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Best Evidence Statement (BESt) 

Date: February 18, 2014 

Title: Venous Thromboembolism (VTE) Prophylaxis in Children and Adolescents  

Clinical Question 

P (Population/Problem) Among hospitalized children 
I (Intervention) does risk assessment and stratified venous thromboembolism* prophylaxis 
C (Comparison) compared to no prophylaxis 
O (Outcome) reduce VTE occurrence without an increase in significant adverse effects? 

Definitions for terms marked with * may be found in the Supporting Information section. 

Target Population for the Recommendation 

Include: Hospitalized patients age 10 to 17 years (up to the 18
th

 birthday) 
Exclude: Patients: 

 18 years and older  
(eligible for assessment and treatment by adult guidelines (Falck-Ytter 2012 [5a], Gould 2012 [5a], Kahn 2012 [5a])) 

 with current venous thromboembolism 

Recommendations 

1. It is recommended that patients age 10 to 17 years who are expected to have a surgical procedure lasting at least 60 minutes be 
started at induction of anesthesia on a sequential compression device* (SCD), for prophylaxis of venous thromboembolism 
(VTE), unless there are contraindications to mechanical prophylaxis* (Schwenk 1998 [2b], Local Consensus 2014 [5], Coleridge-Smith 

1990 [5], Branchford 2012 [5b]).  See Table 1.   

Table 1: Contraindications to mechanical prophylaxis 
 DVT, suspected or existing (can use graduated compression stockings) 

 extremity to be used has acute fracture  

 extremity to be used has PIV access 

 skin conditions affecting extremity (e.g. dermatitis, burn) 

 unable to achieve correct fit due to patient size 
(Local Consensus 2014 [5], Branchford 2012 [5b]) 

 
 
 
 
 
 
 
 
 
 

Abbreviations for recommendations, tables and text: BMI = body mass index; CCHMC = Cincinnati Children’s Hospital Medical Center; CI = 
confidence interval; CVC = central venous catheter; DVT = deep vein thrombosis; IBD = inflammatory bowel disease; ICU = intensive care unit; 
LMWH = low molecular weight heparin; mm

3
 = cubic millimeter; mOsm/kg = milliOsmoles per kilogram; PICC = peripherally-inserted central 

catheter; PIV = peripheral intravenous; RR = relative risk; SCD = sequential compression device; SLE = systemic lupus erythematosus; TPN = total 
parenteral nutrition; VTE = venous thromboembolism 
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2. It is recommended that all patients age 10 to 17 years be assessed for VTE risk factors (Table 2) and, based on that assessment, 
assigned to a risk category (low, moderate or high) (Table 3) 
 a. at the time of inpatient admission, and  
 b. reassessed at 48 to 72 hours of hospitalization  
(Branchford 2012 [4a], Sharathkumar 2012 [4a], Local Consensus 2014 [5]).  See Algorithm. 

Table 2: VTE risk factors  

VTE risk factor Studies 

 blood stream infection  (Branchford 2012 [4a], Sharathkumar 2012 [4a], Wright 2011 [4a]) 

 central venous catheter (including non-tunneled, 
tunneled and PICCs)  

(O'Brien 2011 [3a (incidence); 4a (risk factors)], Vavilala 2002 [3a (incidence); 4a 

(risk factors)], Cyr 2006 [3b (incidence); 4b (risk factors)], Takemoto 2013 [4a], 

Askegard-Giesmann 2012 [4a], Branchford 2012 [4a], Sharathkumar 2012 [4a], 

Wright 2011 [4a], Hanson 2012 [4b], Grandas 2000 [4b]) 

 history of venous thrombosis  (Hanson 2012 [4b]) 

 hyperosmolar state (serum osmolality >320 
mOsm/kg)  

(Local Consensus 2014 [5]) 

 inflammatory diseases (e.g. IBD, SLE)  (Takemoto 2013 [4a], Branchford 2012 [4a], Vu 2008 [4a], Hanson 2012 [4b]) 

 medications: asparaginase  (Local Consensus 2014 [5], Monagle 2012 [5a]) 

 medications: estrogen use (within past two 
months)  

(Sharathkumar 2012 [4a], Hanson 2012 [4b]) 

 obesity (BMI > 95
th

 percentile for age)  (Sharathkumar 2012 [4a], Rana 2009 [4a], Vu 2008 [4a], Local Consensus 2014 [5]) 

 oncologic diagnosis (Takemoto 2013 [4a], Wright 2011 [4a], Hanson 2012 [4b], Local Consensus 2014 

[5], Monagle 2012 [5a]) 

 orthopedic procedures: hip or knee 
reconstruction  

(Local Consensus 2014 [5], Falck-Ytter 2012 [5a]) 

 nephrotic syndrome  (Takemoto 2013 [4a], Wright 2011 [4a], Local Consensus 2014 [5], Monagle 2012 

[5a]) 

 thrombophilia – known, or family history of clots  (Wright 2011 [4a], Hanson 2012 [4b]) 

 trauma: > 1 lower extremity long bone fracture, 
complex pelvic fractures, spinal cord injury  

(O'Brien 2011 [3a (incidence); 4a (risk factors)], Candrilli 2009 [3a (incidence); 4a 

(risk factors)], Vavilala 2002 [3a (incidence); 4a (risk factors)], Cyr 2006 [3b 

(incidence); 4b (risk factors)], Askegard-Giesmann 2012 [4a], Hanson 2012 [4b]) 

 

Table 3: Determining VTE risk category 

Expected  
altered mobility*  
> 48 hours? 

