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BACKGROUND: We evaluated venous thromboembolism (VTE) prophylaxis rates in

hospitalized medical patients in a teaching hospital, the State University of New

York–Downstate Medical Center–University Hospital of Brooklyn, before and after

implementation of a multifaceted VTE prophylaxis quality improvement interven-

tion that combined regular education, dissemination of a decision support tool,

and regular audit-and-feedback to resident physicians.

METHODS: The charts of 312 hospitalized medical patients were retrospectively

reviewed to assess baseline rates of appropriate VTE prophylaxis. Rates of appro-

priate VTE prophylaxis were then determined 12 and 18 months after implemen-

tation of the quality improvement intervention. Data collected included risk factors

for VTE, contraindications to anticoagulant prophylaxis, type of VTE prophylaxis

prescribed, and whether the prophylaxis was appropriate.

RESULTS: Most of the hospitalized medically ill patients had 3 or more risk factors

for VTE. At baseline, the proportion of patients receiving any form of VTE prophy-

laxis, primarily unfractionated heparin, was 47%. The proportion of patients for

whom a physician provided appropriate prophylaxis was 43%. After the interven-

tion, the proportion of patients receiving prophylaxis significantly increased, to

86% at 12 months, and this level was maintained at 18 months. The rate of

appropriate prophylaxis increased to 68% and 85% after 12 and 18 months, re-

spectively.

CONCLUSIONS: The proportion of hospitalized medical patients receiving appro-

priate VTE prophylaxis as recommended by evidence-based guidelines can be

increased significantly by combining regular education, a decision support tool,

and regular audit-and-feedback. Journal of Hospital Medicine 2006;1:331–338.

© 2006 Society of Hospital Medicine.
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Venous thromboembolism (VTE), which encompasses both
deep vein thrombosis (DVT) and pulmonary embolism (PE), is

a major cause of the morbidity and mortality of hospitalized
medical patients.1 Hospitalization for an acute medical illness has
been associated with an 8-fold increase in the relative risk of VTE
and is responsible for approximately a quarter of all VTE cases in
the general population.2,3

Current evidence-based guidelines, including those from the
American College of Chest Physicians (ACCP), recommend pro-
phylaxis with low-dose unfractionated heparin (UFH) or low-
molecular-weight heparin (LMWH) for medical patients with risk
factors for VTE.4,5 Mechanical prophylaxis methods including
graduated compression stockings and intermittent pneumatic
compression are recommended for those patients for whom an-
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ticoagulant therapy is contraindicated because of a
high risk of bleeding.4,5 However, several studies
have shown that adherence to these guidelines is
suboptimal, with many at-risk patients receiving
inadequate prophylaxis (range 32%-87%).6 –10

Physician-related factors identified as potential
barriers to guideline adherence include not being
aware or familiar with the guidelines, not agreeing
with the guidelines, or believing the guideline rec-
ommendations to be ineffective.11 More specific
studies have shown that some physicians may lack
basic knowledge regarding the current treatment
standards for VTE and may underestimate the sig-
nificance of VTE.12–13 As distinct strategies, educa-
tion aimed at disseminating VTE prophylaxis guide-
lines, as well as regular audit-and-feedback of
physician performance, has been shown to improve
rates of VTE prophylaxis in clinical practice.6,14 –17

Implementation of educational programs signifi-
cantly increased the level of appropriate VTE pro-
phylaxis from 59% to 70% of patients in an Austra-
lian hospital15 and from 73% to 97% of patients in a
Scottish hospital.14 Another strategy, the use of
point-of-care electronically provided reminders
with decision support, has been successful not only in
increasing the rates of VTE prophylaxis, but also in
decreasing the incidence of clinical VTE events.16 Al-
though highly effective, electronic alerts with com-
puterized decision support do not exist in many hos-
pitals, and other methods of intervention are needed.

In this study, we evaluated adherence to the
2001 ACCP guidelines for VTE prophylaxis among
medical patients in our teaching hospital. (The
guidelines were updated in 2004, after our study
was completed.) After determining that our base-
line rates of appropriate VTE prophylaxis were sub-
optimal, we developed, implemented, and evalu-
ated a multifaceted strategy to improve the rates of
appropriate thromboprophylaxis among our medi-
cal inpatients.

