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Why focus on VTE?

• VTE is common

– 350,000 to 600,000 

Americans suffer DVT 

and/or PE each year

http://www.surgeongeneral.gov/topics/d

eepvein/calltoaction/call-to-action-on-

dvt-2008.pdf

http://www.surgeongeneral.gov/topics/deepvein/calltoaction/call-to-action-on-dvt-2008.pdf


Why focus on VTE?

• VTE is Deadly
– >100,000 deaths per year

• More deaths than 

combined from
– Breast Cancer

– Motor Vehicle Collisions

– AIDS
http://www.surgeongeneral.gov/topics/d

eepvein/calltoaction/call-to-action-on-

dvt-2008.pdf

http://www.surgeongeneral.gov/topics/deepvein/calltoaction/call-to-action-on-dvt-2008.pdf


DVT is 4th

most

commonly 

reported 

complication 

in Trauma

Patients

Kardooni, J Trauma 2008



DVT Incidence After Trauma

• DVT rates reported as high as 58% of 
moderately to severely injured patients 
(ISS>=9)

• Rates lower in broader trauma 
populations

• 0.36% in overall NTDB (Knudson)

• 0.38%-0.54% in NTDB (Kardooni)

Geerts, NEJM 1994

Knudson, Ann Surg 2004

Kardooni, J Trauma 2008



Why focus on VTE?

• VTE is (mostly) preventable



VTE Should NOT be Considered a 

“Never Event”

• Not ALL events are preventable

• VTE occurs even in patients receiving  
best practice prophylaxis

• 8 RCTs of VTE Prophylaxis in Joint 
Replacement Surgery (4 TKA, 4 THR)

– 0.3%-2.5% Symptomatic VTE

Streiff & Haut, JAMA 2009



Evidence Based

VTE Prophylaxis Guidelines

• American College of Chest Physicians (ACCP) 

• Eastern Association for the Surgery of Trauma 
(EAST)

• American Academy of Orthopedic Surgeons 
(AAOS)

• American College of Obstetricians and 
Gynecologists (ACOG)

• American College of Physicians (ACP)



Brief Summary of Evidence Based 

Prophylaxis Guidelines in Trauma 

• American College of Chest Physicians 
(ACCP) 

• Eastern Association for the Surgery of 
Trauma (EAST)

• Give LMWH- (Enoxaparin 30mg q12)

• If LMWH contraindicated- use mechanical

– Sequential Compression Devices (SCDs)

Geerts, CHEST 2008

http://www.east.org/tpg/dvt.pdf



DVT Prophylaxis is Vastly 

Underutilized!



• 68,183 patients

• 358 hospitals in 32 countries

• Prophylaxis

• 58.5 % compliance - surgical patients

• 39.5 % compliance - medical patients

Cohen, Lancet 2008



DVT: Advancing 

Awareness to Protect 

Patient Lives 

American Public 

Health Association 

(APHA)

White Paper 2003



Agency for Healthcare Research 

and Quality (AHRQ)

www.ahrq.gov



http://www.ahrq.gov/research/findings/evidence-

based-reports/services/quality/ptsafetysum.pdf



• “Strategies to increase appropriate 

prophylaxis for VTE” included on list of 

top 10 “Strongly Encouraged Patient 

Safety Practices”
http://www.ahrq.gov/research/findings/

evidence-based-reports/patientsftyupdate/ptsafetyIIchap28.pdf



Surveillance Bias and Public 

Reporting of VTE 

@elliotthaut



How did I get interested in VTE?

• Adult Trauma Performance Improvement

• Paraphrased letter we received

• Dear Johns Hopkins Adult Trauma

• You have the highest DVT rate of all 

Trauma Centers in Maryland

• Why?

• Sincerely, Maryland Institute for 

Emergency Medical Services       

Systems (MIEMSS)



A New Research Idea is Born

• Johns Hopkins screens aggressively

• What do other trauma centers do?

• Does this impact reported DVT rates?



Conflict Regarding Duplex 

Screening for asymptomatic DVT

• Conflicting data on efficacy and cost-

effectiveness of duplex screening of 

asymptomatic trauma patients

• Pro: Identify DVT early allowing treatment 

before fatal PE

• Con: Large expense, not cost effective, 

harm from anticoagulation



Should we Screen High-Risk 

Trauma Patients for DVT?

