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Abstract Pulmonary embolism (PE) complicates 1% to

10% of total joint arthroplasties and generally requires

immediate anticoagulation. Low-molecular-weight hepa-

rins have supplanted unfractionated heparin as the

treatment of choice for PE and hold a 1A recommendation

from the American College of Chest Physicians for this

indication. However, the complications of enoxaparin

treatment begun in close proximity to arthroplasty surgery

are not well described. We examined the records of 135

patients who underwent total joint arthroplasty, experi-

enced an in-hospital PE, and received treatment with

enoxaparin at therapeutic doses (1 mg/kg body weight).

The type and frequency of complications were determined

and classified as major or minor. Twenty-seven percent of

patients experienced minor complications and 10% expe-

rienced major complications. The incidence of major

bleeding was substantially higher than rates reported for

nonsurgical patients. The overall complication rate of

enoxaparin treatment is similar to the rate of complications

reported for unfractionated heparin treatment in this set-

ting, but the complications are less severe.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Pulmonary embolism (PE) complicates 1% to 10% of total

joint arthroplasties and generally requires immediate anti-

coagulation [8, 23, 24, 27, 28]. Because the risk of

developing PE is greatest in close proximity to surgery, the

treating surgeon is faced with starting aggressive, potent

anticoagulation at a time when the risk of bleeding from

the surgical site is highest [12]. Major surgical site bleed-

ing increases the risk of neurologic damage [4, 5] and

reoperation [7], delays recovery [16, 25], and increases the

risk of infection by 12.3% [31]. Potentially fatal bleeding

can also occur in other organ systems [19, 29]. Treatment

should balance the benefits and risks of anticoagulation in

patients who have recently undergone these procedures.

Intravenous unfractionated heparin (UFH) is the tradi-

tional treatment for PE in nonsurgical patients [8]. In

patients who have had total joint arthroplasty, the risk of

major bleeding with UFH treatment is high, ranging from

9% to 47% [13, 18, 26]. Low-molecular-weight heparins

(LMWHs) have replaced UFH for many clinical indica-

tions, including the treatment of PEs [8]. They have more

specific binding affinities and, as a result, have more pre-

dictable pharmacokinetic and pharmacodynamic properties

than UFH [9]. LMWHs can be administered subcutane-

ously, do not require laboratory monitoring, and are

equally as effective as UFH [8]. The safety of LMWHs in

postoperative orthopaedic patients has been the subject of
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much controversy [3, 6, 33]. To our knowledge, all studies

conducted in patients undergoing arthroplasty to date have

examined their use at lower prophylactic dosing rather than

higher therapeutic doses. Enoxaparin is a commonly used

LMWH and is an effective prophylactic agent [13]. We are

unaware of a study demonstrating that enoxaparin is safe

when used at therapeutic doses (1 mg/kg of body weight)

in the early postoperative period after total joint

arthroplasty.

Our purposes were, therefore, (1) to delineate the type

and incidence of complications associated with the use of

enoxaparin at therapeutic doses in close proximity to total

joint arthroplasty; and (2) to identify risk factors associated

with complications.

Patients and Methods

After approval from the Institutional Review Board, we

searched the hospital records of all 14,984 TKAs and

THAs performed at our institution from 2003 to 2005.

Hospital records were searched for patients receiving

Current Procedural Terminology codes 27447 (TKA),

27487 (revision TKA), 27130 (THA), and 27134 (revision

THA). This group of patients was then searched for

International Classification of Diseases, Ninth Revision

codes 415.1 (pulmonary embolism not iatrogenic), 415.11

(pulmonary embolism-iatrogenic), and 451.19 (other pul-

monary embolism and infarction). Patients were included

in this study if they met the following criteria: (1) under-

went primary or revision THA or TKA; (2) had a PE during

their postoperative hospital stay; and (3) were treated with

therapeutic doses of enoxaparin within the first 10 post-

operative days. Therapeutic dosing of enoxaparin included

1 mg/kg of body weight administered subcutaneously

twice per day or if a patient weighed more than 60 kg, a

minimum of 60 mg twice per day was required. The

presence of PE was established by spiral computed

tomography or ventilation-perfusion (V/Q) scan, which

were obtained if clinical symptoms warranted. No type of

screening for thromboembolism was performed [14].

Patients were excluded if they had impaired renal function,

defined as a creatinine of 1.6 mg/dL or greater, or if they

had a history of hepatic dysfunction before surgery.

