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ABSTRACT
Objective
Formulation of a clinical practice guideline (CPG) for the use of thromboprophylaxis
(TP) in pediatric patients with a central venous catheter (CVC).
Participants
The development team consisted of five experts and a doctoral candidate acting as the
primary author.
Evidence
The guideline was developed utilizing the Appraisal of Guidelines for Research and
Evaluation (AGREE) II framework. A systematic review of the evidence was performed and
evidence was graded using the American Academy of Pediatrics (2004) evidence classifications
for CPG recommendations. An appraisal team evaluated the guideline quality utilizing the
AGREE Plus platform rating the guideline as “highest quality.”
Consensus
Employing a modified Delphi methodology, members of the development team reviewed
available evidence and voted on proposed Key Action Statements (KAS). Consensus is defined
as 80% rating the KAS “usually appropriate.”
Conclusion
Five KAS are included in the final CPG. Each KAS indicates level of evidence, benefitharm relationship, and level of recommendation.
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KAS 1. Providers of hospitalized children (0-18 years of age) may assess for VTE risk
factors using the Skrocki VTE risk stratification tool if the patient has a CVC. (Evidence Quality:
C, Rec. Strength: Option).
KAS 2. Providers of hospitalized children should initiate targeted pharmacologic
thromboprophylaxis (tpTP) at the time of CVC insertion or hospital admission (if CVC present
on admission). (Evidence Quality: B, Rec. Strength: Strong Recommendation)
KAS 3. Providers of hospitalized children with a CVC should implement mechanical
thromboprophylaxis (mTP) if the child is immobile (Braden Q score <2) or moderate/ high risk
for VTE using the Skrocki VTE risk stratification tool and have no contraindications to mTP.
(Evidence Quality: B, Rec. Strength: Recommendation).
KAS 4. Providers of hospitalized children with a CVC may prescribe systemic
pharmacologic thromboprophylaxis (spTP) if the patient is found to be at high risk for VTE
using Skrocki VTE risk stratification tool and the patient has no contraindications to spTP.
(Evidence Quality: C, Rec. Strength: Option).
KAS 5. Providers of hospitalized children should avoid femoral CVCs, multilumen
CVCs and/or percutaneous insertion technique if their benefit does not clearly outweigh their
risks. (Evidence Quality: B, Rec. Strength: Recommendation).
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CHAPTER I: INTRODUCTION
The aim of this Doctor of Nursing Practice (DNP) project is to develop and evaluate a
Care Practice Guideline (CPG) for providers of pediatric patients with a central venous catheter
(CVC) for venous thromboembolism (VTE) prevention. The focus is to identify criteria to
categorize risk for VTE, as well as identify and implement evidence-based thromboprophylaxis
measures through the evaluation of current evidence. The CPG is designed to be used with
pediatric patients (birth-18 years) who have a CVC. A review of background knowledge
surrounding pediatric VTE was performed including introduction and definition of terms used
throughout the project. Next, the nature and severity of the specific local problem is addressed.
The purpose and intended improvement of developing a CPG for thromboprophylaxis in
pediatric patients with a CVC is discussed, concluding with the study questions.
Background Knowledge: Pediatric CVC Associated VTE
While VTE prevention is a well-studied phenomenon in adults, research regarding the
pediatric population remains minimal. Varied and limited recommendations for pediatric
thromboprophylaxis have provided nominal aid in the development of a thromboprophylaxis
treatment plan for pediatric patients with a CVC. Several guidelines currently exist outlining
pediatric VTE risk stratification and prevention. However, these guidelines remain fragmented in
their instruction for thromboprophylaxis of pediatric patients with a CVC. Additionally, the
intricacy of the hospital setting and the unpredictability of patients makes execution of evidencebased thromboprophylaxis challenging (Maynard, 2016).
VTE is estimated to be one of the most prevalent causes of avoidable hospital-associated
deaths (Maynard, 2016). VTE, along with several other hospital-associated problems have
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gained recent recognition as agencies, such as The Joint Commission (2017) have begun
enforcing strict regulations and standards aimed at eliminating hospital-associated harm. Data
shows that there are specific thromboprophylaxis measures that can decrease the likelihood of
developing a VTE (Monagle et al., 2012; Multidisciplinary VTE Prophylaxis BESt Team, 2014).
However, studies show an unacceptably low rate of thromboprophylaxis in at risk patients
(Maynard, 2016). The Joint Commission (2017) has termed this concept “failure to prevent.”
There is strong evidence that pediatric VTE is on the rise (Raffini, Huang, Witmer, &
Feudtner, 2009). Incidence of pediatric VTE is increasing due to increased survival of children
with chronic diseases that require the use of interventions associated with increased VTE risk,
such as the presence of a CVL (Mahajerin, Webber, Morris, Taylor, & Saysana, 2015;
Multidisciplinary VTE Prophylaxis BESt Team, 2014). A study by Branchford (2015) found that
development of pediatric VTE was associated with a median cost of over $27,000 and an average
of 8.1 additional hospital days.
Reliable risk identification is vital to the future practice of VTE prevention (Gray et al.,
2012). A review of the literature supports a CPG outlining recommendations for risk assessment
and thromboprophylaxis as these items identify and target elements that are highly likely to
result in harm of the hospitalized child (Hilbert & Bailey, 2013). Reduction the incidence of
VTE will result in a decrease in its associated morbidity, costs, emotional suffering, and
mortality (Maynard, 2016). As described by the Multidisciplinary VTE Prophylaxis BESt Team
(2014), the development of CGP recommendations will provide a means to assess patients at risk
for VTE, and then mitigate that risk in the safest possible way.

15

Definition of Terms
A blood clot that develops due to changes in physiology becomes a thromboembolism
(TE) when it detaches and begins to circulate (McCance & Huether, 2014). One of the most
severe consequences of TE occurs when the embolism enters the pulmonary circulation resulting
in a pulmonary embolism (PE) (McCance & Huether, 2014). Alternatively, a TE may cause a
deep vein thrombosis (DVT). A DVT is a serious condition which can result in chronic venous
insufficiency (McCance & Huether, 2014). Persistent venous outflow obstruction leading to pain,
edema, and eventual ulceration of the effected extremity is known as chronic venous
insufficiency (McCance & Huether, 2014). Venous thromboembolism (VTE) is a collective term
referring to both PE and DVT (Maynard, 2016).
Thromboprophylaxis is defined as measures taken to prevent the formation of a TE.
Thromboprophylaxis measures can be mechanical (mTP) or pharmacologic (pTP).
mTP
The first method of mechanical thromboprophylaxis is sequential compression devices
(SCDs). SCDs are stockings, either knee- or thigh-high that hook-up to an electronic box that
facilitates blood-flow through the lower extremities using compressed air. Another method of
mechanical thromboprophylaxis is graduated compression stockings (GCS) such as ThromboEmbolic Deterrent (TED) hose. mTP is often indicated in patients that are categorized as
“immobile,” thus necessitating a definition of immobility. According to Branchford, Mahajerin,
et al. (2017), for the purposes of VTE risk assessment immobility is defined as, “mobility
decreased from baseline for >48 hours, including, but not limited to, that resulting from sedation

16

for mechanical ventilation, acute spinal injury, transverse myelitis, or Guillain-Barre syndrome”
(p. 14).
pTP
Pharmacologic thromboprophylaxis measures may be systemic or targeted. Systemic
pharmacologic thromboprophylaxis (spTP) includes low molecular weight heparin (LMWH)
also known as Lovenox. LMWH is a systemic anticoagulant used to prevent formation of TE and
is administered by subcutaneous injection. Another spTP intervention that may be used is
unfractionated heparin (UFH) at doses aimed to achieve systemic anticoagulation. Targeted
pharmacologic thromboprophylaxis (tpTP) is typically utilized to prevent thrombus formation
within the CVC versus systemic anticoagulation. When used for catheter patency, UFH may be
dosed as a continuous infusion or as a bolus for routine flushing. For neonates with a CVC, UFH
is typically dosed as a continuous infusion of 0.5 units/kg per hour (Monagle et al., 2012). When
administered as a bolus, routine flushing is performed using 10u/1mL UFH, while a heparin lock
utilizes 100u/1mL UFH (Monagle et al., 2012).
Risk Mitigation
Risk mitigation strategies address the location of and insertion methods of the CVC. A
percutaneous insertion is the placement of a CVC, usually emergently, at the bedside rather than in
the operating room. A multi-lumen CVC is a central line with more than one channel of the catheter.
A peripherally inserted central catheter (PICC) is a catheter that is inserted into a vein in an extremity
and then advanced until the tip of the catheter is located at the superior vena cava.
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Local Problem
This guideline was developed following an identification of need in a single center in
Alaska. Over a period of one year, eight documented cases of VTE were identified in pediatric
patients with a CVC at this organization. A review of this data demonstrated that the VTE rate
within this organization averaged to 2.43 per 1,000 patient days. Further analysis of the
organization revealed a lack of standardized screening tool for CVC associated VTE risk, as well
as a lack of formalized thromboprophylaxis interventions in place for pediatric patients with a
CVC.
The pediatric pathophysiological consequences of TE are noteworthy; of pediatric
patients with known TE, 20% develop a confirmed PE (Arlikar et al., 2015). Additionally, nearly
25% of children with limb DVT develop chronic venous insufficiency (Arlikar et al., 2015). As
the primary source of pediatric specialty care in the region, this organization aims to prevent
VTE in pediatric patients in an effort to prevent the need for long-term management of VTE
sequelae by primary care providers. Examples of these long-term sequelae include dosing and
administration of LMWH, and management of secondary conditions such as chronic venous
insufficiency.
Intended Improvement: Purpose
The purpose of this DNP project is to create an evidence-based CPG for
thromboprophylaxis in pediatric patients with a CVC. The target users for this CPG are providers
of pediatric patients with a CVC. The CPG will include evidence-based guidelines regarding
pediatric VTE risk stratification and corresponding mechanical thromboprophylaxis (mTP) and
pharmacologic thromboprophylaxis (pTP) measures. Implications for future practice include the
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application of this CPG at the aforementioned single center with the goal of reducing the
pediatric CVC associated VTE rate. The CPG will be developed based on a literature review of
current research along with utilization of the Appraisal of Guidelines for Research and
Evaluation II (AGREE II) framework.
Hospitals that employ risk stratification tools have increased situational awareness
regarding VTE prevention (Hilbert & Bailey, 2013). Thus it is theorized that development of a
CPG for thromboprophylaxis in pediatric patients with a CVC will be useful in developing the
framework upon which CVC associated VTE risk reduction strategies are developed (Hilbert &
Bailey, 2013).
Study Questions
1. How can we define the various risk levels of pediatric patients with a central venous
catheter (CVC) for development of venous thromboembolism (VTE) and;
2. When is implementation of mechanical thromboprophylaxis (mTP) and/or
pharmacological thromboprophylaxis (pTP) appropriate with regards to VTE risk level?
3. What are risk mitigation strategies for the development of pediatric VTE?