Conflicting Guidelines

vs.

Rogers, J Trauma 2002

Gould, CHEST 2012



Eastern Association for the Surgery 

of Trauma (EAST) Guideline

• “Serial duplex ultrasound imaging of 

high-risk asymptomatic trauma patients 

to screen for DVT may be cost-effective 

and decrease the incidence of PE.”

http://www.EAST.org/resources/treatment-guidelines

Rogers, J Trauma 2002 



American College of Chest 

Physicians (ACCP) Guidelines

• “For major trauma patients, we 

suggest that periodic surveillance with 

venous compression ultrasonography

should not be performed (Grade 2C).”

Gould, CHEST 2012 
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Multi-Center (NTDB)- Hospital Level

Duplex & DVT rates

• Trauma centers with higher rates of 

duplex ultrasound report higher DVT 

rates to the National Trauma Data Bank

Pierce, J Trauma 2008 



The More We Look, The More We Find

Pierce, Haut, et al. J Trauma 2008

7-fold higher DVT rate at 

hospitals in top quartile 

of duplex ultrasounds

Pierce, J Trauma 2008 



Hospital 

Screening 

Status is an 

Independent 

Risk Factor 

for DVT 

Reporting

Haut, 

J Trauma 2009



Variability in Trauma Surgeons 

Opinions of DVT Screening

• AAST/EAST member survey

• 317 individual trauma surgeons

Haut, J Trauma 2011



A Classic Example of

Surveillance Bias

• Providers who screen more 

aggressively by performing more duplex 

ultrasounds may identify more cases of 

DVT and appear to provide worse 

quality of care than those providers who 

order fewer tests

Haut & Pronovost, JAMA 2011



Implications

Variability 
in DVT 

Screening

Variability 
in DVT 
Rates 

Reported

Biased 
DVT 

Rates

Haut & Pronovost, JAMA 2011



“We’ll just use the test results 

anyway because it’s the only 

data we have”
http://dilbert.com/strips/comic/2010-11-07



Defining Preventable Harm
The VTE Example

• We suggested that “performance 
measures could link a process of care 
with adverse outcomes when defining 
incidences of preventable harm”

Haut & Pronovost, JAMA 2011

Preventable Harm =

VTE + No Prophylaxis



We Talked

• Centers for Medicare & Medicaid 

Services listened



We Talked

• Financial incentives for the “meaningful 
use” of certified EHR technology to 
improve patient care



“Meaningful Use” Quality 

Reporting Criteria Related to VTE

•“Meaningful Use” of Electronic Health 

Record (EHR) Technology
–VTE1 Prophylaxis within 24 hours of arrival

–VTE2 ICU VTE Prophylaxis 

–VTE3 Anticoagulation Overlap Therapy 

–VTE4 Platelet Monitoring on UFH

–VTE5 VTE Discharge Instructions

–VTE6 Incidence of Potentially Preventable VTE

https://www.cms.gov/EHRIncentivePrograms/30_Meaningful_Use.asp



“Meaningful Use” Definition of 

Potentially Preventable VTE

•VTE-6 Incidence of Potentially 

Preventable VTE
•“This measure assesses the number of 

patients diagnosed with confirmed VTE 

during hospitalization (not present or 

suspected at admission) who did not receive 

VTE prophylaxis between hospital admission 

and the day before the VTE diagnostic 

testing order date.”



Surveillance Bias in VTE 

Reporting in Surgery

Bilimoria, JAMA 2013



Surveillance Bias in VTE 

Reporting in Surgery

• 2,786 hospitals

• 954,526 Medicare patients >=65 years

• 11 major operations

– AAA, CABG, craniotomy, colectomy, 

cystectomy, esophagectomy, gastric bypass, 

lung resection, pancreatic resection, 

proctectomy, total knee arthroplasty

Bilimoria, JAMA 2013



Surveillance Bias in VTE 

Reporting in Surgery

Bilimoria, JAMA 2013



Can a Systems Approach Improve 

VTE Prevention and Outcomes

@elliotthaut



What approaches can improve 

VTE prophylaxis ?