+  Number of  

VTE risk factors 

 =  Risk 
category 

No None Low 

No 1 or more Moderate 

Yes 0 or 1 Moderate 

Yes 2 or more High 
(Branchford 2012 [4a], Sharathkumar 2012 [4a], Hanson 2012 [4b], Local Consensus 2014 [5], Branchford 2012 [5b]) 
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3. It is recommended that VTE prophylaxis be administered based on risk category (see Table 4), as soon as feasible but within 24 
hours of assessment, unless there are contraindications (see Table 1 and Table 5).  See Algorithm. 

Note: Examples of risk factor mitigation strategies are: discontinuing PICC lines as soon as possible, treating infections, and 
avoiding estrogen therapy. 

Table 4: VTE prophylaxis stratified by risk category 

Low risk Moderate risk High risk 

a. encourage early ambulation a. encourage early ambulation a. encourage early ambulation 

b. mitigate risk factors (see note) b. mitigate risk factors (see note) b. mitigate risk factors (see note) 

 c. administer mechanical prophylaxis  
see Table 1 

 SCD preferred (and/or graduated 
compression stockings) 

 make efforts to achieve  
18 hours of daily use 

c. administer mechanical prophylaxis  
see Table 1 

 SCD preferred (and/or graduated 
compression stockings) 

 make efforts to achieve  
18 hours of daily use 

  d. consider pharmacologic prophylaxis  
see Table 5 

 obtain hematology consultation 
when weighing risk versus benefit in 
patients at risk of bleeding 

(Alhazzani 2013 [1a], Barrera 2013 [1a], Ho 2013 [1a], Handoll 2002 [1a], Bidlingmaier 2011 [1b], Kakkos 2011 [1b], Arabi 2013 [3a], Stem 

2013 [3b], Local Consensus 2014 [5], Branchford 2012 [5b])  

Table 5: Contraindications to pharmacologic prophylaxis 

Absolute contraindications Relative contraindications 

 bleeding disorder, known or tendency 

 hemorrhage, evidence of or high risk of  

 platelet count unable to be sustained > 50,000/mm
3
 

 intracranial mass 

 lumbar puncture or epidural catheter removal in prior 12 hours   

 neurosurgical procedure 

 pelvic fracture within past 48 hours 

 uncontrolled hypertension 
(Local Consensus 2014 [5], Horlocker 2010 [5a], Branchford 2012 [5b])  

 
4. It is recommended, if planning to initiate pharmacologic prophylaxis: 

a. in surgical patients seek surgical input regarding bleeding risk, prior to initiation 
b. see CCHMC Low Molecular Weight Heparin Dosing and Monitoring Guideline for management of LMWH prophylaxis  
c. obtain hematology consultation when considering alternative pharmacologic agents 

(Alhazzani 2013 [1a], Barrera 2013 [1a], Handoll 2002 [1a], Bidlingmaier 2011 [1b], Kakkos 2011 [1b], Stem 2013 [3b], Local Consensus 

2014 [5]) 

 
  

http://centerlink.cchmc.org/WorkArea/DownloadAsset.aspx?id=135907


 

Copyright © 2014 Cincinnati Children's Hospital Medical Center; all rights reserved. Page 4 of 14 

       
Hospital Medicine/Prophylaxis/Venous Thromboembolism/BESt 181 

Best Evidence Statement (BESt) 

Discussion/Synthesis of Evidence related to the recommendations 

The grade of the body of evidence to support risk assessment is moderate.  Risk assessment is based on pediatric studies with weak 
study design, however the results among the many studies are consistent.  The grade of the body of evidence to support 
thromboprophylaxis in pediatrics is low.  The thromboprophylaxis recommendations are based on adult studies and local consensus. 

Risk Factors – Prolonged Surgery 
Adult studies have shown that during anesthesia, there is loss of normal muscle tone and a decrease in venous pump action, 
resulting in dilated veins and slowed venous blood flow, increasing VTE risk during surgery (Coleridge-Smith 1990 [5]).   