19

CHAPTER II: THEORETICAL UNDERPINNINGS AND FRAMEWORK
Psychological behavior change theories, such as the Social Cognitive Theory (SCT), have
been widely used to study the determinants of change behaviors (Rural Health Infromation Hub
[RHIhub], 2017). Additionally, SCT has been effective in disease prevention efforts in rural
communities, such as Alaska, which have a more fragile supply of resources to support effective
implementation (RHIhub, 2017). In addition to theoretical underpinnings, a successful
implementation project is planned using a change framework. Thus, the aim of this chapter is to
focus on VTE prevention from the perspective of SCT, review key concepts and finally describe
the proposed AGREE II framework (Bandura, 2004; Brouwers et al., 2010).
Social Cognitive Theory
SCT theorizes that learning occurs in a social context with a dynamic and reciprocal
interaction of the person, environment, and behavior (LaMorte, 2016). The theory calls for
consideration of a person's past experiences as a relevant influence on whether behavioral action
will occur (Bandura, 2001). According to LaMorte (2016), “experiences, influences,
reinforcements and expectations shape whether a person will engage in a specific behavior”
(Para 3.) Within SCT, there is an emphasis on social influence and the importance of external
social reinforcement. As a result, SCT discusses how modeled behavior can change our own
actions. This concept is termed observational learning (Bandura, 1988).
Observational learning refers to the phenomena in which people acquire new behaviors
by observing models (Bandura, 1988). Models can be either live or symbolic, yet the model must
be competent and possess inherent power (Bandura, 1988). According to SCT, a model’s
primary function is to transmit information to the observer. The model demonstrates the new
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behavior and then either strengthens or weakens the learner’s restraints against the modeled
behavior. Additionally, models provide goals by modeling specific behavioral outcomes, such as
acceptable standards for general level of performance (Bandura, 1988). These goals reflect
anticipated, desired or preferred outcomes (Bandura, 2004).
The following is example of how a CPG may serve as a symbolic model. Consider a
provider who wants to address the topic of pediatric VTE prevention but is unsure of the correct
intervention. This provider may look for ideas supported by his peers and founded in evidence.
This provider obtains a validated guideline that models the appropriate behaviors, or
thromboprophylaxis interventions. Additionally, the provider reads the aims of the guideline and
aligns his practice goals with those of the guideline. Thus, social cognitive theory describes
factors impacting the behavior change (Bandura, 2004).
Additionally, CPGs are a socially oriented approach. CPGs seek to raise awareness of a
health hazard, and educate about evidence based best practices and influence providers to change
health practices through expert recommendations (Bandura, 2004). The quality of health of
Alaska’s children is a social matter, not just a personal one. With regards to health promotion,
“social cognitive theory extends the conception of human agency to collective agency”
(Bandura, 2004, p. 159).
Concepts
This DNP project aims to promote preventative care through thromboprophylaxis. It is
vital that hospitalized children receive adequate thromboprophylaxis to mitigate the risk for VTE
and its associated sequelae, especially in rural settings like Alaska. States such as Alaska, which
are sparsely populated overall, are viewed as rural throughout, despite the existence of some
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population centers within them (Winters, 2013). Theoretical foundations are critical in
implementation of preventative care in rural communities (RHIhub, 2017). This is because the
realities of rural living including inclement weather, distance, and isolation, markedly affect
healthcare in rural settings (Winters, 2013). Subpopulations of rural residents exhibit even
greater disparities in both need and access to healthcare (Warren & Smalley). Alaska children are
one such subpopulation as determined by their risk and vulnerability.
Risk
Alaska children bear many distinctive risks that decrease their access to care. There is a
lack of pediatric specific providers in many rural regions of Alaska. Additionally, because many
Alaska villages are inaccessible by road and suffer from limited healthcare infrastructure, and
access to healthcare may delay the patient’s ability obtain treatment. This is significant because
those who develop VTE related sequelae have decreased access to care for secondary conditions
such as chronic venous insufficiency, as well as decreased access to laboratory equipment for
monitoring long-term antithrombolitic therapy.
Vulnerability
The concept of vulnerability implies that some individuals or groups are more sensitive to
risk factors that can impact health status (Winters, 2013). It is a well-established fact that
children of all ages are among the most vulnerable populations, especially those born and living
with less favorable social determinants (Winters, 2013). Among vulnerable children, Alaska
Native (AN) children are reported to be some of the poorest of the poor in the United States.
Most AN children are likely to reside in substandard living conditions, especially those in more
remote rural regions (Winters, 2013). As the primary source of pediatric specialty care in Alaska,
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it is vital for the aforementioned single center to ensure thromboprophylaxis implementation to
protect this vulnerable population.
AGREE II Framework
The AGREE II framework is used in conjunction with SCT. SCT specifies the
mechanisms of change, while the AGREE II framework acts as a checklist of factors relevant to
various aspects of guideline development (Nilsen, 2015). The AGREE II serves as a blueprint in
the development of CPGs. The purpose of the AGREE II framework is three-fold.
(1) Provide a methodological strategy for the development of guidelines. CPG must
follow a rigorous and standardized development process from inception to completion.
(2) Inform what and how information is reported in guidelines. The AGREE II
framework provides recommendations on the selection and presentation of key action statements
(KAS) (Brouwers et al., 2010; Nilsen, 2015).
(3) Assess the quality of guidelines (Brouwers et al., 2010). Quality assessment in CPG
development is a factor impacting provider adherence to guidelines (Bandura, 1988; Cochrane et
al., 2007). Because, the potential benefits of guidelines are limited by the quality of the
guidelines themselves, the AGREE II framework acts to address quality through utilization of the
AGREE II guideline evaluation instrument (Brouwers et al., 2010).
Guidelines are systematically developed statements that assist health care providers
makers in making informed decisions about preventative care (The Capacity Enhancement
Program (CEP), 2012). A high quality guideline must be well developed, well written and based
on the best available evidence. Before guidelines are implemented they should be reviewed by a
panel of experts, using a critical appraisal tool such as the My AGREE Plus platform.
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CHAPTER III: SYNTHESIS OF THE EVIDENCE
This chapter aims to describe the systematic review of the literature and synthesis of
evidence to identify strengths, weaknesses, and gaps of the current literature surrounding
pediatric VTE, risk stratification, thromboprophylaxis and VTE risk mitigation.
Review of the Literature
The systematic review of the literature began with the development of a search strategy to
identify relevant clinical evidence. Medline, The Cochrane Library, Embase and CINAHL
databases were included in the literature search. Additionally, the literature search included
scoping of relevant guidelines (local and national) produced by other groups or institutions. A
variety of keywords were used including: VTE, venous thromboembolism, DVT, deep vein
thrombosis, thromboprophylaxis, venous thromboembolism prophylaxis, pediatric and children.
The following limits were applied: English language, abstract available, full text available and
published within the last five years. Reference lists of included studies were also screened for
potentially relevant studies.
Pediatric VTE is a relatively rare phenomenon. The incidence of VTE varies among
studies and has been reported between 0.05 and 0.7% as described in Appendix B (Table 1).
Nonrandomized studies (NRS) “provide evidence of effects (benefit or harm) that cannot be
adequately studied in randomized control trials (RCTs), such as rare outcomes” (The Cochrane
Collaboration, Section 13.1.2). In addition to rare outcomes, the use of NRS is endorsed for
evaluation of, “interventions that cannot be randomized, or which are extremely unlikely to be
studied in RCTs” (The Cochrane Collaboration, Section 13.1.2). An example of this is the use of
systemic pharmacologic thromboprophylaxis (spTP) in children. Thus, due to the context of the
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research questions of this guideline, a review that systematically reports the findings and
limitations of available NRS will be conducted. The Cochrane Collaboration (2011) strongly
recommends that review authors do not combine evidence from randomized trials and NRS.
Inclusion Criteria
Papers that were published or accepted for publication in peer-reviewed journals were
considered as evidence if they met the following criteria:
1. Systematic reviews with or without meta-analysis or evidence based guidelines.
2. Nonrandomized studies including prospective cohort studies, retrospective cohort
studies, historically controlled trials, and case control studies.
3. Studies focusing on pediatric patients and VTE risk stratification and/or
thromboprophylaxis.
Exclusion Criteria
Articles were excluded for the following reasons:
1. Studies with a primary outcome of treating pediatric VTE rather than prevention.
2. Letters, editorials, notes and books.
3. Studies that focused on specific diagnosis thus limiting generalizability to the
general pediatric population (i.e., trauma, cancer).
Summary of the Evidence
A total of 25 articles published in the past five years were found to be pertinent to the
research topics of pediatric VTE risk stratification and thromboprophylaxis. Figure 1 Literature
Search Results Flow Chart illustrates the evidence selection process.
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Data Sources Searched

(45) Citations Identified

(2) Duplicates Removed
Clinical Practice
Guidelines
NGC
Local Guidelines

(43) Titles/Abstracts
Screened

Systematic Reviews
The Cochrane Library

(6) Excluded

Medical Databases
Medline
EMBASE
CINAHL

(37) Full Text Retrieval
(Where possible)

(16) Excluded

(21) Full Text Screened
(4) Other Sources
(e.g. identified from
reference lists, authors,
etc.)

(25) Meeting Study Selection
Criteria

FIGURE 1. Literature Search Results Flow
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Synthesis of the Evidence
Strengths
Risk factors. Consensus in the literature has identified several factors that are
statistically significant predictors of VTE in the pediatric population. Appendix B (Table 2)
illustrates these risk factors. There is strong agreement that the presence of a CVC is the greatest
risk factor for VTE in the pediatric population (Arlikar et al., 2015; Atchison et al., 2014;
Mahajerin et al., 2015; Monagle et al., 2012; Sharathkumar et al., 2012; Takemoto et al., 2014).
Additional statistically significant risk factors include a length of stay greater than or equal to
four days, systemic infection, malignancy, mechanical ventilation, age under one year or over 13
years, and dehydration.
Risk mitigation. As this guideline is targeted at pediatric patients with a CVC, it is vital
that modifiable CVC characteristics associated with increased VTE incidence are identified.
Specific characteristics of a CVC that increase risk of VTE are described in Appendix B (Table
3). The literature review revealed that VTE risk mitigation strategies include avoiding
percutaneous, femoral and multi-lumen CVCs.
tpTP. The greatest risk factor of development of VTE in the pediatric population is
presence of CVC. Thus, it is widely recognized that targeted interventions aimed at maintaining
CVC patency decreases the risk for VTE. Routine flushing with lysing agents decreases risk for
thrombus formation at the site of the CVC. tpTP lysing agents include tissue plasminogen
activator (TPA), unfractionated heparin (UFH) utilized to maintain catheter patency or for
heparin lock (HL) and intermittent recombinant urokinase (rUK) (Appendix B, Table 7).
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Additional strategies include intermittent flushing with normal saline and continuous heparin
infusion to maintain CVC patency (Monagle et al., 2012).
Weaknesses
Risk stratification. As seen in Appendix B (Table 3), seven novel clinical VTE riskscoring tools have been developed for the pediatric population (Arlikar et al., 2015; Atchison et
al., 2014; Branchford et al., 2012; Hilbert & Bailey, 2013; Mahajerin et al., 2015;
Multidisciplinary VTE Prophylaxis BESt Team, 2014; Sharathkumar et al., 2012). While much
of the research on pediatric VTE focuses on risk identification, only one of the seven tools has
been independently and prospectively validated. Prospective validation of the Sharathkumar et
al. (2012) tool was published as “abstract only,” and yielded good specificity (75%) and poor
sensitivity (37%) (Schultz, Kwon, Sharathkumar, & Bhat, 2016).
Gaps
Recommendations for mTP and spTP are largely based on extrapolations from adult
research. Appendix B (Tables 5 and 6) illustrates the lack of high-level evidence supporting mTP
and pTP in pediatric patients.
mTP. As described by Chima and Hanson (2017), there are no pediatric studies showing
efficacy of mTP in preventing VTE. Thus, mTP strategies are extrapolated from the successful
use of mTP in adults, despite the differences in developmental hemostasis and thrombosis risk
between children and adults (Chima & Hanson, 2017). While there is consensus that mTP should
be implemented in patients who are immobile, immobility is poorly defined. Additionally, age
and size restricts the implementation of mTP in the pediatric population.
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spTP. In adults the threshold for employing spTP is a risk for VTE of 2% or greater. This
threshold identifies the point at which the benefit of using the systemic anticoagulant outweighs
the risk for bleeding. However, due to varied and inconsistent risk scoring systems it is difficult
to identify patients who have a 2% or greater risk for VTE. It is also important to note that the
evidence supporting the use of spTP for VTE prevention in pediatric patients is lacking. There is
not a standardized method of identifying pediatric patients at high risk for VTE, yet there are
consistent recommendations that spTP should be reserved for pediatric patients who are at
highest risk for VTE. This gap in the literature poses a significant problem as unselected use of
thromboprophylaxis may expose children to life-threatening bleeding (Lyle, Sidonio, &
Goldenberg, 2015).
Conclusion
In summary, a systematic review of the literature revealed the strengths, weaknesses and
gaps of the current literature surrounding pediatric VTE prevention and thromboprophylaxis. It is
universally recognized that the presence of a CVC is the largest risk factor for VTE in the
pediatric population. There is strong consensus in the literature that adjusting modifiable
characteristics of the CVC (such as location, insertion technique and number of lumens) as well
as routine flushing with lysing agents reduces the risk of pediatric VTE. Additionally, there is
strong evidence regarding the risk factors for pediatric VTE and a strong case for implementation
of a VTE risk stratification tool. However, there is no standardized risk assessment methodology
for the pediatric population. Gaps in literature are present regarding the efficacy of and
indications for utilizing mTP and spTP in the pediatric population.
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CHAPTER IV: METHODS
Guideline development was accomplished in a systematic manner using the AGREE II
methodology (Brouwers et al., 2010). The AGREE II system is designed to direct rigorous
guideline development and assess the quality of clinical guidelines (Brouwers et al., 2010).
Rigorous guideline development relies heavily on a systematic review of the literature, a
methodical development of key recommendations, and an independent evaluation of the
guideline’s quality (The Capacity Enhancement Program (CEP), 2012).
AGREE II
The AGREE II methodology employs six domains, with each domain capturing a unique
dimension of guideline quality (Brouwers et al., 2010). These domains provide the framework
for guideline development. The six domains are: scope and purpose, stakeholder involvement,
rigor of development, clarity of presentation, applicability, and editorial independence (Brouwers
et al., 2010).
Scope and Purpose
The Scope and Purpose domain is concerned with the overall aim of the guideline, the
specific health questions, and the target population (CEP, 2012).
Intervention
The proposed intervention for this study is the development of a care practice guideline.
The aim the of the Thromboprophylaxis in Pediatrics Patient with a Central Venous Catheter
care practice guideline is to:
1. Define the various risk levels of pediatric patients with a central venous catheter
(CVC) for development of venous thromboembolism (VTE) and;
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2. Describe the implementation of appropriate mechanical thromboprophylaxis (mTP)
and/or pharmacological thromboprophylaxis (pTP) according to VTE risk level.
Key clinical health questions covered by the guideline include:
1. What are risk factors for the development of pediatric VTE?
2. What are risk mitigation strategies for the development of pediatric VTE?
3. When is the use of mechanical thromboprophylaxis (mTP) and/or pharmacologic
thromboprophylaxis (pTP) indicated and contraindicated?
Setting
The guideline has been developed for the setting of in-hospital use. The target population
for the guideline is hospitalized children (birth-18years) with a CVC. Permission to conduct the
project at the Children’s Hospital has been obtained (Appendix A), and a waiver from The
University of Arizona IRB was obtained stating that the project does not qualify as human
research (Appendix A).
Stakeholder Involvement
This domain focuses on the extent to which the overall aim of the guideline was
developed by the appropriate stakeholders and represents the views of its intended users (CEP,
2012).
Participants
According to the AGREE II design, a team of experts aided this author in reviewing the
proposed recommendations prior to guideline evaluation. The guideline development team
includes a pediatric clinical nurse specialist, a pediatric trauma surgeon, a pediatric intensivist, a
pharmacist and a pediatric hematologist/ oncologist. The guideline development team was

31

selected to be representative of the target users. The goal of utilizing the development team is to
allow the appropriate stakeholders to develop the guideline while representing the views of the
target user. The target users for this guideline are providers who care for hospitalized children
with a CVC and include but are not limited to hospitalists, intensivists, trauma service providers,
surgery service providers, pharmacists, pediatric hematology/oncology providers and advanced
practice nurses.
Rigor of Development
This domain relates to the process used to gather and synthesize the evidence and the
methods used to formulate and update recommendations (CEP, 2012).
Data Collection
Data for use in the guideline recommendations was collected through a systematic search
of the literature. The criteria for selecting the evidence, along with a synthesis of the strengths,
weaknesses and gaps from the current literature are clearly described in Chapter III: Synthesis of
the Evidence. Evidence levels of the included literature were graded using the American
Academy of Pediatrics [AAP] Steering Committee on Quality and Management (2004)
classification recommendations for clinical practice guidelines as seen in Figure 2.
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Reproduced with permission from PEDIATRICS, Vol. 114, Page 876, Copyright © 2004 by the AAP

