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SUMMARY
The number of acutely ill hospitalized medical patients at risk for acute venous thromboembolism
(VTE) has not been well defined. Therefore, we used the 2003 United States Healthcare Cost and
Utilization Project (HCUP) Nationwide Inpatient Sample database to estimate VTE events among
hospitalized medical patients. We then modeled the potential reduction in VTE with universal
utilization of appropriate pharmacological thromboprophylaxis. We calculated that 8,077,919
acutely ill hospitalized medical patients were at risk for VTE. Heart failure, respiratory failure,
pneumonia, and cancer were the most common medical diagnoses. We estimated that 196,134
VTE-related events occurred in 2003, afflicting two out of every 100 acutely ill hospitalized
medical patients. These VTE-related events were comprised of 122,235 symptomatic deep vein
thromboses, 32,654 symptomatic episodes of pulmonary embolism, and 41,245 deaths due to
VTE. In our model, rates of pharmacological thromboprophylaxis prescription were low for
various acute medical illnesses, ranging from 15.3% to 49.2%. However, with universal
thromboprophylaxis, 114,174 VTE-related events would have been prevented. In conclusion,
acutely ill medical patients represent a large population vulnerable to the development of VTE
during hospitalization. The number of VTE-related events would be halved with universal
thromboprophylaxis. Further efforts focused on improving VTE prevention strategies in
hospitalized medical patients are warranted.
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Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary
embolism (PE), is an often preventable complication of medical illness associated with
substantial healthcare costs (1). DVT and PE may result in debilitating long-term
complications of post-thrombotic syndrome (2) and chronic thromboembolic pulmonary
hypertension (3), respectively. Common conditions among hospitalized medical patients,
such as heart failure, chronic obstructive pulmonary disease, acute infection, atherosclerotic
vascular disease, and malignancy, increase the risk of VTE (4). Recent hospitalization has
been implicated in the development of VTE in the outpatient setting (5). Despite published
and widely disseminated guidelines for the prevention of VTE among hospitalized medical
patients (6,7), underutilization of thromboprophylaxis continues to be a problem in the
United States (8), Canada (9), and worldwide (10). Hospitalized medical patients are less
likely to receive thromboprophylaxis than their surgical counterparts (4,10). The objective of
this study is to use the U.S. Healthcare Cost and Utilization Project (HCUP) Nationwide
Inpatient Sample database in combination with a probability model to estimate VTE events
among hospitalized medical patients and the potential impact of universal
thomboprophylaxis in this vulnerable population.

MATERIALS AND METHODS
Population

To identify acutely ill medical patients, we queried the 2003 HCUP Nationwide Inpatient
Sample using previously described methods (11). We used the Clinical Classification
Software (CCS) and Procedure Category Labels (PRCCS) to classify and collapse similar
medical diagnosis codes into a smaller number of categories. We searched the Nationwide
Inpatient Sample for acutely ill medical patients who were at increased risk of VTE using
the following diagnoses: heart failure (codes 103, 108), respiratory failure (codes 127, 131),
cancer (codes 11, 44), sepsis (code 2), acute myocardial infarction (code 100), non-surgical
trauma (codes 225–231, 233–234), pneumonia (code 122), paralysis or coma (codes 82, 85),
stroke (code 109) and arthropathy or spondylopathy (codes 202–205). We limited our search
to the primary, secondary, and tertiary Clinical Classification Software Category for
diagnosis positions (DXCCS1, DXCCS2, and DXCCS3). We included only patients older
than 40 years of age and hospitalized for at least two days. To generate the projected
national admission estimates of acutely ill medical patients for all U.S. acute care hospitals,
we used the Nationwide Inpatient Sample core file of discharge weights.

Statistical Model
To estimate VTE events and VTE-related deaths for the year 2003, we entered each acutely
ill medical patient population individually into an event probability model (Figure 1) used
previously to estimate the annual number of VTE-related events among hospitalized patients
in the European Union (12). Pharmacological thromboprophylaxis prescribing rates for each
medical diagnosis were obtained from publications that evaluated the utilization of
American College of Chest Physicians (ACCP) recommendations for thromboprophylaxis in
at-risk hospitalized medical patients (8,13). We defined pharmacological prophylaxis as any
prescription of prophylactic anticoagulation. We extracted the probabilities of DVT and PE,
with and without thromboprophylaxis, for each medical diagnosis from the published
literature (Table 1) (14–21). To estimate symptomatic VTE events and mortality, we used
the estimates of likelihood of diagnosis and treatment developed by Oster and colleagues
(22). We followed the European consensus estimates that 10% of DVT events would be
symptomatic and that 11.5% of these DVT events would result in PE (12). We did not
incorporate recurrent VTE-related events in 2003 into the probability model. We assumed
that symptomatic DVT would be treated and therefore would not result in PE. VTE-related
mortality included estimates of sudden death, death following diagnosed and treated VTE,
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and death following undiagnosed and untreated disease. Death was defined as all-cause
mortality.

