
462          Journal of Hospital Medicine    Vol 13  |  No 7  |  July 2018� An Official Publication of the Society of Hospital Medicine

ORIGINAL RESEARCH

Impact of a Multicenter, Mentored Quality Collaborative  
on Hospital-Associated Venous Thromboembolism

Ian Jenkins, MD, SFHM1*, Tamra O’Bryan, MHA, RHIA, CPHQ2,  
Janet Holdych, PharmD, CPHQ2, Gregory Maynard, MD, MS, MHM3

1Department of Medicine, University of California San Diego Health System, San Diego, California; 2Dignity Health, San Francisco, California; 3Uni-
versity of California Davis Medical Center, Sacramento, California.

Deep venous thrombosis and pulmonary embolism, 
collectively known as venous thromboembolism 
(VTE), affect up to 600,000 Americans a year.1 Most 
of these are hospital-associated venous thrombo-

embolisms (HA-VTE).1,2 VTE poses a substantial risk of mortality 
and long-term morbidity, and its treatment poses a risk of ma-
jor bleeding.1 As appropriate VTE prophylaxis (“prophylaxis”) 
can reduce the risk of VTE by 40% to 80% depending on the 
patient population,3 VTE risk assessment and prophylaxis is en-

dorsed by multiple guidelines4-7 and supported by regulatory 
agencies.8-10

However, despite extensive study, consensus about the im-
pact of prophylaxis4,11 and the optimal method of risk assess-
ment4,5,7,12 is lacking. Meanwhile, implementation of prophy-
laxis in real-world settings is poor; only 40% to 60% of at-risk 
patients receive prophylaxis,13 and as few as <20% receive op-
timal prophylaxis.14 Both systematic reviews15,16 and experience 
with VTE prevention collaboratives17,18 found that multifaceted 
interventions and alerts may be most effective in improving 
prophylaxis rates, but without proof of improved VTE rates.15 
There is limited experience with large-scale VTE prevention. 
Organizations like The Joint Commission (TJC)8 and the Surgi-
cal Care Improvement Project have promoted quality measures 
but without clear evidence of improvement.19 In addition, an 
analysis of over 20,000 medical patients at 35 hospitals found 
no difference in VTE rates between high- and low-performing 
hospitals,20 suggesting that aggressive prophylaxis efforts may 
not reduce VTE, at least among medical patients.21 However, a 
5-hospital University of California collaborative was associated 
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BACKGROUND: Reliable prophylaxis of hospital-
associated venous thromboembolism (HA-VTE) is not 
achieved in many hospitals. Efforts to improve prophylaxis 
have had uneven results. 

OBJECTIVE: To reduce HA-VTE with a scalable quality 
improvement collaborative.

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

PARTICIPANTS AND SETTING: All adult inpatients at 35 
community hospitals in California, Arizona, and Nevada.

INTERVENTIONS: A centrally supported collaborative 
implementing standardized VTE risk assessment and 
prophylaxis. Protocols were developed with 9 “pilot” 
sites, which received individualized mentoring. Finished 
protocols were disseminated to 26 “spread” sites, which 
received improvement webinars without mentoring. 
Active surveillance for real-time correction of suboptimal 
prophylaxis was funded in pilot sites and encouraged in 
spread sites. Planning and minimal improvement work 
began in 2011; most implementation occurred in 2012  
and 2013. 

MEASUREMENTS: Rates of per-protocol prophylaxis (at 
pilot sites), and compliance with The Joint Commission 
VTE measures (all sites), were monitored starting in January 
2012. The International Classification of Diseases, 9th 
Edition-Clinical Modification codes were used to determine 
the rates of HA-VTE within 30 days of discharge, heparin-
induced thrombocytopenia, and anticoagulation adverse 
events; preimplementation (2011) rates were compared 
with postimplementation (2014) rates.