FIGURE 2. AAP (2004) Evidence Classification for CPG Recommendations
The review of the literature yielded five key concepts including; (1) Pediatric VTE risk
stratification, (2) targeted pharmacologic thromboprophylaxis (tpTP), (3) mechanical
thromboprophylaxis (mTP), (4) systemic pharmacologic thromboprophylaxis (spTP) and (5)
pediatric VTE risk mitigation strategies. Utilizing the findings and recommendations from the
studies identified in the literature search, evidence tables were developed outlining the current
evidence surrounding each of the key concepts (Appendix B, Tables 2-7).
Following the literature review the primary author drafted a narrative text, found in
Appendix B, summarizing the evidence found in the literature. The Narrative Text of the
Evidence provided the guideline development committee a summary of the project background
and methods as well as the results of the literature review described in detail in chapters 1-3.
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Formulating the Recommendations
Along with the Narrative Text of the Evidence, the primary author developed a series of
recommendations, or Key Action Statements (KAS), for inclusion in the guideline. Utilizing the
aforementioned evidence tables, the KAS were developed summarizing the recommendations for
each key concept as identified by consensus in the literature. The KAS recommendation strength
was graded according to the AAP (2008) scale. A summary of the five KAS are as follows:
KAS 1
Providers of hospitalized children (0-18 years of age) may assess for VTE risk factors
using the Skrocki VTE risk stratification tool if the patient has a CVC. (Evidence Quality: C,
Rec. Strength: Option).
KAS 2
Providers of hospitalized children should initiate targeted pharmacologic
thromboprophylaxis (tpTP) at the time of CVC insertion or hospital admission (if CVC present
on admission). (Evidence Quality: B, Rec. Strength: Strong Recommendation)
KAS 3
Providers of hospitalized children with a CVC should implement mechanical
thromboprophylaxis (mTP) if the child is immobile (Braden Q score <2) or moderate/ high risk
for VTE using the Skrocki VTE risk stratification tool and have no contraindications to mTP.
(Evidence Quality: B, Rec. Strength: Recommendation).
KAS 4
Providers of hospitalized children with a CVC may prescribe systemic pharmacologic
thromboprophylaxis (spTP) if the patient is found to be at high risk for VTE using Skrocki VTE
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risk stratification tool and the patient has no contraindications to spTP. (Evidence Quality: C,
Rec. Strength: Option).
KAS 5
Providers of hospitalized children should avoid femoral CVCs, multilumen CVCs and/or
percutaneous insertion technique if their benefit does not clearly outweigh their risks. (Evidence
Quality: B, Rec. Strength: Recommendation).
Consensus on Included Recommendations
The Delphi methodology is a process of determining consensus among experts. In a
modified Delphi methodology a facilitator, in this case the primary author, develops a summary
of the available evidence and identifies key concepts and KAS. The expert panel then reviews
this information and establishes consensus on the proposed statements via response to the Delphi
Survey (Appendix C). The modified Delphi methodology was selected because as described by
Keeney, Hasson, and McKenna (2011), the modified Delphi technique is appropriate for
application in situations where expert opinion is the basis for consensus.
Each member of the guideline development team responded to the Delphi survey. The
survey asked the team to review the available evidence and then rate each recommendation. The
survey utilized a Likert scale ranging from 1 to 9. Scores of 1, 2 and 3 indicate “usually not
appropriate” 4, 5, or 6 indicate “may be appropriate” and 7, 8, or 9 indicates “usually
appropriate”. Each member of the development team assigned a score to each of
recommendations, the surveys were collected, and the results reviewed. Team members
completed the surveys without consulting the other team members, thus protecting anonymity
(Keeney et al., 2011).
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For this study consensus was defined as 80% (N=4). Per the Delphi methodology, when
consensus was not reached, the guideline development team convened to discuss the
recommendations that did not reach consensus. Modification of the statements was performed
and the survey was re-administered to include the modified KAS. After the guideline
development team identified consensus on what content to include in the guideline, a second
team of quality experts evaluated the quality and scientific rigor of the completed guideline.
Data Analysis
The guideline was externally reviewed by a team of independent quality experts prior to
its publication (CEP, 2012). The panel of quality experts included a doctoral prepared nurse
practitioner specializing in pediatric vascular access, a medical director of a children’s hospital,
and a doctoral prepared director of nursing research. No members of the development team were
part of the quality expert team. Using the My AGREE Plus platform the quality expert team
evaluated the completed guideline by answering a series of questions that addressed each domain
of the AGREE II methodology (Appendix D). The My AGREE Plus platform employs Likert
scales to rate the quality of each elements of the guideline. The Likert scales range from a score
of 1 (strongly disagree) to a score of 7 (strongly agree). The scores are averaged to develop the
quality score for each of the six AGREE II domains (Brouwers et al., 2010). The final AGREE II
quality rating is an indicator of the rigor of guideline development.
Clarity of Presentation
This domain deals with the language, structure and format of the guideline (CEP, 2012).
This domain focuses on three items: (1) the recommendations are specific and unambiguous, (2)
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the different options for management of the condition or health issue are clearly presented, and
(3) key recommendations are easily identifiable (Brouwers et al., 2010).
Recommendations take the form of a recommended action. Recommendations are written
as clearly and concisely as possible, and are easily identifiable to users (CEP, 2012). To aid with
clear and concise recommendations, the BRIDGE Wiz application was utilized. BRIDGE Wiz is
computer software developed at Yale University that formalizes the process for writing
implementable guideline recommendations (Shiffman, 2014). BRIDGE stands for “Building
Recommendations in a Developer’s Guideline Editor.” This software was utilized to assist the
guideline author in writing clear, actionable recommendations.
As implementation of thromboprophylaxis varies dependent upon the level of risk for
VTE, the guideline provides specific recommendations based upon risk level. This clearly
presents the different options for thromboprophylaxis based on specific risk factors.
Per the American Academy of Pediatrics Steering Committee on Quality Improvement
Management [AAP] et al. (2008), the guideline begins with a summary of key action statements.
Additionally, the guideline follows the AAP (2008) formatting recommendations in which the
key action statements are numbered and then followed by an evidence profile.
Applicability
This domain pertains to the likely barriers and facilitators to implementation, strategies to
improve uptake, and cost implications of applying the guideline (CEP, 2012). Barriers to
guideline implementation include, “conflicting pressures for clinical autonomy, professional
standardization and quality improvement” (CEP, 2012). The time, cost and feasibility of
implementing the guideline was considered during guideline development. Integration of key
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stakeholders in the development and appraisal was vital to the development of a successful
guideline.
Editorial Independence
This domain assesses for bias or competing interests during the formation of
recommendations (CEP, 2012). Members of the guideline development team were required to
declare potential conflicts of interest (CEP, 2012). No members of the project had any conflicts
of interest to declare.
Conclusion
In summary, the care practice guideline was systematically developed using the AGREE
II methodology’s six domains. The first domain, scope and purpose, defined the intervention of
developing a CPG for use in the hospital setting. Next, utilization of an interdisciplinary
guideline development team, comprised of key stakeholders, addressed the domain of
stakeholder involvement. The rigor of development domain focused on: (1) data collection, (2)
formulation of the KAS, (3) consensus on the included KAS using a modified Delphi
Methodology, and (4) data analysis via use of the My AGREE Plus platform. Clarity of
presentation described the language, structure and format of the guideline through utilization of
the BRIDGE Wiz computer software. Finally, the applicability domain reviewed likely barriers
to CPG implementation, and the editorial independence domain assessed for any conflicts of
interest that could sway the independent development of the project.
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CHAPTER V: RESULTS
The following chapter discusses the results of Delphi survey used to identify consensus
on included key action statements (KAS) as well as the evaluation of the completed clinical
practice guideline evaluation. After development of the KAS, the guideline development team
was provided with the Narrative Text of the Evidence for review and completed a Delphi survey
to identify consensus on inclusion of each of the KAS. The results of the Delphi survey are
reported below. Additionally the results of the quality appraisal, performed by the independent
quality experts, utilizing the My AGREE Plus platform are reported.
Delphi Findings
Delphi Participant Demographics
As illustrated in Table 2, the guideline development team was comprised of two male
participants (N=2, 40%) and three female (N=3, 60%).
TABLE 1. Participant Demographics
Gender
Participants
(N=5)

Specialty
Participants
(N=5)
Years of
Practice
Participants
(N=5)

Female
60% (N=3)

Pediatric
Critical Care
20% (N=1)

0 – 5 years
20% (N=1)

Male
40% (N=2)

Pediatric
Surgery
20% (N=1)

Pediatric
Hematology/
Oncology
20% (N=1)

Pediatric Clinical
Nurse Specialist
20% (N=1)

Registered
Pharmacist
20% (N=1)

> 5 years
80% (N=4)

Four of the providers have practiced for greater than 5 years (N=4, 80%). The specialty areas
represented included pediatric intensive care (N=1, 20%), pediatric trauma/ surgery (N=1, 20%),
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pediatric hematology/oncology (N=1, 20%), registered pharmacist (N=1, 20%) and certified
pediatric clinical nurse specialist (N=1, 20%).
Delphi Survey Results
As illustrated in Figure 3, the responses to the Delphi survey (Appendix C) ranged from
“may be appropriate” (rating of 4-6) to “usually appropriate” (rating of 7-9). From a total of 25
possible responses (five questions each answered by five participants) 32% (N=8) of the
responses were “may be appropriate” and 68% (N=17) were “usually appropriate.” None of the
participants answered any questions with “usually not appropriate” (1-3). These findings suggest
that the participants feel confident in the decision to include Key Action Statements (KAS) 2,4
and 5 in the final guideline.

9
8
7
Respondant 1

Rating

6

Respondant 2
5

Respondant 3
Respondant 4

4

Respondant 5

3
2
1
KAS 1

KAS 2

KAS 3

KAS 4

KAS 5

*KAS= Key Action Statement
**Consensus determined as 80% of respondents (N=4) rating the KAS as ≥ 7.

FIGURE 3. Delphi Survey Results
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The responses for KAS 1 and 3 were reviewed among the Delphi respondents.
Respondents indicated that KAS 1 and 3 would qualify as “usually appropriate” with
modification.
Modification of KAS
KAS 1. Group consensus identified that patients should be screened for their VTE risk
level prior to 4 days of hospitalization. Thus, the qualifier was re-worded to “anticipated
hospitalization ≥ 4 days” and its position within the decision algorithm was changed as seen in
the finalized guideline (Appendix D).
KAS 3. Modification of KAS 3 included addition of an immobility clause. The literature
supports the recommendation that immobilized patents should utilize mTP. Thus, expert
consensus identified that providers of hospitalized children with a CVC should implement
mechanical thromboprophylaxis (mTP) if the child is immobile and/or at moderate to high risk
for VTE. Immobility was defined as a Braden Q score of less than 2.
Expert Consensus
Likert scales were circulated to all Delphi participants following discussion of
modifications and respondents were allowed to rate the KAS with modifications anonymously.
Following this vote, all five respondents rated the modified KAS as “usually appropriate” (rating
of ≥ 7). Thus, KAS 1 and 3 were accepted with modifications for use in the final guideline as
seen in Figure 4.
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Start of Delphi Process: 5 statements circulated to the Delphi Respondents
3 statements accepted without modification
2 statements accepted with modification
End of Delphi Process: 5 statements incorporated into the final guideline document.
FIGURE 4. Expert Consensus

My AGREE Plus
Next, evaluation of the CPG was performed by the independent quality experts, who
systematically evaluated the quality and scientific rigor of the completed CPG using the online
My AGREE Plus platform. The AGREE II, a valid and reliable tool employed in the My AGREE
Plus platform, is comprised of 23 items divided into six separate domains designed to assess the
methodological rigor, variability in quality and transparency in which a CPG is developed
(Brouwers et al., 2010). The AGREE II scoring sheet with all domains and all 23 items can be
found in Appendix D.
Appraiser Demographics
Three independent quality experts agreed to participate in the guideline appraisal process.
The three appraisers have the following backgrounds: appraiser 1 is a doctoral prepared nurse
practitioner specializing in pediatric cardiovascular access, appraiser 2 is the medical director of
a children’s hospital; and appraiser 3 is a doctoral prepared director of nursing research. None of
the appraisers team were members of the guideline development team. The appraisers acted as
quality experts, and evaluated the rigor and quality of the completed guideline.

42

Quality Score
Each appraiser utilized the My AGREE Plus platform to complete their appraisal,
allowing scores to be calculated automatically. The AGREE II tool reports both individual scores
to each of the 23 statements, as well as overall domain scores for each of the six domains
(Brouwers et al., 2010a). Appendix D contains the results as depicted by the Seven-point
AGREE II Score Calculator (CEP, 2012). Table 2 describes the aggregate appraiser scores for
domains one through six. Upon completion of the appraisal, the appraisers were asked to rate the
overall quality of this guideline utilizing a likert scale ranging from 1 meaning “Least Quality”
up to 7 indicating “Highest Quality.” All three appraisers rated the guideline as “7” or highest
quality. The three appraisers unanimously responded “yes” to the statement “I would recommend
this guideline for use.”
TABLE 2. AGREE II Results
Domain
1
94%

Domain Domain
2
3
94%
83%

Domain
4
94%

Domain
5
79%

Domain
6
94%

Over All Quality
Score
100%

“I would recommend
this guideline for use”
100% responded “Yes”

Two domains sored below 90%, the scores for these domains were reviewed. Domain 3:
Rigor of Development, item 14 “A procedure for updating the guideline is provided” scored
poorly. Upon further review, it was noted that this was not explicitly written in the appraised
guideline. Based on this feedback, a statement addressing this item was added to the completed
guideline prior to publication (Appendix E). Domain 5: Applicability also scored below 90%.
The AGREE II tool allows free text comments following each of the 23 statements. The
statements were compiled by the My AGREE Plus platform. The key statement regarding the
applicability of the guideline is as follows:
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“I think that getting the reviewers to do the review will be easy but then full
implementation within the facility may be more difficult.”
This statement addresses likely barriers to implementation and illustrates a need for strategies to
improve uptake during application of the guideline (CEP, 2012). Application of the guideline
will require changing both individual and organizational practices through formal and informal
channels (Stevens, 2004). Application of the guideline will be addressed in detail in Chapter VI:
Discussion including application of the Academic Center for Evidence-based Practice (ACE)
Star Model of Knowledge Transformation as a framework for the implementation of the
guideline.
Conclusion
The development team, comprised of a group of content experts, reached consensus on
recommendation to be included in the completed guideline. Consensus was identified as 80%
(N=4) rating the KAS as “usually appropriate.” Five KAS were accepted into the finished
guideline (Appendix D). Next, quality experts evaluated the quality of the finished guideline.
The guideline was found by these experts to have “highest quality” and was unanimously
recommended for implementation. Further discussion is warranted regarding an application plan
for the guideline.
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CHAPTER VI: DISCUSSION
This chapter discusses the strengths and limitations of the study. Next, practice
integration and future implications are discussed through utilization of the Stevens Star Model.
The relevance to advanced practice nursing is reviewed, concluding with a summary of the
project.
Strengths and Limitations
Strengths
Strengths of the project include that the project was designed and completed utilizing an
established framework, the AGREE II. This framework guided the methodical development of
the guideline. A systematic review of the literature was performed and included the highest
quality available information. Consensus on included guideline recommendations was achieved
utilizing an interdisciplinary committee of key stakeholders. These key stakeholders are content
experts in the subject of pediatric VTE risk assessment and prevention. Additionally, consensus
was established in a manner that protected the anonymity of the key stakeholders. Evaluation of
the guideline quality was completed using a valid and reliable tool. This evaluation produced a
quality score that may be used to compare the rigor of CPGs.
Limitations
This project has several limitations. Foremost, the quality of the evidence surrounding the
topic of pediatric VTE risk stratification and prevention is limited and the recommendations are
not strongly rated. Much of the current evidence on pediatric VTE has been extrapolated from
studies performed in adult populations. Another limitation is utilization of the Delphi
methodology to achieve consensus among experts. The Delphi methodology has been criticized
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in the literature due to the risk of facilitator bias (Keeney et al., 2011). The facilitator of the
Delphi process may intentionally or unintentionally instigate manipulation of a meeting toward a
predetermined result, causing bias. Finally, while the AGREE II tool is valid and reliable, the
quality scores do not have “minimum domain scores or patterns of scores across domains to
differentiate between high quality and poor quality guidelines” (Brouwers et al., 2010). Thus, the
AGREE II score is highly subjective based on the user’s interpretation.
Impact of Results on Practice: Stevens Star Model
The Stevens Star Model of Knowledge Transformation “emphasizes crucial steps to
convert one form of knowledge to the next” (Stevens, 2012, p. 19). The Stevens Star Model
provides a depiction of the relationships between various stages of knowledge transformation
and describes the process through which newly discovered knowledge is moved into practice
(Stevens, 2004). As seen in Figure 5, this is accomplished by the conversion of research findings
from primary research results into a CPG, then implementation the KAS as evidence-based care.
The cycle terminates with an evaluation of the impact of the evidence-based care on health
outcomes (Stevens, 2004).
This DNP project has completed steps 1 through 3 in the Stevens Star Model of
Knowledge Transformation and the project now enters Point 4: Practice Integration. According
to the Stevens (2004) Stevens Star Model, knowledge is transformed can be completed through
the following processes (p. 2):
•

Point 4: Integration of recommendations (KAS) through organizational and individual
actions and;

•

Point 5: Evaluation of impact of actions on targeted outcomes.
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Reproduced with permission from Stevens, Copyright © 2015 The University of Texas Health
Science Center at San Antonio.

