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BACKGROUND AND OBJECTIVE: Hospital-acquired venous thromboembolic events

(VTEs) in medically ill patients account for a significant percentage of in-hospital

mortality. Unfractionated heparin and low-molecular-weight heparin have been

shown to be effective in the prevention of VTEs. However, use of these medica-

tions for thromboprophylaxis remains suboptimal. The objective of this article is

to report the impact of a continuous quality improvement project on adherence

with DVT prophylaxis guidelines and on the subsequent incidence of hospital-

acquired DVT in medical patients at a teaching hospital between 2002 and 2005.

METHODS: In November 2002, Kings County Hospital Center Department of Med-

icine embarked on a project to increase the rate of thromboprophylaxis use.

Quality improvement strategies included an active, multifaceted, layered combi-

nation of provider education, provider reminders with decision support, and

audit with feedback.

RESULTS: The DVT prophylaxis rate on the general medicine house-staff service

increased from a baseline of 63% in 2002 to 96% in 2005. The number of hospi-

tal-acquired DVTs decreased from a baseline of 14 in 2002 to 1 in 2005. The hos-

pital-acquired DVT rate fell significantly, from 2.6 per 1000 discharges in 2002

(95% CI 1.5–4.4) to 0.2 per 1000 discharges in 2005 (95% CI 0.0–1.1), P 5 .007.

CONCLUSIONS: A layered combination of provider education, provider reminders

with decision support, and audit with feedback increased the DVT prophylaxis

rate and decreased the rate of hospital-acquired DVTs in the medicine depart-

ment at a tertiary-care hospital center. Journal of Hospital Medicine 2008;3:

148–155. VVC 2008 Society of Hospital Medicine.
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H ospital-acquired venous thromboembolic events (VTEs) in
medically ill patients account for a significant percentage of

in-hospital mortality.1 There have been reports that 50%–75% of
symptomatic VTEs related to hospitalization occur in medical
patients.2,3 The incidence of hospital-acquired pulmonary embo-
lism (PE) and deep vein thrombosis (DVT) has been reported
nationally as 0.4% and 1.3% of all hospital admissions, respec-
tively.4 The incidence of hospital-acquired VTEs in patients not
on prophylaxis reported in the MEDENOX trial was approximately
15%, although these were predominantly asymptomatic cases.5

Several studies including the MEDENOX and PREVENT trials
have supported the use of low-molecular-weight heparin
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(LMWH) and unfractionated heparin (UFH) in the
prevention of VTEs.5–7 Based on this evidence, the
American College of Chest Physicians (ACCP)
developed guidelines for the use of LMWH and
UFH in the prevention of VTEs in patients with
acute medical illnesses.8 Despite the promulgation
of these guidelines, several studies have indicated
that the use of these medications remains subop-
timal. Two recent studies showed that the rate of
thromboprophylaxis in hospitalized medically ill
patients at risk for VTEs was 15%–16%.9,10

A review by Kakkar et al. stated that the
underutilization of thromboprophylaxis may be a
result of lack of awareness by physicians, disagree-
ment with the guidelines, and lack of outcome
data.11 Studies have demonstrated improvement
in the use of thromboprophylaxis in hospitalized
patients using several strategies. One of these stra-
tegies was the use of a hospitalwide clinical phar-
macy education program, resulting in the
thromboprophylaxis rate improving from 11% to
44% (P < .001).12 Another strategy studied was the
use of a combination of physician education, a
decision support tool, and regular audit and feed-
back, which resulted in the rate of thrombopro-
phylaxis increasing from 43% to 85% after 18
months.13 The use of computer alert programs
was also studied and was shown to increase the
use of thromboprophylaxis among hospitalized
patients from 13% to 23.6% (P < 0.001).14

The objective of this article is to report the
impact of a continuous quality improvement
(CQI) project on adherence to the DVT prophy-
laxis guidelines as well as the subsequent inci-
dence of hospital-acquired DVT in medical patients
at a large urban teaching hospital between 2002
and 2005.

METHODS
In November 2002, the Kings County Hospital
Center Department of Medicine embarked on a
CQI project to increase adherence to thrombopro-
phylaxis guidelines. A 3-tiered approach of pro-
vider education, provider reminders with decision
support, and audit and feedback was taken. This
cycle was repeated each month with the start of a
new group of house staff and faculty attendings.
This 3-tiered approach was developed, implemen-
ted, and maintained over a 4-year period from
2002 to 2005. The measured outcomes were rate

of DVT prophylaxis and incidence of hospital-
acquired DVT.