Six categories of quality improvement strategies
have been described: provider education, decision
support, audit-and-feedback, patient education, or-
ganization change, and regulation and policy.18 The
intervention we developed was a composite of 3 of
these: provider education, decision support, and
audit-and-feedback.

METHODS
Study Design and Patients
This was a before-and-after study designed to as-
sess whether implementation of a VTE prophylaxis

quality improvement intervention could improve
the rate of appropriate thromboprophylaxis in hos-
pitalized medical patients at the State University of
New York, Downstate Medical Center–University
Hospital of Brooklyn, an urban university teaching
hospital of approximately 400 beds. This initiative,
conducted as part of a departmental quality assur-
ance and performance improvement program, did
not require institutional review board approval. Af-
ter an informal survey revealed a prophylaxis rate of
approximately 50%, a more formal baseline assess-
ment of the rate of medical patients receiving VTE
prophylaxis was conducted during October 2002.
This assessment was a single sampling of all med-
ical inpatients on 2 of the medical floors on a single
day. The results were consistent with those of the
informal survey as well as those from an interna-
tional registry.19 The results from the baseline study
indicated that VTE prophylaxis was underused:
only 46.9% of our medical inpatients received any
form of prophylaxis. The prophylaxis rate was as-
sessed again in 2 sampling periods beginning 12
and 18 months after implementation of the inter-
vention. Data were collected monthly and com-
bined into 3-month blocks. The first postinterven-
tion sample (n � 116 patient charts) was drawn
from a period 12-14 months after implementation
and the second (n � 147 patient charts) from a
period 18-20 months after implementation.

On a randomly designated day in the latter half
of each month during each sampling period, all
charts on 2 primary medical floors were reviewed
and included in the retrospective analysis. Patients
who were not on the medical service were excluded
from analysis. Patients, as well as their medications,
were identified using a list generated from our
pharmacy database. We chose this method and
schedule for several reasons. First, we sought to
reduce the likelihood of including a patient more
than once in a monthly sample. Second, by waiting
for the latter half of the month we sought to allow
house staff a chance to acquire knowledge from the
educational program introduced on the first day of
the month. Third, we wanted to allow house staff
the time to actualize new attitudes reinforced by
the audit-and-feedback element. The house staff
included approximately 4 interns and 4 residents
each month plus 10-15 attendings or hospitalists.

Data Collection
For each sampling period we conducted a medical
record (paper) review, and the Division Chief of
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General Internal Medicine also interviewed the
medical house staff and attending physicians. Data
collected included risk factors for VTE, contraindi-
cations to anticoagulant prophylaxis, type of VTE
prophylaxis received, and appropriateness of the
prophylaxis. Prophylaxis was considered appropri-
ate when it was given in accordance with a risk
stratification scheme (Table 1) adapted from the
2001 ACCP guideline recommendations for surgical
patients20 and modified for medical inpatients,
similar to the risk assessment model by Caprini et
al.21 Prophylaxis was also considered appropriate
when no prophylaxis was given for low-risk patients
or when full anticoagulation was given for another
indication (Table 1). “Questionable prophylaxis”
was defined as UFH given every 12 hours to a high-
risk patient. All other prophylaxis was deemed in-
appropriate (including no prophylaxis if prophy-
laxis was indicated, use of enoxaparin at incorrect
prophylactic doses such as 60 or 20 mg, IPC alone
for a high-risk patient with no contraindication to
pharmacological prophylaxis, and the use of warfa-
rin if no other indication for it). The risk factors for
thromboembolism and contraindications to antico-
agulant prophylaxis are given in Table 2. “Non-
ambulatory” was defined as an order for bed rest
with or without bathroom privileges or was judged
based on information obtained from the medical
house staff and nurses about whether the patient
was ambulatory or had been observed walking out-
side his or her room. Data on pharmacological pro-
phylaxis were obtained from the hospital phar-
macy. Information on use of mechanical

prophylaxis was obtained by house staff interviews
or review of the order sheet. The house officer or
attending physician of each patient was inter-
viewed retrospectively to determine the reason for
admission and the risk factors for VTE present on
admission. Patients were classified as having low,
moderate, high, or highest risk for VTE based on
their age and any major risk factors for VTE (Table
1).19 All collected data were reported to the Depart-

