa-
tients thought to benefit from increased postoperative
monitoring based on the preoperative medical assess-
ment. No unplanned admissions based solely on intraop-
erative events were found in either group.

As expected, the use and choice of postoperative phar-
macologic antithrombotic prophylaxis among cases and
controls changed over calendar time (fig. 2). The use of
antithrombotic agents was found to be protective
against the occurrence of clinically relevant thromboem-
bolic events (P � 0.038; OR � 0.2, 95% CI: 0.1–0.7 for
aspirin or standard dose subcutaneous unfractionated
heparin; OR � 0.5, 95% CI: 0.1–1.5 for warfarin or
low-molecular-weight heparin). In patients who re-
ceived aspirin or subcutaneous heparin thromboprophy-
laxis, the median time to initiation of treatment was the
operative day in both cases and controls, and 89.0% of
patients had it initiated by the first postoperative day.
For patients receiving warfarin or low-molecular-weight
heparin therapy, the median time to initiation was the
operative day for both the cases and controls, and 99.3%
of patients had it initiated by the first postoperative day.

From multivariate analysis after eliminating nonsignifi-
cant variables, body mass index (P � 0.031; OR � 1.5,
95% CI: 1.0–2.0 for each 5-kg/m2 increase), ASA physical
status classification of 3 or greater (P � 0.005; OR � 2.6,
95% CI: 1.3–4.7), and use of antithrombotic prophylaxis
(P � 0.050; OR � 0.2, 95% CI: 0.1–0.7 for aspirin or

Fig. 1. Frequency of adverse thromboembolic events according
to calendar year.
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subcutaneous heparin; OR � 0.4, 95% CI: 0.1–1.4 for
warfarin or low-molecular-weight heparin) were found
to be independently associated with clinically relevant
thromboembolic events. Using a stepwise forward selec-
tion procedure, the same set of independent predictors
was identified. The effects of body mass index and ASA
physical status classification �3 were found to change
significantly over the 10-yr study period (P � 0.016 and
P � 0.012 for the two-way interaction of calendar time
with ASA physical status classification and body mass
index, respectively). For each of these risk factors, the
effect was significantly greater during the later years of
the study. For body mass index, the OR increased from
1.1 (95% CI: 0.7–1.6) per 5-kg/m2 increase in the 1986–
1990 period to 2.3 (95% CI: 1.4–3.9) per 5-kg/m2 in-
crease in the 1991–1995 period. For ASA physical status
classification �3, the OR increased from 1.5 (95% CI:
0.7–3.0) during the early period to 10.0 (95% CI: 2.3–
42.8) during the 1991–1995 period. No other statistically
significant risk factors were identified when analyses
were performed separately for the 1986–1990 and
1991–1995 periods. Among cases, the duration of time
from surgery to event diagnosis did not change signifi-
cantly over calendar time (P � 0.171) and was not found
to be associated with the use of pharmacologic anti-
thrombotic prophylaxis (P � 0.172), ASA physical status
classification (P � 0.877), or body mass index (P �
0.471).

Although the current study has limited statistical
power to assess interaction effects, a question of specific
interest is whether the use of regional versus general
anesthesia reduces the risk of clinically relevant throm-
boembolic events in patients who do not receive phar-
macologic antithrombotic prophylaxis. In the control

group, regional anesthetic techniques were used in 6 of
8 (75%) patients not receiving prophylactic antithrom-
botic agents, in 13 of 39 (33%) patients receiving aspirin
or subcutaneous heparin, and in 34 of 68 (50%) patients
receiving warfarin or low-molecular-weight heparin.
Among cases, regional anesthetic techniques were used
in 8 of 19 (42%) patients not receiving prophylactic
antithrombotic agents, in 9 of 27 (33%) patients receiv-
ing aspirin or subcutaneous heparin, and in 32 of 70
(46%) patients receiving warfarin or low-molecular-
weight heparin. From an unmatched analysis of those
who did not receive pharmacologic antithrombotic pro-
phylaxis, the type of anesthetic technique was not found
to differ significantly between cases and controls (use of
regional technique in 8 of 19 patients vs. 6 of 8 patients
for cases and controls, respectively; Fisher exact test,
P � 0.21).