One hundred thirty-five patients (152 procedures) met

inclusion criteria (92 primary TKAs, 55 primary THAs,

five revision TKAs). There were 78 female and 57 male

patients. The average age was 69.7 years (range, 30–

88 years). All patients received a multimodal thrombo-

prophylaxis protocol consisting of stopping procoagulant

medication before surgery, preoperative donation of

Table 1. Comorbidities of patients treated with enoxaparin

Category Number of patients

Cardiovascular

Hypertension 76

Hypercholesterolemia 46

Coronary artery disease 16

Mitral valve prolapse 5

Cardiac murmur 5

Atrial fibrillation 8

Other 32

Gastrointestinal

Gastrointestinal reflux disease 33

Peptic ulcer disease 6

Cholelithiasis 3

Other 17

Genitourinary

Benign prostatic hypertrophy 13

Nocturia 3

Other 9

Endocrine

Diabetes mellitus 34

Hypothyroid 11

Hematology/oncology

Cancer 15

Deep vein thrombosis 7

Anemia 3

Infectious disease

Hepatitis B 2

HIV 1

Other 3

Musculoskeletal

Osteoarthritis 11

Osteoporosis 10

Spinal stenosis 4

Gout 4

Sciatica 3

Other 20

Neurological

Vertigo 2

Migraines 2

Syncope 2

Other 2

Ophthalmologic

Glaucoma 5

Other 4

Psychiatric

Depression 5

Other 5
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autologous blood, use of regional anesthesia [34], pneu-

matic compression devices [10], rapid mobilization

postoperatively, and early foot and ankle flexion-extension

exercises [30]. In addition, they received pharmacologic

thromboprophylaxis with aspirin (325 mg twice a day in 21

patients) or warfarin (5 mg administered on the night of the

day of surgery and daily thereafter, aiming at an interna-

tional normalized ratio of 2, in 114 patients) [1]. Patients

had an average of 3.4 comorbidities (Table 1). The mean

BMI was 30.9 kg/m2 (range, 15.5–56.5 kg/m2). Diagnosis

and treatment of PE began, on average, 3.1 days after

surgery (range, 1–8 days). All diagnoses of PE were made

by computed tomography [17], except in one patient who

had a high-probability V/Q scan. The average twice-daily

dosing of the enoxaparin was 78.3 mg (range, 40–130 mg).

All patients were started (or continued) on oral warfarin

therapy at the time of diagnosis and were treated with

enoxaparin until their international normalized ratio

reached a stable level between 2 and 3. Criteria for the

diagnosis of complications were those used by Patterson

et al. associated with the use of unfractionated heparin [26].

These were (1) hemorrhage at the operative site, defined by

formation of a clinically evident hematoma (clinical

determination of hematoma included documented presence

of edema, ecchymosis, and serosanguinous wound drain-

age) or decrease in hematocrit of more than 5% requiring

transfusion; (2) hemorrhage at a nonoperative site, ie,

spontaneous hemorrhage unrelated to the location of sur-

gery; (3) thrombocytopenia, defined by a drop in the

platelet count to less than 100,000/mm3 or a decrease of

more that 200,000/mm3; and (4) recurrent PE or arterial

thrombosis. Complications defined as major included

recurrent PE or arterial thrombosis; fatal hemorrhage;

hemorrhage that was retroperitoneal, intracranial, or

intraspinal; hemorrhage leading to reoperation or cessation

of anticoagulation treatment; and overt hemorrhage

requiring two or more units of blood transfusion [11].

Those complications that did not meet these criteria were

considered minor.

We used a logistic regression model to identify predic-

tors of complication (age, gender, BMI, primary/revision

surgery, hip or knee arthroplasty, unilateral or bilateral

procedure, dose of enoxaparin, prophylactic use of aspirin

or warfarin prophylaxis, and number of comorbidities as

potential predictors of complication).

Results

Fifty-one complications occurred in 45 patients (33%)

(Table 2). There were 13 major (10%) and 38 minor (27%)

complications. The average international normalized ratio

at the time of complication was 1.61 (0.97-3.09). Forty

three patients (32%) had operative site hemorrhage, which

was the most frequent complication. Eleven (8%) of these

were major bleeding requiring two or more units of blood.

On average, patients with operative site hemorrhage

required 1.5 units. One patient developed a deep wound

hematoma with concomitant sciatic nerve compression

requiring operative evacuation. This was the only patient

who required reoperation. Eight patients (6%) had bleeding

at distant sites; one had epistaxis, six had hematuria, and

one had a subdural hematoma sustained in a fall. None of

the eight patients required blood transfusions for these

complications. Anticoagulation treatment was stopped in

the patient who had the subdural hematoma, and an inferior

vena cava filter was placed. No other complications were

recorded. No thrombocytopenia or fatal pulmonary emboli

occurred.

Age, gender, BMI, primary/revision surgery, hip or knee

arthroplasty, unilateral or bilateral procedure, dose of en-

oxaparin, and number of comorbidities were not predictive

of overall, major, or minor complications. We found no

relationship between the postoperative day on which

treatment began and the likelihood of bleeding complica-

tions. The overall risk of complications was similar for

patients who had taken warfarin and those who had taken

aspirin for prophylaxis.