RESULTS: Protocol-appropriate prophylaxis rates and 
The Joint Commission measure compliance both reached 
97% in 2014, up from 70% to 89% in 2012 and 2013. Five 
thousand three hundred and seventy HA-VTEs occurred 
during 1.16 million admissions. Four hundred twenty-eight 
fewer HA-VTEs occurred in 2014 than in 2011 (relative 
risk 0.78; 95% confidence interval, 0.73-0.85). HA-VTEs 
fell more in pilot sites than spread sites (26% vs 20%). The 
rates of adverse events were reduced or unchanged.

CONCLUSIONS: Collaborative efforts were associated with 
improved prophylaxis rates and fewer HA-VTEs. Journal of 
Hospital Medicine 2018;13:462-469. Published online first 
February 13, 2018. © 2018 Society of Hospital Medicine
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with improved VTE rates, chiefly among surgical patients.22

In 2011, Dignity Health targeted VTE for improvement after 
investigations of potentially preventable HA-VTE revealed vari-
able patterns of prophylaxis. In addition, improvement seemed 
feasible because there is a proven framework for VTE quality 
improvement (QI) projects17,18 and a record of success with the 
following 3 specific strategies: quality mentorship,23 use of a 
simple VTE risk assessment method, and active surveillance 
(real-time monitoring targeting suboptimal prophylaxis with 
concurrent intervention). This active surveillance technique 
has been used successfully in prior improvement efforts, often 
termed measure-vention.17,18,22,24

METHODS 
Setting and Participants 
The QI collaborative was performed at 35 Dignity Health com-
munity hospitals in California, Arizona, and Nevada. Facilities 
ranged from 25 to 571 beds in size with a mixture of teaching 
and nonteaching hospitals. Prior to the initiative, prophylax-
is improvement efforts were incomplete and inconsistent at 
study facilities. All adult acute care inpatients at all facilities 
were included except rehabilitation, behavioral health, skilled 
nursing, hospice, other nonacute care, and inpatient deliveries.

Design Overview
We performed a prospective, unblinded, open-intervention 
study of a QI collaborative in 35 community hospitals and 
studied the effect on prophylaxis and VTE rates with historical 
controls. The 35 hospitals were organized into 2 cohorts. In the 
“pilot” cohort, 9 hospitals (chosen to be representative of the 
various settings, size, and teaching status within the Dignity 
system) received funding from the Gordon and Betty Moore 
Foundation (GBMF) for intensive, individualized QI mentorship 
from experts as well as active surveillance (see “Interventions”). 
The pilot sites led the development of the VTE risk assessment 
and prophylaxis protocol (“VTE protocol”), measures, order 
sets, implementation tactics, and lessons learned, assisted by 

the mentor experts. Dissemination to the 26-hospital “spread” 
cohort was facilitated by the Dignity Health Hospital Engage-
ment Network (HEN) infrastructure.

Timeline
Two of the pilot sites, acting as leads on the development of 
protocol and order set tools, formed improvement teams in 
March 2011, 6 to 12 months earlier than other Dignity sites. 
Planning and design work occurred from March 2011 to Sep-
tember 2012. Most implementation at the 35 hospitals oc-
curred in a staggered fashion during calendar year (CY) 2012 
and 2013 (see Figure 1). As few changes were made until mid-
2012, we considered CY 2011 the baseline for comparison, CY 
2012 to 2013 the implementation years, and CY 2014 the post-
implementation period.

The project was reviewed by the Institutional Review Board 
(IRB) of Dignity Health and determined to be an IRB-exempt 
QI project.

Interventions
Collaborative Infrastructure
Data management, order set design, and hosted webinar sup-
port were provided centrally. The Dignity Health Project Lead 
(T.O.) facilitated monthly web conferences for all sites beginning 
in November 2012 and continuing past the study period (Figure 
1), fostering a monthly sharing of barriers, solutions, progress, and 
best practices. These calls allowed for data review and targeted 
corrective actions. The Project Lead visited each hospital to vali-
date that the recommended practices were in place and working.

Multidisciplinary Teams
Improvement teams formed between March 2011 and Sep-
tember 2012. Members included a physician champion, front-
line nurses and physicians, an administrative liaison, pharma-
cists, quality and data specialists, clinical informatics staff, and 
stakeholders from key clinical services. Teams met at least 
monthly at each site.