Risk Factors – Altered Mobility 
Altered mobility serves as the main factor for risk stratification in the algorithm.  The association between immobility and VTE is 
strongly demonstrated in the adult population and supported by a pediatric retrospective case-control study with separate cohort 
validation (Sharathkumar 2012 [4a]).  A number of factors associated with VTE identified in pediatric retrospective studies are thought 
to confer risk due to their contribution to altered mobility; these include obesity, prolonged hospitalization, increasing severity of 
injury, mechanical ventilation and ICU admission (O'Brien 2011 [3a (incidence); 4a (risk factors)], Candrilli 2009 [3a (incidence); 4a (risk 

factors)], Truitt 2005 [3a (incidence); 4a (risk factors)], Vavilala 2002 [3a (incidence); 4a (risk factors)], Cyr 2006 [3b (incidence); 4b (risk 

factors)], Askegard-Giesmann 2012 [4a], Branchford 2012 [4a], Sharathkumar 2012 [4a], Rana 2009 [4a], Azu 2005 [4b], Local Consensus 2014 

[5])  

Risk Factors – Others 
One prospective (Hanson 2010 [2a (incidence); 3a (risk factors)]) and multiple retrospective studies, including two with a control 
comparison (Branchford 2012 [4a], Sharathkumar 2012 [4a]) evaluating risk factors for VTE in pediatric trauma, surgery and medical 
patients showed consistency (O'Brien 2011 [3a (incidence); 4a (risk factors)], Candrilli 2009 [3a (incidence); 4a (risk factors)], Truitt 2005 [3a 

(incidence); 4a (risk factors)], Vavilala 2002 [3a (incidence); 4a (risk factors)], Cyr 2006 [3b (incidence); 4b (risk factors)], Takemoto 2013 [4a], 

Askegard-Giesmann 2012 [4a], Greenwald 2012 [4a], Wright 2011 [4a], Vu 2008 [4a], Azu 2005 [4b], Grandas 2000 [4b]).  Key risk factors 
identified in these studies, in addition to those related to altered mobility, were TPN, CVC, estrogen use, positive blood stream 
infection, surgery, inflammatory disease, specific injuries (such as spinal cord, pelvic fracture and long bone fracture injuries), 
specific procedures (such as spinal procedures and an open reduction and internal fixation of a lower extremity long bone), 
increasing age and family history of thrombophilia.  In one retrospective study, patients with nephrotic syndrome had a markedly 
increased rate of hospital-acquired VTE as did patients with oncologic diagnoses (Takemoto 2013 [4a]).  Specifically, leukemia was the 
most frequent diagnosis associated with hospital-acquired VTE (Takemoto 2013 [4a]). 

Other risk factors included in the algorithm by the working group were based on adult studies and local consensus: asparaginase 
therapy, hyperosmolar state and total hip or knee replacement (Local Consensus 2014 [5], Falck-Ytter 2012 [5a], Monagle 2012 [5a]).  

Risk Factors – Combined effect 
Some studies demonstrated the combination effect of multiple risk factors.  For example, the combination of mechanical ventilation, 
systemic infection and hospitalization five days or more gave a post-test probability of VTE of 3.1% (compared to pre-test probability 
of 0.35%) (Branchford 2012 [4a]).  Also, a prospective study noted an increase in odds of VTE development for each additional CVC 
placed (7.9-fold increase; p=0.005), for each additional risk factor present

1
 (3-fold increase; p=0.009) and for increasing severity of 

injury (1.3-fold increase; p=0.03) (Hanson 2010 [2a (incidence); 3a (risk factors)]).  And lastly, a retrospective study noted a 4-fold 
increase of hospital-associated VTE in patients with at least 4 complex chronic conditions compared to patients with only 1 chronic 
condition (Takemoto 2013 [4a]). 

Timing of VTE Risk 
In the Sharathkumar (2012) study, the majority of VTE events were diagnosed within a week of hospitalization (mean of 7 days and 
median of 3 days) (Sharathkumar 2012 [4a]).  The median time to VTE diagnosis was also similar in Branchford (2012) at 7 days 
(Branchford 2012 [4a]).  Therefore, we recommend reassessing risk of VTE at 48 to 72 hours.    

  

                                                           
 
1
 Statistically significant risk factors identified in this study were: TPN, CVC, deep sedation, neuromuscular blockade, inotropic 

support and factor VIIa administration (Hanson 2010 [2a (incidence); 3a (risk factors)]). 
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Mechanical Prophylaxis  
There were no pediatric studies of mechanical prophylaxis.  Cochrane meta-analyses of adult patients support the efficacy of 
mechanical prophylaxis in patients at risk of VTE.  The relative risk (RR) of DVT in patients treated with mechanical methods 
compared to no treatment ranges from RR=0.31 (95%CI 0.19, 0.51) in hip fracture patients (Handoll 2002 [1a]) to RR=0.55 (95%CI 
0.34, 0.99) in trauma patients (Barrera 2013 [1a]).  Another large meta-analysis of hospitalized adult patients found that intermittent 
pneumatic compression was as effective as pharmacologic prophylaxis (with a RR=0.4) but with a decreased bleeding risk.  It also 
showed efficacy in reducing the risk of PE with RR=0.48 (Ho 2013 [1a]).  