Provider Education and Reminders
with Decision Support
The first approach was the inclusion of DVT pro-
phylaxis in the Assessment and Plan section of the
preprinted admission database. This section on
DVT prophylaxis, which required a physician to
indicate if a patient required prophylaxis and the
type of prophylaxis chosen, was initiated in No-
vember 2002 (Fig. 1, arrow A).

In December 2002, DVT prophylaxis was
included in the learning goals and objectives
handout given to house staff at the start of each
inpatient rotation (Fig. 1, arrow B).

Pocket DVT prophylaxis guideline cards that
outlined the indications and suggested regimens
for DVT prophylaxis in the medically ill patient
were issued to members of the house staff and
their supervising faculty attendings at the start of
each month beginning in March 2003 (Fig. 1,
arrow C).

Preprinted admission orders were developed
in July 2004 (Fig. 1, arrow F) that included DVT
prophylaxis options. The admitting physician was
required to indicate the need for DVT prophylaxis
and type of prophylaxis chosen for every patient
admitted.

In February 2005, a standardized DVT algo-
rithm was included in the preprinted admission
database (Figs. 1–3). The admitting physician was
required to follow this algorithm to assess for indi-
cations for DVT prophylaxis and, if needed, type
of prophylaxis chosen. The signatures of the house
officer who completed the form and the supervis-
ing attending were required.

Auditing
Starting in December 2003, each house-staff medi-
cine service team was assessed for its rate of DVT
prophylaxis on a monthly basis. Two chief resi-
dents would review 7 randomly selected charts
from each of the 10 general medicine house-staff
teams. The data collected included number of
patients at increased risk of developing DVT who
were receiving DVT prophylaxis defined as UFH,
LMWH, and/or intermittent pneumatic compres-
sion. Patients were considered at increased risk
of developing DVT if they had heart failure, myo-
cardial infarction, cancer, systemic infection, a
hypercoagulable state, respiratory failure, chronic
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FIGURE 1. A control chart representing the monthly DVT prophylaxis rate on the General Medicine House staff service at Kings County Hospital Center from
May 2002 to December 2005. (UCL - upper control limit, LCL - lower control limit).

FIGURE 2. The DVT algorithm (Page 1) included in the preprinted admission database that required the physician to assess the indication for DVT prophylaxis
and to indicate the type of prophylaxis chosen.
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obstructive pulmonary disease, pulmonary hyper-
tension, hip or other lower extremity fracture,
stroke, catatonia, or a history of previous DVT or
PE. In addition, patients for whom ‘‘bed rest’’ was
ordered or who were expected or observed to be
immobile (ie, not get out of bed) were considered
at increased risk of DVT. The DVT prophylaxis rate
was the percentage of patients identified as at
increased risk of developing DVT who were receiv-
ing DVT prophylaxis. The reviewers used standar-
dized review sheets to collect the data. Each
month they reviewed a total of 70 charts, which
represented approximately 14% of all medicine
house-staff discharges and approximately 60% of
the average daily census of the house-staff service.

Hospital-acquired DVT cases were actively
identified and reviewed independently by the
Department of Risk Management. This activity
resulted from the requirement to report all hospi-
tal-acquired DVTs to the New York State Depart-
ment of Health Patient Outcome Reporting
Tracking System. The risk management staff sys-
tematically reviewed all discharge International

Classification of Diseases Ninth Edition (ICD-9)
codes, as well as the reports of all duplex scans of
the upper and lower extremities. A review of the
medical record was triggered by report of a DVT
on an imaging study or the finding of either ICD-9
code 453.8 (embolism and thrombosis of the vein)
or ICD-9 code 453.9 (embolism and thrombosis of
unspecified site). The purpose of the chart review
was to confirm the diagnosis of DVT and to deter-
mine if the DVT was indeed hospital acquired.
Hospital-acquired DVTs were defined as those that
developed while admitted or within 30 days of
discharge from Kings County Hospital Center.
‘‘Developed during admission’’ was defined as a
diagnosis of DVT not being suspected at original
presentation at the hospital. If DVT was suspected
on admission and the patient had not been hospi-
talized at Kings County Hospital Center in the pre-
ceding 30 days, the case was excluded.

Feedback
Reporting of the DVT prophylaxis rate was
initiated in December 2003 (Fig. 1, arrow D). Dur-

FIGURE 3. The DVT algorithm (Page 2) included in the preprinted admission database that required the physician to assess the indication for DVT prophylaxis
and to indicate the type of prophylaxis chosen.
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ing the last week of each month, the rate of DVT
prophylaxis on the general medicine house-staff
service was reported at the morbidity and mortal-
ity (M&M) conference. Attendance at the M&M
conference was expected of all members of the
house staff and faculty attendings assigned to the
general medicine service for that particular
month. The conference was chaired by the chief
medical residents and was attended by the chief
of the department of medicine and the director of
inpatient services, who actively supported the pro-
ject and acknowledged the importance of DVT
prophylaxis.

