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BACKGROUND: Almost 700 patients suffered from hospital-
associated venous thromboembolism (HA-VTE) across 5
University of California hospitals in calendar year 2011.

OBJECTIVE: Optimize venous thromboembolism (VTE) pro-
phylaxis (VTEP) in adult medical/surgical inpatients and
reduce HA-VTE by at least 20% within 3 years.

DESIGN: Prospective, unblinded, open-intervention study
with historical controls.

SETTING: Five independent but cooperating academic
hospitals.

PATIENTS: All adult medical and surgical inpatients with
stays �3 days. The baseline year was 2011, 2012 to 2014
were intervention years, and year 2014 was the mature
comparison period.

VTEP adequacy was assessed with structured chart review
of 45 patients per month at each site via random selection
beginning partway through the study. HA-VTE was identi-
fied by discharge coding, capturing patients readmitted

within 30 days of prior VTE-free admit and VTE occurring

during index admission. Cases were stratified medical ver-

sus surgical and cancer or noncancer.

INTERVENTIONS: Interventions included structured order

sets with “3-bucket” risk-assessment, measure-vention,

techniques to improve reliable administration of VTEP, and

education.

RESULTS: Adequate prophylaxis reached 89% by early

2014. The rate of HA-VTE fell from 0.90% in 2011 to 0.69%

in 2014 (24% relative risk [RR] reduction; RR: 0.76, 95%

confidence interval: 0.68-0.852), equivalent to averting 81

pulmonary emboli and 89 deep venous thrombi. VTE rates

were highest in cancer and surgical patients.

CONCLUSIONS: Hospital systems can reduce HA-VTE by

implementing a bundle of active interventions including

structured VTEP orders with embedded risk assessment

and measure-vention. Journal of Hospital Medicine

2016;11:S22–S28. VC 2016 Society of Hospital Medicine

Venous thromboembolism (VTE), comprised of pul-
monary embolism (PE) and deep vein thrombosis
(DVT), impacts hundreds of thousands of Americans
annually.1 The complications of VTE can be severe,
including the post-thrombotic syndrome, pulmonary
hypertension, and complications of anticoagulation.
VTE is often a complication of hospitalization, and
PE is a common preventable cause of hospital mortali-
ty.2,3 Pharmacologic VTE prophylaxis (VTEP) in at-
risk patients is effective and endorsed by prominent
guidelines.4–6 However, VTEP is underutilized, with
only 30% to 50% of eligible patients receiving the
right drug, dose, and duration.7,8

Public reporting and reimbursement policies reflect
the magnitude of VTE as a public health concern. The
Centers for Medicare and Medicaid Services (CMS)
withholds incremental payment for VTE complica-
tions.9 The rate of hospital-associated VTE (HA-VTE)
is used by benchmarking organizations as a quality
indicator.10,11

The University of California (UC) has 5 major aca-

demic medical centers, located in Irvine (UCI), Los

Angeles (UCLA), Sacramento (UC Davis [UCD]), San

Diego (UCSD), and San Francisco (UCSF). In both

2010 and 2011, almost 700 UC patients suffered from

HA-VTE annually. Barriers to optimal VTEP included

the absence of standardized VTE risk assessment, lack

of consensus on appropriate VTEP options for various

inpatient populations, and a lack of collaborative

infrastructure. Other barriers included poor adherence

to mechanical prophylaxis and suboptimal measure-

ment of prophylaxis and HA-VTE outcomes.
In late 2011, leaders from the 5 medical centers,

supported by an internal competitive grant from the
UC Office of the President and the Center for Health
Quality and Innovation, formed a collaborative to
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address barriers, optimize VTEP in inpatients, and
reduce HA-VTE across the system. Prior efforts at
UCSD illustrated single-center improvement, with an
increase in adequate VTEP from 50% to over 95%,
and a nearly 40% reduction in the incidence of HA-
VTE.12 We set out to scale this success across all 5
sites as a coordinated collaborative.