TABLE 1
VTE Risk Categories and Appropriate Prophylaxisa

Risk category

Definition Dosage of appropriate prophylaxis

Age (years) Additional risk factorsb Low-dose unfractionated heparin LMWH

Low
(0-1 risk factors)

�40 0-1 factor None None

Moderate
(2 risk factors)

40-60 1 factor 5000 units q12h 40 mg of enoxaparin or 5000 units
of dalteparin

High
(3-4 risk factors)

�60 1-2 factors or hypercoagulable state 5000 units q8h or q12h (q8h recommended
for surgical patients)

40 mg of enoxaparin or 5000 units
of dalteparin

Highest
(5 or more factors)

�40 Malignancy, prior VTE, or CVA 5000 units q8h plus IPC enoxaparin or dalteparin plus IPC

aAppropriate prophylaxis was defined as prophylaxis in accordance with the risk stratification scheme above, which was adopted from the ACCP 2001 guideline recommendations for surgical patients19 and modified

for medically ill patients; appropriate prophylaxis also included no prophylaxis for low-risk patients or patients on full anticoagulation (with warfarin, IV UFH, or LMWH) for other indications.
bSee Table 2.

CVA, cerebrovascular accident; LMWH, low-molecular-weight heparin; q12h, every 12 hours; q8h, every 8 hours; IPC, intermittent pneumatic compression; VTE, venous thromboembolism.

TABLE 2
Risk Factors for Thromboembolism and Contraindications to
Anticoagulant Prophylaxis

Risk factors for thromboembolism

Age � 40 years
Infection
Inflammatory disease
Congestive heart failure
Chronic obstructive pulmonary disease
Prior venous thromboembolism
Cancer
Cerebrovascular accident
End-stage renal disease
Hypercoagulable state
Atrial fibrillation
Recent surgery
Obesity
Non-ambulatory

Contraindications to anticoagulant prophylaxis

Active gastrointestinal bleed
Central nervous system bleed
Thrombocytopenia (platelet count �100,000/�L)
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ment of Medicine Performance Improvement Com-
mittee for independent corroboration.

Intervention Strategies
The intervention introduced comprised 3 strategies
designed to improve VTE prophylaxis: provider ed-
ucation, decision support, and audit-and-feedback.

Provider Education
On the first day of every month, an orientation was
given to all incoming medicine house staff by the
chief resident that included information on the
scope, risk factors, and asymptomatic nature of
VTE, the importance of risk stratification, the need
to provide adequate prophylaxis, and recom-
mended prophylaxis regimens. A nurse educator
also provided information to the nursing staff with
the expectation that they would remind physicians
to prescribe prophylactic treatment if not ordered
initially; however, according to the nurses and
house staff, this rarely occurred. Large posters
showing VTE risk factors and prophylaxis were dis-
played at 2 nursing stations and physician charting
rooms but were not visible to patients.

Decision Support
Pocket cards containing information on VTE risk
factors and prophylaxis options were handed out to
the house staff at the beginning of each month.
These portable decision support tools assisted phy-
sicians in the selection of prophylaxis (a more re-
cent, revised version of the material contained in
this pocket guide is available at http://ww-
w.lovenox.com/hcp/dvtProphylaxisAndTreatment/
dvtMedicalProphylaxis/guidelines.aspx#chart).