In a small randomized control trial in adults, the use of intra-operative sequential compression device (SCD) has been shown to 
decrease venous stasis (Schwenk 1998 [2b]).  These data support the local surgical consensus to use SCD in patients having surgeries 
lasting at least 60 minutes (Local Consensus 2014 [5]). 

An adult study comparing SCD to graduated compression stockings (GCS) suggests SCD have superior efficacy in preventing DVT 
(RR=0.48) (Arabi 2013 [3a]).  A large meta-analysis of hospitalized adult patients supports this finding (Ho 2013 [1a]). 

Pharmacologic prophylaxis  
Multiple adult studies support the benefit of heparin in reducing DVT.  The RR of DVT in patients treated with heparin compared to 
no treatment is 0.51 [95%CI 0.41, 0.63; p<0.0001] (Alhazzani 2013 [1a]) to 0.60 [95%CI 0.50, 0.71] (Handoll 2002 [1a]).  LMWH may 
have a slight advantage to unfractionated heparin, as RR ranged from 0.68 to 0.9 in three meta-analyses, with significance 
demonstrated in two of the three (Alhazzani 2013 [1a], Barrera 2013 [1a], Handoll 2002 [1a]).  

Head-to-head comparisons of pharmacological and mechanical prophylaxis in trauma patients show a possible slight advantage of 
pharmacological prophylaxis in preventing DVT [RR=0.48, 95%CI 0.25, 0.95] (Barrera 2013 [1a]). 

At this time, there is insufficient evidence to recommend aspirin as prophylactic measure (Falck-Ytter 2012 [5a], Gould 2012 [5a], Kahn 

2012 [5a]).  

Efficacy of Combined Modalities 
Meta-analyses of adult studies show that combining mechanical prophylaxis and pharmacologic prophylaxis lowers the overall risk of 
VTE compared to either single modality with RR ranging from 0.31 to 0.54 in four different types of comparisons, all statistically 
significant (Barrera 2013 [1a], Ho 2013 [1a], Kakkos 2011 [1b]).  

Safety/Harm 

Adverse event rates of SCD are low and generally minor.  They include discomfort/intolerance & skin abrasions.  Discomfort may 
lead to decreased adherence (Handoll 2002 [1a]). 

A meta-analysis of pediatric studies on the safety of LMWH suggests a rate of “clinically relevant” bleeding with LMWH of ~2.3%; all 
events were in one study that used twice a day dosing (Bidlingmaier 2011 [1b]).  A recent prospective observational study of children 
(n= 89) with prophylactic enoxaparin calculated a similar rate of major bleeding* (2.2%) and minor bleeding* (5.6%).  All four major 
bleeding events occurred in orthopedic patients (Stem 2013 [3b]).  The American Society of Regional Anesthesia (ASRA) recommends 
waiting two hours after a traumatic catheter placement or removal and 12 hours after possibly traumatic catheter placement or 
removal prior to starting LMWH, to avoid the risk of hematoma (Horlocker 2010 [5a]).  
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Judging the strength of the recommendations 

In determining the strength of the recommendation, the development group made a considered judgment in a consensus 
process which was reflective of critically appraised evidence, clinical experience, and these dimensions: 

Given the dimensions below and that more answers to the left of the scales indicate support for stronger recommendations, the set of recommendations 
above reflect the strength of the set of recommendations as judged by the development group.  (Note that for negative recommendations, the left/right 
logic may be reversed for one or more dimensions.) 

  

Judging the strength of the recommendations for Assessing Risk: See Recommendation #2   
1. Grade of the Body of Evidence  High  Moderate  Low 

Rationale: The assessment recommendation is based on studies of weak design, but the studies were in the pediatric population, 
numerous and the results consistent.  

2. Safety/Harm (Side Effects and Risks)  Minimal   Moderate  Serious  
Rationale: Risk assessment is easily obtained from a patient’s history and therefore is non-invasive.  It could be harmful if done 
incorrectly.  

3. Health benefit to patient  Significant  Moderate   Minimal  
Rationale: VTE incidence is increasing in the pediatric population (Raffini 2009 [3a]) and there are no current guidelines in place to 
help identify those at risk.  This risk stratification algorithm may help identify patients at high risk for VTE and decrease unnecessary 
prophylaxis measures in low risk patients.  

4. Burden to adhere to recommendation  Low   Unable to determine   High 
Rationale: The algorithm has not yet been tested in clinical scenarios.  Use of the risk stratification algorithm may be limited by 
providers not being aware of its existence or disagreeing with the chosen risk factors.  

5. Cost-effectiveness to healthcare system  Cost-effective  Inconclusive  Not cost-effective 
Rationale: This was not assessed in our literature review or creation of this BESt statement.  

6. Directness of the evidence for this target 
population 

 Directly relates  Some concern of 
directness 

 Indirectly relates  

Rationale: The majority of the risk factors chosen were based on pediatric studies.  

