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Introduction:Venous thromboembolism (VTE) is themost commonpreventable cause ofmorbidity andmortality
in the hospital. Adequate thromboprophylaxis has reduced the rate of hospital-acquired VTE substantially; how-
ever, some inpatients still develop VTE evenwhen they are prescribed thromboprophylaxis. Predictors associated
with thromboprophylaxis failure are unclear. In this study, we aimed to identify risk factors for inpatient VTE
despite thromboprophylaxis.
Materials and methods:We conducted a case–control study to identify independent predictors for inpatient VTE.
Among patients discharged from the BJC HealthCare system between January 2010 and May 2011, we matched
94 cases who developed in-hospital VTE while taking thromboprophylaxis to 272 controls who did not develop
VTE. Matching was done by hospital, patient age,month and year of discharge.We usedmultivariate conditional
logistic regression to develop a VTE prediction model.
Results:We identified five independent risk factors for in-hospital VTE despite thromboprophylaxis: hospitaliza-
tion for cranial surgery, intensive care unit admission, admission leukocyte count N13,000/mm3, presence of an
indwelling central venous catheter, and admission from a long-term care facility.
Conclusions:We identified five risk factors associated with the development of VTE despite thromboprophylaxis
in the hospital setting. By recognizing these high-risk patients, clinicians can prescribe aggressive VTE prophylaxis
judiciously and remain vigilant for signs or symptoms of VTE.

© 2013 Published by Elsevier Ltd.

Introduction

Venous thromboembolism (VTE) causes significant morbidity and
mortality in hospitalized patients. Pulmonary embolism (PE) is the most
preventable cause of hospital death [1,2]. Prophylactic anticoagulation
decreases the incidence of VTE by 50% to 75%, both in surgical and
medical hospitalized patients [3–6]. Therefore, the 2012 American
College of Chest Physicians practice guideline recommends pharma-
cological VTE prophylaxis in hospitalized patients with high risk of
thrombosis [7].

Despite appropriate thromboprophylaxis, some inpatients still develop
VTE. Approximately half of in-hospital VTEs occur on thromboprophylaxis
[8]. Even with pharmacological and/or mechanical thromboprophylaxis,

VTEs are common after trauma or orthopedic surgery [9,10]. Therefore,
for high-risk patients, routine thromboprophylaxis may not be sufficient
[8,9]; combining medical prophylaxis with early ambulation or mechan-
ical prophylaxismay bemore effective [11,12]. Thus, identifying this sub-
set of patients with particularly high risk of VTE is important and allows
closer observation and potential intensification of thromboprophylaxis.

Limited literature is available regarding the risk factors associated
with the failure of prophylactic anticoagulation. In the MEDENOX trial
of ill medical inpatients, the rate of VTEwas 5% to 6% in patients random-
ized to standard enoxaparin 40 mg daily and higher in patients who did
not receive standard therapy [5]. MEDENOX also identified five risk fac-
tors for VTE: presence of an acute infectious disease, age older than
75 years, cancer, a history of VTE, and chronic respiratory disease [13].
However, most of these VTE were asymptomatic and detected only on
venographic screening. To investigate risk factors for symptomatic VTE,
we performed a case–control study of patients discharged from the BJC
Health Care system between January 1, 2010, and May 31, 2011.

Materials and methods

Patient inclusion and data collection

We conducted a case–control study using data from seven hospitals
in the BJC HealthCare system, a large nonprofit health care organization
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serving Missouri and southern Illinois. The seven hospitals included a
university-based tertiary referral center (Barnes-Jewish Hospital, the
largest teaching hospital of Washington University in St. Louis) and six
affiliated community hospitals. The primary objective of the study was
to identify risk factors associated with the occurrence of new inpatient
VTE despite appropriate thromboprophylaxis. Cases and controls were
prescribed thromboprophylaxis while hospitalized at one of the
seven participating hospitals between January 1, 2010, and May 31,
2011. Cases had symptomatic VTE; controls did not have a VTE.

As detailed (Appendix A), we identified VTE using a modified ver-
sion of AHRQ PSI 12 (Agency for Healthcare Research and Quality
Patient Safety Indicators 12, version 4.2) [14] and confirmed each
VTE with chart review. We improved sensitivity by extending the
PSI 12 to the non-surgical population. We excluded upper extremity
thromboses by excluding all sub-categorized codes of 453.8, except
for 453.89. We also excluded patients with any of the following:
length of stay b48 hours, age b18 years, or patients assigned to major
diagnostic category 14 (pregnancy, childbirth, and puerperium). To
reduce the number of false positive VTE, we excluded patients with a
VTE diagnosis present on admission and patients with an order for ther-
apeutic anticoagulation for VTE within the first 48 hours of admission.
According to our chart reviews, this modifiedmeasure had a sensitivity
and negative predictive value of 100%, specificity of 84%, and positive
predictive value of 74%.

