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VTE
Pathophysiology  & Clinical Presentation & Treatment



Venous Thromboembolism (VTE)
• Deep vein thrombosis (DVT) 
• Pulmonary embolism (PE)

Incidence of 5 to 60%

Risk factors
Pelvic and lower extremity fractures
Head Injury
Spine Injury
Prolonged immobilization

Venous Thromboembolism (VTE)



Polytrauma management

Aim & Objectives

Avoid prolonged bed rest  

Early mobilization

Early weight bearing

Restore patient independency



Venous Thromboembolism  
(VTE)

CT pulmonaryangiography

VenographyDVT
• Occur in 60% with ISS > 9
• 35% - 60% DVT with pelvic fracture

PE
• The Most common preventable  

cause of death in trauma

smb://upload.wikimedia.org/wikipedia/commons/7/77/SaddlePE.PNG


Deep venous thrombosis
(DVT)



Virchow Triad

1 Hypercoagulability

2 Endothelial Injury

3 Venous Stasis

Present in almost all polytrauma patients



Virchow Triad
Present in almost all Polytrauma  

patients

1-Hypercoagulability

•Tissue Thromboplastin
•Activated Procoagulants
•Decreased Fibrinolytic Activity
•Catecholamine Release
•Ineffective Heparin Clearance of Activated Clotting Factors

2- Endothelial Injury
• Direct Trauma to Vein at time of Injury
• Compression of the Vein Secondary to FracturePosition
• Vein Manipulation at Time of Fracture Fixation

3- Venous Stasis
• Immobilization
• Hypotension
• Venous Occlusion
• Edema
• Fracture Position
• Tourniquet



Prevention of deep venous thrombosis (DVT)

Goals:
• Effective
• Low Complication Rate
• High Compliance Rate
• Cost Effective

Methods:
• Mechanical 
• Pharmacologic



Mechanical  
Non Pharmacologic

Pneumatic  
Compression

Vena Cava  
Filter

Elastic  
Stockings

Prevention of deep venous thrombosis (DVT)

Early  
Mobilization



Pharmacologic  
(for Trauma)

Unfractionated  
Heparin

LMWH
Heparin

Prevention of deep venous thrombosis  
(DVT)



Pulmonary Embolism  
(PE)



Pulmonary Embolism  
PE

The most common Preventable cause of death in trauma

The classic presentation:

Abrupt onset of pleuritic chest pain, shortness of breath & hypoxia  

Most patients have no obvious symptoms at presentation  

Symptoms may vary
• sudden catastrophic hemodynamic collapse
• gradually progressive dyspnea

The diagnosis of pulmonary embolism  
suspected in patients with respiratory symptoms  
unexplained by an alternative diagnosis



Clinical
Shortness of breath, agitation, confusion

Laboratory
↓ PaO2, ↑ A-a gradient: Alveolar–arterial gradient Normal = (Age/4) + 4)

Diagnostic studies
V/Q scans (Ventilation/perfusion lung scans)
Pulmonary Angiogram, CT PA (CT pulmonary angiogram)

Pulmonary Embolism
PE Diagnosis



Ventilation Perfusion Scan
V/Q scans (Screening Tool)

Ventilation Perfusion mismatch  results
– Low probability

15% False Negative
– Medium

Need Angiogram
– High probability

15% False Positive

VQ scan - initial PE workup  
CT scan - CT pul angio replacing VQ 



Pulmonary Angiogram

• Angiographic Evaluation of  
pulmonary vascular tree

• Allows Placement of IVC Filter in  
same setting if indicated

• Sensitive - Standard in PE  
Detection. Diagnostic



CT pulmonary Angiogram
CT PA

Example of a CTPA  
A saddle embolus
The white area above the center is  
the pulmonary artery opacified by
radiocontrast Inside it, the grey  
matter is blood
Clot

The black areas on either side are the  
lungs, with around it the chest wall.



• Anticoagulation

• Filter
- for recurrent event despite  

anticoagulation

• Thrombectomy
– Serious Acute PE
– Patient in extremous
– Large identifiable PE

Pulmonary Embolism
PE Treatment



Why focus on VTE?

• VTE is common
– 350,000 to600,000

Americans suffer DVT  
and/or PE each year



Why focus on VTE?

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

• More deaths than  
combined from
– Breast Cancer
– Motor Vehicle Collisions
– AIDS



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 arepreventable

• VTE occurs even in patients receiving best practice  
prophylaxis

• 8 RCTs of VTE Prophylaxis in Joint Replacement Surgery
– 0.3%-2.5% Symptomatic VTE

Streiff & Haut, JAMA2009



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)



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  
www.east.org/tpg/dvt.pdf

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


Agency for Healthcare Research and Quality (AHRQ)



based-reports/services/quality/ptsafetysum.pdf

Top
10

Safety
Practices



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, JAMA2011



Defining Preventable Harm
The VTE Example

Haut & Pronovost, JAMA2011

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

Preventable Harm =  
VTE + No Prophylaxis



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 ImproveProphylaxis for  
Venous Thromboembolism in Hospitals.Ann Surg2005.