FIG 1. Gantt chart showing the timeframe of interventions across the 4-year study period. TJC measure monitoring: monitoring of The Joint Commission VTE-1 and 2 
metric compliances. Active surveillance data: monitoring of protocol compliant prophylaxis rates. Webinar and coaching calls continued after the study timeframe. 
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Physician Mentors
The 9 pilot sites received individualized mentorship provided by 
outside experts (IJ or GM) based on a model pioneered by the 
Society of Hospital Medicine’s (SHM) Mentored Implementation 
programs.23 Each pilot site completed a self-assessment survey17 
(see supplementary Appendix A) about past efforts, team com-
position, current performance, aims, barriers, and opportunities. 
The mentors reviewed the completed questionnaire with each 
hospital and provided advice on the VTE protocol and order 
set design, measurement, and benchmarking during 3 webinar 
meetings scheduled at 0, 3, and 9 months, plus as-needed e-mail 
and phone correspondence. After each webinar, the mentors 
provided detailed improvement suggestions (see supplemen-
tary Appendix B). Several hospitals received mentor site visits, 
which focused on unit rounding, active surveillance, staff and 
provider education, and problem-solving sessions with senior 
leadership, physician leadership, and the improvement team.

VTE Protocol
After a literature review and consultation with the mentors, 
Dignity Health developed and implemented a VTE protocol, 
modified from a model used in previous improvement ef-
forts.18,22-24 Its risk assessment method is often referred to as a 
“3 bucket” model because it assigns patients to high-, moder-
ate-, or low-risk categories based on clinical factors (eg, major 
orthopedic surgery, prior VTE, and others), and the VTE proto-
col recommends interventions based on the risk category (see 
supplementary Appendix C). Dignity Health was transitioning 
to a single electronic health record (Cerner Corporation, North 
Kansas City, MO) during the study, and study hospitals were 
using multiple platforms, necessitating the development of 
both paper and electronic versions of the VTE protocol. The 
electronic version required completion of the VTE protocol for 
all inpatient admissions and transfers. The VTE protocol was 
completed in November 2011 and disseminated to other sites 
in a staggered fashion through November 2012. Completed 
protocols and improvement tips were shared by the project 
lead and by webinar sessions. Sites were also encouraged to 
implement a standardized practice that allowed nurses to ap-
ply sequential compression devices to at-risk patients without 
physician orders when indicated by protocol, when contrain-
dications such as vascular disease or ulceration were absent.

Education
Staff were educated about the VTE protocol by local teams, 
starting between late 2011 and September 2012. The audience 
(physicians, nurses, pharmacists, etc.) and methods (confer-
ences, fliers, etc.) were determined by local teams, following 
guidance by mentors and webinar content. Active surveillance 
provided opportunities for in-the-moment, patient-specific 
education and protocol reinforcement. Both mentors deliv-
ered educational presentations at pilot sites.

Active Surveillance
Sites were encouraged to perform daily review of prophylaxis 
adequacy for inpatients and correct lapses in real time (both 

under- and overprophylaxis). Inappropriate prophylaxis or-
ders were addressed by contacting providers to change the 
order or document the rationale not to. Lapses in adherence 
to prophylaxis were addressed by nursing correction and 
education of involved staff. Active surveillance was funded 
for 10 hours a week at pilot sites. Spread sites received only 
minimal support from HEN monies. All sites used daily pro-
phylaxis reports, enhanced to include contraindications like 
thrombocytopenia and coagulopathy, to facilitate efforts. Ac-
tive surveillance began in May 2012 in the lead pilot hospitals 
and was implemented in other sites between October 2012 
and February 2013.

Metrics
Prophylaxis Rates
Measurement of prophylaxis did not begin until 2012 to 2013; 
thus, the true baseline rate for prophylaxis was not captured. 
TJC metrics (VTE-1 and VTE-2)25 were consolidated into a com-
posite TJC prophylaxis rate from January 2012 to December 
2014 for both pilot and spread hospitals. These measures 
assess the percentage of adult inpatients who received VTE 
prophylaxis or have documentation of why no prophylaxis was 
given the day of or day after hospital admission (VTE-1) or the 
day of or day after ICU admission or transfer (VTE-2). These 
measures are met if any mechanical or pharmacologic prophy-
laxis was delivered.