METHODS
This was a prospective, unblinded, open-intervention
study with historical controls that assessed prespeci-
fied outcomes before, during, and after institution of
multiple VTEP strategies in 5 independent, but coop-
erating, academic hospitals. All adult medical and sur-
gical inpatients were included; psychiatric, obstetrics–
gynecology, rehabilitation, observation status, and
pediatric populations were excluded. The study period
was July 1, 2012 through June 30, 2015. Calendar
year (CY) 2011 was the baseline year for comparison;
interventions were initiated in CY 2012 to CY 2014,
and CY 2014 was considered the mature postinterven-
tion period.

Hospital Collaboration

Multiprofessional teams1 were formed at each site.
Monthly webinars, regular e-mail, minutes, and a pro-
ject management plan with task lists were utilized for
coordinated collaboration. Software (Dropbox) was
used for sharing tools, educational materials, and
measurement techniques. REDCap (Research Elec-
tronic Data Capture) was used for secure data collec-
tion and analysis of outcomes.13 Prior experience at
UCSD and the Society of Hospital Medicine informed
measurement and intervention bundle strategies.1,12,14

Surveys of baseline VTE prevention protocols, mea-
sures, and order sets were performed at each site.
Measures were standardized, whereas the intervention
bundle was tailored for use at each medical center.
Institutional review board approval with a waiver for
individualized informed consent was obtained.

Interventions

All sites were tasked with implementing a defined
bundle of mutually reinforcing interventions that con-
stituted a comprehensive VTE prevention program.
These protocols, order sets, educational programs,
and interventions were not designed or implemented
in an identical fashion at each hospital, but common
principles were utilized.

VTE Prevention Protocol
This protocol incorporated (1) standardized VTE risk
assessment, and (2) links to a menu of appropriate
prophylaxis options for each level of risk that includ-
ed guidance for management of patients with contra-
indications to pharmacologic prophylaxis. We used
simple risk-assessment models that grouped patients
into 3 levels of risk (the 3-bucket model) rather than

more complicated point-based systems. The 3-bucket
model was designed to offer detailed guidance and
avoid over-prophylaxis. Protocol, measurement, and
order set tools were modified for special populations,
such as orthopedic and neurosurgery populations.
Operational definitions for bleeding risk, DVT risk,
and exceptions to the protocol were explicit, which
allowed for classification of adequate versus inade-
quate prophylaxis. High-risk patients required combi-
nation prophylaxis, moderate risk anticoagulant
prophylaxis, and low risk patients no prophylaxis
beyond ambulation protocols (in the absence of con-
traindications). Acceptable contraindications to phar-
macologic prophylaxis included an international
normalized ratio >1.8, platelet count <50,000, active
hemorrhage within the last 3 days, known bleeding
disorders, hypertensive urgencies/emergencies, comfort
care–only status, and leeway times around surgery or
other events (24 hours for most surgeries, 48 hours
for transplant surgery or major trauma, up to a week
after central nervous system surgery). Impaired mobil-
ity was considered present unless the patient could
ambulate independently more than once a day. More
details regarding 3-bucket risk models and explicit cri-
teria can be reviewed in a recent Agency for Health-
care Quality and Research (AHRQ) publication.1 The
protocol was embedded into clinical decision-support
as required elements of admission, transfer, and post-
operative order sets.

Educational Programs
Nurse and physician education programs were devel-
oped that stressed the importance of VTE prevention
and adherence to thromboprophylaxis, including
mechanical prophylaxis. The VTEP protocol was
socialized in medical staff and nursing meetings. The
educational programs recommended imaging only the
proximal veins in patients with symptoms of leg DVT,
and avoiding screening ultrasounds in asymptomatic
patients. Physicians were coached on how to use the
VTEP order sets. Content for educational programs
was discussed and often shared among sites, but edu-
cational programs were tailored locally to fit perceived
needs and available resources.