• “Passive dissemination of guidelines is 
unlikely to improve VTE prophylaxis 
practice.”

• “A number of active strategies used 
together, which incorporate some 
method for reminding clinicians to assess 
patients for DVT risk and assisting the 
selection of appropriate prophylaxis, are 
likely to result in the achievement of 
optimal outcomes.”

Tooher, A Systematic Review of Strategies to Improve Prophylaxis

for Venous Thromboembolism in Hospitals. Ann Surg 2005.



Improving VTE Prophylaxis

at The Johns Hopkins Hospital

Streiff, BMJ 2012



Streiff, BMJ 2012

Improving VTE 

Prophylaxis at 

The 

Johns 

Hopkins 

Hospital

Paper Order Sets 



Improving VTE Prophylaxis

at The Johns Hopkins Hospital

• Mandatory VTE risk stratification tool 

into the computerized provider order 

entry (CPOE) system

• Advanced computerized clinical 

decision support (CDS)

Streiff, BMJ 2012



Benefits of the Computerized VTE 

Prevention System

• Puts VTE prevention into the work flow

• Enables rapid, accurate risk stratification 

and risk-appropriate VTE prophylaxis

• Applies evidence directly to clinical care

• Allows for performance monitoring/reporting

Streiff, BMJ 2012



Keys to Success

• Multidisciplinary team

– Physicians, Nurses, Pharmacists, Informatics

• Leadership buy-in

• Collaborate with service teams

• Educate front-line providers

• Measure baseline performance

• Conduct ongoing performance evaluations 

Streiff, BMJ 2012



Does Improving Prophylaxis Change 

Outcomes? 

• We thought we were increasing quality 

and improving patient care

• But could we show hard data?

•YES

•Johns Hopkins Trauma Surgery Example



Does Improving Prophylaxis Change 

Outcomes? The JHH Trauma Example

Haut, Arch Surg 2012



Does Improving Prophylaxis Change 

Outcomes?

• Single Trauma Center

• Pre/Post Intervention Study

• 1-year PRE vs. 3-years POST

• Retrospective data collection

• IRB approved

Haut, Arch Surg 2012



• Significant

increase in VTE 

prophylaxis

• Significant drop 

in preventable 

harm from VTE

• 1.0% vs. 0.17% 

(p=0.04)

Haut, Arch Surg 2012

62.2%

84.4%

Does Improving Prophylaxis Change 

Outcomes? 



VTE Prophylaxis-

Computerized Decision Support 

50
www.natfonline.org



www.AHRQ.gov 2015



Improving VTE Prophylaxis 

Administration with Targeted 

Performance Feedback

@elliotthaut



The Role of Health Informatics

• Harness the power of analytics

• Bringing performance data to individual 

providers and units

• Can competition drive improvements?



Trauma Attending & Resident 

Prophylaxis

Lau, JAMA-Surg 2015

42 residents at 100%

7 residents 

at 0%



87.7%

Sept

93.3%

October

96.3%

November



Lau, Ann Surg 2015

Surgery Resident Feedback 

Improves VTE Prophylaxis



Missed Doses of VTE Prophylaxis

@elliotthaut



A Big Assumption

• As physicians, we assume that medication 

orders we place are consistently delivered

• But is that truly the case?

• Does prescription = administration?



Steps to Optimal Pharmacologic 

VTE Prophylaxis 

Provider 
Prescription

Nurse 
Administration

Patient 
Acceptance



Do Missed VTE Prophylaxis 

Doses Matter?

• Methods

• Retrospective analysis

• 202 trauma and general surgery patients ordered 

enoxaparin

• Results

• Overall incidence of DVT = 15.8%

• 58.9% of patients missed >=1 dose

• DVT compared missed vs. no missed doses

• 23.5% vs. 4.8% (p < 0.01)

Louis, JAMA Surgery 2014



Haut, JAMA Surgery 2015

Do Missed VTE Prophylaxis Doses 

Matter?

• 92 VTE 

patients

• 39% missed 

>=1 dose of 

prophylaxis



Missed Doses of VTE Prophylaxis 

Medications at Johns Hopkins

• December 1, 2007 to June 30, 2008

– >100,000 doses

– 12% of doses not administered

• Patient refusal most frequent (~60%) 

documented reason

Shermock, PlosOne 2013



What’s the Real Story Behind 

Missed Doses?