We matched each chart-verified VTE case to three control patients.
Controls were matched by hospital, age (within five years), and month
and year of hospitalization. We stratified our study population based on
type of prophylaxis: pharmacologic vs. mechanical. Among patients
prescribed pharmacologic prophylaxis, we randomly sampled 50 VTE
case patients and 150 non-VTE matched control patients. All 200 of
these patients started receiving pharmacologic prophylaxis (including
unfractionated heparin, low-molecular-weight heparin, or warfarin,
refer to Table 1 for dosing definition)within the first 48 hours of admis-
sion. Among patients prescribed mechanical prophylaxis, we identified
44 VTE cases and matched them to 130 controls (one case had only
one matched control available). The final sample size was 366 patients
(94 VTE cases and 272 non-VTE controls) because eight controls were
excluded due to missing data.

Administrative data were used for patient identifiers and basic
demographics (i.e., gender, race, age). All other data were collected by
systematic abstraction of the inpatient medical records. For VTE cases,
patients were considered positive for a risk factor only if it was docu-
mented prior to the VTE diagnosis. VTE risk factors thatwere not consis-
tently available from the inpatient medical record (i.e., varicose veins
and a prior history of smoking) could not be assessed. The definitions
and sources of putative risk factors were detailed in Appendix B.

Data analysis

The groups of pharmacologic and mechanical prophylaxis were
analyzed separately initially, but similar results were found, and hence

we combined them in the final analysis.We used univariate conditional
logistic regression to identify multivariate model inputs. All continuous
variables, with the exception of age, had skewed distributions, and
therefore were log-transformed. Variables with a p-value b0.10 were
offered into the multivariable model, but were retained only if the di-
rection of the odds ratio (OR) was consistent with the literature and
the p-value was ≤0.05. Leukocyte count was offered as quartiles, with
the second quartile ([6.8-9.6] × 103/mm3) as reference. We evaluated
model fit by examining plots of residuals and influence measures. The
c-statistic was estimated using unconditional logistic regression. All
analyses were performed using SAS version 9.3.

This study was approved and conducted according to guidelines
established by the Institutional Review Board of each institution. The re-
quirement for informed consent was waived because measurements
and care performed in the study were part of routine clinical care and
confidentiality was maintained.

Results

Patient characteristics

A total of 366 patientswere included: 94VTE cases and 272matched
controls. Overall, patient characteristics in VTE cases were comparable
to controls (Table 2). Age, gender, race, and BMI were similar. Among
patients with VTE, 62.8% (59/94) had deep vein thrombosis (DVT),
while 36.1% (34/94) had pulmonary embolism (PE), and 1 patient
(1.1%) had both DVT and PE.

Univariate analysis

We used a univariate conditional logistic regression model to
identify VTE risk factors (Table 2). Many clinical factors increased the
risk of VTE: acute respiratory diseases, extremity paresis or plegia, infec-
tion, prior history of VTE, trauma, indwelling central venous catheter
(CVC), bed rest, and surgery. Significant laboratory risk factors included:
packed red blood cell or fresh frozen plasma transfusion, blood culture
ordered, or admission leukocyte count N13,000/mm3. History of cancer
(reference to no cancer or active cancer) and hypertension were found
to have lower odds of VTE in our study.

Multivariate analysis

The multivariate analysis identified five independent predictors of
inpatient VTE (Table 3): cranial surgery, hospitalization in an ICU,
admission leukocyte count of N13,000/mm3, presence of an indwell-
ing CVC, and admission from a long-term care facility. Cranial surgery
had a particularly high OR (16.1), while all other factors had OR of 2
to 3. The highest variance inflation factor (VIF) is 1.37, indicating
low multicollinearity. Hosmer-Lemeshow χ2 was not significant,
suggesting adequate calibration.

Discussion

We identified five independent risk factors for VTE despite
thromboprophylaxis and their multivariate ORs (95% CI [confidence
interval]) were: 16.1 (3.2-80.4) for cranial surgery, 3.0 (1.5-5.9) for
hospitalization in an ICU, 2.7 (1.4-5.1) for leukocytosis, 2.5 (1.3-4.7)
for a CVC, and 2.1 (1.0-4.2) for admission from a long term care
facility.

Thus, this study validates the relationship between VTE and cranial
surgery, hospitalization in an ICU, and CVCs [15–17]. In a prior study,
half of neurosurgical patients had VTE detectable on screening, while
5% developed symptomatic VTE [17]. Another study found that one-
third of patients hospitalized in the ICU developed VTE, although most
of those patients had received thromboprophylaxis [15]. A retrospective
study found that CVCs doubled the risk of inpatient VTE [16], with an

Table 1
Dosing definition of VTE prophylaxis and therapy in the current study (VTE = venous
thromboembolism; N/A = not applicable).

Medication VTE prophylaxis VTE therapy

Argatroban N/A Any daily dose
Bivalirudin N/A Any daily dose
Dalteparin ≤5000 units daily dose N5000 units daily dose
Desirudin N/A Any daily dose
Enoxaparin 30 to 60 mg daily dose N60 mg daily dose
Fondaparinux 2.5 mg daily dose N2.5 mg daily dose
Heparin (subcutaneous)
Heparin (intravenous)

≤22,500 units daily dose
N/A

N22,500 units daily dose
Any daily dose

Lepirudin N/A Any daily dose
Warfarin Any daily dose N/A
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