Measure-vention
An active surveillance and feedback program called
measure-vention was developed to provide ongoing
feedback to care providers regarding the appropriate
use of VTEP over the duration of hospitalization. Key
features of measure-vention were regular measurement
of adherence/lapses in VTEP delivery, coupled with
concurrent intervention to correct any lapses, with a
nurse/pharmacist calling the primary team if VTEP
was suboptimal.1,12 Measure-vention was utilized to
monitor both appropriateness of orders and adherence
with ordered prophylaxis, and was used to correct
overprophylaxis as well as underprophylaxis. For
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example, our protocol specified that moderate VTE
risk patients with a captured contraindication to anti-
coagulant should be on mechanical prophylaxis. An
intervention would take place if mechanical prophy-
laxis was not ordered, or if it was ordered but not
documented as being in place. Measure-vention exam-
ples and further description are available in AHRQ
publications.1

Outcomes

Thromboprophylaxis Rates
We planned to perform structured chart review on at
least 30 non–critical care and 15 critical care adult
inpatients per month at each site. Adult inpatients
with a length of stay >48 hours, stratified by critical
care versus non–critical care status, were assigned a
numeric value by a random number generator.
Patients were selected in order of random number
assignment for chart review until the desired number
of audits was completed. Development of the audit
tools, as well as availability of personnel, led to delays
in assessing prophylaxis rates by these standards until
late 2012 to early 2013 at each site. A few sites had
brief lapses in data collection during personnel
changes. VTE risk, bleeding risk, prophylaxis ordered
at the time of the audit, and adequacy of VTEP
defined by a common standard were all assessed and
recorded in the REDCap data repository. VTEP was
considered adequate if combined pharmacologic and
mechanical prophylaxis was present in the highest-risk
patients or anticoagulant prophylaxis was present in
moderate patients. Prophylaxis was considered ade-
quate for all low-risk patients. Patients at risk for
VTE with contraindications to anticoagulants were
considered to be on adequate prophylaxis if they
received mechanical prophylaxis or had documented
contraindications to mechanical prophylaxis. The
proper administration of ordered prophylaxis was
scrutinized locally and targeted by education and oth-
er interventions at each site, but these data were not
collated and analyzed centrally.

Identification of HA-VTE
HA-VTE rates were determined by administrative
coding data, using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes in a manner similar to AHRQ Patient
Safety Indicator 12 identification of postoperative
VTE cases.10 Data were submitted by each hospital,
then collated and analyzed using data from Vizient
(formerly the University HealthSystem Consortium).
The incidence of VTE was determined using specific
ICD-9-CM hospital discharge codes: for PE: 415.11,
415.13, 415.19, 673.24; and for DVT: proximal
DVT: 451.11, 451.19, 451.81, 453.41; distal DVT:
453.42; and other DVT: 453.40, 453.8. These codes
have high positive predictive value for acute VTE.15,16

Mean age, average length of stay (ALOS), and

admission severity of illness (SOI) scores were also
captured from Vizient and summarized for the inpa-
tient cohort each year.

All VTE cases were coupled with present on admis-
sion (POA) indicators. HA-VTE cases included
patients who were readmitted to the same hospital
within 30 days for a new event (POA 5 Y, but read-
mitted), as well as patients who developed PE or DVT
during their hospitalization (POA 5 N or U). Only
patients hospitalized for 3 or more days were analyzed
for inpatient development of VTE, as diagnosis of
VTE in the first 2 days was deemed either likely pre-
sent on admission or not preventable using VTEP
started within 24 hours of admission. VTE outcomes
were assigned in a hierarchical fashion: if both PE and
DVT were present, the case was classified as PE. Dis-
tal DVT was distinguished from proximal DVT when-
ever possible. Cases were stratified based on whether
the patient had undergone a major operation (surgery
patients) or not (medical patients). This stratification
was based on the Medicare Severity– Diagnosis-
Related Group (MS-DRG) coded in patient records.
The DRG type for each MS-DRG was based on the
2015 CMS-MS-DRG codes for major operations,9

except that all trauma cases were considered surgical,
and cases with vena cava filter placement and no oth-
er surgical procedure were considered medical. Cancer
cases were identified using ICD-9-CM codes 140.00-
209.99 and 210.00-239.99.

