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Background

The incidence of pediatric hospital-associated venous

thromboembolism (HA-VTE), comprising deep vein

thrombosis (DVT) and pulmonary embolism (PE) occur-

ring during hospitalization or within 30 days of discharge,

is rising [1]. This increase is attributed to increased utiliza-

tion of aggressive life-saving measures in the intensive

care unit (ICU) that necessitate the use of central venous

catheters (CVCs), as well as increased clinical awareness

and better recognition with advanced diagnostic tech-

niques [2]. This rise in pediatric HA-VTE cases prompts

concern over increased co-morbidities (e.g. post-thrombo-

tic syndrome), mortality and financial burden. Guidelines

on safe and effective strategies to prevent pediatric HA-

VTE are therefore imperative.

Unfortunately, pediatric HA-VTE prevention guidelines

are not well established, mainly because of a paucity of

evidence in this population, even though children may

share risk factors with adult patients [3–6]. Pediatric HA-

VTE risk factor data are available from a few small, sin-

gle-institution studies [3,7,8], but lack sufficient power to

discern differences across important subgroups such as

types of surgery (e.g. orthopedic vs. neurosurgery) or can-

cer (e.g. leukemia vs. solid tumors). Consistent risk factor

definitions, needed for reliable interpretation of studies

from different research groups such as these, are lacking.

Moreover, pediatric VTE pathophysiology is different

from that of adults, particularly concerning the role of

CVCs, which are present in the majority of pediatric HA-

VTE patients [9–11].
A recent systematic literature review and meta-analysis

of risk factors and risk assessment models [12] was per-

formed by our Working Group for Pediatric HA-VTE

Prevention and Risk Scores. This review confirmed the

presence of a CVC, ICU admission, mechanical ventila-

tion and length of hospitalization as important risk fac-

tors for pediatric HA-VTE [10]. Unfortunately, the meta-

analysis was limited (primarily by lack of agreement in

risk factor definitions) to 60 articles from nearly 400 that

were initially identified. Additionally, work has recently

begun on differentiating risk factors among children in
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different hospital units, as it is expected that non-criti-

cally-ill children [13] may exhibit different HA-VTE risk

profiles to those in pediatric [14], cardiac [15] or neonatal

[16] ICUs. Prevention strategies may also differ by age

group [17,18].

Rationale

A few single-institution studies have demonstrated risk

models [3,4,7,13], but more work is needed to develop an

accurate risk-adapted scoring system. Pediatric-specific

HA-VTE risk factor definitions and outcomes must be

standardized to allow for consistency among future

prospectively validated risk models as a basis for risk-

stratified prevention trials.

Methods

The recommendations herein summarize expert consensus,

including presentations and discussions at the Pediatric/

Neonatal Hemostasis and Thrombosis Subcommittee

meetings during the 60th and 61st Scientific and Standard-

ization Committee (SSC) meetings of the International

Society on Thrombosis and Haemostasis (ISTH). A Work-

ing Group for ‘Pediatric HA-VTE Prevention and Risk

Scores’ comprising N.A. Goldenberg (Chairman), B.R.

Branchford, A. Mahajerin, L. Raffini, E. Chalmers and C.

H. van Ommen was assembled. Key source materials

included a recent systematic review of the pediatric HA-

VTE literature [10]. Final recommendations were derived

by consensus from subject matter experts and include input

from former and current Subcommittee Chairmen, A.K.C.

Chan and C. Male, respectively.

Recommendations

Recommendation 1: Risk Factor Definitions This Work-

ing Group was convened to address risk factor definition

standardization, but also emphasizes several overall con-

siderations for future pediatric HA-VTE research. Table 1

displays suggested standardized definitions for some risk

factors (from prior single-institution studies) with histori-

cally variable meanings.

1A: Risk factor duration. In general, risk factor defini-

tions should include the duration (e.g. CVCs by catheter-

in-situ days or hormone replacement therapy/contracep-

tion by length of therapy prior to symptom onset) needed

for them to be considered ‘provoking’, as well as an

assessment of whether the factor is modifiable.

1B: CVC-specific considerations. Because CVCs are so

commonly associated with pediatric HA-VTE, it is impor-

tant to clearly define CVC-specific features, including line

type, material, insertion site and tip location. Addition-

ally, CVC insertion increasingly utilizes ultrasound guid-

ance to decrease insertion attempts and more accurately

estimate the catheter to vessel diameter ratio, decreasing

endothelial injury events and mechanical flow restriction,

respectively. Identification of the characteristics most

highly associated with CVC-related VTE will be critical

to future risk stratification and mitigation strategies.

Recommendation 2: Study Design and Endpoints Prior

ISTH SSC guidelines exist for VTE clinical anticoagula-

tion trials evaluating safety and efficacy, but those

designed to address prevention may warrant different

endpoints. Risk factor studies should prioritize symp-

tomatic VTE but should also consider non-invasive

surveillance for asymptomatic VTE events as a secondary

endpoint. Because poor sensitivity and specificity of dis-

charge diagnosis codes from the International Classifica-

tion of Diseases, 9th edition (ICD-9) for VTEs have been

described [19–21], putative VTE cases retrospectively

identified via billing codes should be diagnostically vali-

dated via radiologic report.

The Working Group also recommends addressing the

obstacle of small patient numbers by prioritizing collabo-

rative, multi-institutional studies to increase enrollment

ability and dilute regional differences in underlying medi-

cal co-morbidities. These studies will ideally have a nested

case–control design (i.e. random selection of controls

from all inpatients in an institution, to decrease bias

resulting from control group choice), as the odds ratios

and multivariate logistic regression available in this con-

text allow for rank-ordering of risk factors. Graded risk

scores can then be created by retrospective chart review

and later prospectively validated in cohort studies and,

ultimately, randomized control trials to evaluate safety

and efficacy of intervention strategies.