Statistical Analysis
One-way sensitivity analyses were initially conducted with all inputs adjusted by ±50%. If
any analysis indicated a greater than 1% impact on the overall output of the model (total
mortality), the parameters were included in a probabilistic sensitivity analysis. A
probabilistic sensitivity analysis, which helps assess the consequences of decision
uncertainty by analyzing the effects of changing model parameters, was conducted by
altering thromboprophylaxis uptake rates (23). Monte Carlo simulation (24) is a type of
probabilistic sensitivity analysis in which the model runs many times using randomly
sampled values for specific parameters to gauge the impact of uncertainty. Second order
Monte Carlo simulation is performed for parameters that are expected to have a nonlinear
effect on calculations. Confidence intervals were generated via second order Monte Carlo
simulation performed in Microsoft Excel 2003 version 11.8 (Microsoft Corp., Redmond,
WA).

RESULTS
Characteristics of Hospitalized Medical Patients

We calculated that 8,077,919 acutely ill hospitalized medical patients were at risk for VTE
in 2003 (Table 2). Among these patients, heart failure, respiratory failure, pneumonia, and
cancer were the most common medical diagnoses. We estimated that 2,939,539 acutely ill
medical patients at increased risk for VTE would have suffered from cardiovascular and
cerebrovascular disease, including heart failure, acute myocardial infarction, and stroke.

Estimates of Venous Thromboembolic Events
We estimated that 196,134 VTE-related events occurred in 2003, afflicting two out of every
100 acutely ill hospitalized medical patients (Table 3). These VTE-related events were
comprised of 122,235 symptomatic DVTs (62%), 32,654 symptomatic PEs (17%), and
41,245 deaths due to VTE (21%). VTE-related events were most frequent among acutely ill
medical patients with heart failure, stroke, cancer, respiratory failure, and pneumonia.

Venous Thromboembolism Prophylaxis
Rates of pharmacological thromboprophylaxis prescription were universally low across the
various acute medical illnesses, ranging from 15.3% to 49.2% (Table 2).
Thromboprophylaxis rates were highest among acutely ill hospitalized medical patients with
stroke (49.2%), acute myocardial infarction (43.0%), and heart failure (40.1%). 72% of
cancer patients, 80% of non-surgical trauma patients, and 85% of patients with paralysis or
coma did not receive thromboprophylaxis.

Compared with current rates of pharmacological prophylaxis prescription, 114,174 VTE-
related events would have been prevented with 100% thromboprophylaxis utilization (Table
4). The number of symptomatic DVTs, symptomatic PEs, and VTE-related deaths would
substantially decrease across all subgroups. The greatest reductions in VTE-related events
would be observed in acutely ill medical patients with stroke (76%), paralysis or coma
(72%), pneumonia (64%), non-surgical trauma (62%), heart failure (61%), sepsis (55%),
acute myocardial infarction (56%), and respiratory failure (52%) (Figure 2).
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DISCUSSION
More than eight million hospitalized acutely ill medical patients were at increased risk of
VTE events in 2003. We calculated that acutely ill medical patients suffered 196,134
hospital-acquired VTE-related events, including symptomatic DVT, symptomatic PE, or
VTE-related death. The majority were admitted with common medical illnesses, including
heart failure, respiratory failure, pneumonia, and cancer. Despite having medical conditions
that amplify the risk of VTE, rates of pharmacological thromboprophylaxis were low, with
fewer than 50% of patients in each medical subgroup receiving any prophylaxis.

Other studies have documented an elevated risk of VTE among Medical Service patients
with heart failure, stroke, malignancy, and respiratory disease (25–28), with poor
thromboprophylaxis utilization even among high-risk subgroups (29,30). Despite trials
demonstrating the safety and efficacy of pharmacological modalities (31–35),
thromboprophylaxis continues to be underutilized.

The 2008 U.S. Surgeon General’s Call to Action to Prevent DVT and PE provides a
roadmap for Quality Improvement initiatives to augment thromboprophylaxis utilization
among hospitalized medical patients (36). Increasing healthcare provider recognition of
VTE risk among hospitalized medical patients and promoting awareness of evidence-based
guidelines for VTE prevention through continuing education programs are critical.
Computer-based decision support approaches, such as provider order entry alerts, are
effective techniques for improving thromboprophylaxis utilization and decreasing
symptomatic DVT and PE among hospitalized patients (37,38). When a hospital staff
member monitors hospital admissions and alerts physicians that their high-risk patients are
not receiving prophylaxis, symptomatic DVT and PE rates fall (39). However, this approach
appears to be less effective than computer-based decision support systems (39).

