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Abstract: Background: The majority of venous thromboembolic events occur in hospitalized patients. Although there are
several effective regimens, venous thromboembolism (VTE) prophylaxis is still under-utilized in medically-ill patients. In
2003 a multi-faceted quality improvement intervention was implemented to improve the use of VTE prophylaxis. We pre-
viously described the significant improvements in VTE prophylaxis in the two years following this intervention.

Objective: To determine the longitudinal effects of this quality improvement intervention in prescribing practices for VTE
prophylaxis in medically-ill patients.

Methods: Since the original intervention in 2002, the only on-going maintenance has been 4 annual lectures. We collected
data on 121 medically-ill patients hospitalized in 2006, including risk factors for VTE, pharmacologic agent and dose pre-
scribed (or mechanical devices, if uses), and timing of prophylaxis in relation to admission.

Results: Overall, 83% were at high-risk for VTE and 77% received prophylaxis, a significant improvement compared to
the 2002 pre-intervention cohort (40%, p<0.001) and similar to the 2003 post-intervention cohort (72%). Significantly
more patients received preferred regimens for VTE prophylaxis in 2006 compared to 2002. Pneumatic compression de-
vices, unfractionated heparin (UFH) 5,000 units TID, low molecular weight heparin (LMWH), and UFH 5,000 units BID
were prescribed in 28%, 40%, 38%, and 3% respectively. Prophylaxis was prescribed within the first 24 hours of admis-
sion in 88%, 24-48 hours in 8%, and after 48 hours in 4%.

Conclusions: We have demonstrated that a multifaceted quality improvement intervention leads to a sustained improve-
ment in the use of preferred VTE prophylaxis prescribing practices. The maintenance of these effects has been minimal,
consisting of four 1-hour long educational sessions per year targeted to clinical pharmacists and medicine residents.

Key Words: Venous thromboembolism, prophylaxis, prevention, quality Improvement, education.

INTRODUCTION

Every year in the United States venous thromboembolism
(VTE), including deep vein thrombosis (DVT) and pulmo-
nary embolism (PE), is recognized in over 250,000 people
and accounts for an estimated 100,000 deaths [1]. The ma-
jority of these events occur with hospitalization or surgery
[2]. Routine preventive measures are effective in reducing
VTE and evidence-based guidelines are available to guide
prophylaxis decisions in these patients [2]. Yet, VTE pro-
phylaxis is still under-utilized. For example, only 29% of
patients in the DVT Free Registry had received some form of
prophylaxis in the 30 days prior to their event [3]. Other
studies have demonstrated low prophylaxis rates in at-risk
hospitalized patients [4, 5]. This failure to routinely deliver
effective prophylaxis in at-risk patients has led to increasing
attention by regulatory authorities, including the Agency for
Healthcare Research and Quality (AHRQ)[5] and National
Quality Forum (NQF) [6].

Many studies have formally evaluated methods to im-
prove VTE prevention [7], including computer decision
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support, written protocols, audit-feedback, educational ses-
sions, and passive approaches (i.e. availability of guidelines).
Although computer decision support or electronic alerts im-
prove VTE prevention and lead to a reduction in VTE events
[8], many institutions do not have computer decision support
capabilities. For these and other institutions, multifaceted
interventions have been advocated as a preferred approach
[9], but have not been adequately studied.

We previously reported the effectiveness of a multifac-
eted quality improvement (QI) intervention (institutional
audit feedback, written protocols, and education) to improve
short-term VVTE prevention practices in medically-ill patients
[10]. However, the longitudinal effects of this type of inter-
vention are unknown. Knowledge of the lasting effects of a
QI intervention could have important implications to indi-
vidual institutions so that adequate resources can be allo-
cated. In this study, we report a 4-year follow up analysis of
VTE prevention practices after our multifaceted QI interven-
tion.

MATERIALS AND METHODOLOGY
Study Design

This is a single-center prospective cohort study. Retro-
spective data collection was chosen to minimize potential
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influence on prescribing practices. IRB consent was obtained
and a waiver of informed consent was granted by the Institu-
tional Review Board (IRB). Original analysis and methods
have been published previously[10]. Briefly, the University
of Utah Health Sciences Center is a tertiary care center with
multi-disciplinary teams caring for patients, including resi-
dent and supervising physicians, nurses, and pharmacists. In
2002 we performed a retrospective analysis of VTE preven-
tion practices in patients admitted to the pulmonary, cardiol-
ogy, oncology, and general medical services. The oncology,
cardiology, and pulmonary services are attended by special-
ists while academic hospitalists attend the general medicine
service. After demonstrating poor VTE prevention rates in
the 2002 analysis [10], we implemented a multifaceted inter-
vention (outlined below). Data collected in 2003 demon-
strated significant improvement in VTE prevention rates
[10]. The current analysis is a 4-year follow-up of the origi-
nal intervention and excluded oncology service patients as
this service was moved to a stand-alone cancer center.