Starting in March 2004, team-specific DVT
prophylaxis rates were reported at the monthly
M&M conference rather than a single rate for the
entire house-staff service (Fig. 1, arrow E). This
feedback enabled assessment of individual team
performance and created a sense of competition.
Each team was composed of an attending physi-
cian, a postgraduate year 3 resident, and a post-
graduate year 1 resident. The feedback was
presented as a focal point of the conference each
month, one of the department’s continuous qual-
ity improvement measures. The annual hospital-
acquired DVT rates observed from 2002 onward
were also reported at this conference. Opportunity
was given for discussion, comments, and feedback
at the end of each conference, and occasionally
new ideas for improvement were generated.

Statistical Analysis
A generalized linear model was used to estimate
95% confidence intervals for annual DVT inci-
dence rates and to compare rates for 2003–2005
with that of 2002. Bonferroni corrections were
applied to P values in order to control the overall

type I error rate. Calendar year was the only inde-
pendent variable in the analysis.

RESULTS
Table 1 provides cumulative yearly data for DVT
prophylaxis rate, number of hospital-acquired
DVTs, and number of discharges from the general
medicine house-staff service for the 4 years of the
observational period, 2002–2005. The baseline
DVT prophylaxis rate from May 2002 to December
2002 was 63% (Fig. 4 and Table 1) and increased
to 73%, 90%, and 96% over the succeeding years.
In 2002, the number of hospital-acquired DVTs on
the general medicine house-staff service was 14,
followed by 16, 7, and 1 for 2003 through 2005
(Table 1). Twenty-four of these 38 cases had not
received DVT prophylaxis.

When adjusted for each 1000 discharges (Fig.
4 and Table 1), the rates of hospital-acquired DVT
significantly decreased, from 2.6 per 1000 dis-
charges (95% CI 1.5–4.4) in 2002 to 1.1 per 1000
discharges (95% CI 0.5–2.3, P 5 .058) in 2004 and
to 0.2 per 1000 discharges (95% CI 0.0–1.1, P 5
.007) in 2005. During these years, particularly
2004–2005, the monthly DVT prophylaxis rate in
the sample reviewed was consistently 90% or
better (Fig. 1).

DISCUSSION
Our study involved active multifaceted interven-
tions with a layered combination of provider edu-
cation, provider reminders with decision support,
and audit and feedback. This layered approach
increased the DVT prophylaxis rate in our depart-
ment, resulting in a significant decline in clinically
evident hospital-acquired DVTs from a baseline
rate of 2.6 per 1000 discharges (0.26%) in 2002 to

TABLE 1
Comparison of Deep Vein Thrombosis Prophylaxis Rate with Hospital-Acquired Deep Vein Thrombosis Rate from 2002 to 2005

Year

DVTy prophylaxis
rate

Hospital-acquired

DVTs (n)

Discharges

(n)

Hospital-acquired
DVT rate (DVTs per

1000 discharges)

95% Confidence

interval P value{

2002 (Year 1) 63% 14 5366 2.6 1.5–4.4 —

2003 (Year 2) 73% 16 6098 2.6 1.6–4.3 .988

2004 (Year 3) 90% 7 6460 1.1 0.5–2.3 .058

2005 (Year 4) 96% 1 6296 0.2 0.0–1.1 .007*

y DVT, deep vein thrombosis.
{ P value relative to the baseline hospital-acquired DVT rate in 2002.

* Statistically significant.
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a rate of 0.2 per 1000 discharges (0.02%) in 2005
(95% CI 0.0–1.1, P 5 .007). Our baseline rate was
low compared to the nationally reported incidence
of 1.3%.4 Had the study not been extended over
4 years, it is likely that the statistical significance
of this decline would have been missed. The rate
of decrease in hospital0acquired DVTs accelerated
with each year, showing no decline between 2002
and 2003, a 58% decline from 2003 to 2004, and
an 82% decline from 2004 to 2005.

The acceleration in this decline coincided with
the use of pocket DVT prophylaxis guideline cards
and monthly audits with feedback starting in 2003
and the implementation of preprinted admission
orders in 2004. This acceleration peaked in 2005
with the addition of the DVT algorithm to the
admission database.

Despite the ACCP guidelines on thrombopro-
phylaxis,8 several studies have suggested that only
approximately 15%–16% of medically ill patients
at increased risk of VTE receive adequate throm-
boprophylaxis.9,10 The 3 barriers identified by
Kakkar et al. were lack of physician awareness,
disagreement with the guidelines, and lack of out-
come data.11 Our interventions addressed these
barriers. Lack of physician awareness was ad-
dressed by provider education and reminder systems
with decision support. Audit with team-specific

feedback provided the outcome data needed to
demonstrate and reinforce effective change.