In addition to the TJC metric, the 9 pilot hospitals monitored 
rates of protocol-compliant prophylaxis for 12 to 20 months. 
Each patient’s prophylaxis was considered protocol compliant 
if it was consistent with the prophylaxis protocol at the time 
of the audit or if contraindications were documented (eg, pa-
tients eligible for, but with contraindications to, pharmacologic 
prophylaxis had to have an order for mechanical prophylaxis 
or documented contraindication to both modalities). As this 
measure was initiated in a staggered fashion, the rate of pro-
tocol-compliant prophylaxis is summarized for consecutive 
months of measurement rather than consecutive calendar 
months.

HA-VTE Rates
VTE events were captured by review of electronic coding data 
for the International Classification of Diseases, 9th Revision 
(ICD-9) codes 415.11-415.19, 453.2, 453.40-453.42, and 453.8-
453.89. HA-VTE was defined as either new VTE not present on 
admission (NPOA HA-VTE) or new VTE presenting in a read-
mitted patient within 30 days of discharge (Readmit HA-VTE). 
Cases were stratified based on whether the patient had un-
dergone a major operation (surgery patients) or not (medical 
patients) as identified by Medicare Services diagnosis-related 
group codes.

Control Measures
Potential adverse events were captured by review of electronic 
coding data for ICD-9 codes 289.84 (heparin-induced throm-
bocytopenia [HIT]) and E934.2 (adverse effects because of an-
ticoagulants).
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Statistical Analysis
Statistical process control charts were used to depict chang-
es in prophylaxis rates over the 3 years for which data was 
collected. For VTE and safety outcomes, Pearson χ2 value 
with relative risk (RR) calculations and 95% confidence inter-
vals (CIs) were used to compare proportions between groups 
at baseline (CY 2011) versus postimplementation (CY 2014). 
Differences between the means of normally distributed data 
were calculated, and a 95% CI for the difference between the 
means was performed to assess statistical difference. Non-
parametric characteristics were described by quartiles and 
interquartile range, and the 2-sided Mann-Whitney U test 
was performed to assess statistical difference between the 
CY 2011 and CY 2014 period.

Role of the Funding Source
The GBMF funded the collaborative and supported author-
ship of the manuscript but had no role in the design or conduct 
of the intervention, the collection or analysis of data, or the 
drafting of the manuscript.

RESULTS
Population Demographics
There were 1,155,069 adult inpatient admissions during the 
4-year study period (264,280 in the 9 pilot sites, 890,789 in the 
26 spread sites). There were no clinically relevant changes in 
gender distribution, mortality rate, median age, case mix index, 
or hospital length of stay in 2011 versus 2014. Men comprised 
47.1% of the patient population in 2011 and 47.7% in 2014. The 
mortality rate was 2.7% in both years. Median age was 62 in 
2011 and 63 in 2014. The mean case mix index (1.58 vs 1.65) 
and mean length of stay (4.29 vs 4.33 days) were similar in the 
2 time periods.

Prophylaxis Rates
TJC Prophylaxis rates
There were 46,418 observations of TJC prophylaxis rates between 
January 2012 and December 2014 (mean of 1397 observations 
per month) in the cohort. Early variability gave way to consistent 
performance and tightened control limits, coinciding with wide-
spread implementation and increased number of audits. TJC 
prophylaxis rates climbed from 72.2% in the first quarter of 2012 
to 95% by May 2013. TJC prophylaxis rates remained >95% there-
after, improving to 96.8% in 2014 (Pearson χ2 P < .001) (Figure 2).

Rates of Protocol-Compliant Prophylaxis
There were 34,071 active surveillance audits across the 20 months 
of reporting in the pilot cohort (mean, 1817 audits per month). 
The rate of protocol-compliant prophylaxis improved from 89% 
at month 1 of observation to 93% during month 2 and 97% by the 
last 3 months (Pearson χ2 P < .001 for both comparisons).