• “Hidden Barriers to Delivery of Pharmacologic 

Venous Thromboembolism Prophylaxis”

– SURVEY “I have the clinical knowledge and 

experience to determine if it is necessary to 

administer DVT/PE prophylaxis injections to patients.”

• AGREE 87%/79% medicine/surgery

– FOCUS GROUP INTERVIEWS “We make the clinical 

decision all the time as to whether a patient needs 

VTE prophylaxis every day, based on how much the 

patient is ambulating.”

Elder, Journal of Patient Safety epub 2014



Our PCORI Project

• Preventing Venous Thromboembolism: 

Empowering Patients and Enabling Patient-

Centered Care via Health Information Technology

http://www.pcori.org/research-in-action/improving-patient-

nurse-communication-prevent-life-threatening-complication



Our PCORI Objectives 

• 1) Enable patients to make informed decisions 

about their preventive care by improving the 

quality of patient-nurse communication about the 

harms of VTE and benefits of VTE prophylaxis

• 2) Empower patients to take an active role in 

their VTE preventive care

• 3) Identify and facilitate active engagement of 

patients who are not administered doses of VTE 

prophylaxis using a real-time escalating alert
http://www.pcori.org/research-in-action/improving-patient-

nurse-communication-prevent-life-threatening-complication



Our PCORI

Collaborators / Key Stakeholders

Patient and Family Advisory Council

http://www.pcori.org/research-in-action/improving-patient-

nurse-communication-prevent-life-threatening-complication



PCORI Website “Research in Action”



What VTE Education Do Patients 

Really Want?

Results from a Delphi Survey

@elliotthaut



Modified Delphi Method

• Iterative process involving surveys, 

feedback and revisions

• Engaged patients and family members

• Recruited via email and/or social media 

(websites, Facebook, Twitter) through 

respective organizations

• > 400 respondents



What Do Patients Want?



What Do Patients Want?



Patient VTE

Education Menu

@elliotthaut



What Do Patients Want?

Paper Form (2-pages)

They spoke, 

we listened

• www.hopkinsmedicine.org/armstrong/

bloodclots

http://www.hopkinsmedicine.org/armstrong/bloodclots


• Patients wanted

- 10 minute video

- Physicians, nurses and patients talking 

• Screened for JHH PFAC

- Changes based on group feedback

They spoke, 

we listened

What Do Patients Want?

Video

http://bit.ly/bloodclots

http://bit.ly/bloodclots


http://bit.ly/bloodclots

Video

http://bit.ly/bloodclots


• Real time alert of dose non-administration 

from POE system via pager/email

• Patient education bundle

– Targeted education

– Direct one-on-one discussion with nurse

– Supported by paper handout and/or video

• Prospective Cohort Study

– April 2015 to December 2015 (8 months)

What Do Patients Want?

Patient Education Intervention Project



http://on.wsj.com/1M18Aqu

http://on.wsj.com/1M18Aqu
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EXTRA SLIDES

Will NOT be Discussed

@elliotthaut



Focus on VTE Prevention

in Trauma

@elliotthaut



Inferior Vena Cava (IVC) Filters

for VTE Prophylaxis in Trauma

@elliotthaut



Should we Place Prophylactic 

Inferior Vena Cava (IVC) Filters?

Conflicting Guidelines

vs.

Rogers, J Trauma 2002

Gould, CHEST 2012



Should we Place Prophylactic 

Inferior Vena Cava (IVC) Filters?

• Conflicting Guidelines

• EAST “At this time, we recommend 

consideration of IVC filter insertion in 

patients without a documented DVT or PE 

who meet high-risk criteria and cannot be 

anticoagulated.” (Rogers J Trauma 2002)

• ACCP “For major trauma patients, we 

suggest that an IVC filter should not be 

used for primary VTE prevention (Grade 

2C).” (Gould 2012 CHEST)



Variation in Prophylactic Inferior 

Vena Cava (IVC) Filter Use



Should we Place Prophylactic 

Inferior Vena Cava (IVC) Filters?

• 599 patients at 21 Trauma Centers

• Very low retrieval rate (22%)

• “The practice patterns of retrievable IVC 

filter use should be re-examined.”