Discussion

This study provides physicians involved in the periop-
erative care of arthroplasty patients information on the
risk factors for clinically relevant perioperative thrombo-
embolic morbidity after major elective orthopedic sur-
gery of the lower extremities has been performed. An
accurate assessment of the risks associated with these
elective orthopedic surgeries should assist clinicians and
their patients in decisions regarding treatment options
and optimization of perioperative care. Anesthesiologists
are increasingly involved in the preoperative preparation
of their patients, improving both efficiency and cost-
effectiveness.26 The institution of therapeutic interven-
tions geared toward improved perioperative outcomes

Fig. 2. Frequency of anticoagulant use
for patients who experienced adverse
thromboembolic events (cases) and con-
trols according to calendar year. The num-
ber of cases for each calendar year is pro-
vided in parentheses. For each year, the
height of the bar was set at 100%. Shading
is used to indicate the percentage of pa-
tients receiving warfarin or low-molecular-
weight heparin (LMWH) (black), aspirin or
standard dose subcutaneous heparin (hep-
arin SQ) (gray), or no pharmacologic
thromboprophylaxis (white). The date of
surgery for case and control patients dif-
fered by less than 12 months for 99% of the
matched pairs. To ensure consistency, con-
trols are presented according to the calen-
dar year of their matched case.
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might be critically dependent on the identification of
patients at highest risk and timely initiation of appropri-
ate therapies. Anesthesiologists might be best suited for
this role.

The occurrence of pulmonary embolism and deep ve-
nous thrombosis within 30 days after elective primary total
hip or knee arthroplasty was more frequent in patients
with increasing body mass index, specifically those with a
body mass index greater than 30 kg/m2, and in patients
with moderate or severe systemic disease resulting in some
functional limitation as defined by an ASA physical status
classification greater than or equal to 3. For each of these
risk factors, the effect was found to be significantly
greater during the later years of the study, when phar-
macologic antithrombotic prophylaxis with warfarin
was common. In contrast, the use of pharmacologic
antithrombotic prophylaxis after lower extremity ortho-
pedic surgery was found to be protective. The choice of
anesthetic technique, regional or general, did not mea-
surably affect the risk of adverse thromboembolic events
in this study. Although only in the univariate analysis,
history of a previous venous thromboembolic event was
associated with increased thromboembolic risk. Cer-
tainly, congenital and acquired thrombophilic disorders
may contribute to venous thromboembolism. The inter-
action between hypercoagulable states and surgical pro-
cedures remains to be explored, however.

In several studies,20,27,28 obesity was not found to be a
risk factor for perioperative thromboembolic events in
patients undergoing primary hip or knee replacement
surgery. Benjamin et al.29 examined obesity as an inde-
pendent risk factor for patients undergoing simultaneous
bilateral knee replacement surgery in 455 patients but
did not find significantly different rates of venous throm-
boembolism. Other studies,17,18,30,31 including the
present report, have found increased risk of pulmonary
embolism or deep venous thrombosis in obese patients
after lower extremity orthopedic surgery. In a survey of
orthopedic surgeons, Rodgers et al.32 found that the
majority of practitioners thought gross obesity was a risk
factor for thromboembolic events. In fact, some authors
have advocated the selective use of antithrombotic pro-
phylaxis after total knee arthroplasty only in those pa-
tients with a history of previous deep venous thrombosis
or obesity.33 The present study specifically examined the
risk of perioperative thromboembolic events in patients
undergoing elective primary total hip or knee arthro-
plasty using a quantifiable grading of the extent of obe-
sity. We also found that the association between obesity
and perioperative thromboembolic events changed over
time, with a larger effect observed during the later years
of the study. Differences in the definition of obesity may
underlie some of the reported differences in results. In
addition, potential differences in patient populations
(e.g., use of pharmacologic antithrombotic prophylaxis)
may account for the disparity in results. Nevertheless,

the conflicting results cannot be ascribed to differences
in prospective ascertainment18,27,30 or clinical diagno-
sis17,20,28,29,34 of events.