Review of HA-VTE
Periodic review of selected HA-VTE cases identified
by administrative coding data was recommended as a
best practice, potentially adding insight to contribut-
ing factors to HA-VTE, included lapses in prophylaxis
and suboptimal mobilization. The accuracy of diag-
nostic coding, and assessment of how HA-VTE cases
were identified (symptoms vs screening ultrasounds)
could also be assessed. Examples of audit tools were
shared. Every site reviewed some HA-VTE cases, but
the extent and duration of case review was left to the
discretion of each site.

Statistical Analysis

Relative risk (RR) calculations with 95% confidence
intervals (CI) were used to compare the proportions
of patients with PE, DVT alone, and total HA-VTE in
2014 versus 2011. The absolute risk reduction was
multiplied by the population at risk in CY 2014 to
arrive at estimates of cases of VTE averted in 2014
compared to 2011.

RESULTS
Robust sampling (421 to 728 patients at each site)
revealed attainment of high rates of adequate VTE
prophylaxis (82% to 96% at all sites, collectively
89%) by early 2014. Common measures for adequate
VTEP were not finalized and collected by all sites
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until early 2013, so we did not capture baseline VTEP
rates, and could not compare baseline to mature pro-
phylaxis rates. Reliable administration of mechanical
and anticoagulant prophylaxis was monitored and tar-
geted by each institution, albeit not in an identical
fashion at each site. Adherence to mechanical prophy-
laxis was reported as improved at the sites, but these
data were not collated and analyzed centrally.

Population Demographics and Severity of Illness

There were 73,941 to 79,565 discharges that met the
criteria (adult medical–surgical inpatient with >2 day
length of stay each year. Mean age and ALOS were
unchanged or had no change of clinical significance.
For example, in 2011 versus 2014, mean age was
55.7 versus 56.4 years, and ALOS was identical in
both time periods at 7.4 days. Admission SOI scores
also remained fairly static from 2011 to 2014 (2.27,
2.31, 2.32, 2.26, respectively), and the admission SOI
was not statistically different in 2011 versus 2014
(estimated difference of 2 means 0.01, 95% CI: 0.00-
0.02).

Hospital-Associated VTE

There were 2431 HA-VTE events observed in
306,906 adult inpatients across CY 2011 to 2014
(Table 1). The baseline incidence of HA-VTE was
0.90% (667 events in 73,941 hospitalizations in
2011). The incidence of HA-VTE in the postinterven-
tion period was 0.69% (546 HA-VTE events in
79,565 hospitalizations in 2014, P < 0.001), an over-
all reduction of 24%. The absolute risk for PE
decreased from 0.49% to 0.39% (RR: 0.79, 95% CI:
0.68-0.92), a reduction of 21%, and the absolute risk
of leg DVT fell from 0.41% to 0.30% (RR: 0.73,
95% CI: 0.61-0.86), a reduction of 27%. Both proxi-
mal and distal DVT were reduced significantly. Proxi-
mal DVT was much more commonly diagnosed than
distal DVT. Proximal DVT incidence decreased from

0.32% to 0.25% (RR: 0.77, 95% CI: 0.64-0.93),
whereas distal DVT incidence decreased from 0.09%
to 0.05% (RR: 0.58, 95% CI: 0.39-0.86). The lower
overall VTE rate in the postimplementation period
compared with the baseline period corresponds to an
estimated 170 fewer cases of VTE per year (89 DVT,
81 PE).

The baseline rate of HA-VTE and degree of
improvement varied between institutions (Figure 1).
UCI and UCD began the study with significantly
higher VTE rates, and enjoyed the largest improve-
ments. UCLA’s VTE rate decreased to a lesser extent,
whereas UCSD and UCSF rates remained relatively
flat or were marginally higher. In contrast to the high-
ly variable 2011 baseline rate of HA-VTE (0.60%–
1.36%), all 5 sites had HA-VTE rates within a very
narrow range (0.65%–0.73%) at maturity in 2014.