A critical analysis by Shojania et al. analyzed
the effectiveness of each of these strategies when
implemented alone. Provider education was effec-
tive in increasing provider knowledge but was
generally ineffective when judged on the basis of
improving patient outcomes. When provider
reminders were well integrated with work flow,
they were more likely to be effective. The effec-
tiveness of decision support was variable, as it
sometimes brought about change but was less
likely to do so in complex situations. Various
forms of audit and feedback produced small to
modest effective changes.15 A systematic review by
Oxman et al. suggested that there were some ben-
efits when these strategies were implemented in a
layered manner compared with single-faceted
strategies and that effective interventions were
more likely to involve active rather than passive
strategies.16

The major strengths of this study were the
large number of patients reviewed, the sustained
interventions over a 4-year period, and the consis-
tency of our results. The Department of Risk Man-
agement systematically reviewed all discharge
ICD-9 codes and all relevant imaging studies of
32,293 patients for the presence of hospital-

FIGURE 4. A graphic representation of the DVT prophylaxis rate (%) at Kings County Hospital Center, Department of Medicine House staff service (striped
bars) 2002 to 2005 in comparison to the rate of hospital acquired DVTs (line graph) in the Department of Medicine. (* statistically significant).
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acquired DVTs. The data provided was all-inclu-
sive regardless of outcome and was acquired con-
tinuously over a 4-year period rather than at a
single point.

Our department continues to seek methods to
increase the rate of thromboprophylaxis, and so,
noting that computer alert programs have been
shown to increase the appropriate use of throm-
boprophylaxis,14 our institution has designed an
admission computer order entry program specific
for DVT prophylaxis. This program prompts physi-
cians to perform a DVT risk assessment of each
admitted patient and to order the appropriate
thromboprophylaxis regimen if indicated. This
program was implemented in May 2006.

Limitations
Several weaknesses are inherent in a before-and-
after study such as ours. These include the pre-
sence of background factors that can produce sig-
nificant changes in processes or outcomes of
interest regardless of quality improvement inter-
ventions. Another weakness is that for any given
period studied, multiple unaccounted changes
typically occur in a health care system and in its
socioeconomic environment that might also pro-
duce the desired improvements.17 An attempt was
made to mitigate the presence of background fac-
tors by including a large number of patients in
our analysis, by conducting the study over 4 years
rather than over a shorter period, and by analyz-
ing data continuously throughout each year rather
than at a single point. These weaknesses could be
further ameliorated by a controlled before-and-af-
ter study design in which there would be analysis
of data from 2 hospitals, one that implemented
the quality improvement interventions and one
that did not.

Several authority gradients were used in this
initiative, including the supervising faculty attend-
ing assigned to each medical team, who was
required to cosign each of the DVT risk assess-
ment sheets in the admitting database, providing
a powerful tool in the promotion of provider re-
minder and decision support in this initiative. The
other authority gradients included the chief of
medicine and the director of inpatient services,
who both presided over the monthly morbidity
and mortality conferences where performance
feedback of the initiative was presented. The
authority gradients at these performance feedback
sessions were useful in promoting discussion and

gaining valuable feedback, as well as in garnering
ideas for improvement from the house staff. How-
ever, although these authority gradients were im-
portant in carrying out this initiative, having them
may not be possible at other institutions, particu-
larly nonacademic hospitals, and as such could
potentially limit reproducibility.

Another limitation of our study is that we
included only patients with DVT. Patients with PE
without an identified DVT were not included. In
addition, there was no specific, systematic review
of complications such as heparin-induced throm-
bocytopenia (HIT) and bleeding. However, our
departmental and hospitalwide quality improve-
ment programs do attempt to identify complica-
tions of treatment and adverse drug reactions.
There was no observed increase in bleeding com-
plications and only 2 cases of HIT were identified
in our department during the 4-year period stud-
ied. Reported rates of HIT and bleeding in medical
patients receiving LMWH or UFH for DVT prophy-
laxis have been low.5–7,18

The DVT cases identified from 2002 to 2005
were those that were clinically relevant. Asymp-
tomatic, clinically silent cases were not included
in this report because routine screening for subcli-
nical DVT is not presently a part of routine gen-
eral medicine inpatient care.

CONCLUSIONS
The multifaceted layered combination of provider
education, provider reminders with decision sup-
port, and audit and feedback implemented at our
institution could be reproduced and utilized at
other institutions, particularly teaching hospitals,
to address the underutilization of DVT prophylaxis
in medically ill patients and to bring about a
decrease in hospital-acquired DVTs.
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