In our study, the use of aspirin or subcutaneous hep-
arin was as protective against the occurrence of clini-
cally relevant pulmonary embolism or deep venous
thrombosis within 30 days of elective primary total hip
or knee replacement surgery as thromboprophylaxis
with warfarin or low-molecular-weight heparin (OR �
0.2 and OR � 0.5, respectively). During the period of
study, the First (1986) and Second (1988) American
College of Chest Physicians Consensus Conferences rec-
ommended that patients undergoing elective knee ar-
throplasty surgery receive intermittent pneumatic com-
pression, whereas those undergoing hip replacement
receive either heparin or warfarin in doses sufficient to
produce moderate anticoagulant effects.35,36 Only the
Fourth American College of Chest Physicians Consensus
Conference (1995) included fixed-dose low-molecular-
weight heparin as an alternative to any of these throm-
boprophylactic treatments. The incorporation of these
recommendations into clinical practice at our institution
is reflected by the increase in the use of pharmacologic
thromboprophylaxis evident during the 10-yr study pe-
riod (fig. 2). The Sixth American College of Chest Phy-
sicians Consensus Conference on antithrombotic ther-
apy evaluated available literature and reported results on
specific strategies geared toward the prevention of ve-
nous thromboembolism in the general and surgical pop-
ulations.37 For instance, the use of mechanical and phar-
macologic interventions was considered effective, and in
specific high-risk groups, including the lower extremity
orthopedic population, the use of pharmacologic anti-
thrombotic therapy was highly recommended. Reduc-
tions of greater than 50% in the rate of asymptomatic
prospectively ascertained pulmonary embolism and
deep venous thrombosis are cited.37 Despite the success-
ful reduction of asymptomatic thromboembolic disease
with the use of routine anticoagulation, an actual reduc-
tion of clinically relevant adverse events has been diffi-
cult to demonstrate in everyday medical practice.38 Al-
though there is a large amount of clinical data
documenting the efficacy and cost-effectiveness of rou-
tine thromboprophylaxis in patients undergoing elective
total hip or knee replacement surgery,37 it is likely that
selected patient populations might receive the most ben-
efit from specific prophylactic measures.12,38 A targeted
selective approach to perioperative thromboprophylaxis
may reduce the incidence of hemorrhagic complica-
tions39 resulting from unnecessary therapy in patients at
low risk of thromboembolic complications while appro-
priately treating those patients at higher risk. In addition,
the delayed occurrence of a number of thromboembolic
events (28% of cases occurred more than 10 days after
surgery) would suggest that additional antithrombotic
prophylaxis beyond the duration of hospitalization
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might be warranted in certain patient populations.
These hypotheses remain to be tested.

Multiple studies have found a surgery-specific associa-
tion between ASA physical status classification and peri-
operative morbidity and mortality.40–42 The ASA physi-
cal status classification subjectively stratifies patients
independent of the surgical procedure planned accord-
ing to their severity of illness, which, in turn, may de-
termine the occurrence of adverse outcomes. In our
study, patients undergoing primary elective lower ex-
tremity arthroplasty surgery with an ASA physical status
classification of 3 or greater were found to be at in-
creased risk of clinically relevant deep venous thrombo-
sis or pulmonary embolism within 30 days. Similarly,
intraoperative placement of an arterial line for continu-
ous arterial blood pressure monitoring and/or repeated
sampling and planned postoperative intensive care unit
admission were predictive of an increased risk of throm-
boembolic events within 30 days of elective primary hip
or knee arthroplasty surgery. It is likely that these findings
represent surrogate markers for other variables, including
patient sickness profile. Accordingly, increasing age has
been associated with increased thromboembolic risk in the
orthopedic population.12,31 In the present study, we did
not observe a measurably increased frequency of deep
venous thrombosis or pulmonary embolism in older pa-
tients. It is possible that differences in overall well-being
(i.e., sickness profile) rather than age determine the peri-
operative risk of thromboembolic complications.

Earlier studies had suggested that the use of regional
anesthetic techniques such as the subarachnoid or epi-
dural administration of local anesthetics for the adminis-
tration of surgical levels of anesthesia was associated
with reduced risk of perioperative thromboembolic
events in the lower extremity arthroplasty popula-
tion.19,43 In the present study, we did not observe a
measurable effect of anesthetic technique on the risk of
deep venous thrombosis or pulmonary embolism in pa-
tients treated with elective lower extremity arthroplasty.
Differences in patient selection or use of adjuvant mea-
sures, including early ambulation or pneumatic compres-
sion, may have been responsible for the reported pro-
tective effect. By matching on surgeon and type of
surgery, we have likely accounted for these differences
in patient management and thus are better able to define
the specific role of regional anesthesia (including post-
operative neuraxial analgesia) in the prophylaxis against
deep venous thrombosis or pulmonary embolism after
lower extremity arthroplasty.