FIGURE 5. Stevens Star Model of Knowledge Transformation
Practice Integration
The practice integration phase address the steps necessary for health care systems to
successfully implement a CPG. These include dissemination of the CPG and implementation of a
program or process to ensure guideline compliance. Dissemination of the guideline locally will
be accomplished as the CPG is under review for publication as policy at the Children’s Hospital.
The author’s goal for national dissemination is publication on the National Guideline Clearing
House. In addition to dissemination activities, targeted interventions aimed at integration of the
KAS into practice must be considered for successful knowledge transformation of the CPG.
Evidence strongly suggests that simple publication and/or passive dissemination of a guideline is
usually ineffective in changing the way that providers care for patients (CEP, 2012). According
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to the CEP (2012), “key factors to implementation success include: selection and adaptation of
guidelines to local conditions, reminders, educational outreach and interactive educational
workshops” (p. 19).
Future Implications
Future implications include evaluating the impact of the newly developed CPG on the
incidence of pediatric VTE. This is planned to be accomplished through a quality improvement
project aimed at (1) identifying the sensitivity and specificity of the Skrocki Pediatric VTE Risk
Stratification tool and (2) determining if there is a reduction in the incidence of VTE at The
Children’s Hospital following implementation of the guideline. This will provide an opportunity
for process and outcome evaluation. Additionally, this accomplishes the final stage in knowledge
transformation evaluating the outcomes of evidence-based quality improvement of health care
(Stevens, 2004).
Relevance to Advanced Practice Nursing
The doctorally prepared nurse practitioner has the credentials to improve patient and
population health outcomes by collaborating with interdisciplinary teams and assuming
leadership positions. This was demonstrated throughout the project as the primary author, a DNP
candidate, lead an interdisciplinary team in the development of an evidence-based CPG.
Guidelines act a useful tool to aid providers in the implementation of current, best practice
interventions. Development of an evidence-based guidelines is an example of how the doctorally
prepared nurse practitioner can improve patient and population health. Doctorally prepared
Nurse Practitoners are prepared and trained to take on the vital collaboration role among the
interdisciplinary team needed to improve health outcomes.
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Conclusion
This DNP project aimed to develop a CPG that address pediatric VTE risk stratification
and pediatric thromboprophylaxis practices for pediatric patients with a CVC. Both Social
Cognitive Theory and the Appraisal of Guidelines for Research and Evaluation II (AGREE II)
framework were utilized in the planning and development of the project. A systematic review of
the literature was performed to identify relevant information for inclusion in the guideline.
According to the AGREE II methodology, consensus on the included key action statements
(KAS) was achieved among a group of content experts through utilization of a modified Delphi
methodology. The primary author compiled a Narrative Text of the Evidence along with the
Delphi survey that utilized likert scales. Consensus on included KAS among the content experts
was defined as 80% rating the KAS as “usually appropriate”. Expert consensus resulted in the
inclusion of five KAS in the finalized guideline. Next, a quality appraisal was performed by a
group of quality experts using the My AGREE Plus platform. The guideline was found by these
experts to have “highest quality” and was unanimously recommended for implementation.
Finally, a discussion of the project’s strengths and limitations was provided along with a plan for
dissemination of the CPG through utilization of the Stevens Star Model.

49

APPENDIX A:
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APPENDIX B:
NARRATIVE TEXT OF THE EVIDENCE
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NARRATIVE TEXT OF THE EVIDENCE
The proposed intervention for this study is the development of a care practice guideline
for thromboprophylaxis in pediatric patients with a central venous catheter (CVC). The guideline
will be developed for the setting of in-hospital use. The target population for the guideline is
hospitalized children (birth-18years) with a CVC. The target users for this guideline are
providers who care for hospitalized children with a CVC and include but are not limited to
hospitalists, intensivists, trauma service providers, surgery service providers, pharmacists,
pediatric hematology/oncology providers and advanced practice nurses.
Objectives
1. Define the various risk levels of pediatric patients with a central venous catheter
(CVC) for development of venous thromboembolism (VTE).
2. Describe the implementation of appropriate thromboprophylaxis according to VTE
risk level.
a. When is the use of mechanical thromboprophylaxis (mTP) indicated and/or
contraindicated?
b. When is the use of pharmacologic thromboprophylaxis (pTP) indicated and/or
contraindicated?
3. What are risk mitigation strategies for the development of pediatric VTE?
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Background
Pediatric VTE is a relatively rare phenomenon. The incidence of VTE varies among
studies and has been reported between 0.05 and 0.7% as described in Table 1. Between October
of 2015 and October of 2016, eight PICU patients at our facility developed a VTE. There are
nine PICU beds and 365 days in a year resulting in an incidence rate of 2.44 per 1,000 patient
days or 0.24% indicating that our local VTE rate is comparable to the reported incidence of this
phenomenon.
TABLE 1. Incidence of Pediatric VTE
#

Reference

Incidence

%

1
2

Arlikar et al. (2015)
Atchison et al. (2014)

HA-VTE occurrence was 3 per 1000 PICU admissions.
HA-VTE was approximately 1 per 500 hospitalized noncritically ill
children.

0.3%
0.2%

3

Branchford et al. (2012)

0.05%

4

Mahajerin et al. (2015)

5

Shah et al. (2015)

6

Sharathkumar et al. (2012)

7
8

Takemoto et al. (2014)
Vidal, Sharathkumar, Glover,
and Faustino (2014)

In-hospital VTE incidence of 5 per 10,000 hospitalized children per
year.
VTE rate of 71/10,000 admissions from 2005 to 2009 for patients
aged 0 to 18.
Although variable across institutions, an overall VTE incidence of
188 per 100,000 hospitalized pediatric patients was found in the
retrospective KID database.
Pediatric VTE incidence of 28.8 per 10,000 in-hospital admissions
(0.28%).
HA-VTE was found to be 30 per 10,000 admissions.
The pooled frequency of thrombosis was 0.20% (95% confidence
interval [CI] 0.16–0.24).

0.71%
0.18%
0.28%
0.3%
0.2%

Methods
A total of 25 articles published in the past five years were found to be pertinent to the
research topic of pediatric VTE risk stratification and thromboprophylaxis. Figure 1 Literature
Search Results Flow Chart illustrates the evidence selection process.
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FIGURE 1. Literature Search Results Flow Chart
Data Sources Searched

(45) Citations
Identified
(2) Duplicates Removed

Clinical Practice
Guidelines
NGC
Local Guidelines
Systematic Reviews
The Cochrane Library
Medical Databases
Medline
EMBASE
CINAHL

(43) Titles/Abstracts Screened

(6) Excluded

(37) Full Text Retrieval
(Where possible)

(16) Excluded

(21) Full Text Screened
(4) Other Sources
(e.g. identified from
reference lists, authors,
etc.)

(25) Meeting Study Selection
Criteria
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Evidence levels of the included literature were graded using the American Academy of
Pediatrics [AAP] Steering Committee on Quality and Management (2004) classification
recommendations for clinical practice guidelines as seen in Figure 2.
FIGURE 2. AAP (2004) Evidence Classification for CPG Recommendations

Reproduced with permission from PEDIATRICS, Vol. 114, Page 876, Copyright © 2004 by the AAP

Results
Pediatric VTE risk factors.
Consensus in the literature has identified several factors that are statistically significant
predictors of VTE in the pediatric population. Table 2 illustrates these risk factors. There is
strong agreement that the presence of a CVC is the greatest risk factor for VTE in the pediatric
population (Arlikar et al., 2015; Atchison et al., 2014; Mahajerin et al., 2015; Monagle et al.,
2012; Sharathkumar et al., 2012; Takemoto et al., 2014). Additional statistically significant risk
factors include length of stay greater than or equal to four days, systemic infection, malignancy,
mechanical ventilation, age under 1 year or over 13 years, and dehydration.
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TABLE 2. Risk Factors for VTE in Pediatric Patients
Reference

CVC

Length of Stay

Malignancy

Mechanical
Ventilation

> 4 days
OR 20.22
CI (2.27- 180.07)
p=0.007

Significant/
Systemic
Infection
OR 3.41
CI (1.1310.29)
p= 0.029

Arlikar et al.
(2015)

OR 26.64
CI (7.4695.13)
p=0.001

OR 0.69
CI (0.192.55)
p= 0.58

OR 1.87
CI (0.635.50)
p=0.26

Atchison et
al. (2014)

OR 27.67
CI (8.4091.22)
p=<0.0001

≥4 days
OR 5.26
CI (1.74-15.88)
p=0.003

OR 10.40
CI (3.4631.25)
p=<0.0001

OR 5.06
CI (2.589.94)
p=<0.001

NR

Branchford et
al. (2012)

OR 1.44
CI (0.702.97)
p=0.33
NR

≥5 days
OR 1.03
CI (1.01-1.04)
p=<0.001
NR

OR 3.05
CI (1.575.94)
p=0.001
NR

OR 1.65
CI (0.594.62)
p-value: NR
NR

Sharathkumar
et al. (2012)

OR 2.818
CI (1.69–
4.69)
p=<
0.0001

≥7days
OR 9.552
CI (4.57–19.95)
p=< 0.0001

OR 4.019
CI (1.81–
8.93)
p=0.0006

NR

OR 3.29
CI (1.537.06)
p=0.002
OR 3.1
CI (0.713.2)
p=0.12
Number
(%)
72 (41.6%)
p=< 0.001

Takemoto et
al. (2014)

Number
(%)
120 (50%)
p=<
0.0001

LOS in days
Median; IQR
8; 3-18
p= <0.0001

NR

Number (%)
55 (20%)
p=NR

Faustino et
al. (2013)

NR

Age

Dehydration

Per each 1 y
increase.
OR 0.97
CI (0.93-1.01)
p= 0.17
11-15y
OR 2.21
CI (0.40-12.32)
p=0.37
16-21y
OR 2.32
CI (0.45-11.87)
p=0.31
NR

OR 1.32
CI (0.48-3.61)
p=0.59

Cardiac Catheterization
OR 5.49
CI (0.81-37.24)
p=0.08

OR 1.51
CI (0.59-3.84)
p=0.39

No other statistically significant risk
factors reported.

OR 2.11
CI (0.51-8.66)
p-value: NR

No other statistically significant risk
factors reported.

>13 years
OR 14.1
CI (1.9-105.8)
p=0.01
NR

NR

Median age in
years; IQR
16; 8-19
p=<0.0001

NR

Race/ethnicity listed as “other”
OR 6.3
CI (1.2-32.1)
p=0 .03
Immobilization
OR 20.769 CI (3.910–110.322)
p=0.0004
Estrogen Therapy
OR 9.038 CI (2.617–31.212)
p=0.0005
ICU Admission
OR 1.736 CI (1.030–2.926)
p=0.0385
>4 medical conditions
IRR 4.0,
CI (1.4-8.9).

Number (%)
4 (2.3%)
p=0.99

Other

OR: odds ratio, CI: 95% confidence interval, p: p-value (statistical significance), NR: not reported, IQR: interquartile range, IRR; Incidence rate ratio
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Consensus also identifies that there are specific characteristics of a CVC that increase
risk of VTE, these characteristics are described in Table 3. As this guideline is targeted at
pediatric patients with a CVC, it is vital that modifiable CVC characteristics associated with
increased VTE incidence are identified. The literature review revealed that VTE risk mitigation
strategies exist. VTE reduction strategies for patients with CVCs include avoiding percutaneous
femoral and multi-lumen CVCs, and early catheter removal (Monagle et al., 2012). Additional
strategies include intermittent flushing and continuous heparin infusion to maintain CVC patency
(Monagle et al., 2012).
TABLE 3. CVC Characteristics Associated with Increased VTE Incidence
TABLE 5. CVC Characteristics Associated with Increased VTE Incidence
#
Reference
CVC Characteristics
1
Faustino et al. (2013) CVC Location
Internal jugular:11 (68.8%), p=0.03
Femoral:4 (25%), p-value NR

Grade of Evidence
C

CVC Length
≥12cm: 10 (62.5%), p=.008
2

Gray et al. (2012)

CVC Location
Femoral: 42(70%), p=0.04

C

CVC Size
Multi-lumen Catheter (>4fr): 35(54%), p=<0.01

3

Shah et al. (2015)

4

Jaffray, Bauman, and
Massicotte (2017)

Insertion Technique
Percutaneous insertion: 28 (47%), p=<0.01
CVC Location
Femoral: OR 11.1, CI (3.9–31.6), p<0.0001
CVC Location
Femoral lines;
CVCs placed on the upper left side in the subclavian vein (vs.
jugular).
Insertion Technique
Percutaneous technique (vs. cut-down),
Peripherally inserted central catheters (vs. tunneled lines),
Externally tunneled (vs. internal CVCs, such as port-a-caths).

C
B
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Risk Stratification
As seen in Table 4, seven novel clinical VTE risk-scoring tools have been developed for
the pediatric population (Arlikar et al., 2015; Atchison et al., 2014; Branchford et al., 2012;
Hilbert & Bailey, 2013; Mahajerin et al., 2015; Multidisciplinary VTE Prophylaxis BESt Team,
2014; Sharathkumar et al., 2012). Only one of these tools has been independently and
prospectively validated. Prospective validation of the Sharathkumar et al. (2012) tool was
published as “abstract only,” and yielded good specificity (75%) and poor sensitivity (37%)
(Schultz et al., 2016). There is no universally recognized pediatric VTE risk prediction tool.
TABLE 4. Pediatric VTE Risk Stratification Tools
#

Reference

Population

1

Arlikar et al.
(2015)

Critically ill
children ages
<21 years.

2

Atchison et al.
(2014)

Non-critically
ill children
ages 0-21
years of age

3

Branchford et
al. (2012)

Hospitalized
children ages
birth through
21 years.

Criteria

Independent
Prospective
Validation

Risk scores is calculated based on independent risk
factors of CVC (8 points), LOS ≥4 days (6 points) and
significant infection (1 point). A score of 15 points
would prompt pharmacological thromboprophylaxis
(low-dose anticoagulation) in the absence of elevated
bleeding risk; a score of 7-14 points would trigger
mechanical prophylaxis (pneumatic compression
devices in children of appropriate size); and a score of
<6 points would call for observation without specific
prophylactic intervention.
This risk stratification tool assigns 5 points for CVC,
2 points for infection, and 1 point for LOS greater
than or equal to 4 days. A score of 8 points warrants
pharmacologic thromboprophylaxis (low-dose
anticoagulation) in the absence of bleeding
contraindications; a score of 7 points warrants
mechanical prophylaxis (pneumatic compression
device in children of appropriate size; early
ambulation as appropriate); and a score of <6 points
warrants observation without specific prophylactic
intervention.
This tool identifies that when the combination of
mechanical ventilation, systemic infection, and length
of hospitalization of five days or over had a sensitivity
of 45% (95%CI: 34-57%) and a specificity of 95%
(95%CI: 90-98%) for development of in-hospital
VTE.