Our analysis may be limited by the accuracy of the HCUP Nationwide Inpatient Sample
database, which is based on medical record coding and may not capture all conditions and
risk factors contributing to the development of VTE. Because prescribing practices vary
widely, pharmacological thromboprophylaxis rates and their impact on VTE-related events
may not be representative of individual medical centers. Our estimates do not take into
account medical patients with contraindications to pharmacological thromboprophylaxis or
those receiving mechanical prophylaxis. In addition, our estimates represent U.S. data from
a single year and may not be generalizable to other populations or years. Although we
believe other years would yield similar results, we acknowledge that publication of the
Seventh Edition of American College Chest Physicians guidelines for the prevention of VTE
in 2004 might have changed thromboprophylaxis rates in subsequent years.

Our study is strengthened by the use of a database that represents a wide variety of U.S.
medical centers and patient populations. The HCUP Nationwide Inpatient Sample database
also allowed us to provide estimates of VTE-related events for a large sampling of acutely ill
medical patients that would not be practical in a conventional observational study. Finally,
the use of an event probability model provided us with the means to estimate the effect of
thromboprophylaxis on VTE-related events.

In conclusion, two out of every 100 hospitalized medical patients suffered a VTE-related
event in 2003. The number of VTE-related events would be halved with universal
thromboprophylaxis. These data should serve as a catalyst for further research, educational,
and policy efforts aimed at improving VTE prevention in hospitalized medical patients.

What is known about this topic?
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• Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and
pulmonary embolism (PE), is an often-preventable complication of medical
illness and hospitalization.

• Common conditions among hospitalized medical patients, such as heart failure,
chronic obstructive pulmonary disease, acute infection, atherosclerotic vascular
disease, and malignancy, increase the risk of VTE.

• Despite published guidelines for the prevention of VTE, underutilization of
thromboprophylaxis among hospitalized medical patients continues to be a
problem.

What does this paper add?

• We estimate that more than eight million hospitalized acutely ill medical
patients are at-risk for VTE.

• Based on current thromboprophylaxis rates, two out of every 100 hospitalized
medical patients suffered a VTE-related event.

• The number of VTE-related events could be halved if thromboprophylaxis were
consistently prescribed to all at-risk hospitalized medical patients.
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Figure 1.
Venous thromboembolism (VTE) event probability model for acutely ill hospitalized
medical patients. DVT, deep vein thrombosis; P, probability; PE, pulmonary embolism.
*Probability varies according to the specific medical diagnosis.
**Probability varies according to the specific medical diagnosis and use of
thromboprophylaxis.
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Figure 2.
Total venous thromboembolic events in acutely ill hospitalized medical patient populations
with universal thromboprophylaxis utilization compared with current rates. MI, myocardial
infarction.
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Table 1

Probabilities of deep vein thrombosis (DVT) and pulmonary embolism (PE), with and without
thromboprophylaxis, for each medical diagnosis. DVT, deep vein thrombosis; PE, pulmonary embolism.

Medical diagnosis
Probability of DVT
without prophylaxis

Probability of DVT
with prophylaxis

Probability of PE
without prophylaxis

Probability of PE with
prophylaxis

Heart failure 0.146 0.040 0.015 0.004

Respiratory failure 0.131 0.051 0.014 0.005

Pneumonia 0.165 0.046 0.017 0.005

Cancer 0.195 0.097 0.020 0.010

Acute myocardial infarction 0.240 0.075 0.025 0.008

Arthropathy/spondylopathy 0.207 0.100 0.021 0.010

Stroke 0.727 0.102 0.075 0.011

Sepsis 0.155 0.063 0.016 0.007

Non-surgical trauma 0.181 0.060 0.019 0.006

Paralysis/coma 0.160 0.040 0.017 0.004
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Table 2

Estimates of acutely ill hospitalized medical patients at risk for venous thromboembolism (VTE) and
thromboprophylaxis prescribing rates, by diagnosis.

Diagnosis Total patient population Prophylaxis prescribing rate (%)

Heart failure 1,848,861 40.1

Respiratory failure 1,490,543 31.0

Pneumonia 1,149,882 31.0

Cancer 1,055,435 27.6

Acute myocardial infarction 582,294 43.0

Arthropathy/spondylopathy 534,854 15.3

Stroke 508,384 49.2

Sepsis 420,000 15.3

Non-surgical trauma 418,696 20.3

Paralysis/coma 68,970 15.3

TOTAL 8,077,919 -
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