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



The “Nursing”  
Elephant in the Room

Missed Doses of VTE Prophylaxis



A Big Assumption

• Physicians assume that medication  
orders 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 Surgery2014



Haut, JAMA Surgery2015

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
– >100,000doses
– 12% of doses not administered

• Patient refusal most frequent
(~60%)  documented reason

Shermock, PlosOne 2013



Anonymous, voluntary, web-based survey  regarding 
nursing practice on VTE care.

Academic Level I TC  Community 
Level II TC

N=221  53% BSN
78% Full time

Median RN Experience 13 yrs Type:
ED/Floor/ICU

46% reported attending some type of VTE  education

Lee 2014 J Vascular Nursing



70%



61%





Mixed Methods Research  
(Qualitative Observation and  
Quantitative Nursing Survey)  

12 nursing units
------------------------------

Nurses on units with low  
administration rates often believe  
they have the skills to determine  

which patients require VTE  
prophylaxis.

----------------------------
More likely to believe that ordered  
does are discretionary (optional)

Elder 2016 J Patient Safety



‘Hey Ms. R, it’s time for your heparin dose,
but as long as I see you up, high-fiving me in the hallways, we can hold off  
for now.’’

‘‘We make the clinical decision all the time as to whether a patient needs  
VTE prophylaxis everyday, based on how much the patient is ambulating.’’

‘‘Sometimes, if it is the middle of the night and [LDUH] is the only  
medication I have to give a patient, I won’t wake them up just to give VTE  
prophylaxis.’’’’

My Nursing Judgement



‘‘I’ve had Mr. F all weekend and he has been refusing. I’m not even  
going to ask him.’’

‘‘This patient has been here four months and he literally yells at us  
when we ask him about heparin because he says we should know  
by now that he doesn’t want it. So we try to avoid that [situation]  
and we don’t ask him anymore.’’

The Grumpy Refusing Patient



‘‘It is difficult to convince patients, who ambulate frequently and  
are very active, [of] the need for DVT prophylaxis because telling  
them that they are at increased risk while hospitalized because  
they ’are not as active’ doesn’t apply.

They say ‘ well I refuse heparin because I stretch, walk and  
exercise here.’’’

‘‘I try to talk bed -bound patients into taking their heparin.’’

The Active Refusing Patient



‘‘If you walk up and down the entire floor three times today, I will talk  
to the doctor about stopping the heparin.’’

‘‘Just so you know, often I forget to tell the physician to discontinue the
heparin shots if a patient is ambulating, so I just document it as ‘patient
condition inappropriate.’ You may see a lot of that.’’

The Patient Doesn’t Need It-Judgement



‘‘Nurses don’t know what the screening criteria are for giving or not  
giving the subcutaneous heparin shot. Nurses believe if the pt is  
ambulating then they do not need the subcutaneous injection."

This is FALSE and represents a knowledge deficit in nurses.

Nurses need to know the screening criteria and why they are giving the  
subcutaneous injection.’’

Nurses Knowledge Deficit



Anonymous Survey
IM and GS Residents
Single Trauma Center
----------------------------

32% IM and 3% GS Residents

Thought that VTE prophylaxis is not  
necessary in an independently  

ambulating patient.

Piechowski, 2016 J Throm Thrombolysis



PCORI Project

• Preventing Venous Thromboembolism:  
Empowering Patients and Enabling Patient-
Centered Care via Health Information Technology

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



Educate the Nurses



Lau 2017 PLOS one

Double blinded  
Cluster Randomized Trial

21 Med-Surg Floors
933 nurses

Both worked  
Significantly improved

VTE Prophy Administration

Static  
Ed  

Module

Dynamic  
Interactive  

Module



Lau 2017 JGIM

Expanded Analysis to 4 hospitals  
within the Johns Hopkins System

10-15% of doses not administered  
44% missed >=1 dose

(Range 36% - 52%)
Significant Problem



Popoola 2018 Am J Health-Syste Pharm

Review of EMR missed doses  
4 different units

For 1 month  
Single Trauma Center

------------------------------------
Overall, 13% of doses (all Meds) not  

given
Highest (2x more likely) for VTE  

prophylaxis
---------------------------------------------

Reason:
#1: Pt refusal (esp. SQ anticoagulants)



What do Patients Want?

Haut, Johns Hopkins



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?



• 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)

Intervention Project



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?  

• Precision medicine / targeted prevention

Van, J Trauma 2009

TEG
For

VTE?



The Future of VTE Prevention?

• 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?

• “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?

• “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?

• “Platelet function is a dominant  contributor to….
hypercoagulability.”

• “Antiplatelet therapy may be indicated”
Allen, Am Surgeon2015
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