Karmy-Jones, J Trauma 2007



Should we Place Prophylactic 

Inferior Vena Cava (IVC) Filters?

• Number Needed to Treat (NNT) to 

prevent one PE is 109

Haut, JAMA Surgery 2013



Should we Place Prophylactic 

Inferior Vena Cava (IVC) Filters?

Haut, JAMA Surgery 2013

• Number Needed to Treat (NNT) to 

prevent one fatal PE is 1099



Should we Place Prophylactic 

Inferior Vena Cava (IVC) Filters?

Hemmila, Ann Surg 2015

• Paper used MTQIP data - 803 patients

• Mortality- No difference

• DVT higher w/ IVCF (OR 1.83,1.15-2.93)

• Unadjusted PE rate higher w/ IVCF



Can we Increase IVC Filter 

Removal?

59%

87%



VTE Prophylaxis in

Traumatic Brain Injury (TBI)

@elliotthaut



What is Optimal VTE Prophylaxis 

in Traumatic Brain Injury (TBI)?

• An Example Case:

– You are the Trauma ICU attending and 

recently admitted a poly-trauma patient with:

• TBI (small intraparenchymal contusion)

• Flail chest

• Pelvic fracture (no hematoma)

• Bilateral femur fractures

– What do you order to help prevent 

thromboembolism (VTE)?



Balance of Risk vs. Benefit

Pharmacologic Prophylaxis NO Pharmacologic Prophylaxis

Worse functional outcome

FULL Anticoagulation

VTE Event

Worse functional outcome

More Neurosurgical Interventions

TBI Worse



What is Optimal VTE Prophylaxis 

in Traumatic Brain Injury (TBI)?

• American College of 

Surgeons Trauma 

Quality Improvement 

Program (ACS-TQIP)

• “Best Practices in the 

Management of 

Traumatic Brain Injury”

https://www.facs.org/quality-programs

/trauma/tqip/best-practice



ACS-TQIP recommendations for 

VTE Prophylaxis in TBI



VTE in Injured Children

@elliotthaut



When Do Children Become Adults?

Van Arendonk, JAMA Surgery 2013



When Do Children Become Adults?

• Adjusted OR 1.96 (95%CI 1.53-2.52) for 

13-15 year olds 

• Adjusted OR 3.77 (95%CI, 3.00-4.75) for 

16-21 years 

• 0-12 year olds as reference

Van Arendonk, JAMA Surgery 2013



Does VTE Occur in Injured 

Children? 

• Risk 

Predication 

Model for VTE 

in Children

Connelly, JAMA Surgery 2015



Does VTE Occur in Injured 

Children? 

• Risk Predication 

Model for VTE 

in children

• Implications for 

Prophylaxis?

Connelly, JAMA Surgery 2015



Future of VTE Prophylaxis

in Trauma

@elliotthaut



The Future of VTE Prevention?

What is on the Horizon?

• Current recommendations are basically  

a “one size fits all” approach

• Can we do better?

• Do different patients require different:

– Medications (i.e. anti-platelets, aspirin)?

– Doses?

– Frequency?



The Future of VTE Prevention?

What is on the Horizon?

• Precision medicine / targeted prevention

Van, J Trauma 2009



The Future of VTE Prevention?

What is on the Horizon?

• Purpose “to analyze whether TEG could 

be used to predict which enoxaparin-

treated patients would develop DVT.”

• “TEG… may be used to guide dosing.”

Van, J Trauma 2009



The Future of VTE Prevention?

What is on the Horizon?

• “Admission r-TEG mA values can identify 

patients with an increased risk of in-

hospital PE.”

• “Further studies… whether alternative 

anticoagulation strategies should be used 

for these high-risk patients.”

Cotton, J Trauma 2012



The Future of VTE Prevention?

What is on the Horizon?

• “These data suggest an important role 

for antiplatelet therapy in VTE 

prophylaxis following trauma, 

particularly after 48 hours.”

Harr, J Trauma 2013



The Future of VTE Prevention?

What is on the Horizon?

• “Platelet function is a dominant 

contributor to…. hypercoagulability.”

• “Antiplatelet therapy may be indicated”

Allen, Am Surgeon 2015
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