HA-VTE
HA-VTE characteristics
Five thousand three hundred and seventy HA-VTEs occurred 
during the study. The HA-VTE rate was higher in surgical pa-
tients (7.4/1000) than medical patients (4.2/1000) throughout 
the study (Figure 3). Because only 32.8% of patients were sur-
gical, however, 51% (2740) of HA-VTEs occurred in medical pa-
tients and 49% occurred (2630) in surgical patients. In medical 
patients, most HA-VTEs occurred postdischarge (2065 of 2740; 
75%); in surgical patients, most occurred during the index ad-
mission (1611 of 2630; 61%).

Improved HA-VTE over Time
Four hundred twenty-eight fewer HA-VTEs occurred in 2014 
than in 2011 (RR 0.78; 95% CI, 0.73-0.85) (Table and Figure 3). Re-

FIG 2. The Joint Commission (TJC) composite VTE-1 and VTE-2 rates of VTE prophylaxis compliance in the 35-site cohort (mean 1397 observations per month). Mea-
sured proportion in the sample, p-hat; average proportion in the sampled time-frame, p-bar.  Abbreviations: LCL, lower confidence limit; UCL, upper confidence limit.
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admission HA-VTEs were reduced by 315 (RR 0.72; 95% CI, 0.65-
0.80), while the reduction in NPOA HA-VTEs was less robust (RR 
0.88; 95% CI, 0.79-0.99). Pilot sites enjoyed a more robust reduc-
tion in HA-VTEs than spread sites (26% vs 20%), largely because 
the pilot cohort enjoyed a 34% reduction in NPOA HA-VTEs and 
a 20% reduction in Readmit HA-VTEs, while the spread cohort 
only achieved reductions in Readmit HA-VTEs.

In medical patients, 289 fewer HA-VTEs occurred in 2014 
than in 2011 (RR 0.69; 95% CI, 0.62-0.77). There was a 27% im-
provement in NPOA HA-VTEs and a 32% reduction in Readmit 
HA-VTEs. In surgical patients, 139 fewer HA-VTEs occurred in 
2014 versus 2011, which just failed to reach statistical signif-
icance (RR 0.90; 95% CI, 0.81-1.01). Surgical NPOA HA-VTE 
stayed essentially unchanged, while Readmit HA-VTE declined 
from 312 to 224 (RR 0.80; 95% CI, 0.67-0.95).

Safety
Rates of HIT and adverse effects because of anticoagulants 
were low (Table). The rate of HIT declined from 178 events in 
2011 to 109 in 2014 (RR 0.66; 95% CI, 0.52-0.84), and the RR of 
anticoagulant adverse events remained stable (RR 1.01; 95% 
CI, 0.87-1.15).

DISCUSSION
Our QI project, based on a proven collaborative approach and 
mentorship,18,22,24 order set redesign, and active surveillance, 
was associated with 26% less VTEs in the pilot cohort and 20% 
less VTEs in the spread cohort. These gains, down to a final rate 
of approximately 4 HA-VTEs per 1000 admissions, occurred 
despite a low baseline HA-VTE rate. Dignity Health achieved 

these improvements in 35 hospitals with varied sizes, settings, 
ordering systems, and teaching statuses, achieving what is to 
our knowledge the largest VTE QI initiative yet reported.

Implementation experiences were not systematically record-
ed, and techniques were not compared with a control group. 
However, we believe that Dignity Health’s organizational com-
mitment to improvement and centralized support were crucial 
for success. In addition, the pilot sites received grant support 
from the GBMF for intensive quality mentoring, a strategy with 
demonstrated value.23 Mentors and team members noted that 
system-wide revision to the computerized physician order entry 
system was easiest to implement, while active surveillance rep-
resented the most labor-intensive intervention. Other experi-
ences echoed lessons from previous VTE mentorship efforts.17,18

