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Deep venous thrombosis (DVT) is a blood clot in a large
vein, usually in the leg or pelvis. Sometimes a DVT detaches
from the site of formation and becomes mobile in the blood
stream. If the circulating clot moves through the heart to the
lungs it can block an artery supplying blood to the lungs.
This condition is called pulmonary embolism. The disease
process that includes DVT and/or pulmonary embolism is
called venous thromboembolism (VTE). Each year in the
United States, an estimated 350,000–900,000 persons develop
incident VTE, of whom approximately 100,000 die, mostly as
sudden deaths, the cause of which often goes unrecognized (1).
In addition, 30%–50% of persons with lower-extremity DVT
develop postthrombotic syndrome (a long-term complication
that causes swelling, pain, discoloration, and, in severe cases,
ulcers in the affected limb) (2,3). Finally, 10%–30% of persons
who survive the first occurrence of VTE develop another VTE
within 5 years (4).
VTE can result from three pathogenic mechanisms: hypercoagulability (increased tendency of blood to clot), stasis or slow
blood flow, and vascular injury to blood vessel walls. Individual
characteristics include congenital and acquired factors, such
as advanced age or cancer, and interact with external factors,
such as hospitalization or surgery (Table). Hospitalization is
an important risk factor in the latter two mechanisms; injury
and surgery are causes of vascular injury, and prolonged bed
rest can cause stasis. Approximately half of new VTE cases
occur during a hospital stay or within 90 days of an inpatient
admission or surgical procedure, and many are not diagnosed
until after discharge (5,6).
As a health-care–associated condition, VTE is receiving
increased attention from patient safety experts, the Agency for
Healthcare Research and Quality (AHRQ), and the Centers for
Medicare & Medicaid Services (CMS). Despite that recognition,
the number of secondary diagnoses of VTE in hospital patients
has increased (7), and during 2007–2009, an average of nearly
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550,000 adult hospital stays each year had a discharge diagnosis
of VTE (8). Nonetheless, VTE often is not recognized as an issue
of public health importance. No ongoing surveillance system
monitors the occurrence of VTE at the population level, and
public education and awareness is limited.