No

No

No
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TABLE 4 – Continued
#

Reference

Population

4

Hilbert and
Bailey (2013)

Hospitalized
patients ≥ 12
years of age.

5

Mahajerin et
al. (2015)

Hospitalized
patients ages
12-17.

6

Multidisciplina
ry VTE
Prophylaxis
BESt Team
(2014)

Hospitalized
patients ages
10 to 17 years
of age.

7

Sharathkumar
et al. (2012)

Hospitalized
patients 0-20
years of age.

Criteria

Independent
Prospective
Validation

Stratifies VTE risk into three categories based on
number of VTE risk factors (0,1, or ≥ 2) and mobility
status. Low risk patients: encourage highest degree of
mobility; at risk patients: mobility and employ mTP;
high risk: mobility, mTP and pTP.
Ambulatory patients are considered as low risk. Nonambulatory patients with or without a CVC are
considered moderate or high risk based upon the
absence or presence of additional risk factors as
described by the VTE risk assessment and prophylaxis
algorithm. Moderate risk patients should receive mTP,
and high risk patients should receive pTP.
Patients who do not have altered mobility or any other
risk factors are found to be low risk with no
intervention necessary. Patients with altered mobility
and ≤1 risk factor are considered moderate risk and
mTP is recommended. Patients with altered mobility
≥2 risk factors are found to be high risk with both
mTP and pTP recommended.
The risk score was calculated using 3 points for
prolonged immobilization ≥72 hours, 2 points for each
of length of stay ≥7 days and hormone therapy, 1
point each for the presence of a central venous line
and a positive blood culture and 0.5 for ICU/NICU
admission. A score of ≥3 indicates high risk for VTE.
Those patients with positive PCDR will require
clinical and radiological surveillance and potentially
prophylactic anticoagulation therapy to prevent VTE
events.

No

No

No

Yes; resulted with
good specificity
(75%) and poor
sensitivity (37%)
(Schultz et al.,
2016).

Thromboprophylaxis
Recommendations for mechanical thromboprophylaxis (mTP), and systemic
pharmacologic thromboprophylaxis (spTP) are largely based on extrapolations from adult
research. This project aims to adapt the current state of widely varied instructions for
implementation of appropriate thromboprophylaxis according to VTE risk level, and to
contextualize some suggestions with regard to pediatric patients with a CVC. As described in
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yet following current recommendations would not be erroneous. Table 7 illustrates evidence
supporting targeted pharmacologic thromboprophylaxis (tpTP).
TABLE 5. Mechanical Thromboprophylaxis* (mTP)
#

Reference

1

Arlikar et al. (2015)

2

Badawy, Rychlik,
and Sharathkumar
(2016)

3

Branchford,
Mahajerin, et al.
(2017)
Chima and Hanson
(2017)

4

5

Elsevier (2014)

6

Faustino et al.
(2014)

7

Hilbert and Bailey
(2013)

8

Jaffray et al. (2017)

9

Mahajerin et al.
(2015)

10

Multidisciplinary
VTE Prophylaxis
BESt Team (2014)

Recommendation

Grade of
Recommendation

Patients found to be at moderate risk for VTE should
receive mTP.
Expert consensus that mTP is not indicated in the a
critically ill neonate with a CVL 25 (50%).
Expert consensus that mTP is indicated for children with
fractures or prolonged immobilization 24 (48%).
Patients with a CVC and 1 additional risk factor for VTE
should receive mTP**

C

There are no pediatric studies showing efficacy of mTP in
preventing VTE. Given the lack of pediatric specific
guidelines, prevention strategies are extrapolated from the
successful use of mTP in adults, despite the differences in
developmental hemostasis and thrombosis risk between
children and adults.
mTP is a recommended intervention for prevention of VTE
in pediatric patients.
The minimum age for mTP is 8-years of age.
Expert consensus demonstrates age ≥ 13 [OR 2.23; 95% CI
(1.39-3.59) p<0.05] and obesity [OR 3.43; 90% CI (1.388.51), p<0,05] are indications for the use of mTP in
critically ill pediatric patient at risk for VTE.
mTP is recommended for: (1) patients with altered mobility
or (2) patients with baseline mobility and 1 or more VTE
risk factors.

A

Theoretically, the use of mTP may not prevent CVC-VTEs,
especially for CVCs placed in the upper extremities.
However, there could be some benefit by improving overall
venous blood flow and activating systemic fibrinolysis.
Recommends mTP for all pediatric patients with altered
mobility.

B

For patients with a CVC and altered mobility or 1
additional VTE risk factor, administer mTP.

B

D

C

C
D

B

C

*mTP is defined as mechanical thromboprophylaxis for lower extremities with graduated
compression stockings (GCS) or sequential compression devices (SCD).
**Specifies that SCD is preferred over GCS.
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TABLE 6. Systemic Pharmacologic Thromboprophylaxis (spTP)
#
1

Reference
Arlikar et al.
(2015)

Recommendation
Using logistic regression this study identified pediatric patients at
“high risk” for VTE (risk of >2%).

Grade of
Recommendation
C

Based on an extrapolation of adult recommendations, they
recommend initiating spTP in the absence of bleeding risk for
patients found to be at high risk for VTE using their risk-scoring
tool.
2

Atchison et al.
(2014)

This study identified a risk stratification tool in which patient who
score as “high risk” (>8 points) have an estimated risk for VTE of
12.5%.

C

Based on an extrapolation of adult recommendations, they
recommend initiating spTP in the absence of bleeding risk for
patients found to be at high risk for VTE using their risk-scoring
tool.
3

Badawy et al.
(2016)

Expert consensus (96%) demonstrates spTP should be initiated in
select patient populations with potential pro-thrombotic risk
factors.

D

Majority of experts (>50%) would consider spTP for personal
history of VTE, inheritance of severe thrombophilic condition and
age.
4

Branchford,
Wathen, et al.
(2017)

spTP, with low-molecular weight heparin (enoxaparin) or
unfractionated heparin, should be considered for high-risk patients
without contraindications.

C

5

Chima and
Hanson (2017)

VTE prevention in critically ill and/or injured children should
include spTP especially in children >12 years of age. However,
spTP should be instituted thoughtfully especially in patients at
high risk for bleeding as data demonstrates a low but definite risk
of bleeding children receiving pharmacologic prophylaxis.

B

6

Faustino et al.
(2014)

This study defined patient qualification for spTP as 1) any patient
admitted to the PICU and 2) based on the ACCP pediatric
guidelines, any patient with dilated cardiomyopathy, cavopulmonary anastomosis, cyanotic congenital heart disease, endstage renal disease, or pulmonary hypertension who had no
contraindication to anticoagulation.

C

7

Hilbert and
Bailey (2013)

Preliminary data and clinical expert opinion support the
implementation of spTP for patients if the patient has altered
mobility and 2 or more VTE risk factors present.

C
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TABLE 6 – Continued
#

Reference

Recommendation

Grade of
Recommendation
B

8

Jaffray et al.
(2017)

Studies regarding the efficacy and safety of spTP in pediatric
patients are limited. Meta-analysis on the use of spTP did not
demonstrate any significant efficacy with prophylaxis of CVCVTE, although the studies were underpowered and closed early
due to poor accrual.

9

Mahajerin and
Croteau (2017)

Reports CVC presence as a prerequisite for spTP. This additional
requirement creates a stricter risk-stratification tool aimed to
prevent overutilization of spTP.

C

10

Monagle et al.
(2012)

For children with short- or medium-term CVCs, recommend
against the use of routine spTP.

B

11

Multidisciplina
ry VTE
Prophylaxis
BESt Team
(2014)

Consider spTP in pediatric patients with altered mobility and 2 or
more VTE risk factors. This recommendation is based on
extrapolation of multiple adult studies that support the benefit of
heparin in reducing DVT. In adults, 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].

B

12

Sharathkumar
et al. (2012)

Using logistic regression this study created a tool with a PPV of
2.48% and post-test probability of VTE 3.5 times higher than
pretest probability. Thus, patients identified with this tool as “high
risk” for VTE are recommended to receive clinical and
radiological surveillance and potentially spTP to prevent VTE
events.

C

13

Stem,
Christensen,
Davis, and
Raffini (2013)

Reserve anticoagulation for those perceived to be at highest risk
for VTE; 3 or more risk factors for VTE, and age >13 years.

C

14

Takemoto et
al. (2014)

Consider pTP for older adolescents and young adults. However,
current evidence does not support the broad use of spTP to
prevent CVC-related VTE.

C

15

Vidal

Meta-analysis did not find evidence that spTP reduced the risk of
CVC-related DVT in children.

B
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TABLE 7: Targeted Pharmacologic Thromboprophylaxis (tpTP)
#

Reference

Recommendation

Grade of
Recommendation

1

Jaffray et al.
(2017)

Tissue plasminogen activator (TPA) should be used routinely
for maintenance of catheter patency. Unfractionated heparin
may also been used to maintain and improve catheter patency
however, prospective crossover controlled trial compared
TPA to UFH in preventing CVC-VTE in patients receiving
dialysis found TPA to be superior for VTE prevention.

B

2

Monagle et al.
(2012)

For neonates with a CVC, recommend maintaining CVC
patency with UFH continuous infusion at 0.5 units/kg per h
over no prophylaxis or intermittent local thrombolysis.

A

For pediatric patients with a CVC, recommend routine
flushing with normal saline or heparin or intermittent
recombinant urokinase (rUK) to maintain patency as
compared with no therapy.

C

Meta-analysis reveals a significant reduction in the frequency
of CVC-related DVT with heparin-bonded CVC when tpTP
was started upon insertion of the CVC.

B

3

Vidal et al.
(2014)

mTP. Chima and Hanson (2017) state that there are no pediatric studies showing efficacy
of mTP in preventing VTE. Thus, mTP strategies are extrapolated from the successful use of
mTP in adults, despite the differences in developmental hemostasis and thrombosis risk between
children and adults (Chima & Hanson, 2017). While there is consensus that mTP should be
implemented in patients who are immobile, immobility in the pediatric population is poorly
defined.
spTP. In adults the threshold for employing spTP is a risk for VTE of 2% or greater
(Arlikar et al., 2015). This threshold identifies the point at which the benefit of using the
anticoagulant outweighs the risk for bleeding. However, due to varied and inconsistent risk
scoring systems it is difficult to identify patients who have a 2% or greater risk for VTE. It is
also important to note that the evidence supporting the use of spTP for VTE prevention in
pediatric patients is lacking.
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tpTP. As the greatest risk factor of development of VTE in the pediatric population is
presence of CVC, it is important to review tpTP interventions aimed maintaining CVC patency.
Discussion
This review of literature reveals paucity regarding specific recommendations for the
implementation of mTP and spTP. There is not a standardized method of identifying pediatric
patients at high risk for VTE, yet there are consistent recommendations that spTP should be
reserved for pediatric patients who are at highest risk for VTE. This gap in the literature poses a
significant problem as unselected use of spTP may expose children to life-threatening bleeding
(Lyle et al., 2015). While, mTP is a low-risk intervention, the efficacy of mTP in pediatric
patients has not been studied. Additionally, age and size restricts the implementation of mTP in
the pediatric population. Evidence supporting VTE risk mitigation strategies including specific
CVC characteristics exist. However, recommendations such as avoiding use of percutaneous or
femoral CVCs may not be feasible emphasizing the importance of initiating tpTP at the time of
CVC insertion.
Conclusion
In summary, the synthesis of the evidence revealed the strengths, weaknesses and gaps of
the current literature surrounding pediatric VTE prevention and thromboprophylaxis. Strengths
include a consensus regarding the risk factors for the development of VTE in pediatric patients.
The literature also describes tpTP and risk mitigation strategies for pediatric patients with a CVC.

Weaknesses found through synthesis of the literature include a lack of validation of available risk
stratification tools. Selection of an appropriate risk stratification tool is vital to the success of this
guideline. Finally, gaps in literature remain regarding mTP and spTP in the pediatric population.
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APPENDIX C:
DELPHI SURVEY
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Key Action Statement 1
Providers who care for hospitalized children with a CVC may assess for VTE risk factors
using the major and minor criteria for VTE risk stratification if the patient has been hospitalized
for ≥4 days and is 0-18 years of age and has a central venous catheter.
(Evidence Quality: II, Rec. Strength: Option)
Action: Assess for VTE risk factors using the major and minor criteria for VTE risk
stratification.
Aggregate Evidence Quality: II
Benefits:
•

Risk stratification of pediatric patients with CVC for likelihood of VTE will allow for
target implementation of thromboprophylaxis strategies.

Risk, Harm, Cost:
•

There are no independently and prospectively validated risk stratification tools. Thus,
there is a risk that using the major and minor criteria for VTE in pediatric patients
will yield an inaccurate risk level.

Benefit-Harm Assessment: Balance of Benefits and Harms
Notes: Providers include but are not limited to: hospitalists, intensivists, trauma service
providers, surgery service providers, pharmacists, pediatric hematology/ oncology providers and
advanced practice nurses.
Supporting Evidence and Clinical Interpretation: Arlikar et al. (2015), Atchison et al. (2014),
Branchford et al. (2012), Faustino et al. (2013), Sharathkumar et al. (2012), Takemoto et al.
(2014).
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TABLE 1: Skrocki VTE risk stratification tool
Major Criteria*
Immobilization (Braden Q mobility score of 1 or 2)

Points Minor Criteria**
2
Malignancy

Points
1

Infection
Dehydration
Mechanical Ventilation

2
2
2

Estrogen Therapy
BMI > 95th Percentile
Inflammatory Disease

1
1
1

Age ≥ 13 years

2

Personal history of VTE

1

Patients ages 0-18 years of age with a CVC who have been hospitalized for ≥ 4 days may have
their risk for VTE stratified using the major and minor criteria for VTE risk level in hospitalized
pediatric patients with a CVC.
•

A risk score of <2 “low risk” for VTE.

•

A risk score of 2-3 “moderate risk” for VTE.

•

A risk score of ≥ 4 “high risk” for VTE.
Based on a review of the available evidence please rate KAS 1:
1

2

3

Usually not appropriate

|

4

5

6

May be appropriate

|

7

8

9

Usually appropriate

69
Key Action Statement 2
Providers who care for hospitalized children should initiate targeted pharmacologic
thromboprophylaxis (tpTP) at the time of CVC insertion or hospital admission (if CVC present
on admission) for patients 0-18 years of age.
(Evidence Quality: II, Rec. Strength: Moderate)
Action: Initiate targeted pharmacologic thromboprophylaxis (tpTP)
Aggregate Evidence Quality: II
Benefits:
•

Meta-analysis reveals a significant reduction in the frequency of CVC-related DVT when
tpTP was initiated upon insertion of the CVC.

Risk, Harm, Cost:
•

Risk for heparin induced bleeding related to accidental overdose, especially in neonates,
related to drug error.