Audit-and-Feedback
Monthly audits were performed by the Division
Chief of General Internal Medicine in order to eval-
uate the type and appropriateness of VTE prophy-
laxis prescribed (Table 3). During the orientation at
the beginning of the month, the chief resident men-
tioned that an audit would take place sometime
during the rotation. This random audit took place
during the last 2 weeks of each month on the same
day the data were requested from the pharmacy.
Over 1-2 days, physicians were interviewed either
one to one or in a group, depending on the avail-
ability of house staff. All house staff and hospitalists
were queried about the reasons for admission and
the presence of VTE risk factors; physicians re-
ceived feedback from the Division Chief on VTE risk

category, prophylaxis, and appropriateness of pro-
phylaxis treatment of their patients.

Statistical Analysis
Differences in pre- and post-intervention VTE pro-
phylaxis and appropriate VTE prophylaxis rates
were analyzed using the chi-square test for categor-
ical variables and the one-way analysis of variance
test for continuous variables. Differences were con-
sidered significant at the 5% level (P � .05).

RESULTS
Patients and Demographics
From October 2002 to August 2004 data were
collected from 312 hospitalized medical patients:
49 patients in the baseline group during October
2002, and 116 and 147 at the 12- to 14-month and
18- to 20-month time points, respectively. Thus,
approximately 40-50 patients were randomly se-
lected each month, representing 40% of the gen-
eral medical service census. Patient demograph-
ics were similar between groups (Table 4).
Overall, most patients were female (65.7%), and
mean age was 61.2 years. The most common ad-
mission diagnoses were infection/sepsis (29.5%),
chest pain/acute coronary syndromes/myocar-
dial infarction (15.7%), heart failure (10.9%), and
malignancy (9.6%). Overall, 7.1% (22 patients)
had a contraindication to anticoagulant prophy-
laxis. The most common contraindication was
active gastrointestinal bleeding on the current

TABLE 3
Educational Program

Element Time/effort required

Orientation about VTE risk factors and the need to
provide adequate prophylaxis given to all
incoming house staff by the chief resident on
the first day of every month

10 min/month

Introduction of pocket cards containing
information on VTE risk factors and prophylaxis
options

5 min/month

In-hospital education of nurses by the nurse
educator

2 sessions of 1 h

Large posters presenting VTE risk factors and
prophylaxis displayed in nursing stations and
physician charting rooms

5 min one time only

Monthly audits by the Division Chief of General
Internal Medicine to evaluate the type and
suitability of VTE prophylaxis prescribed

2 h/month for interviews
2 h/month for record
review/ data entry

VTE, venous thromboembolism.
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admission, which occurred in 18 of these pa-
tients.

Risk Factors for VTE

Patient risk factors for VTE in each data collection
period are summarized in Table 4. Analysis of this
data showed that the most prevalent risk factors
for VTE in the 3 patient populations were age
older than 40 years (262/312, 84.0% of the total
patient population) and nonambulatory state
(231/271, 85.2% of the total population). Overall,
the average number of risk factors for VTE was
approximately 3, with more than 60% of patients
having 3 or more VTE risk factors (Fig. 1).

Prophylaxis Use
The types of VTE prophylaxis used and the propor-
tion of patients treated appropriately are summa-
rized for each data collection period in Tables 5 and
6, respectively. In all 3 populations, most patients
received pharmacological rather than mechanical
prophylaxis, most commonly UFH. At baseline, the
prophylaxis decision was appropriate (in accor-
dance with the recommendations of the ACCP
guidelines) as often as it was inappropriate (42.9%
of patients). The prophylaxis decision was ques-
tionable in the remaining 14.3% of patients.

Change in Prophylaxis Use
Twelve and 18 months after implementation of the
quality improvement program, we observed an in-

TABLE 4
Patient Demographics and Proportion of Patients with Risk Factors
for Thrombosis in Each Study Group

Baseline
(n � 49)

12 months
(n � 116)

18 months
(n � 147)

P
valuea

Patient demographic
Mean age, years (SE) 59.3 (2.6) 63.3 (1.6) 60.1 (1.5) .25b

Men, n (%) 20 (40.8) 31 (26.7) 56 (38.1) .08
Contraindications to

pharmacological
prophylaxis, n (%) 7 (14.3) 5 (4.3) 10 (6.8) .07

Gastrointestinal bleeding 5 (10.2) 5 (4.3) 8 (5.4) —
CNS bleeding 1 (2.0) 0 (0.0) 0 (0.0) —
Low platelet count 1 (2.0) 0 (0.0) 2 (1.4) —
Risk factor
Mean number of risk factors