Cancer Versus Noncancer Patients

The incidence of HA-VTE was higher in cancer
patients than in noncancer patients. In 2011, 227 of
18,487 (1.23%) cancer patients developed VTE, ver-
sus 440 of 55,454 (0.79%) noncancer patients (Figure
2). After implementation of the VTE prevention initia-
tive, the incidence of VTE in cancer patients fell by
0.21% (210 events in 20,544 patients in 2014,
1.02%), and the incidence of VTE in noncancer
patients fell by 0.22% (336 events in 59,021 patients,
0.57%). The relative risk of HA-VTE after the VTE
interventions was reduced by 17% (RR: 0.83, 95%
CI: 0.69-1.00) in cancer patients and 28% (RR: 0.72,
95% CI: 0.62-0.83) in noncancer patients.

Surgical Versus Medical Patients

The impact of the VTE prevention initiative was only
significant in surgical patients, for whom the risk of
HA-VTE fell by 28% (RR: 0.72, 95% CI: 0.63-0.82)
(Table 1). Medical patients experienced a nonsignifi-
cant 10% reduction in HA-VTE (RR: 0.90, 95% CI:

TABLE 1. Pulmonary and Deep Vein Thrombosis Rates Calendar Years 2011 to 2014

2011 (Baseline),

No./%

2012,

No./%

2013,

No./%

2014 (Mature),

No./%

2014 Versus 2011

Relative Risk (95% CI)

2014 Versus 2011

Estimated Averted

Events (95% CI)

Total discharges (medical and surgical) 73,941 76,100 77,300 79,565
Total PE 1 leg DVT 667/0.90% 650/0.85% 568/0.73% 546/0.69% 0.761 (0.680-0.852) 170 (103-247)
Total PE 363/0.49% 359/0.47% 340/0.44% 309/0.39% 0.791 (0.680-0.920) 81 (32-135)
Total leg DVT 304/0.41% 291/0.38% 228/0.29% 237/0.3% 0.725 (0.612-0.858) 89(40-135)

Medical discharges 31,219 32,597 33,805 34,875
Total PE 1 leg DVT 178/0.57% 168/0.52% 164/0.49% 179/0.51% 0.900 (0.732-1.1071)
PE 110/0.35% 94/0.29% 106/0.31% 104/0.30% 0.846 (0.648-1.106)
Leg DVT 68/0.22% 74/0.23% 58/0.17% 75/0.22% 0.987 (0.711-1.371)

Surgical discharges 42,722 43,503 43,495 44,690
Total PE 1 leg DVT 489/1.14% 482/1.11% 404/0.93% 367/0.82% 0.718 (0.627-0.821)
PE 253/0.59% 265/0.61% 234/0.54% 205/0.46% 0.775 (0.645-0.931)
Leg DVT 236/0.55% 217/0.50% 180/0.41% 162/0.36% 0.656 (0.538-0.801)

NOTE: All adult Inpatients (with and without cancer diagnosis), discharged from all University of California Hospitals are included. The impact of improvement efforts was highest in the surgical population. See text for additional
detail on proximal versus distal DVT. Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; PE, pulmonary embolism.

Reducing HA VTE in 5 Academic Centers | Jenkins et al

An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 11 | No S2 | December 2016 S25



0.73-1.11). Medical patients had a significantly lower
baseline incidence of HA-VTE (0.57%) compared
with surgical patients (1.14%; relative difference:
50%, P < 0.001). This finding persisted postimple-
mentation, with a cumulative incidence in medical
patients of 0.51% versus 0.82% in surgical patients
(relative difference: 31%, P < 0.001).

DISCUSSION
Our initiative, comprised of a collaborative infrastruc-
ture, a proven quality-improvement framework, and a

bundle of interventions, was associated with a 24%
reduction in the risk of HA-VTE across our 5 academ-
ic medical centers. This represents avoidance of signif-
icant clinical morbidity (an estimated 81 PEs and 89
DVTs per year) and significant cost. Assuming costs
of $9250 per DVT and $13,050 per PE,17 the estimat-
ed short-term cost savings are almost $1.9 million per
year (minus expenditures on VTEP). Further savings
might be expected over a longer time horizon because
of the avoidance of recurrent VTE, post-thrombotic
syndrome, and the costs and complications of long-
term anticoagulation.