7. Impact on morbidity/mortality or quality 
of life 

 High   Medium  Low 

Rationale: May theoretically decrease morbidity and mortality associated with VTE if patients are appropriately given 
thromboprophylaxis based on risk stratification, but this has not been studied in the pediatric population.  

 
Judging the strength of the recommendations for thromboprophylaxis: See Recommendations #1, 3 and 4 

1. Grade of the Body of Evidence  High  Moderate  Low 
Rationale: The thromboprophylaxis recommendations are based on adult studies and local consensus. 

2. Safety/Harm   (Side Effects and Risks)  Minimal   Moderate  Serious  
Rationale: Mechanical prophylaxis is associated with minimal risks.  Pharmacologic prophylaxis carries a significant risk of bleeding.  

3. Health benefit to patient  Significant  Moderate   Minimal  
Rationale: VTE prophylaxis may prevent a life threatening event (pulmonary embolism) as well as chronic post-thrombotic syndrome.  

4. Burden to adhere to recommendation  Low   Unable to determine   High 
Rationale: Subcutaneous injections are painful for patients and required a skilled provider for administration.  Appropriate mechanical 
prophylaxis requires patient and nurse effort. 

5. Cost-effectiveness to healthcare system  Cost-effective  Inconclusive  Not cost-effective 
Rationale: This was not assessed in our literature review or creation of this BESt statement. 

6. Directness of the evidence for this target 
population 

 Directly relates  Some concern of 
directness 

 Indirectly relates  

Rationale: Evidence for thromboprophylaxis is derived from studies conducted mostly on adult populations. 

7. Impact on morbidity/mortality or quality 
of life 

 High   Medium  Low 

Rationale: May prevent a life-threatening event and chronic health condition. 
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IMPLEMENTATION 

Applicability & Feasibility Issues 

There is evidence that VTE events are increasing in the pediatric population (Raffini 2009 [3a]), and it has become evident to many 
providers, including medical and surgical specialists, that we must do a better job of prevention.  These care recommendations 
provide a means to assess patients at risk and mitigate that risk in the safest possible way.  As the recommendations are newly 
developed, the feasibility of implementation has as yet been untested.  Generally, we believe implementation efforts will need to 
address: 

1. education and training of staff to perform the risk assessment and review of contraindications, and to order prophylaxis;  

2. identifying an appropriate time and place during the hospitalization to apply the recommendations;  

3. ensuring adequate equipment and supplies; and  

4. successfully achieving patient and family buy-in.  

A tool in the electronic health record (EHR) may need to be developed to improve reliable use of the recommendations.  

Relevant CCHMC Tools  

P&T Committee Consensus Guideline: Low Molecular Weight Heparin Dosing and Monitoring Guideline  
Health topic: Enoxaparin (Lovenox): http://www.cincinnatichildrens.org/patients/child/encyclopedia/treat/pharma/enoxaparin/  
Knowing Notes: http://centerlink.cchmc.org/content2/46794/  

Deep Venous Thrombosis (DVT) 
Pulmonary Embolism (PE) 
Anticoagulation “Blood Thinning” Medicines 

No policies or procedures were found. 

Outcome Measures and Process Measures 

The global aim of this effort is to decrease hospital-acquired VTE events.  Incidence of VTE in the overall pediatric inpatient 
population is not well known; local surveillance data would be useful as a global outcome measure.  

Suggested process measures are: 
1. Successful preoperative patient assessment with appropriate application of recommended SCD prophylaxis for surgical 

patients. 
2. Risk assessment and application of recommended prophylaxis for all eligible patients at time of admission. 
3. Risk assessment and application of recommended prophylaxis at 48 to 72 hours of hospitalization. 

Each of these measures represents an essential component of the recommended algorithm.   

Alternative outcomes that may be considered include measures of family engagement and satisfaction with the successful 
implementation of this algorithm. 

 

http://www.ncbi.nlm.nih.gov/pubmed/21516021
http://centerlink.cchmc.org/WorkArea/DownloadAsset.aspx?id=135907
http://www.cincinnatichildrens.org/patients/child/encyclopedia/treat/pharma/enoxaparin/
http://centerlink.cchmc.org/content2/46794/
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No Yes 

Two or 
more 

AND 

Consider pharmacologic 
prophylaxis 

Obtain hematology consult 
when weighing risk benefit in 
patients at risk of bleeding 

AND Mechanical prophylaxis 

 SCD (preferred)**      and/or       ⦁ GCS  

 Make efforts to achieve 18 hours of daily use  

  Intervention:  
⦁ Encourage early ambulation   and   ⦁ Mitigate risk factors 

No 
Yes 

Anticoagulation 
contraindicated?*** 

Low risk 

  
Moderate risk 

  
High risk 

  

One or 
less 

Yes 

Altered 
mobility 
> 48 hrs? 