(SE) 3.1 (0.2) 2.7 (0.1) 3.0 (0.1) .05b

Non-ambulatoryc 46 (93.9) 73 (89.0) 112 (80.0)d .03
Age � 40 years 39 (79.6) 101 (87.1) 122 (83.0) .44
Cancer 14 (28.6) 15 (12.9) 24 (16.3) .05
End-stage renal disease 13 (26.5) 29 (25.0) 36 (24.5) .96
Congestive heart failure 11 (22.4) 23 (19.8) 28 (19.0) .87
Infection 8 (16.3) 24 (20.7) 46 (31.3) .04
Cerebrovascular accident 8 (16.3) 12 (10.3) 15 (10.2) .47
COPD 5 (10.2) 9 (7.8) 14 (9.5) .84
Sepsis 3 (6.1) 6 (5.2) 21 (14.3) .03
Atrial fibrillation 3 (6.1) 8 (6.9) 15 (10.2) .52
Surgery 1 (2.0) 1 (0.9) 2 (1.4) .82
Previous venous

thromboembolism 0 (0.0) 6 (5.2) 8 (5.4) .25
Obesity (morbid) 0 (0.0) 2 (1.7) 2 (1.4) .66
Hypercoagulable state 0 (0.0) 0 (0.0) 0 (0.0) —

aP value determined using 3-way chi-square test unless otherwise stated.
bP value determined using 3-way ANOVA.
cDue to missing data, n � 49, 82, and 140 in the baseline, 12-month, and 18-month groups, respectively.
dSignificantly different from baseline, P � .02. CNS, central nervous system; COPD, chronic obstructive

pulmonary disease.

FIGURE 1. Distribution of number of risk factors for venous thromboembo-

lism.

TABLE 5
Summary of Prophylaxis Use in Each Patient Population

Prophylaxis type

Baseline
(n � 49),
n (%)

12 months
(n � 116),
n (%) P valuea

18 months
(n � 147),
n (%) P valuea

Any pharmacological 22 (44.9) 94 (81.0) �.01 118 (80.3) �.01
Any UFH 17 (34.7) 61 (52.6) .04 58 (39.5) .55

IV UFHb 3 (6.1) 5 (4.3) — 2 (1.4) —
bid UFHc 13 (26.5) 43 (37.1) — 39 (26.5) —
tid UFHc 1 (2.0) 10 (8.6) — 16 (10.9) —
qd UFHc 0 (0.0) 3 (2.6) — 1 (0.7) —

Any LMWH 6 (12.2) 30 (25.9) .05 59 (40.1) �.01
Mechanical

prophylaxis 1 (2.0) 7 (6.0) .28 10 (6.8) .21
Warfarin 6 (12.2) 20 (17.2) .42 19 (12.9) .90

aP values determined using chi-square test compared with baseline.
bFull-dose intravenous anticoagulation.
c5000 units subcutaneously.

qd, Once daily; bid, twice daily; tid, 3 times daily; UFH, unfractionated heparin; LWMH, low-molecular-

weight heparin.
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crease in the use of any prophylaxis, from 46.9% at
baseline to 86.2% and 86.4%, respectively (Table 5;
P � .01 in both groups versus baseline). This in-
crease was a result almost entirely of an increase in
the proportion of patients receiving pharmacologi-
cal prophylaxis, which significantly increased, from
44.9% to 81.0% and 80.3%, at the 12- and 18-month
time points, respectively (Table 5; P � .01 for both
groups versus baseline). Most meaningfully, there
was a significant increase in the proportion of pa-
tients for whom an appropriate prophylaxis deci-
sion was made (from 42.9% to 68.1% and 85.0%, at
the 12- and 18-month time points, respectively;
Table 6; P � .01 for both groups versus baseline).
This represented a trend toward continuing in-
creases in the use of appropriate prophylaxis as the
study progressed (Fig. 2). This change was driven
mainly by a significant increase in the prescribing
of LMWH, almost all of which was prescribed in

accordance with the 2001 ACCP guidelines (Table
6).