Benefit-Harm Assessment: Preponderance of Benefit
Notes: tpTP includes tissue plasminogen activator (TPA), unfractionated heparin (UFH) utilized
to maintain catheter patency or for heparin lock (HL) and intermittent recombinant urokinase
(rUK). Prospective crossover controlled trial compared TPA to UFH in preventing CVC-VTE
and found TPA to be superior for VTE prevention.
Supporting Evidence and Clinical Interpretation: Jaffray et al. (2017), Monagle et al. (2012),
Vidal et al. (2014).
Based on a review of the available evidence please rate KAS 2:
1

2

3

Usually not appropriate

|

4

5

6

May be appropriate

|

7

8

9

Usually appropriate

70
Key Action Statement 3
Providers who care for hospitalized children with a CVC may implement mechanical
thromboprophylaxis (mTP) if/when/whenever pediatric patients with a CVC are found to be at
moderate or high risk for VTE using the major and minor risk factors for pediatric VTE and
have no contraindications to mTP.
(Evidence Quality: III, Rec. Strength: Weak)
Action: Implement mechanical thromboprophylaxis (mTP)
Aggregate Evidence Quality: III
Benefits:
•

In adults, mTP has been shown to improve overall blood flow and activate systemic
fibrinolysis. Extrapolation of this evidence theorized to decrease the incidence of VTE in
pediatric patients at moderate risk for VTE.

Risk, Harm, Cost:
•

There are no pediatric studies showing the efficacy of mTP in preventing VTE. However,
mTP is generally considered a low-risk intervention. Age, size and equipment availability
restricts the implementation of mTP in the pediatric population.

Benefit-Harm Assessment: Preponderance of Benefit
Notes: mTP indicates graduated compression stockings (GCS) or sequential compression
devices (SCD). In adults, the threshold for implementation of mTP is a 1-2% risk of VTE. This
equates to a “moderate” risk for VTE.
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Contraindications to mTP include:
o DVT, suspected or existing,
o Extremity to be used has PIV access,
o Skin conditions affecting extremity (e.g. dermatitis, burn),
o Inability to achieve correct fit due to patient size,
o Bilateral lower extremity trauma or medical issue (Peripheral arterial insufficiency,
Bilateral amputee, acute fracture),
o Lower extremity conditions which result in significant pain with compression (ex. solid
tumor, venoocclusive episode in sickle cell disease).

Supporting Evidence and Clinical Interpretation: Arlikar et al. (2015), Badawy et al. (2016),
Branchford, Wathen, et al. (2017), Chima and Hanson (2017), Elsevier (2014), Faustino et al.
(2014), Hilbert and Bailey (2013), Jaffray et al. (2017), Mahajerin et al. (2015),
Multidisciplinary VTE Prophylaxis BESt Team (2014).

Based on a review of the available evidence please rate KAS 3:
1

2

3

Usually not appropriate

|

4

5

6

May be appropriate

|

7

8

9

Usually appropriate
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Key Action Statement 4
Providers of hospitalized patients with a CVC may prescribe systemic pharmacologic
thromboprophylaxis (spTP) if/when/whenever pediatric patients with a CVC are found to be at
high risk for VTE using the major and minor risk factors for pediatric VTE and the patient has
no contraindications to spTP.
(Evidence Quality: II, Rec. Strength: Option)
Action: Prescribe system pharmacologic thromboprophylaxis (spTP)
Aggregate Evidence Quality: II
Benefits:
•

In adults, the relative risk of VTE in patients treated with spTP compared to no treatment
is 0.51 [95%CI 0.41, 0.63; p<0.0001]. Extrapolation of this evidence indicates that spTP,
when used in select populations, has the potential to prevent pediatric VTE.

Risk, Harm, Cost:
•

Unselected use of spTP may expose children to life-threatening bleeding. Studies
regarding the safety and efficacy of spTP in the pediatric population are limited and
meta-analysis of available literature reveals that the use of spTP did not demonstrate
significant efficacy of for prophylaxis of CVC related VTE.

Benefit-Harm Assessment: Balance of Benefits and Harm
Notes: spTP includes the use of low-molecular weight heparin (LMWH), or heparin dosed for
systemic anticoagulation.

73
Contraindications to spTP include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Anticoagulated, and/or Aspirin or other irreversible platelet inhibitor within past 7
days
Uncorrected coagulopathy: INR >1.5, aPTT ≥44 s, platelet count, 50,000/ mm3, or
fibrinogen <100g/dL
Acute stroke/ brain ischemia, AVM, aneurysm, CNS mass, Moyamoya, Intracranial
hemorrhage
Bleeding (active, major) requiring transfusion, bleeding into vital organ,
hemodynamic instability
Bleeding disorder/tendency or history of unexplained or spontaneous hemorrhage;
Congenital bleeding disorder
Blood pressure (increased): SBP or DBP greater than 95th percentile for age, height,
gender
Anesthesia/analgesia (neuraxial), within past 6 hours
Catheter placement (indwelling) epidural/spinal; Epidural anesthesia
Catheter removal epidural/spinal within past 2 hours
Comfort measures only
HIT history
Hepatic disease without known INR
Neurosurgery, head trauma within 3 day
Spinal hematoma or spinal stabilization surgery within past 24 hours; Incomplete
spinal cord injury with suspected or known para-spinal hematoma
Allergy to UFH or enoxaparin (i.e. heparin induced thrombocytopenia)
The patient is likely to require an invasive procedure within 24 hours of starting
anticoagulation.

Supporting Evidence and Clinical Interpretation: Arlikar et al. (2015), Atchison et al.
(2014), Badawy et al. (2016), Branchford, Wathen, et al. (2017), Chima and Hanson
(2017), Faustino et al. (2014), Hilbert and Bailey (2013), Jaffray et al. (2017), Mahajerin
et al. (2015), Monagle et al. (2012), Multidisciplinary VTE Prophylaxis BESt Team
(2014), Sharathkumar et al. (2012), Stem et al. (2013), Takemoto et al. (2014), (Vidal et
al., 2014).
Based on a review of the available evidence please rate KAS 4:
1

2

3

Usually not appropriate

|

4

5

6

May be appropriate

|

7

8

9

Usually appropriate
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Key Action Statement 5
Providers of hospitalized patients may avoid femoral and/or multilumen CVCs and
percutaneous insertion technique if/when/whenever their benefit does not clearly outweigh their
risks. (Evidence Quality: III, Rec. Strength: Option)
Action: Avoid femoral CVCs and percutaneous central line insertion
Aggregate Evidence Quality: III
Benefits:
•

Specific characteristics of CVCs increase risk for VTE. Avoidance of these
characteristics decreases the likelihood of VTE in pediatric patients.

Risk, Harm, Cost:
•

Femoral lines and percutaneous insertion technique is frequently used as a lifesaving
measure used in critically ill patients.

Benefit-Harm Assessment: Balance of Benefits and Harms
Notes: Consensus identifies specific characteristics of a CVC that increase risk of VTE.
Modifiable CVC characteristics associated with increased VTE incidence include CVC location
and length. Patients with CVC placed by percutaneous insertion technique have an increased risk
for VTE versus cut-down or tunneled line.
Supporting Evidence and Clinical Interpretation: Faustino et al. (2013), Gray et al. (2012),
Shah et al. (2015), Jaffray et al. (2017).
Based on a review of the available evidence please rate KAS 4:
1

2

3

Usually not appropriate

|

4

5

6

May be appropriate

|

7

8

9

Usually appropriate
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ABSTRACT
Objective
Formulation of a clinical practice guideline (CPG) for the use of thromboprophylaxis
(TP) in pediatric patients with a central venous catheter (CVC).
Participants
The development team consisted of five experts and a doctoral candidate who acted as
the primary author.
Evidence
The guideline was developed utilizing the Appraisal of Guidelines for Research and
Evaluation II framework. A systematic review of the evidence was performed and evidence was
graded using the American Academy of Pediatrics (2004) evidence classifications for CPG
recommendations.
Consensus
A modified Delphi methodology was employed; members of the development team
reviewed available evidence and voted on proposed Key Action Statements (KAS). Consensus
was defined as 80% rating the KAS “usually appropriate”. An appraisal team evaluated the
guideline quality utilizing the AGREE Plus platform.
Conclusion
Five KAS are included in the final CPG. Each KAS indicates level of evidence, benefitharm relationship, and level of recommendation.
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Summary of Recommendations
Venous Thromboembolism (VTE) Risk Stratification
KAS 1. Providers of hospitalized children may assess for VTE risk factors using the
Skrocki VTE risk stratification tool if the patient is hospitalized and is 0-18 years of age and has
a central venous catheter. (Evidence Quality: C, Rec. Strength: Option).
Thromboprophylaxis
KAS 2. Providers of hospitalized children should initiate targeted pharmacologic
thromboprophylaxis (tpTP) at the time of CVC insertion or hospital admission (if CVC present
on admission) for patients 0-18 years of age. (Evidence Quality: B, Rec. Strength: Strong
Recommendation)
KAS 3. Providers of hospitalized children with a CVC may implement mechanical
thromboprophylaxis (mTP) if the child is immobile (Braden Q score <2) or at moderate/ high
risk for VTE using the Skrocki VTE risk stratification tool and have no contraindications to
mTP. (Evidence Quality: B, Rec. Strength: Recommendation).
KAS 4. Providers of hospitalized patients with a CVC may prescribe systemic
pharmacologic thromboprophylaxis (spTP) if the patient is found to be at high risk for VTE
using Skrocki VTE risk stratification tool and the patient has no contraindications to spTP.
(Evidence Quality: C, Rec. Strength: Option).
Risk Mitigation
KAS 5. Providers of hospitalized patients should avoid femoral and/or multilumen CVCs
and percutaneous insertion technique if their benefit does not clearly outweigh their risks.
(Evidence Quality: B, Rec. Strength: Recommendation).
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Introduction
The goal of this guideline is to provide an evidence-based approach to venous
thromboembolism (VTE) risk stratification, prevention via thromboprophylaxis, and risk
mitigation. The guideline is designed for use in hospitalized patients from birth to 18 years of
age who have a central venous catheter (CVC). The target users for this guideline are providers
who care for hospitalized children with a CVC and include but are not limited to hospitalists,
intensivists, trauma service providers, surgery service providers, pharmacists, pediatric
hematology/oncology providers and advanced practice registered nurses. The guideline does not
apply to patients in the Neonatal Intensive Care Unit (NICU), or newborns in the mother baby
unit/ newborn nursery. This guideline will not address the diagnosis of, treatment for, or longterm sequelae of VTE, which is a field with a large and distinct literature.
VTE is a collective term referring to both pulmonary embolism (PE) and deep vein
thrombosis (DVT) (Maynard, 2016). Thromboprophylaxis is defined as measures taken to
prevent the formation of a VTE. Thromboprophylaxis measures can be mechanical (mTP) or
pharmacologic (pTP). mTP is defined as mechanical thromboprophylaxis for lower extremities
with graduated compression stockings (GCS) or sequential compression devices (SCD). pTP can
further be defined as targeted pharmacologic thromboprophylaxis (tpTP) and systemic
pharmacologic thromboprophylaxis (spTP). tpTP includes pharmacologic measures aimed at
maintaining catheter patency (plasminogen activator [TPA], unfractionated heparin [UFH]
utilized to maintain catheter patency or for heparin lock and intermittent recombinant urokinase
[rUK]), while spTP includes systemic anticoagulation agents (low-molecular weight heparin
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(LMWH), or heparin dosed for systemic anticoagulation.). Risk mitigation addresses the location
and insertion methods of the CVC.

VTE is estimated to be one of the most prevalent causes of avoidable hospital-associated
deaths and there is strong evidence that pediatric VTE is on the rise (Maynard, 2016; Raffini et
al., 2009). Incidence of pediatric VTE is increasing due to increased survival of children with
chronic diseases that require the use of interventions associated with increased VTE risk, such as
the presence of a CVL (Mahajerin et al., 2015; Multidisciplinary VTE Prophylaxis BESt Team,
2014). Additionally, a study by Branchford (2015) found that development of pediatric VTE was
associated with a median cost of over $27,000 and an average of 8.1 additional hospital days.
Reduction of the incidence of VTE will result in a decrease in its associated morbidity, costs,
emotional suffering, and mortality (Maynard, 2016).
Methods
Pediatric VTE prevention is a priority area in need of practice guidelines, thus a
guideline development team assembled to gain consensus on evidence-based recommendations.
The guideline was developed utilizing the Appraisal of Guidelines for Research and Evaluation
II framework and will be updated using the timeline method and reviewed for relevance based on
the most current literature at 5-year intervals (The Capacity Enhancement Program (CEP), 2012).
Systematic Review of the Literature
Guideline development began as the primary author performed a systematic review of the
literature. A search strategy to identify relevant clinical evidence was developed. Medline, The
Cochrane Library, Embase and CINAHL databases were included in the literature search. The
search also included scoping of relevant guidelines (local and national) produced by other groups
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or institutions. A variety of keywords were used including: VTE, venous thromboembolism,
DVT, deep vein thrombosis, thromboprophylaxis, venous thromboembolism prophylaxis,
pediatric and children. The following limits were applied: English language, abstract available,
full text available and published within the last five years. Reference lists of included studies
were screened for potentially relevant studies. Twenty-five articles were pertinent to the research
topic of pediatric VTE risk stratification and thromboprophylaxis. Figure 1 Literature Search
Results Flow Chart illustrates the evidence selection process. Evidence levels of the included
literature were graded using the American Academy of Pediatrics [AAP] Steering Committee on
Quality and Management (2004) classification recommendations for clinical practice guidelines
as seen in Figure 2.
FIGURE 2. AAP (2004) Evidence Classification for CPG Recommendations

Reproduced with permission from PEDIATRICS, Vol. 114, Page 876, Copyright © 2004 by the AAP
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FIGURE 1. Literature Search Results Flow
Data Sources Searched

(45) Citations Identified

(2) Duplicates Removed
Clinical Practice
Guidelines
NGC
Local Guidelines
Systematic Reviews
The Cochrane Library
Medical Databases
Medline
EMBASE
CINAHL

(43) Titles/Abstracts
Screened
(6) Excluded

(37) Full Text Retrieval
(Where possible)

(16) Excluded

(21) Full Text Screened
(4) Other Sources
(e.g. identified from
reference lists, authors,
etc.)