Patient Selection

Data was collected on consecutive patients >18 years
with a hospital length of stay of >48 hours admitted to the
cardiology, pulmonary, or general medical services. Admis-
sion dates were a sample of two different two-week blocks
(January 1-14, 2006 and April 1-14, 2006). These blocks
were chosen to be consistent with dates of analysis in the
pre-intervention cohort. Patients receiving therapeutic anti-
coagulation were excluded. The current year was chosen for
analysis as all residents involved in the original intervention
(2002) had matriculated and thus the residents currently
training were not involved in the original intervention.

Intervention Design

In 2002 a pre-intervention data analysis was followed by
a multifaceted QI intervention: (1) a risk-assessment tool
completed at the time of a hospital admission, (2) structured
educational sessions on appropriate VTE prevention (includ-
ing both pharmacologic agents and mechanical devices), and
(3) audit-feedback where institutional data was reviewed
during the educational sessions. The risk-assessment tools,
education sessions, and study protocols were designed by a
team of thrombosis specialists, including two physicians
(R.P. & G.R.) and a pharmacist (M.W.), in accordance with
guideline recommendations [11]. The educational sessions
were given once to the clinical pharmacists by an anticoagu-
lation pharmacist (M.W.) and on three separate occasions to
the medicine house officers by a physician (R.P.).

In 2003, after post-intervention data analysis, the written
protocol was disbanded due to lack of routine use. Educa-
tional sessions were continued and consisted of institutional
prophylaxis rates (audit feedback) along with an evidence-
based review of VTE prophylaxis. In 2004 to 2006, evi-
dence-based educational sessions were continued, but audit
feedback data was no longer included in the presentations.
Annually from 2003-2006, these educational sessions were
given once to the clinical pharmacists by an anticoagulation
pharmacist (M.W.) and on three separate occasions to the
medicine house officers by a physician (R.P.).
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Statistical Analysis

Statistical comparisons between years 2002 and 2006
were made using the chi-square test or Fisher’s exact test, as
appropriate. All p-values are for a two-sided comparison.
Significance was set at a p<0.05.

RESULTS

One hundred and twenty one patients met inclusion crite-
ria. Patient demographics are listed in Table 1. Eighty-three
percent of patients were considered high-risk for VTE, 71%
had > 1 major and 12% had > 2 minor risk factors for VTE,
and 6% of patients had no recognized risk factors. Prophy-
laxis was prescribed in 77% of these high-risk patients. This
improvement was sustained and significant from 2002 and
similar to the 2003 post-intervention cohort (Fig. 1, p<0.001).
Additionally, 60% of low risk patients received prophylaxis.
Timing of prophylaxis in relation to admission was available
for 90 patients. Prophylaxis was prescribed within the first
24 hours of admission in 88%, 24-48 hours in 8%, and after
48 hours in 4%. Pneumatic compression devices were used
in 28% of patients. Pharmacologic agents were used more
commonly. Unfractionated heparin (UFH) 5,000 units TID,
low molecular weight heparin (LMWH), and UFH 5,000
units BID were prescribed in 40%, 38%, and 3% respec-
tively. There were significantly more patients receiving pre-
ferred pharmacologic regimens (UFH 5,000 units TID or
LMWH 40mg daily) in 2006 compared to the 2003 post-
intervention and 2002 pre-intervention cohort (78%, 45%,
and 10% respectively, p<0.001). Patients on the general
medicine service were significantly more likely to receive
prophylaxis compared to patients on the specialty services
(93% versus 47%, p<0.001).

DISCUSSION

Despite the availability of effective preventive measures,
VTE prevention is often underutilized. Our results demon-
strate that a multifaceted quality improvement intervention
designed by pharmacists and physicians and consisting of
written protocols, education, and audit-feedback produces
sustained effects over time. Of interest, these improvements
in VTE prevention were sustained despite phasing out the
written protocol and audit-feedback components. Sustained
longitudinal effects were noted in both the use of prophy-
laxis in at-risk patients as well as the type of prophylaxis
utilized.