No 

Other risk 
factors?* 

# of other 
risk factors?* 

Start:  
Hospitalized patient age 

10 to 17 years 

Exclude patients: 

 18 years and older 
(eligible for assessment 
and treatment by adult 
guideline) 

 with current VTE  

Reassess risk at 48 to 72 hours of hospitalization 
  

Algorithm:  Risk Category Assessment and Prophylaxis 
  for Venous Thromboembolism 

Definitions, abbreviations and development credit for the algorithm – See next page 

*VTE Risk Factors 
Blood stream infection 
Central Venous Catheter (including non-tunneled, 

tunneled and PICCs) 
History of venous thrombosis 
Hyperosmolar state (serum osmolality >320 mOsm/kg) 
Inflammatory diseases (e.g. IBD, SLE) 
Medications: asparaginase, estrogen use (within past 2 

months) 
Obesity (BMI > 95

th
 percentile for age) 

Oncologic diagnosis 
Orthopedic procedures: hip or knee reconstruction 
Nephrotic syndrome 
Thrombophilia – known, or family history of clots 
Trauma: >1 lower extremity long bone fracture, 

complex pelvic fractures, spinal cord injury 

**Contraindications to Mechanical Prophylaxis 

DVT, suspected or existing (can use GCS) 
Extremity to be used has acute fracture  
Extremity to be used has PIV access 
Skin conditions affecting extremity (e.g. dermatitis, 

burn) 
Unable to achieve correct fit due to patient size  

***Contraindications to Anticoagulation 

Absolute: 
Bleeding disorder, known or tendency 
Hemorrhage, evidence of or high risk of  
Platelet count unable to be sustained > 50,000/mm

3 

Relative: 
Intracranial mass 
Lumbar puncture or epidural catheter removal in prior 

12 hours 
Neurosurgical procedure 
Pelvic fracture within past 48 hours 
Uncontrolled hypertension 

Low Molecular Weight Heparin Dosing and 
Monitoring Guideline (internal CCHMC document) 

 If decision to initiate pharmacologic prophylaxis: 

in surgical patients seek surgical input regarding 
bleeding risk, prior to initiation 

see CCHMC P&T Committee Consensus Guideline 
for management of LMWH prophylaxis 

obtain hematology consult when considering 
alternative pharmacologic agents 

http://centerlink.cchmc.org/WorkArea/DownloadAsset.aspx?id=135907
http://centerlink.cchmc.org/WorkArea/DownloadAsset.aspx?id=135907
http://centerlink.cchmc.org/WorkArea/DownloadAsset.aspx?id=135907
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Definitions and Abbreviations for Algorithm 

Altered Mobility 
o A permanent or temporary state in which the child has a limitation in independent, purposeful physical movement of the 

body or of one or more extremities 

Risk Category 
  Low Risk o No VTE risk factors  

  Moderate Risk 
o Multiple risk factors for VTE in the absence of altered mobility or has altered mobility with one or fewer additional risk 

factors  
  High Risk o Altered mobility plus two or more additional risk factors 

Abbreviations 

o BMI = body mass index 
o DVT = deep vein thrombosis 
o GCS = graduated compression 

stockings 
o hrs = hours 
o IBD = inflammatory bowel disease 

o LMWH = low molecular weight 
heparin 

o mm
3
 = cubic millimeters 

o mOsm/kg = milliOsmoles per 
kilogram 

o PICC = peripherally-inserted central 
catheter 

o PIV = peripheral intravenous  
o SCD = sequential compression 

device 
o SLE = systemic lupus erythematosus 
o VTE = venous thromboembolism 

This algorithm was adapted from a draft created at Children’s Hospital of Colorado; permission was granted from the first author for 
this endeavor (Branchford 2012 [5b]). 

 

SUPPORTING INFORMATION 

Background/Purpose of BESt Development 

Venous thromboembolism (VTE) has become increasingly recognized as a significant public health burden, particularly hospital-
acquired VTE (Raffini 2009 [3a]).  In recent years there have been a number of initiatives aimed at increasing awareness and 
prevention issued by organizations such as the Joint Commission on Accreditation for Healthcare Organizations and the Surgeon 
General (Galson 2008 [5], Michota 2007 [5]).  Although the incidence of venous thromboembolism in children is considerably lower 
(estimated at 5 per 10,000 from National Discharge Survey (Stein 2004 [3a])) than in adults, there is some evidence that the incidence 
is rapidly increasing (as high as 58 per 10,000 in 2007 compared to 34 per 10,000 in 2001 (Raffini 2009 [3a])).  Rates in pediatric 
trauma patients are even higher (retrospective studies of high risk cases demonstrate rates of 60 to 100 per 10,000 (O'Brien 2011 [3a 

(incidence); 4a (risk factors)], Vavilala 2002 [3a (incidence); 4a (risk factors)], Askegard-Giesmann 2012 [4a]); one small prospective study 
reported 620 per 10,000 (Hanson 2010 [2a (incidence); 3a (risk factors)]).  Consequences of VTE are significant, including pulmonary 
embolism (found in 16 to 20% of pediatric patients with VTE), post-thrombotic syndrome (at least 20% of children with DVT), chronic 
pulmonary insufficiency, pulmonary hypertension, and mortality (9% among pediatric pulmonary embolism cases) (Branchford 2012 

[4a]).   