The selection of a VTE protocol conducive to implementa-
tion and provider use was a key strategy. The ideal approach 
to VTE risk assessment is not known,12,26 but guidelines either 
offer no specific guidance7 or would require implementation 
of 3 different systems per hospital.4,5 Several of these are point 
scoring systems, which may have lower clinician acceptance or 
require programming to improve real-world use18,26,27; the Pad-
ua score was derived from a patient population that differs sig-
nificantly from those in the United States.12 Our study provides 
more practical experience with a “3-bucket” model, which has 
previously shown high interobserver reliability, good clinician 
acceptance, and meaningful reductions of VTE, including in 
American patient populations.18,22,24

The value of VTE prophylaxis is still disputed in many inpa-
tient groups. The overall rate of HA-VTE is low, so the per-pa-
tient benefit of prophylaxis is low, and many patients may be 

FIG 3. Medical versus surgical HA-VTE rates per 1000 admissions, all 35 sites (pilot and spread sites combined). Hospital-associated venous thromboembolism  
(HA-VTE) are broken out into inpatient HA-VTE (not present on admission) and Readmit HA-VTE (no VTE on index admission, but readmitted within 30 days  
with new VTE). 

8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

2011

201

642

843

2012

173

556

729

2013

162

452

614

2014

139

415
554

2011

429

312

741

2012

423

212

635

2013

381

271

652

2014

378

224

602

Inpatient HA VTE Readmit HA VTE Total HA VTE

Medical Surgical



A Quality Collaborative Targeting Inpatient VTE   |   Jenkins et al

An Official Publication of the Society of Hospital Medicine	 Journal of Hospital Medicine    Vol 13  |  No 7  |  July 2018          467

overprophylaxed.4,11,12 Recently, Flanders et al.20 reported that 
HA-VTE rates among 20,800 medical inpatients in Michigan 
were low (about 1%) and similar at hospitals in the top (mean 
prophylaxis rate 86%) or bottom (mean prophylaxis rate 56%) 
tertiles of performance. Possible explanations for the differ-
ences between their multicenter experience and ours include 
our sample size (55 times larger) and the possibility that target-
ing prophylaxis to patients at highest need (captured in our 
protocol-compliant prophylaxis rates) matters more than pro-
phylaxing a percent of the population.

Further research is needed to develop simple, easy-to-im-

plement methods to identify inpatients who do not, or no lon-
ger, require prophylaxis.12 Hospital systems also need meth-
ods to determine if prophylaxis improvement efforts can lower 
their HA-VTE rates and in which subpopulations. For example, 
a collaborative effort at the University of California lowered 
HA-VTE rates toward a common improved rate of 0.65% to 
0.73%,22 while Dignity Health achieved improvement despite 
starting with an even lower baseline. In the University of Cal-
ifornia collaborative, benefits were limited chiefly to surgical 
patients, while Dignity Health achieved most improvement in 
medical patients, particularly in Readmit HA-VTE. If future re-

TABLE. Rates of HA-VTE, HIT, and Adverse Anticoagulant Effect Events

2011 2012 2013 2014
RR 2014 vs 2011

(95% CI)

9 Pilot Sites (Mentored Implementation)

Inpatient encounters 66,436 65,405 66,038 66,401

NPOA HA-VTE
(rate/1000 admits)

146
2.20

107
1.64

97
1.47

97
1.46

0.66
(0.51-0.86)a

Readmit HA-VTE
(rate/1000 admits)

173
2.60

157
2.40

174
2.63

138
2.08

0.80
(0.63-0.99)a

Total HA-VTE
(rate/1000 admits)

319
4.80

264
4.04

271
4.10

235
3.54

0.74
(0.62-0.87)a

26 Spread Sites

Inpatient encounters 235,532 224,755 216,178 214,324

NPOA HA-VTE
(rate/1000 admits)

484
2.20

489
1.64

446
1.47

420
1.46

0.95
(0.84-1.09) NS

Readmit HA-VTE
(rate/1000 admits)

781
2.60

611
2.40

549
2.63

501
2.08

0.71
(0.63-0.79)a

Total HA-VTE
(rate/1000 admits)

1265
5.37

1100
4.89

995
4.60

921
4.30

0.80
(0.74-0.87)a

2011 2012 2013 2014
RR 2014 vs 2011

(95% CI)