We believe the highly variable degree of improve-
ment seen across our 5 sites was due to the relatively
mature VTEP efforts at the onset of this collaborative
improvement effort at UCSD and UCSF. As we noted
earlier, the interventional bundle and methods were
derived from earlier work at UCSD that had already
demonstrated published marked improvement in pro-
phylaxis and a 40% decrease in HA-VTE.14 The nar-
row range of low HA-VTE rates in 2014 (the mature
intervention time period) suggests there may be some
HA-VTE rate beyond which further prevention efforts
are less productive.

Our study has several limitations. As a longitudinal
collaborative improvement effort introducing a bundle
of interventions, we cannot ascribe improved out-
comes to individual components in the bundle; for
example, we did not record the number of measure-
vention calls or resulting prophylaxis changes. We
also did not measure adverse events due to VTEP,
believing benefits to be greater than risks, but some
adverse events likely did occur and attenuated benefits

FIG. 1. Percent of adult inpatient discharges (with and without cancer) with a hospital-associated VTE (N 5 306,906 over 4 years [132,495 medical and 174,410

surgical patients]). Results for each site and as a composite are shown. Abbreviations: UCD, University of California, Davis; UCI, University of California, Irvine;

UCLA, University of California, Los Angeles; UCSD, University of California, San Diego; UCSF, University of California, San Francisco; VTE, venous

thromboembolism.

FIG. 2. Percent of adult inpatient discharges with HA VTE at all 5 University

of California medical centers from 2011 to 2014. Patients with cancer (n 5

78,280) had higher rates of HA VTE than their counterparts without a diagno-

sis of cancer (n 5 228,626). The risk of HA VTE was significantly reduced in

calendar year 2014 versus the baseline calendar year 2011 (relative risk:

0.761, 95% confidence interval: 0.680-0.852). Abbreviations: HA VTE 5

hospital-associated venous thromboembolism.
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and cost savings. Although we had rigorous measures
to assess the prevalence of appropriate prophylaxis,
we failed to capture the baseline rate of VTEP, which
means we cannot show that improved HA-VTE rates
corresponded to improvements in VTEP rates. The
bundle of interventions was not implemented uniform-
ly. Some metrics, like adherence to mechanical pro-
phylaxis, were monitored in a decentralized fashion,
without collation or collective analysis.

Were improved VTE rates due to decreases in HA-
VTE detection? We could not detect postdischarge HA-
VTE that presented to other hospitals, but we have no
reason to think the proportion of missed HA-VTE
changed over the study. We discouraged the practice of
routinely extending duplex ultrasound testing below
the knee, and also discouraged surveillance of asymp-
tomatic patients with Doppler ultrasound. This raises
the question of ascertainment bias. Did we have fewer
HA-VTE in 2014 because our interventions worked, or
did we reduce how aggressively we looked for HA-
VTE? Higher frequencies of ultrasound testing are
correlated with higher rates of DVT because of surveil-
lance bias.18 Although some reduction in DVT was due
to changes in ultrasound practices, several factors sug-
gest the majority of improvement resulted from our
interventions. First, only 1 of our 5 sites (UCD) rou-
tinely extended ultrasound testing below the knee in
the baseline period. Second, we distinguished distal
DVT from proximal/unspecified DVT, and the rates of
both showed significant improvement. Screening
asymptomatic patients with ultrasounds for DVT was
limited to a few services in special circumstances (for
example, the trauma service at UCSD screened patients
at highest risk who could not be prophylaxed with
anticoagulation). We did not have the capability to for-
mally track which patients were being diagnosed with
screening exams versus for symptoms, but screen-
detected patients were a small minority. We did not
successfully dissuade these few services from stopping
this approach, but we did head off some services that
were considering this strategy, and think it likely that
at best, we kept screening from spreading. Third, PE
was reduced by over 20%, in addition to reductions in
DVT, even though several of our sites acquired com-
puted tomography scanners more sensitive for small
thrombi/incidental PE. Finally, the aggressiveness of
ultrasound testing often goes up with aggressive pre-
vention efforts, which would have led to surveillance
bias with increased—rather than decreased—rates of
HA-VTE.