There are limitations inherent to the design of this
study. As with all case–control studies, our findings only
provide information on relative risk rather than on abso-
lute risk; this limits the applicability to clinical practice.
Similarly, the quality of the data is dependent on the
accuracy and completeness of the medical record. Our
investigation was restricted to data routinely collected as

part of the medical record or the total joint registry. In
addition, a single investigator abstracted all the data
using standardized data collection forms. It is possible
that a previous thromboembolic event or other variable
may have led to specific changes in the management of
the patient(s). In the present study, there were no dif-
ferences in the history of thromboembolism between
the cases and controls.

The effective sample size for assessing a given risk
factor in a matched case–control study is determined by
the number of discordant matched pairs (i.e., the num-
ber of matched pairs in which the value of the given risk
factor differs for case and control). For this investigation,
matching on surgeon, surgical procedure, and calendar
time resulted in a small effective sample size for assess-
ing some risk factors such as type of antithrombotic
prophylaxis used. We also have limited power to assess
interaction effects such as whether regional anesthesia is
protective in the absence of anticoagulant use. Among
those who did not receive pharmacologic antithrom-
botic prophylaxis, the use of regional anesthetic tech-
niques did not differ significantly between cases and
controls. Given the small sample size, however, this
observation should be not be interpreted as evidence of
no association.

In the present study, although nonpharmacologic an-
tithrombotic measures were not routinely used at our
institution, it is possible that some patients might have
received intermittent pneumatic compression devices
during their hospital course. Documentation of their use
was not performed in a standardized fashion, however,
and thus was not available for review. Although several
small studies have shown that intermittent pneumatic
compression is an effective form of prophylaxis (specif-
ically after total knee replacement surgery), its effective-
ness depends on continuous wear immediately after sur-
gery (both in the hospital and after discharge). Thus,
current recommendations indicate that these devices are
most useful when used concurrently with pharmaco-
logic antithrombotic regimens. Nonetheless, a signifi-
cant protective effect of the use of some form of throm-
boprophylaxis is evident in the present study. Other
studies have demonstrated similar reductions in the rates
of clinically relevant thromboembolic events in patients
receiving aspirin, warfarin, or low-molecular-weight
heparin.44,45

The results of the present study are consistent with a
significant reduction in the rate of clinically relevant
adverse thromboembolic events with the use of aspirin.
The Pulmonary Embolism Prevention Trial Collaborative
Group examined the frequency of symptomatic deep
venous thrombosis and pulmonary embolism in patients
receiving elective hip or knee arthroplasty or after hip
fracture and reported reductions in these adverse out-
comes with the use of aspirin (when compared with
placebo)45 similar to those reported for prophylactic
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warfarin or low-molecular-weight heparin.44 The actual
impact on disease prevention of routine warfarin and
low-molecular-weight heparin thromboprophylaxis in
the orthopedic population needs further study. In fact,
the clinical relevance of venographically or ultrasono-
graphically ascertained lower extremity thrombi after
hip or knee arthroplasty surgery remains to be deter-
mined, because most of these thrombi resolve without
coming to clinical attention.44 In the present study, the
effects of body mass index and ASA physical status clas-
sification �3 were greater during the time when the
thromboprophylactic use of warfarin or low-molecular-
weight heparin became routine. The prevention of clin-
ically relevant venous thromboembolic events after
lower extremity arthroplasty might need optimization,
because not all patients receiving pharmacologic throm-
boprophylaxis are at equal risk. For instance, a weight-
based and/or sickness-adjusted thromboprophylactic
regimen may further reduce thromboembolic risk while
avoiding unnecessary treatment of low-risk patients.
These hypotheses remain to be explored.

In conclusion, this study demonstrates the existence of
specific risk factors within the general orthopedic pop-
ulation for the occurrence of adverse perioperative
thromboembolic events in patients undergoing elective
lower extremity joint replacement surgery managed
with current operative and perioperative care. The rou-
tine use of antithrombotic prophylaxis might require
optimization in specific patient populations, as sug-
gested by the findings of increased risk in obese patients,
defined by a body mass index greater than 30 kg/m2, and
in patients with higher sickness profiles, as determined
by an ASA physical status classification of 3 or greater.
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