Prophylaxis rates were high for both high-risk and low-
risk patients, although prophylaxis was more likely to be
prescribed for the high-risk group. Importantly, with our
intervention, prophylaxis use increased in both high-risk and
low-risk groups. It is possible that the use of prophylaxis in
this latter group was due to risk factors that were not cap-
tured by our analysis. However, a more likely explanation is
that for many prescribers, prophylaxis use became standard
practice without thought of risk factor assessment. This
would be problematic if VTE risk were uncommon. How-
ever, 94% of all medical patients at our institution have at
least one risk factor for VTE and 83% met our pre-defined
criteria for “high-risk”. Because of the commonness of these
risk factors, the use of VTE prophylaxis as a routine admis-
sion practice is a reasonable approach.
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Table 1. Study Population Demographics and VTE Risk Group Designation

Pre-Intervention Post Intervention Follow-Up
2002 [10] 2003 [10] 2006
NUMBER PATIENTS 163 124 121
MALE 85 (52%) 63 (51%) 65 (54%)
FEMALE 78 (48%) 61 (49%) 56 (46%)
MAJOR RISK FACTORS
Respiratory Failure 41 (25%) 3 (2%) 23 (19%)
CHF 16 (10%) 5 (4%) 13 (11%)
Cancer 29 (18%) 34 (27%) 13 (11%)
ICU Admission 9 (6%) 4 (3%) 19 (16%)
Central Catheter 4 (2%) 28 (23%) 20 (17%)
Recent Surgery 4 (2%) 1 (1%) 7 (6%)
Acute Stroke 3 (2%) 0 (0%) 0
Thrombophilia 0 0 1 (1%)
Prior VTE 3 (2%) 2 (2%) 8 (7%)
Pregnancy 0 1 (1%) 0
Advanced Age (>70) 37 (23%) 25 (20%) 41 (34%)
MINOR RISK FACTORS
Acute Infection 48 (29%) 44 (35%) 43 (36%)
Rheumatic Disease 0 3 (2%) 2 (2%)
IBD 7 (4%) 2 (2%) 7 (6%)
Age 40-69 76 (47%) 58 (47%) 52 (43%)
Obesity 1 (1%) 6 (5%) 4 (3%)
Hormone Therapy 8 (5%) 3 (2%) 2 (2%)
Chronic CHF 6 (4%) 10 (8%) 19 (16%)
Chronic Respiratory Iliness 17 (10%) 25 (20%) 20 (17%)
Nephrotic Syndrome 2 (1%) 1 (1%) 2 (2%)
RISK GROUP DESIGNATION
HIGH RISK GROUP 122 (75%) 99 (80%) 101 (83%)
>1 Major RF 101 (62%) 60 (48%) 86 (71%)
>2 Minor RF, 0 Major RF 21 (13%) 39 (31%) 15 (12%)
LOW RISK GROUP 41 (25%) 25 (20%) 20 (17%)
1 Minor RF 29 (18%) 21 (17%) 13 (11%)
0 Risk Factors 12 (7%) 4 (3%) 7 (6%)

Abbreviations: CHF, congestive heart failure; ICU, intensive care unit; VTE, venous thromboembolism; IBD, inflammatory bowel disease; RF, risk factor.

A limitation of our study is that we were not able to de-
termine, with precision, why there is a sustained longitudinal
effect. In the original 2002 multifaceted intervention it was
uncertain which component led to improved prophylaxis use.

The written protocol was used in a minority (<30%) of pa-
tients and thus was not felt to be efficacious. Educational
sessions were also unlikely to be the primary reason for im-
provement in prophylaxis as educational lectures on VTE
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Fig. (1). VTE prophylaxis rates according to risk group (high versus low) and year. 2002 is pre-intervention, 2003 is post-intervention, and

2006 is longitudinal follow-up.

prevention had been given to the medicine residents for two
years before our original pre-intervention analysis. The use
of educational lectures by our anticoagulation pharmacist to
clinical pharmacists may also have resulted in more pharma-
cist-driven recommendations for appropriate VTE prophy-
laxis. The audit-feedback component, in the context of edu-
cational sessions in the original intervention, may have been
the most important component. If so, once a change in prac-
tice was made, ongoing audit-feedback was not necessary to
produce a sustainable effect. Alternatively, the improvement
in VTE prevention may reflect increased awareness nation-
ally and not be solely due to our intervention. However, the
strong temporal relationship and sustained magnitude of ef-
fect imply that the original intervention was important.

It is uncertain if the improvement in VTE prevention was
due to a cultural change at the resident level or due to the
influence of a stable group of academic hospitalists. In fact,
prophylaxis was more likely to be prescribed by residents
who were attended by a general medicine hospitalist com-
pared to a subspecialty attending. However, 88% of the time
prophylaxis was prescribed at the time of hospital admission,
before the attending would have exerted their influence on
the resident’s management. This suggests that the routine use
of prophylaxis was propagated through a cultural change in
practice at the resident level.

CONCLUSION

For VTE prevention at an academic medical center, we
have demonstrated that a multifaceted quality improvement
intervention given by pharmacists and physicians leads to a
sustained improvement in practice. The maintenance of these
effects has been minimal, consisting of four 1-hour long
educational sessions per year targeted to clinical pharmacists
and medicine residents.
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