(25) Meeting Study Selection
Criteria
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Developing Consensus on Included KAS
Following the literature review the primary author drafted a narrative text summarizing
the evidence found in the literature for use in the Delphi Methodology. As the views and
preferences of the target population were sought to be incorporated within the guideline,
preferences identified from the systematic review of the literature were included in the narrative
text of the evidence. Next, a modified Delphi methodology was employed in which members of
the development team reviewed available evidence and voted on proposed Key Action
Statements (KAS). Members of the development team comprised of content experts from the
following specialty areas: pediatric intensive care, pediatric trauma/ surgery, pediatric
hematology/oncology, pharmacy, and clinical nurse specialist. Each member of the development
team reviewed the available evidence and then rated each KAS. Team members rated the KAS
without consulting the other team members, thus protecting anonymity (Keeney et al., 2011).
Consensus on included KAS was defined as 80% rating the KAS “usually appropriate”.
External Quality Review
Next, the guideline was externally reviewed by an independent panel of quality experts
prior to its publication (CEP, 2012). The panel of quality experts included a PhD prepared nurse
specializing in vascular access, a medical director of a children’s hospital, and a doctoral
prepared director of nursing research. Using the AGREE II tool the quality experts evaluated the
completed guideline by answering a series of questions that address each domain of the AGREE
II methodology (Appendix E). Each appraiser was invited to use the “My AGREE Plus” website
to complete their appraisal, which allowed scores to be calculated automatically. The final
AGREE II quality rating acts as an indicator of the rigor of guideline development.
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VTE Risk Stratification
KAS 1
Providers of hospitalized children may assess for VTE risk factors using the Skrocki VTE
risk stratification tool if the patient is hospitalized and is 0-18 years of age and has a central
venous catheter. (Evidence Quality: C, Rec. Strength: Option).
TABLE 1. Action Statement Profile KAS 1
Aggregate Evidence Quality
Benefits
Risks, Harm, Cost
Benefit-Harm Assessment
Strength

C
Risk stratification of pediatric patients with CVC for likelihood of VTE
will allow for targeted implementation of thromboprophylaxis strategies.
The tool has not been independently and prospectively validated thus, there
is a risk that using the Skrocki VTE risk stratification tool will yield
inaccurate risk level.
Balance of Benefits and Harms
Option

Seven novel clinical VTE risk-scoring tools have been developed for the pediatric
population as seen in Table 2 (Arlikar et al., 2015; Atchison et al., 2014; Branchford et al., 2012;
Hilbert & Bailey, 2013; Mahajerin et al., 2015; Multidisciplinary VTE Prophylaxis BESt Team,
2014; Sharathkumar et al., 2012). Only one of these tools has been independently and
prospectively validated. Prospective validation of the Sharathkumar et al. (2012) tool was
published as “abstract only,” and yielded good specificity (75%) and poor sensitivity (37%)
(Schultz et al., 2016). There is no universally recognized pediatric VTE risk prediction tool.
Furthermore, the content experts on the guideline development team were concerned that use of
the Sharathkumar et al. (2012) risk stratification tool would lead to over prescription of systemic
pharmacologic thromboprophylaxis.
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TABLE 2. Pediatric VTE Risk Stratification Tools
# Reference

Population

Criteria

1 Arlikar et
al. (2015)

Critically ill
children
ages <21
years.

2 Atchison
et al.
(2014)

Noncritically ill
children
ages 0-21
years of age

3 Branchfor
d et al.
(2012)

4 Hilbert
and Bailey
(2013)

Hospitalized
children
ages birth
through 21
years.
Hospitalized
patients ≥ 12
years of age.

5 Mahajerin
et al.
(2015)

Hospitalized
patients ages
12-17.

6 Multidisci
plinary
VTE
Prophylax
is BESt
Team
(2014)
7 Sharathku
mar et al.
(2012)

Hospitalized
patients ages
10 to 17
years of age.

Risk scores is calculated based on independent risk factors of CVC
(8 points), LOS ≥4 days (6 points) and significant infection (1 point).
A score of 15 points would prompt pharmacological
thromboprophylaxis (low-dose anticoagulation) in the absence of
elevated bleeding risk; a score of 7-14 points would trigger
mechanical prophylaxis (pneumatic compression devices in children
of appropriate size); and a score of <6 points would call for
observation without specific prophylactic intervention.
This risk stratification tool assigns 5 points for CVC, 2 points for
infection, and 1 point for LOS greater than or equal to 4 days. A
score of 8 points warrants pharmacologic thromboprophylaxis (lowdose anticoagulation) in the absence of bleeding contraindications; a
score of 7 points warrants mechanical prophylaxis (pneumatic
compression device in children of appropriate size; early ambulation
as appropriate); and a score of <6 points warrants observation
without specific prophylactic intervention.
This tool identifies that when the combination of mechanical
ventilation, systemic infection, and length of hospitalization of five
days or over had a sensitivity of 45% (95%CI: 34-57%) and a
specificity of 95% (95%CI: 90-98%) for development of in-hospital
VTE.
Stratifies VTE risk into three categories based on number of VTE
risk factors (0,1, or ≥ 2) and mobility status. Low risk patients:
encourage highest degree of mobility; at risk patients: mobility and
employ mTP; high risk: mobility, mTP and pTP.
Ambulatory patients are considered as low risk. Non-ambulatory
patients with or without a CVC are considered moderate or high risk
based upon the absence or presence of additional risk factors as
described by the VTE risk assessment and prophylaxis algorithm.
Moderate risk patients should receive mTP, and high risk patients
should receive pTP.
Patients who do not have altered mobility or any other risk factors
are found to be low risk with no intervention necessary. Patients with
altered mobility and ≤1 risk factor are considered moderate risk and
mTP is recommended. Patients with altered mobility ≥2 risk factors
are found to be high risk with both mTP and pTP recommended.

Hospitalized
patients 0-20
years of age.

The risk score was calculated using 3 points for prolonged
immobilization ≥72 hours, 2 points for each of length of stay ≥7 days
and hormone therapy, 1 point each for the presence of a central
venous line and a positive blood culture and 0.5 for ICU/NICU
admission. A score of ≥3 indicates high risk for VTE. Those patients
with positive PCDR will require clinical and radiological
surveillance and potentially prophylactic anticoagulation therapy to
prevent VTE events.

Independent
Prospective
Validation
No

No

No

No

No

No

Yes; resulted
with good
specificity
(75%) and
poor
sensitivity
(37%) (Schultz
et al., 2016).
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From the literature review, a risk stratification tool was developed for use in this
guideline. VTE risk factors for inclusion in the tool were identified from studies yielding
statistically significant risk factors and/or risk factors with overwhelming consensus in the
literature (Table 4). The Skrocki VTE Risk Stratification Tool is demonstrated in Table 3. The
tool is designed for use in hospitalized patients ages 0-18 years of age with a CVC.
TABLE 3: Skrocki VTE risk stratification tool
Major
Anticipated
Hospitalization ≥ 4 days.
Systemic Infection

Points
3

Mechanical Ventilation
Age ≥ 13 years

3
3

3

Risk Factors for VTE
Moderate
Points
Malignancy
2
Immobilization
(Braden Q mobility
score of 1-2)
Estrogen Therapy

Minor
Dehydration

Points
1

2

BMI >95th Percentile

1

2

Inflammatory Disease
Personal History of VTE

1
1

*Patients with a score of ≥ 5 are “High Risk” for VTE
**Patients scoring 2-4 are at “Moderate Risk” for VTE
** Patients scoring <2 are classified as “At Risk” for VTE
Consensus in the literature has identified several factors that are statistically significant
predictors of VTE in the pediatric population. There is strong agreement that the presence of a
CVC is the greatest risk factor for VTE in the pediatric population, thus presence of a CVC is a
requirement for use of the Skrocki VTE risk stratification tool (Arlikar et al., 2015; Atchison et
al., 2014; Mahajerin et al., 2015; Monagle et al., 2012; Sharathkumar et al., 2012; Takemoto et
al., 2014). Almost all children who develop VTE have a CVC however, not all children with a
CVC develop VTE. The goal of the Skrocki VTE Risk Stratification Tool is to identify those
patients with a CVC who are at highest risk for VTE development.
Risk factors found to be statistically significant in more than one study include and have
consensus in the literature include: length of stay greater than or equal to four days (Arlikar et
al., 2015; Atchison et al., 2014; Branchford, Wathen, et al., 2017; Elsevier, 2014; Hilbert &
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Bailey, 2013; Multidisciplinary VTE Prophylaxis BESt Team, 2014), systemic infection
(Arlikar et al., 2015; Atchison et al., 2014; Branchford et al., 2012; Sharathkumar et al., 2012),
mechanical ventilation (Branchford et al., 2012; Sharathkumar et al., 2012), and age over 13
years (Arlikar et al., 2015; Atchison et al., 2014; Faustino et al., 2013; Takemoto et al., 2014),
Risk factors that have statistical significance in at least one study and consensus in the
literature include: malignancy (Atchison et al., 2014), immobilization (Sharathkumar et al.,
2012) (Elsevier, 2014; Hilbert & Bailey, 2013; Multidisciplinary VTE Prophylaxis BESt Team,
2014; Sharathkumar et al., 2012), estrogen therapy (Sharathkumar et al., 2012) (Branchford,
Wathen, et al., 2017; Elsevier, 2014; Hilbert & Bailey, 2013; Multidisciplinary VTE Prophylaxis
BESt Team, 2014; Sharathkumar et al., 2012).
Risk factors with overwhelming consensus in the literature include: dehydration (Arlikar
et al., 2015; Atchison et al., 2014; Branchford et al., 2012; Elsevier, 2014; Sharathkumar et al.,
2012) BMI > 95th percentile (Branchford, Wathen, et al., 2017; Elsevier, 2014; Hilbert &
Bailey, 2013; Multidisciplinary VTE Prophylaxis BESt Team, 2014; Sharathkumar et al., 2012),
inflammatory disease (Branchford, Wathen, et al., 2017; Elsevier, 2014; Hilbert & Bailey,
2013; Multidisciplinary VTE Prophylaxis BESt Team, 2014; Sharathkumar et al., 2012) and
personal history of VTE (Branchford, Wathen, et al., 2017; Elsevier, 2014; Hilbert & Bailey,
2013; Multidisciplinary VTE Prophylaxis BESt Team, 2014).
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TABLE 4. Statistically Significant Risk Factors for VTE in Pediatric Patients
Reference

Arlikar et al.
(2015)

OR 26.64
CI (7.4695.13)
p=0.001

> 4 days
OR 20.22
CI (2.27- 180.07)
p=0.007

Significant/
Systemic
Infection
OR 3.41
CI (1.1310.29)
p= 0.029

Atchison et al.
(2014)

OR 27.67
CI (8.4091.22)
p=<0.0001

≥4 days
OR 5.26
CI (1.74-15.88)
p=0.003

OR 10.40
CI (3.4631.25)
p=<0.0001

OR 5.06
CI (2.589.94)
p=<0.001

NR

Branchford et
al. (2012)

OR 1.44
CI (0.702.97)
p=0.33
NR

≥5 days
OR 1.03
CI (1.01-1.04)
p=<0.001
NR

OR 3.05
CI (1.575.94)
p=0.001
NR

OR 1.65
CI (0.594.62)
p-value: NR
NR

OR 3.29
CI (1.537.06)
p=0.002
OR 3.1
CI (0.7-13.2)
p=0.12

Sharathkumar
et al. (2012)

OR 2.818
CI (1.69–
4.69)
p=< 0.0001

≥7days
OR 9.552
CI (4.57–19.95)
p=< 0.0001

OR 4.019
CI (1.81–
8.93)
p=0.0006

NR

Number (%)
72 (41.6%)
p=< 0.001

Takemoto et
al. (2014)

Number
(%)
120 (50%)
p=< 0.0001

LOS in days
Median; IQR
8; 3-18
p= <0.0001

NR

Number (%)
55 (20%)
p=NR

NR

Faustino et al.
(2013)

CVC

Length of Stay

Malignancy

Mechanical
Ventilation

Age

Dehydration

OR 0.69
CI (0.192.55)
p= 0.58

OR 1.87
CI (0.635.50) p=0.26

Per each 1 y
increase.
OR 0.97
CI (0.93-1.01)
p= 0.17
11-15y
OR 2.21
CI (0.40-12.32)
p=0.37
16-21y
OR 2.32
CI (0.45-11.87)
p=0.31
NR

OR 1.32
CI (0.48-3.61)
p=0.59

Cardiac Catheterization
OR 5.49
CI (0.81-37.24)
p=0.08

OR 1.51
CI (0.59-3.84)
p=0.39

No other statistically significant risk
factors reported.

OR 2.11
CI (0.51-8.66)
p-value: NR

No other statistically significant risk
factors reported.

>13 years
OR 14.1
CI (1.9-105.8)
p=0.01
NR

NR

Median age in
years; IQR
16; 8-19
p=<0.0001

NR

Race/ethnicity listed as “other”
OR 6.3
CI (1.2-32.1)
p=0 .03
Immobilization
OR 20.769 CI (3.910–110.322)
p=0.0004
Estrogen Therapy
OR 9.038 CI (2.617–31.212)
p=0.0005
ICU Admission
OR 1.736 CI (1.030–2.926)
p=0.0385
>4 medical conditions
IRR 4.0,
CI (1.4-8.9).

Number (%)
4 (2.3%)
p=0.99

Other
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Thromboprophylaxis
KAS 2
Providers of hospitalized children should initiate targeted pharmacologic
thromboprophylaxis (tpTP) at the time of CVC insertion or hospital admission (if CVC present
on admission) for patients 0-18 years of age. (Evidence Quality: B, Rec. Strength: Strong
Recommendation)
TABLE 5. Action Statement Profile KAS 2
Aggregate Evidence Quality
Benefits
Risks, Harm, Cost
Benefit-Harm Assessment
Strength

B
Meta-analysis reveals a significant reduction in the frequency of CVC-related
DVT when tpTP was initiated upon insertion of the CVC.
Risk for heparin induced bleeding related to accidental overdose, especially in
neonates, related to drug error.
Preponderance of Benefit
Strong Recommendation

As the greatest risk factor of development of VTE in the pediatric population is presence of
CVC, it is important to include targeted interventions aimed maintaining CVC patency as
thrombus formation at the site of the CVC may lead to symptomatic VTE. tpTP includes tissue
plasminogen activator (TPA), unfractionated heparin (UFH) utilized to maintain catheter patency
or for heparin lock (HL) and intermittent recombinant urokinase (rUK) (Table 6).
TABLE 6: Targeted Pharmacologic Thromboprophylaxis (tpTP)
#

Reference

1

Jaffray et al.
(2017)

2

Monagle et al.
(2012)

Recommendation
Tissue plasminogen activator (TPA) should be used routinely for
maintenance of catheter patency. Unfractionated heparin may also
been used to maintain and improve catheter patency however,
prospective crossover controlled trial compared TPA to UFH in
preventing CVC-VTE in patients receiving dialysis found TPA to
be superior for VTE prevention.
For neonates with a CVC, recommend maintaining CVC patency
with UFH continuous infusion at 0.5 units/kg per h over no
prophylaxis or intermittent local thrombolysis.
For pediatric patients with a CVC, recommend routine flushing
with normal saline or heparin or intermittent recombinant urokinase
(rUK) to maintain patency as compared with no therapy.

Grade of
Recommendation
B

A

C
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TABLE 6. Continued
#

Reference

Recommendation

3

Vidal et al.
(2014)

Meta-analysis reveals a significant reduction in the frequency of
CVC-related DVT with heparin-bonded CVC when tpTP was
started upon insertion of the CVC.