Our study has a number of strengths. Our effort
encompassed a large and inclusive adult inpatient
population over a long period of observation, with a
relatively large reduction in HA-VTE. These reduc-
tions occurred even though the proportion of patients
with cancer (our most powerful predictor of VTE
risk) was 34.8% in 2014 versus 33.3% in 2011. Our
metrics captured patients readmitted to the hospital

within 30 days of a prior VTE-free admission as well
as patients suffering VTE during the hospital stay,
with the limitation that we captured only patients
readmitted back to our own institutions. Our metrics
for VTEP scrutinized prophylaxis rates at different
points during hospitalizations, and risk-appropriate
prophylaxis was assessed, in contrast to some com-
mon regulatory measures that monitor only whether
any prophylaxis is in place on the first day of admis-
sion or transfer.11

Our study should be instructive in terms of focusing
improvement efforts. The rate of HA-VTE was much
higher in cancer and surgical patients than in medical
patients, and we only achieved a nonsignificant 10%
reduction in risk among medical patients (RR: 0.90,
95% CI: 0.73-1.11). This is consistent with literature
demonstrating a more limited benefit of prophylaxis
in medical inpatients.19 Although we continue to rec-
ommend prophylaxis in high-risk medical inpatients,
efforts targeting cancer and surgical populations are
likely to yield greater results.

Our collaborative used methods that are portable,
sustainable, and provide an excellent platform for
spread of improvement across a system. The portabili-
ty of these strategies is underlined by the variable
baseline performance and the different stages of elec-
tronic health record development at our unique sites.
Toolkits that describe the interventions (such as order
sets, educational tools, measures, measure-vention) are
freely available, and reflect established guidelines.1

Our collaborative model is consistent with successful
models published in the literature.1,14,20 In these mod-
els, clinical experts distill the evidence down into key
best practices, and design processes that need to occur
with the lowest barriers to use. Metrics, expert advice,
and toolkits are assembled centrally, while each hospi-
tal identifies local barriers to implementation, educates
and engages staff, executes implementation, and con-
tinually evaluates performance, modifying interven-
tions accordingly. Embedding clinical decision and
risk-assessment into VTE prevention modules within
commonly used order sets and documentation tools
helps to hard-wire the interventions, tightly linking
risk assessment to appropriate prophylaxis options.
The approach to standardization allows for flexibility
for special populations and special needs of unique
patients, while minimizing needless variation based on
the ordering providers. Program management tools
and regular webinars keeps sites on track, coordinate
interventions, sustain enthusiasm, and provide a venue
for sharing tools and lessons learned. Multiple active
interventions are utilized rather than relying on pas-
sive educational techniques or order sets alone. Active
surveillance (i.e., measure-vention) deserves special
attention. Measure-vention has demonstrated utility in
inpatient glycemic control and a variety of hospital-
associated infections in addition to VTE prevention,
and some systems now uses measure-ventionists as the
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lynchpin for a whole host of successful improvement
programs.12,14,21,22 We believe high-quality metrics,
standardized protocol-driven order sets, and measure-
vention are the crucial elements for success.

CONCLUSIONS
Hospital systems can reduce HA-VTE by implement-
ing a bundle of active interventions including stan-
dardized VTEP orders with embedded risk assessment
and measure-vention. Good measurement of HA-VTE,
appropriate VTEP that exceeds minimum regulatory
standards, and a robust collaborative infrastructure
inform and accelerate improvement. Surgical and can-
cer populations are at higher risk for HA-VTE and
should be a prime focus of improvement efforts.
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