There are already well-established guidelines for risk stratification and prophylaxis in the adult population but there is a growing 
need for similar protocols in pediatrics.  Such guidelines are particularly important as tertiary institutions like CCHMC care for 
growing populations of medically complex patients and young adults.   

Therefore, a multidisciplinary taskforce comprised of physicians from pediatric hematology, pediatric critical care, pediatric 
orthopaedics, pediatric general and trauma surgery and pediatric hospital medicine along with a methodologist from the James M. 
Anderson Center of Excellence was established.  The aim of this taskforce was to develop care recommendations for VTE prophylaxis 
in children and adolescents. 

Of note, multiple pediatric studies observed a bimodal age distribution in hospital-acquired VTE, with peaks occurring in infancy and 
adolescence (Takemoto 2013 [4a], Branchford 2012 [4a], Raffini 2011 [5b]).  Our taskforce did not include infants in the algorithm 
because this population is outside of our taskforce’s scope of expertise and thromboprophylaxis has not been well studied in this 
age group.  

Definitions for the recommendations, tables and text 

altered mobility: a permanent or temporary state in which the child has a limitation in independent, purposeful physical movement 
of the body or of one or more extremities 

deep vein thrombosis (DVT): a blood clot (thrombus) that was initially formed in a deep (non-peripheral) vein 

graduated compression stockings (GCS): elastic stockings (ES), either knee- or thigh-high, also known as TED stockings   
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major bleeding: as defined by the International Society of Hemostasis and Thrombosis – fatal bleeding, overt bleeding with 
hemoglobin drop of > 2grams/deciLiter in 24 hours, bleeding into a critical organ (brain, lung, retroperitoneal), or bleeding requiring 
surgical intervention 

mechanical prophylaxis: any one of several methods to assist the flow of blood in the deep veins of the leg and includes graduated 
compression stockings, sequential compression devices and foot pumps  

minor bleeding: as defined by the International Society of Hemostasis and Thrombosis – overt or macroscopic bleeding that does not 
meet criteria for major bleeding 

sequential compression device (SCD): a device designed to intermittently squeeze blood from underlying deep veins in the leg upon 
compression of an inflatable sleeve, and to allow the blood to flow again when it decompresses; also known as intermittent 
compression device (ICD) or intermittent pneumatic compression (IPC) 

venous thromboembolism (VTE): a blood clot (thrombus) in a vein or one that has broken free and is carried in the bloodstream 
(embolus) 

Search Strategies 
Iterative searches were conducted in the course of the development of this document. 

Search 1: VTE prophylaxis in pediatric trauma and orthopaedic patients 
Databases: Medline, Cochrane Database of Systematic Reviews (CDSR), CINAHL 
Terms: various terms for VTE (VTE, DVT, PE, thrombosis, venous thrombosis, thromboembolism, deep vein thrombosis, pulmonary 

embolism)  
 AND various terms for trauma or orthopaedic surgery (trauma, wounds, injuries, orthopedic)  
 AND various terms for VTE prophylaxis (enoxaparin, heparin, anticoagulants fibrinolytic agents, prophylaxis combined with 

thrombus or embolus) 
Filters: publication dates 2000 to present; pediatric studies only; English language 
Date: search was conducted: November 14, 2012; update of search conducted January 13, 2014 

Search 2: Adverse events with VTE prophylaxis in hospitalized children 
Databases: Medline Cochrane, CINAHL, Scopus, EBMR 
Terms: various terms for VTE prophylaxis (enoxaparin, heparin, anticoagulants fibrinolytic agents, prophylaxis combined with 

thrombus or embolus)  
AND various terms for adverse events (hemorrhage, bleeding, risk of bleeding, adverse effect, adverse event) 

Filters: publication dates 2000 to present; pediatric studies only; English language 
Date search was conducted: January 24, 2013; update of search conducted January 13, 2014 

Search 3: Mechanical Prophylaxis of VTE 
Databases: Medline, Scopus, CINAHL, CDSR 
Terms: various terms for VTE (VTE, DVT, PE, thrombosis, venous thrombosis, thromboembolism, deep vein thrombosis, pulmonary 

embolism)  
 AND various terms for mechanical prophylaxis (intermittent compression device, mechanical prophylaxis, sequential 

compression device, foot pump, pneumatic compression, graduated compression stocking, TED stockings, elastic 
compression stockings) 

Filters: no limits on patient age or on publication dates; English language 
Date: search was conducted: February 26, 2013; update of search conducted January 13, 2014 