Grade of
Recommendation
B

Guidelines for central line management vary by institution. At the author’s institution
policy is as follows (The Children's Hospital at Providence Alaska Medical Center, 2017):
Port-a-cath. Port-a-cath should be flushed with Heparin 10 Units/mL, 3mL for neonatal/
pediatric port-a-cath and 5mL for adult/ standard port-a-cath after each use. For port-a-cath that
is accessed but not in use, flush every 12 hours using same guidelines. Flush with Heparin 100
Units/mL every month when not accessed or when deaccessing.
Peripherally inserted central catheter (PICC). Flush with Heparin 10 Units/mL, 1mL
for infants less than 10kg and 3mL for patients greater than 10kg after each use, unless
maintenance fluids are running.
Percutaneous inserted central catheter. This includes femoral, subclavian and jugular
lines. Flush with Heparin 10 Units/mL, 1mL for infants less than 10kg and 3mL for patients
greater than 10kg after each use, unless maintenance fluids are running.
Tunneled/ cuffed catheters. Flush with Heparin 10 Units/mL, 1mL for infants less than
10kg and 3mL for patients greater than 10kg after each use, unless maintenance fluids are
running. When hospitalized and catheter is not in use, recommended maintenance includes
heparin flush every 12 hours using same guidelines. Outpatient maintenance includes flushing
with Heparin 100 Units/mL every month, 1mL for infants less than 10kg and 3mL for patients
greater than 10kg.
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KAS 3
Providers of hospitalized children with a CVC may implement mechanical
thromboprophylaxis (mTP) if the child is immobile (Braden Q score <2) or moderate/ high risk
for VTE using the Skrocki VTE risk stratification tool and have no contraindications to mTP.
(Evidence Quality: B, Rec. Strength: Recommendation).
TABLE 7. Action Statement Profile KAS 3
Aggregate Evidence Quality
Benefits

Risks, Harm, Cost

Benefit-Harm Assessment
Strength

B
In adults, mTP has been shown to improve overall blood flow and activate
systemic fibrinolysis. Extrapolation of this evidence theorized to decrease
the incidence of VTE in immobile patients and/or patients at moderate risk
for VTE. mTP is generally considered a low-risk intervention.
There are no pediatric studies showing the efficacy of mTP in preventing
VTE. Age, size and equipment availability restricts the implementation of
mTP in the pediatric population. Theoretically, the use of mTP may not
prevent CVC-VTEs, especially for CVCs placed in the upper extremities.
Preponderance of Benefit
Recommendation

As described by Chima and Hanson (2017), there are no pediatric studies showing the
efficacy of mTP in preventing VTE. mTP strategies are extrapolated from the successful use of
mTP in adults. Developmental hemostasis and VTE risk factors differ in children from those
found in adults (Chima & Hanson, 2017). Additionally, age and size restricts the implementation
of mTP in the pediatric population.
Consensus of the literature states that mTP should be implemented in patients who are
immobile however, immobility is poorly defined. Recently Branchford, Mahajerin, et al. (2017)
published recommended definitions for pediatric VTE risk factors. This publication defined
immobility as a Braden Q mobility score less than 2 (“very limited or completely immobile”)
(Branchford, Mahajerin, et al., 2017).
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There is a lack of high-level evidence supporting current mTP practices, yet following
current recommendations would not be erroneous. Recommendations from the literature are
described in Table 8.
TABLE 8. Mechanical Thromboprophylaxis* (mTP)
#

Reference

1

Arlikar et al. (2015)

2

Badawy et al.
(2016)
Branchford,
Mahajerin, et al.
(2017)
Elsevier (2014)

3
4

Recommendation
Patients found to be at moderate risk for VTE should
receive mTP.
Expert consensus that mTP is indicated for children with
fractures or prolonged immobilization.
Patients with a CVC and 1 additional risk factor for VTE
should receive mTP**
mTP is a recommended intervention for prevention of VTE
in pediatric patients.
Expert consensus demonstrates age ≥ 13 [OR 2.23; 95% CI
(1.39-3.59) p<0.05] and obesity [OR 3.43; 90% CI (1.388.51), p<0,05] are indications for the use of mTP in
critically ill pediatric patient at risk for VTE.
mTP is recommended for: (1) patients with altered mobility
or (2) patients with baseline mobility and 1 or more VTE
risk factors.

Grade of
Recommendation
C
D
C
C

5

Faustino et al.
(2014)

D

6

Hilbert and Bailey
(2013)

7

Mahajerin et al.
(2015)

Recommends mTP for all pediatric patients with altered
mobility.

C

8

Multidisciplinary
VTE Prophylaxis
BESt Team (2014)

For patients with a CVC and altered mobility or 1
additional VTE risk factor, administer mTP.

B

B

*mTP is defined as mechanical thromboprophylaxis for lower extremities with graduated compression stockings
(GCS) or sequential compression devices (SCD).
**Specifies that SCD is preferred over GCS.

Contraindications to mTP include: DVT (suspected or existing), extremity to be used has
PIV access, skin conditions affecting extremity (e.g. dermatitis, burn), inability to achieve
correct fit due to patient size, bilateral lower extremity trauma or medical issue (peripheral
arterial insufficiency, bilateral amputee, acute fracture), and lower extremity conditions which
result in significant pain with compression (e.g. solid tumor, venoocclusive episode in sickle cell
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disease) (Branchford, Mahajerin, et al., 2017; Hilbert & Bailey, 2013; Mahajerin et al., 2015;
Multidisciplinary VTE Prophylaxis BESt Team, 2014).
KAS 4
Providers of hospitalized patients with a CVC may prescribe systemic pharmacologic
thromboprophylaxis (spTP) if the patient is found to be at high risk for VTE using Skrocki VTE
risk stratification tool and the patient has no contraindications to spTP. (Evidence Quality: C,
Rec. Strength: Option).
TABLE 9. Action Statement Profile KAS 4
Aggregate Evidence Quality
Benefits

Risks, Harm, Cost

Benefit-Harm Assessment
Strength

C
In adults, the relative risk of VTE in patients treated with spTP compared to
no treatment is 0.51 [95%CI 0.41, 0.63; p<0.0001] (Multidisciplinary VTE
Prophylaxis BESt Team, 2014). Extrapolation of this evidence indicates
that spTP, when used in select populations, has the potential to prevent
pediatric VTE.
Unselected use of spTP may expose children to life-threatening bleeding.
Studies regarding the safety and efficacy of spTP in the pediatric
population are limited and meta-analysis of available literature reveals that
the use of spTP did not demonstrate significant efficacy of for prophylaxis
of CVC related VTE
Balance of Benefits and Harm
Option

In adults the threshold for employing spTP is a risk for VTE of 2% or greater. This
threshold identifies the point at which the benefit of using the systemic anticoagulant outweighs
the risk for bleeding. However, due to varied and inconsistent risk scoring systems it is difficult
to identify patients who have a 2% or greater risk for VTE. It is also important to note that the
evidence supporting the use of spTP for VTE prevention in pediatric patients is lacking. There is
not a standardized method of identifying pediatric patients at high risk for VTE, yet there are
consistent recommendations that spTP should be reserved for pediatric patients who are at
highest risk for VTE. This gap in the literature poses a significant problem as unselected use of

97
thromboprophylaxis may expose children to life-threatening bleeding (Lyle et al., 2015). Table
10 outlines the recommendations from current literature.
TABLE 10. Systemic Pharmacologic Thromboprophylaxis (spTP)
#

Reference

Recommendation

Grade of
Recommendation
C

1

Arlikar et al.
(2015)

Using logistic regression this study identified pediatric patients at
“high risk” for VTE (risk of >2%).
Based on an extrapolation of adult recommendations, they
recommend initiating spTP in the absence of bleeding risk for
patients found to be at high risk for VTE using their risk-scoring
tool.

2

Atchison et al.
(2014)

This study identified a risk stratification tool in which patient who
score as “high risk” (>8 points) have an estimated risk for VTE of
12.5%.
Based on an extrapolation of adult recommendations, they
recommend initiating spTP in the absence of bleeding risk for
patients found to be at high risk for VTE using their risk-scoring
tool.

C

3

Badawy et al.
(2016)

Expert consensus (96%) demonstrates spTP should be initiated in
select patient populations with potential pro-thrombotic risk
factors.
Majority of experts (>50%) would consider spTP for personal
history of VTE, inheritance of severe thrombophilic condition and
age.

D

4

Branchford,
Wathen, et al.
(2017)

spTP, with low-molecular weight heparin (enoxaparin) or
unfractionated heparin, should be considered for high-risk patients
without contraindications.

C

5

Chima and
Hanson (2017)

VTE prevention in critically ill and/or injured children should
include spTP especially in children >12 years of age. However,
spTP should be instituted thoughtfully especially in patients at
high risk for bleeding as data demonstrates a low but definite risk
of bleeding children receiving pharmacologic prophylaxis.

B

6

Faustino et al.
(2014)

This study defined patient qualification for spTP as 1) any patient
admitted to the PICU and 2) based on the ACCP pediatric
guidelines, any patient with dilated cardiomyopathy, cavopulmonary anastomosis, cyanotic congenital heart disease, endstage renal disease, or pulmonary hypertension who had no
contraindication to anticoagulation.

C

7

Hilbert and
Bailey (2013)

Preliminary data and clinical expert opinion support the
implementation of spTP for patients if the patient has altered
mobility and 2 or more VTE risk factors present.

C
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TABLE 10. Continued
8

Jaffray et al.
(2017)

Studies regarding the efficacy and safety of spTP in pediatric
patients are limited. Meta-analysis on the use of spTP did not
demonstrate any significant efficacy with prophylaxis of CVCVTE, although the studies were underpowered and closed
early due to poor accrual.

B

9

Mahajerin and
Croteau (2017)

Reports CVC presence as a prerequisite for spTP. This additional
requirement creates a stricter risk-stratification tool aimed to
prevent overutilization of spTP.

C

10

Monagle et al.
(2012)

For children with short- or medium-term CVCs, recommend
against the use of routine spTP.

B

11

Multidisciplina
ry VTE
Prophylaxis
BESt Team
(2014)

Consider spTP in pediatric patients with altered mobility and 2 or
more VTE risk factors. This recommendation is based on
extrapolation of multiple adult studies that support the benefit of
heparin in reducing DVT. In adults, 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].

B

12

Sharathkumar
et al. (2012)

Using logistic regression this study created a tool with a PPV of
2.48% and post-test probability of VTE 3.5 times higher than
pretest probability. Thus, patients identified with this tool as “high
risk” for VTE are recommended to receive clinical and
radiological surveillance and potentially spTP to prevent VTE
events.

C

13

Stem et al.
(2013)

C

14

Takemoto et
al. (2014)

Reserve systemic anticoagulation for those perceived to be at
highest risk for VTE; 3 or more risk factors for VTE, and age >13
years.
Consider spTP for older adolescents and young adults. However,
current evidence does not support the broad use of spTP to
prevent CVC-related VTE.

15

Vidal

Meta-analysis did not find evidence that spTP reduced the risk of
CVC-related DVT in children.

B

C

spTP includes the use of low-molecular weight heparin (LMWH), or heparin dosed for
systemic anticoagulation. Contraindications to spTP are listed in Table 11.
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TABLE 11. Contraindications to Systemic Pharmacologic Thromboprophylaxis (spTP)
Anticoagulated, and/or Aspirin or other irreversible
platelet inhibitor within past 7 days
Blood pressure (increased): SBP or DBP greater than
95th percentile for age, height, gender
AVM
Acute stroke/ brain ischemia
Uncorrected coagulopathy: INR >1.5, aPTT ≥44 s,
platelet count, 50,000/ mm3, or fibrinogen <100g/dL
Aneurysm
CNS mass
Moyamoya,
Intracranial hemorrhage
Bleeding (active, major) requiring transfusion, bleeding
into vital organ, hemodynamic instability
Bleeding disorder/tendency or history of unexplained or
spontaneous hemorrhage; Congenital bleeding disorder

Spinal hematoma or spinal stabilization surgery within
past 24 hours
Catheter placement (indwelling) epidural/spinal;
Epidural anesthesia,
Catheter removal epidural/spinal within past 2 hours,
Comfort measures only
Allergy to UFH or enoxaparin such as heparin induced
thrombocytopenia (HIT)
Hepatic disease without known INR
Neurosurgery
Head trauma within 3 days,
Anesthesia/analgesia (neuraxial), within past 6 hours,
Incomplete spinal cord injury with suspected or known
para-spinal hematoma
Likely to require an invasive procedure within 24 hours
of starting anticoagulation.

VTE Risk Mitigation
KAS 5
Providers of hospitalized patients should avoid femoral and/or multilumen CVCs and
percutaneous insertion technique if their benefit does not clearly outweigh their risks. (Evidence
Quality: B, Rec. Strength: Recommendation).
TABLE 12. Action Statement Profile KAS 5
Aggregate Evidence Quality
Benefits
Risks, Harm, Cost
Benefit-Harm Assessment
Strength

B
Specific characteristics of CVCs increase risk for VTE. Avoidance of these
characteristics decreases the likelihood of VTE in pediatric patients.
Femoral lines and percutaneous insertion technique is frequently used as a
lifesaving measure used in critically ill patients. Delay in central venous
access may result in death.
Preponderance of Benefit
Recommendation

Consensus identifies that there are specific characteristics of a CVC that increase risk of
VTE these characteristics are described in Table 13. Risk mitigation strategies address the
modifiable CVC characteristics including CVC location, insertion technique and number of
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lumens. VTE reduction strategies for patients with CVCs include avoiding percutaneous femoral
and multi-lumen CVCs, and early catheter removal (Monagle et al., 2012).
TABLE 13. CVC Characteristics Associated with Increased VTE Incidence
#
1

Reference
Faustino et al. (2013)

CVC Characteristics
CVC Location
Internal jugular:11 (68.8%), p=0.03
Femoral:4 (25%), p-value NR

Grade of Evidence
C

CVC Length
≥12cm: 10 (62.5%), p=.008
2

Gray et al. (2012)

CVC Location
Femoral: 42(70%), p=0.04

C

CVC Size
Multi-lumen Catheter (>4fr): 35(54%), p=<0.01

3

Shah et al. (2015)

4

Jaffray et al. (2017)

Insertion Technique
Percutaneous insertion: 28 (47%), p=<0.01
CVC Location
Femoral: OR 11.1, CI (3.9–31.6), p<0.0001
CVC Location
Femoral lines;
CVCs placed on the upper left side in the subclavian
vein (vs. jugular).

C
B

Insertion Technique
Percutaneous technique (vs. cut-down),
Peripherally inserted central catheters (vs. tunneled
lines),
Externally tunneled (vs. internal CVCs, such as port-acaths).

There is intentional vagueness in this KAS. There are situations in which the harm of not
placing a percutaneous or femoral line would outweigh the benefits of decreased VTE risk. The
provider must use their judgment to identify situations in which placement of a tunneled catheter
would be an appropriate alternative to percutaneous insertion technique.
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Future Research Needs
•

Independent prospective validation of VTE risk stratification tools

•

Impact of VTE risk score on clinical outcomes

•

Does mTP reduce likelihood of VTE in pediatric patients?

•

Additional studies on use of mTP in pediatric patients with CVC

•

Studies regarding the safety and efficacy of spTP in the pediatric population

•

Identification of criteria necessary to prescribe spTP
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