Successful Implementation of a VTE Prophylaxis
Program in the Inpatient Setting
Both pharmacologic and mechanical prophylaxis can be
used to prevent VTE (9). Pharmacologic approaches, such as
unfractionated and low molecular weight heparin and other
anticoagulants (i.e., blood thinners), reduce the potential of
blood to clot. Mechanical approaches such as intermittent
pneumatic compression devices and graduated compression
stockings can reduce blood clot formation by increasing
blood flow. Patient adherence is essential for success with both
approaches (10). Pharmacologic and mechanical methods of
prophylaxis have different risks and benefits.
Prevention of VTE can be complicated because physicians
must balance the risk for thrombosis with the risk for bleeding from anticoagulants by considering each patient’s risk
for VTE and bleeding relative to the risks and benefits of
prophylaxis. The 2012 American College of Chest Physicians
VTE-prevention guidelines endorsed three quantitative riskstratification models and suggested that VTE prophylaxis
might not be beneficial for low-risk hospitalized patients
(11–13). Assessment models for bleeding risk can be used to
identify patients at high risk for bleeding (14). Because many
cases of VTE are health-care associated, clinicians and healthcare organizations can play an important role in preventing
hospital-associated VTE (HA-VTE) events as part of patientsafety quality-improvement initiatives.
In 2004, the Johns Hopkins Medical Institutions Center
for Innovations in Quality Patient Care assembled a multidisciplinary VTE-prevention team to develop a VTE education
program for health-care providers, design evidence-based
risk-appropriate prophylaxis strategies, establish a mechanism
to assess performance, and review data with staff to improve
performance (15,16). Paper-based order sets or forms were
developed to guide clinicians through the risk-stratification
process and recommend appropriate VTE prophylaxis. Among
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data that are routinely collected and reported,
but accurately ascertaining HA-VTE can be
Strong risk factors
Moderate risk factors
Weak risk factors
difficult without reviewing medical charts.
Fracture (hip or leg)
Arthroscopic knee surgery
Prolonged bed rest
Hip or knee replacement
Central venous lines
Immobility
In two studies conducted by the Institute
Major general surgery
Chemotherapy/Cancer
Age >40 yrs
for Healthcare Improvement using hospital
Major trauma
Congestive heart or respiratory failure
Laparoscopic surgery
patient chart reviews to identify adverse
Spinal cord injury
Estrogen
Obesity
Age >65 yrs
Pregnancy
events, VTE was a fairly frequent cause of
Paralytic stroke
Varicose veins
harm (eight events per 1,000 stays) and
Postpartum period
Previous VTE
accounted for one out of 17 preventable
Thrombophilia
deaths (17,18).
Source: Anderson FA Jr, Spencer FA. Risk factors for venous thromboembolism. Circulation 2003;107
VTE is one of nine hospital-acquired
(23 Suppl 1):I9–16.
conditions (HACs) targeted for an overall
40% reduction in preventable harms by the
surgical patients, use of risk-appropriate VTE prophylaxis
Partnership for Patients, a collaborative national health-care
increased from 26% (42 of 161) at baseline to 68% (178 of
quality initiative led by CMS.* Hospital Engagement Networks
262) within 12 months. However, paper order sets were difare providing technical assistance to hospitals across the counficult for providers to use and made performance assessment
try to achieve the Partnership for Patients goals, including a
labor-intensive. Therefore, computer-based “smart order sets”
reduction in 30-day readmissions.
were designed and inserted as mandatory fields in all admission
AHRQ developed a VTE-prevention guide containing
and transfer order sets for all surgical and medical patients.
sample forms and protocols for clinicians to help implement
After this change, prescription of risk-appropriate VTE proprocesses to prevent VTE (19). It provides helpful resources
phylaxis increased to approximately 85%, and all surgical and
and guides clinicians through key elements for change that
medical patients were risk-stratified for VTE (Figure) (15). A
need to be combined. Themes such as simplicity and ease
before/after study of outcomes for medical patients noted a
of use are common to many successful quality-improvement
67% decrease in the frequency of confirmed symptomatic VTE
efforts; clinicians are more likely to provide better care if it is
within 90 days of hospital discharge, from 2.5% to 0.7%, and
easy to do so. AHRQ is in the process of revising the VTEa 100% reduction in potentially preventable episodes of VTE
prevention guide to incorporate new information. AHRQ also
(e.g., VTE that occurred with suboptimal VTE prophylaxis),
has produced information guides for patients and consumers
from 1.1% to zero; no increase was observed in major bleeding
on how to prevent blood clots and dangers to be aware of when
events during hospitalization (16).
taking blood thinners.†
The Johns Hopkins experience emphasizes the key elements
Patient safety improvements can help achieve the “triple aim”
of an optimal VTE-prevention strategy: 1) VTE-prevention
as defined by the Institute for Healthcare Improvement: 1) to
risk assessments must be a mandatory part of patient care; 2)
provide better patient experience of health care, 2) to improve
clinicians must identify VTE risk factors and contraindications
population health, and 3) to decrease health-care costs (20). A
to prophylaxis; 3) clinicians must order risk-appropriate VTE
positive patient safety culture fosters mutual trust, openness,
prophylaxis; 4) patient risk factors must be reassessed during
and shared institutional goals (21). Efforts to prevent VTE
their hospital stay; 5) the system must collect patient and
share many of the same opportunities observed in patient
provider data to monitor performance; 6) adverse outcomes
safety in general. Like all patient safety initiatives, VTE pre(e.g., hospital-acquired VTE and bleeding) must be monitored;
vention relies on a culture that is conducive to patient safety.
and 7) performance must be measured regularly to promote
There are compelling examples of institutions, in addition to
continuous improvement (15).
Johns Hopkins, that have driven rates of VTE down to low
levels, and some of them are helping others to achieve similar
Prevention of VTE as an Overall Component of
success (22). A collaborative, team-based approach to care is
Patient Safety
not only required for significant and sustained improvement,
VTE is the subject of numerous patient-safety quality or
it also offers efficiency and capacity to tackle other patient
performance measures developed and promoted by federal
safety problems (23).
agencies, such as AHRQ and CMS, and professional organiza* Additional information available at http://www.ahrq.gov/research/findings/
tions, such as the Joint Commission and the National Quality
nhqrdr/nhqr10/chap3.html#support.
Forum. Such measures are typically based on administrative
† Available at http://www.ahrq.gov/patients-consumers/diagnosis-treatment/
TABLE. Risk factors for venous thromboembolism (VTE)