DISCUSSION
In this study we evaluated the effect of an interven-
tion that combined physician education with a deci-
sion support tool and a mechanism for audit-and-
feedback. We have shown that implementation of
such a multifaceted intervention is practical in a
teaching hospital and can improve the rates of VTE
prophylaxis use in medical patients. In nearly dou-
bling the rate of appropriate prophylaxis, the effect
size of our intervention was large, statistically signifi-
cant, and sustained 18 months after implementation.

More than 60% of our patients had 3 or more risk
factors, and more than 80% had at least 2 risk factors.
The rate we observed for patients with 3 or more risk
factors was 3 times higher than that reported previ-
ously.22 Despite the prevalence of high-risk patients
in our study, we observed that the preintervention
rate of VTE prophylaxis among medical patients was
relatively low at 47%, and only 43% of patients re-
ceived prophylaxis in accordance with the ACCP
guidelines. Our study findings are consistent with
those of several other studies that have shown low
rates of VTE prophylaxis in medical patients.6,8,23–24 In
a study of 15 hospitals in Massachusetts, only 13%-
19% of medical patients with indications and risk
factors for VTE prophylaxis received any prophylaxis
prior to an educational intervention.6 Similarly, a
study of 368 consecutive medical patients at a Swiss
hospital showed that only 22% of those at-risk re-
ceived VTE prophylaxis in accordance with the
Thromboembolic Risk Factors (THRIFT) I Consensus
Group recommendations.8 Results from 2 prospective
patient registries also indicated low rates of VTE pro-
phylaxis in medical patients.19,24 In the IMPROVE reg-
istry of acutely ill medical patients, only 39% of pa-
tients hospitalized for 3 or more days received VTE
prophylaxis19 and in the DVT-FREE registry only 42%
of medical patients with the inpatient diagnosis of
DVT had received prophylaxis within 30 days of that
diagnosis.24 In a recent retrospective study of 217
medical patients at the University of Utah hospital,
just 43% of patients at high risk for VTE received any
sort of prophylaxis.23

Physician education was the main intervention
in several previous studies aimed at raising rates of
VTE prophylaxis. Our study joins those that have
also shown significant improvements after imple-
mentation of VTE prophylaxis educational initia-
tives.6,14,15,23 In the study by Anderson et al., a sig-

TABLE 6
Summary of Appropriate Prophylaxis Use in Each Population

Baseline
(n � 49),
n (%)

12 months
(n � 116),
n (%) P valuea

18 months
(n � 147),
n (%) P valuea

Receiving
prophylaxis 23 (46.9) 100 (86.2) �.01 127 (86.4) �.01

Appropriate 21 (42.9) 79 (68.1) �.01 125 (85.0) �.01
UFH 10 (20.4) 33 (28.4) .28 45 (30.6) .16
LMWH 5 (10.2) 27 (23.3) .05 58 (39.5) �.01
Questionable 7 (14.3) 28 (24.1) .14 14 (9.5) .35
Inappropriate 21 (42.9) 9 (7.8) �.01 8 (5.4) �.01

aP values determined using the chi-square test compared with baseline.

LWMH, low-molecular-weight heparin; UFH, unfractionated heparin.

FIGURE 2. Run chart of appropriate prophylaxis rates.
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nificantly greater increase in the proportion of
high-risk patients receiving effective VTE prophy-
laxis was seen between 1986 and 1989 in hospitals
that participated in a formal continuing medical
education program compared with those that did
not (increase: 28% versus 11%; P � .001).6 In 3
additional studies, educational interventions were
shown to increase the rate of appropriate prophy-
laxis in at-risk patients from 59% to 70%, from 55%
to 96%, and from 43% to 72%.14,15,23

Other studies have cast doubt on the ability of
time-limited educational interventions to achieve a
large or sustained effect.27,28 A recent systematic
review of strategies to improve the use of prophy-
laxis in hospitals concluded that a number of active
strategies are likely to achieve optimal outcomes by
combining a system for reminding clinicians to as-
sess patients for VTE with assisting the selection of
prophylaxis and providing audit-and-feedback.29

The large, sustained effect reported in our study
might have been a result of the multifaceted and
ongoing nature of the intervention, with reintro-
duction of the material to all incoming house staff
each month. An audit from the last quarter of
2005—nearly 2 years after the start of our interven-
tion—showed that prophylaxis rates were ap-
proaching 100% (data not included in this study).