All 35 Sites Combined 

Inpatient encounters 301,968 290,160 282,216 280,725

NPOA HA-VTE
(rate/1000 admits)

630
2.09

596
2.05

543
1.92

517
1.84

0.88
(0.79-0.99)a

Readmit HA-VTE
(rate/1000 admits)

954
3.16

768
2.65

723
2.56

639
2.28

0.72
(0.65-0.80)a

Total HA-VTE
(rate/1000 admits) 

1584
5.25

1364
4.70

1266
4.49

1156
4.12

0.78
(0.73-0.85)a

HIT events
(rate/1000 admits)

178
0.59

157
0.54

140
0.50

109
0.39

0.66
(0.52-0.84)a 

Adverse AC effect
(rate/1000 admits)

348
1.15

348
1.20

361
1.28

328
1.17

1.01
(0.87-1.18) NS

aStatistically significant.

NOTE: HIT and Adverse AC effect derived from administrative coding data and reflects impact of both therapeutic and prophylactic anticoagulant agents. Abbreviations: AC, anticoagulant; CI, 
confidence interval; HA-VTE, hospital associated venous thromboembolism; HIT, heparin-induced thrombocytopenia; NPOA, not present on admission (acquired during the inpatient stay); NS, 
not statistically significant; RR, relative risk.
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search uncovers the reasons for these differences, it could help 
hospitals decide where to target improvement efforts.

Our study has several limitations. First, we used a nonrandom-
ized time series design, so we cannot exclude other potential 
explanations for the change in VTE rates. However, there were 
no major changes in patient populations or concurrent projects 
likely to have influenced event rates. While we did not collect 
detailed demographic information on subjects, the broad inclu-
sion criteria and multicenter design suggests a high degree of 
generalizability. Second, we followed inpatient VTE events and 
VTE-related readmissions, but not VTE treated in the outpatient 
setting. This did not change over the study, but the availability 
of all-oral therapy for VTE could have caused underdetection 
if clinic or emergency room doctors sent home more patients 
on oral therapy instead of readmitting them to the hospital. 
Third, implementation was enhanced by GBMF funds (at 9 sites, 
with the remainder benefitting from their experience), a shared 
electronic medical record at many sites, and a strong organiza-
tional safety culture, which may limit generalizability. However, 
spread sites showed similar improvement, paper-based sites 
were included, and the mentorship and quality collaborative 
models are scalable at low cost. Fourth, some QI efforts began 
at some pilot sites in CY 2011, so we could not compare com-
pletely clean pre- and postproject timeframes. However, early 
improvement would have resulted in an underestimation of the 
project’s impact. Lastly, the reason for a decline in HIT rates is 
not known. Standardized order sets promoted preferential use 
of low molecular weight heparin, which is less likely to induce 
HIT, and active surveillance targeted overprophylaxis as well as 
underprophylaxis, but we do not have data on heparin utiliza-
tion patterns to confirm or refute these possibilities.

Strengths of our study include reductions in HA-VTE, both with 
and without access to GBMF funds, by using broadly available QI 
strategies.17 This real-world success and ease of dissemination 
are particularly important because the clinical trials of prophylax-
is have been criticized for using highly selected patient popula-
tions,11 and prophylaxis QI studies show an inconsistent impact 
on VTE outcomes.15 In previous studies, two of the authors mon-
itored orders for prophylaxis22,24; during this project, delivery for 
both pharmacologic and mechanical VTE prophylaxis was moni-
tored, confirming that patient care actually changed.

CONCLUSION
Our multicenter VTE prophylaxis initiative, featuring a “3-buck-
et” VTE protocol, QI mentorship, and active surveillance as 
key interventions, was associated with improved prophylaxis 
rates and a reduction in HA-VTE by 22% with no increase in 
adverse events. This project provides a model for hospital sys-
tems seeking to optimize their prophylaxis efforts, and it sup-
ports the use of collaborative QI initiatives and SHM’s quality 
mentorship program as methods to drive improvement across 
health systems.
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