Discussion

The incidence of in-hospital PE after total joint arthroplasty

has remained steady in the last decade [21, 23]. Treatment

Table 2. Complications of enoxaparin treatment after arthroplasty

Complication Major Minor

Operative site hemorrhage 12 patients 31 patients

Nonoperative site hemorrhage 1 patient 7 patients

Thrombocytopenia 0 —

Recurrent pulmonary embolus 0 —

Mortality 0 —

Table 1. continued

Category Number of patients

Renal

Chronic renal insufficiency 1

Other 3

Respiratory

Asthma 21

Pneumonia 3

Other 9
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of this complication presents the arthroplasty surgeon with

a dilemma. Anticoagulation in postoperative patients car-

ries obvious risks. However, the need for treatment of PEs,

and the reduction in mortality that this treatment affords,

has been definitively established [2, 3, 15]. LMWHs have

supplanted UFH as the treatment of choice for PE and hold

a 1A recommendation from the American College of Chest

Physicians for this indication [8]. However, lower pro-

phylactic doses of enoxaparin have been associated with

higher rates of wound drainage and reoperation than aspirin

or warfarin prophylaxis [3]. The complication rate of

therapeutic enoxaparin treatment in the patients undergoing

arthroplasty in the early postoperative period has not pre-

viously been established. Understanding the risk profile is

essential for weighing the risks and benefits of this treat-

ment. The purposes of this study were (1) to delineate the

type and incidence of complications associated with the use

of enoxaparin at therapeutic doses in close proximity to

total joint arthroplasty; and (2) to identify risk factors

associated with complications.

The main limitation of this study is lack of a control

group that did not receive anticoagulation. The absence of

such a control makes direct attribution of complications to

the individual treatments less accurate. However, with-

holding treatment from patients who have had a PE to

create a control group would be unethical. Comparison of

the cohort in this study to a group without PE would not be

appropriate either. Interventions such as blood transfusions

are undertaken with different considerations in patients

who sustain the cardiovascular stress of a PE. Thus, one

could not accurately compare patients without a PE with

those with a PE and its associated cardiovascular stress,

because treatment would be considerably affected by this

variable [19].

In this cohort of postarthroplasty patients, the incidence

of major bleeding complications (10%) was substantially

higher than the rates reported for nonsurgical patients,

which are 0% to 5% [5, 20, 22, 35]. This difference

highlights the unique risks inherent to anticoagulation

treatment in patients who have undergone procedures,

which include substantial soft tissue dissection and oste-

otomies. The overall complication rate of enoxaparin

treatment is similar to the rate of complications reported

for UFH treatment in this setting [18, 26]. However,

complications associated with enoxaparin tend to be less

severe. In 1989, Patterson et al. reported complications in

35% of postarthroplasty patients treated with UFH from

our institution [26]. Forty-one of their 112 patients had

anticoagulation stopped as a result of the severity of

complications. Only one patient in our cohort required

therapy to be stopped. On average, patients treated with

enoxaparin had a lower transfusion requirement (by 50%)

than those reported for UFH (average 3 versus 1.5 units,

respectively). Only one patient treated with enoxaparin

required reoperation compared with three patients reported

for UFH. Although formal statistical comparisons are un-

likely to be valid between two groups treated more than

20 years apart, there appear to be fewer bleeding compli-

cations with enoxaparin treatment in patients undergoing

modern arthroplasty compared with historic reports of UFH

treatment. Surgical site complications, which include

wound hemorrhage, have been the most frequently reported

complication of enoxaparin prophylaxis [3] and is the most

common complication of therapeutic treatment. Although

the majority of these are minor, 8% of patients in the

current study had major surgical site bleeding.

Obesity has been identified as a risk factor for surgical

site complications with enoxaparin prophylaxis [3]. We

did not find that increased BMI correlated with increased

risk for any type of complication. Remarkably, increasing

dosage of enoxaparin (which would correlate with

increased BMI in weight-based dosing) was also not pre-

dictive of complications. Shaieb et al. have reported

increased complications when prophylactic enoxaparin was

begun within 6 hours of surgery and when used in patients

undergoing bilateral procedures [32]. Patterson et al. noted

a considerable increase in complications when UFH anti-

coagulation was begun within the first 5 postoperative days

[26]. We found no correlation between the time at which

treatment was initiated relative to surgery and subsequent

complications. Nor were patients who underwent bilateral

procedures more likely to have a complication. Compli-

cations were equally likely in patients who underwent hip

versus knee arthroplasty.

Our study elucidates the complications associated with

modern anticoagulation treatment of perioperative PE after

major total joint arthroplasty. Therapeutic enoxaparin

treatment postoperatively in patients undergoing arthro-

plasty has a 10% rate of major bleeding complications and a

27% rate of minor complications. Major bleeding compli-

cations occur twice as frequently as reported in nonsurgical

patients. Complications of enoxaparin tend to be less severe

than those associated with intravenous UFH. Obese patients

undergoing arthroplasty who receive high doses of enox-

aparin are not at greater risk for complications than patients

with lower BMIs, and the risk profile is not different for

patients who undergo bilateral procedures.
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