Search 4: Definitions of Immobilization 
Database: Medline 
Terms: various terms for VTE (VTE, DVT, PE, thrombosis, venous thrombosis, thromboembolism, deep vein thrombosis, pulmonary 

embolism) AND various terms for immobilization (immobility, bed rest, bedridden, confined to bed) 
Filters: no limits on publication dates; pediatric studies or meta-analyses of adult studies; English language 
Date: search was conducted: May 2, 2013; update of search conducted January 13, 2014 

In addition, articles identified by members of the team and relevant articles from reference lists were considered. 
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Note: Full tables of the LEGEND evidence evaluation system are available in separate documents: 
 Table of Evidence Levels of Individual Studies by Domain, Study Design, & Quality (abbreviated table below) 

 Grading a Body of Evidence to Answer a Clinical Question 

 Judging the Strength of a Recommendation (dimensions table below and Rationale) 

Table of Evidence Levels (see note above): 
 
 
 
 
 
 
 

 
†a = good quality study; b = lesser quality study 

Table of Language and Definitions for Recommendation Strength (see note above): 
Language for Strength Definition 
It is strongly recommended that… 
It is strongly recommended that… not… 

When the dimensions for judging the strength of the evidence are applied, 
there is high support that benefits clearly outweigh risks and burdens. 
(or visa-versa for negative recommendations) 

It is recommended that… 
It is recommended that… not… 

When the dimensions for judging the strength of the evidence are applied, 
there is moderate support that benefits are closely balanced with risks and burdens. 

There is insufficient evidence and a lack of consensus to make a recommendation… 
 
 

 

Copies of this Best Evidence Statement (BESt) and related tools (if applicable, e.g., screening tools, algorithms, etc.) are available online and may be 
distributed by any organization for the global purpose of improving child health outcomes. 
Website address: http://www.cincinnatichildrens.org/service/j/anderson-center/evidence-based-care/bests/ 
Examples of approved uses of the BESt include the following: 
• Copies may be provided to anyone involved in the organization’s process for developing and implementing evidence based care; 
• Hyperlinks to the CCHMC website may be  placed on the organization’s website;  
• The BESt may be adopted or adapted for use within the organization, provided that CCHMC receives appropriate attribution on all written or 

electronic documents; and 
• Copies may be provided to patients and the clinicians who manage their care. 
Notification of CCHMC at EBDMinfo@cchmc.org for any BESt adopted, adapted, implemented, or hyperlinked by the organization is appreciated. 

  

Quality level Definition 

1a† or 1b† Systematic review, meta-analysis, or meta-synthesis of multiple studies 

2a or 2b Best study design for domain 

3a or 3b Fair study design for domain 

4a or 4b Weak study design for domain 

5a or 5b 
General review, expert opinion, case report, consensus report, or 
guideline 

5 Local Consensus 

http://www.cincinnatichildrens.org/service/j/anderson-center/evidence-based-care/legend/
http://www.cincinnatichildrens.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=87827&libID=87515
http://www.cincinnatichildrens.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=97922&libID=97620
http://www.cincinnatichildrens.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=97922&libID=97620
http://www.cincinnatichildrens.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=98195&libID=97892
http://www.cincinnatichildrens.org/service/j/anderson-center/evidence-based-care/bests/
mailto:EBDMinfo@cchmc.org
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Please cite as: Multidisciplinary VTE Prophylaxis BESt Team, Cincinnati Children's Hospital Medical Center: Best Evidence Statement Venous 
Thromboembolism (VTE) Prophylaxis in Children and Adolescents,  
http://www.cincinnatichildrens.org/service/j/anderson-center/evidence-based-care/bests/, BESt 181, pages 1-14, Date 2/18/14. 

This Best Evidence Statement has been reviewed against quality criteria by two independent reviewers from the CCHMC Evidence Collaboration.  
Conflict of interest declaration forms are filed with the CCHMC EBDM group. 
The BESt will be removed from the Cincinnati Children’s website, if content has not been revised within five years from the most recent publication 
date.  A revision of the BESt may be initiated at any point that evidence indicates a critical change is needed. 

Review History 

Date Event Outcome 

2/18/2014 Original Publication New BESt developed and published 
 

For more information about CCHMC Best Evidence Statements and the development process, contact the Evidence 
Collaboration at EBDMinfo@cchmc.org. 

Note 
This Best Evidence Statement addresses only key points of care for the target population; it is not intended to be a comprehensive practice 
guideline.  These recommendations result from review of literature and practices current at the time of their formulation.  This Best Evidence 
Statement does not preclude using care modalities proven efficacious in studies published subsequent to the current revision of this document.  
This document is not intended to impose standards of care preventing selective variances from the recommendations to meet the specific and 
unique requirements of individual patients.  Adherence to this Statement is voluntary.  The clinician in light of the individual circumstances 
presented by the patient must make the ultimate judgment regarding the priority of any specific procedure. 

http://www.cincinnatichildrens.org/service/j/anderson-center/evidence-based-care/bests/
mailto:EBDMinfo@cchmc.org