treatments/btpills/index.html.
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FIGURE. Venous thromboembolism (VTE) risk stratification and percentage of patients for whom risk-appropriate VTE prophylaxis was prescribed
within 24 hours of hospital admission — Johns Hopkins Medical Institutions, 2008–2012
100

VTE prophylaxis within 24 hrs (%)

80

Risk stratification
Risk-appropriate prophylaxis

60

40

20

0

Dec
2007

Mar

Jun
Sep
2008

Dec

Mar

Jun
Sep
2009

Dec

Mar

Jun
Sep
2010

Dec

Mar

Jun
Sep
2011

Dec

Mar

Jun
2012

Sep

Month and year

Public Health Strategies to Prevent HA-VTE
In 2011, CDC convened an expert panel to discuss prevention of HA-VTE. The experts identified the need for strategies
to address the use of VTE prophylaxis among hospital patients
and better ways to track HA-VTE.§ A recent publication summarized current HA-VTE prevention guidelines and evaluated
risk assessment models (13). Multiple tools and approaches to
assessing patient risk for HA-VTE have been proposed and
implemented, but there is a lack of research to validate these
tools and to identify which ones can best identify patients
who should receive VTE prophylaxis (and if so, what type of
prophylaxis). Comparative effectiveness research to quantify
the relative performance of risk assessment models for VTE
and bleeding is urgently needed.
Surveillance will be critical for assessing the impact of interventions to reduce HA-VTE. A comprehensive surveillance
§ Additional

information available at http://www.cdc.gov/ncbddd/dvt/
documents/12_232434-a_sayers_ha-vte_workshop_report_508.pdf.
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approach would collect information not only on the incidence of VTE but also information on the prevention practices implemented to assess the relationship between them.
However, there are multiple major challenges for conducting
surveillance for VTE. First, for various reasons, diagnosis codes
for VTE in administrative databases often do not accurately
identify patients with acute VTE. One strategy to minimize
false positives for VTE in outpatient records is to require
confirmation of a diagnosis code through the appearance of
the same code in subsequent encounters and a filled prescription of an anticoagulant. However, because of false positives,
only review of medical records in which the results of imaging
tests document VTE can validate a diagnosis. Second, distinguishing new from recurrent VTE is challenging because an
accurate medical history is needed but often is not available
from administrative data sources. Third, mortality attributable
to pulmonary embolism can lead to missed cases because of
sudden death; thus, collecting additional information from
autopsies and death records is critical for capturing cases and
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outcomes. Fourth, because VTE can be asymptomatic as well as
symptomatic, temporal trends in VTE incidence might reflect
institutional variations in screening and diagnosis practices
instead of actual changes in overall incidence. Information
on why screening was done is important for distinguishing
these situations. Finally, because many cases of HA-VTE occur
after discharge, data must be collected from multiple settings
in which VTE is diagnosed and treated. Therefore, in 2012,
CDC funded two pilot surveillance programs for a 2-year
project to develop methods that combine use of administrative
data with review of electronic medical records to yield more
complete population-based estimates of VTE incidence and to
inform the development of surveillance methods to overcome
the challenges described. Data and methods from these pilot
surveillance programs will lay the foundation for more accurate
ongoing monitoring of VTE nationally.

Conclusion
VTE is a problem of major public health importance, with
hundreds of thousands of persons affected each year. Because
nearly half of VTE cases occur during or soon after a hospital
stay, there is overlap between VTE as a public health problem and a preventable patient safety problem. Public health
programs and patient safety stakeholders, such as hospital
networks and health-care payers, are encouraged to collaborate
to promote effective risk-stratification and VTE prevention in
inpatient settings and to assess trends in the use of risk-appropriate VTE prophylaxis for HA-VTE events and complications.
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