Another strategy, the use of computerized re-
minders to physicians, has been shown to increase
the rate of VTE prophylaxis in surgical and medical/
surgical patients.16,26 Kucher et al. compared the in-
cidence of DVT or PE in 1255 hospitalized patients
whose physicians received an electronic alert of pa-
tient risk of DVT with 1251 hospitalized patients
whose physicians did not receive such an alert. They
found that the computer alert was associated with a
significant reduction in the incidence of DVT or PE at
90 days, with a hazard ratio of 0.59 (95% confidence
interval: 0.43, 0.81).16 Our study offers one practical
alternative for those institutions that, like ours, do not
currently have computerized order entry.

We were unable to determine if there was a spe-
cific element of the multifaceted VTE prophylaxis in-
tervention program that contributed the most to the
improvement in prophylaxis rates. Provider educa-
tion was ongoing rather than just a single educational
campaign. It was further supported by the pocket
cards that provided support for decision making on
VTE risk factors, risk categories (based on number
and type of risk factor), recommended prophylaxis
choices, and potential contraindications. In addition,
our method of audit-and-feedback constructively le-

veraged the Hawthorne effect: aware that individual
behavior was being measured, our physicians likely
adjusted their practice accordingly. Taken together, it
is likely that the several elements of our intervention
were more powerful in combination than they would
have been alone.

Although the multifaceted intervention worked
well within our urban university teaching hospital,
its application and outcome might be different for
other types of hospitals. In our audit-and-feedback,
for instance, review of resident physician perfor-
mance was conducted by the Division Chief of Gen-
eral Internal Medicine, tapping into a very strong
authority gradient. Hierarchical structures are likely
to be different in other types of hospitals. It would
therefore be valuable to examine whether the audit-
and-feedback methodology presented in this article
can be replicated in other hospital settings.

A potential limitation of this study was the use
of retrospective review to determine baseline rates
of VTE prophylaxis. This approach relies on medical
notes being accurate and complete; such notes may
not have been available for each patient. However,
random reviews of both patient charts and hospital
billing data for comorbidities performed after cod-
ing as a quality control step allowed for confirma-
tion of the data or the extraction and addition of
missing data. In addition, data collection was lim-
ited to a single day in the latter half of the month. It
is not clear whether this sampling strategy collects
data that are reflective of performance for the entire
month. Our study was also limited by the absence
of a control group. Without a control group, we
cannot exclude the possibility that during the study
factors other than the educational intervention
might have contributed to the improvement in pro-
phylaxis rates.

In this study we did not address whether an in-
crease in VTE prophylaxis use translates to an im-
provement in patient outcomes, namely, a reduction
in the rate of VTE. Mosen et al. showed that increasing
the VTE prophylaxis rate by implementing a comput-
erized reminder system did not decrease the rate of
VTE.26 However, the baseline rate of VTE prophylaxis
was already very good, and the study was only pow-
ered to detect a large difference in VTE rates. Con-
versely, Kucher et al. recently demonstrated a signif-
icant reduction in VTE events 90 days after initiation
of a computerized alert program.16 Further studies
designed to confirm the inverse relationship between
rate of VTE prophylaxis and rate of clinical outcome
of VTE would be helpful.
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In conclusion, in a setting in which most hos-
pitalized medically ill patients have multiple risk
factors for VTE, we have shown that a practical
multifaceted intervention can result in a marked
increase in the proportion of medical patients re-
ceiving VTE prophylaxis, as well as in the propor-
tion of patients receiving prophylaxis commensu-
rate with evidence-based guidelines.
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