Recommendation 3: Clinical Subgroup Focus Finally, the

Working Group also recommends that future pediatric

HA-VTE efforts focus on delineation of specific clinical

subgroups to aid in appropriate risk stratification to guide

safe and effective thromboprophylaxis efforts.

In particular, greater emphasis on age stratification is

needed, as it has been demonstrated that the risk of VTE

varies considerably across patient age, with the highest

incidence during the neonatal period, followed by another

peak in adolescence [22,23]. Studies should, therefore,

report the distribution of data by age, including neonates

(0–30 days), infants (> 30 days–1 year), pre-school chil-

dren (1–5 years), school-aged children (5–12 years) and

adolescents (12–18 years). Also, more clinical risk factor

subgroups should be considered (e.g. medical vs. surgical

patients, critically ill vs. non-critically ill, solid tumor vs.

leukemia, and surgery types and durations).

Discussion

A recent systematic review of the pediatric HA-VTE liter-

ature [10] encapsulated many of the obstacles to high-

quality pediatric VTE research: a small overall number of
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Table 1 Definitions of terminology

Risk factor Definition Notes

VTE PE, DVT affecting venous drainage from limbs (including

intra-abdominal thrombosis), right atrial thrombosis, cerebral

sinus venous thrombosis

Does not include catheter tip fibrin sheath, or clots in external

circulation devices (extra-corporeal membrane oxygenation,

ventricular assist device, etc.)

Not present or suspected on admission

Subgroup analysis by VTE location and character

(symptomatic/asymptomatic, occlusive/non-occlusive,

etc.) suggested when numbers permit

Personal history of VTE defined as prior deep vein

thrombosis or pulmonary embolism in the subject

Central venous

catheter (CVC)

Intravascular catheter terminating at or close to the heart or in

one of the great vessels, used for delivery of fluids or

medications, hemodialysis, hemodynamic monitoring or

frequent blood draws

Clarify short term (e.g. peripherally inserted central

catheter, temporary jugular or femoral line) or long

term (e.g. mediport, broviac or other tunneled CVC)

Immobility Mobility decreased from baseline for > 48 h, including, but

not limited to, that resulting from sedation for mechanical

ventilation, acute spinal injury, transverse myelitis or

Guillain-Barre syndrome

Differentiate severe immobility (ICU admission or

bedrest order) from minimal (no restrictions) and

moderate (remaining clinical situations)

May consider inability to ambulate 100 feet without

support [31] or Braden Q Mobility Score < 2 (‘very

limited or completely immobile’) or Activity Score < 2

(‘chairfast’ or ‘bedfast’) [32]

Cancer Active cancer (i.e. not in remission for leukemia/lymphoma or

not having undergone local control for solid tumors)

Differentiate solid tumor from leukemia/lymphoma,

phase of therapy, type of chemotherapy used (e.g.

asparaginase, steroids), and type of CVC used

Infection Systemic or severe local infections. Positive blood/sputum

culture, blood/respiratory viral assay, imaging study

(pneumonia, mastoiditis) or systemic antibiotics

Weight Morbid obesity (body mass index [BMI] > 99th percentile for

age), obesity (> 95–99th percentile) and overweight (85–95th
percentile)

BMI valid for patients 2–20 years

When evaluating as a dichotomous variable based on an

informative threshold, also report distribution of data

and analyze also as a continuous variable

Pregnancy 12 weeks post-conception through to 6 weeks post-partum

Inflammation Systemic inflammatory response syndrome or acute

exacerbation of inflammatory disease (cystic fibrosis,

inflammatory bowel disease, juvenile idiopathic arthritis,

systemic lupus erythematosus, sickle cell disease with vaso-

occlusive crisis, etc.), severe burns

C-reactive protein, erythrocyte sedimentation rate, D-

dimer, interleukin-6, procalcitonin, ferritin

Length of stay Hospital days When evaluating as a dichotomous variable based on an

informative threshold, also report distribution of data

and analyze also as a continuous variable

Decreased natural

anticoagulants

Loss {nephrotic syndrome, protein-losing enteropathy,

asparaginase (48 h effect, or 14 days for pegylated version

[33])} or consumption (disseminated intravascular

coagulation, purpura fulminans, meningococcal infections,

etc.)

Surgery Operative procedure (with general anesthesia) requiring

subsequent hospital admission or occurring during a

hospitalization or within the prior 2 weeks

Surgical subgroups (orthopedic spine, orthopedic non-

spine, general/abdominal, neurosurgical, etc.) should be

considered separately Track anesthesia time

Note if admission to surgery service for specific

diagnosis of injury, and report the Injury Severity

Score (ISS [34])

Family history Venous or arterial thrombotic event in first-degree relative

before age 40 years

Multiple unexplained spontaneous abortions

Severe thrombophilia in first-degree relative (deficiencies of

antithrombin, protein C or protein S according to age-based

normals), homozygous/compound heterozygote mutations of

prothrombin (G20210A mutation) or factor V (Leiden

mutation)

Moderate/severe

dehydration

(by World Health

Organization

definition)

Moderate (2 of the following): thirst, restless/irritable

behavior, slight decrease in skin turgor

Severe (2 of following): lethargic/unconscious, poor drinking

or inability to drink, lack of urine output, sunken eyes, major

decrease in skin turgor

Because hemoconcentration increases blood viscosity,

future studies should quantify this state to afford a

widely applicable assessment of its significance
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studies (mostly retrospective case series, registry reviews

or cohort studies with small patient numbers) and marked

variability in the definitions of various risk factors. Some

of these risk factors are quite difficult to define, but the

Working Group has made suggestions in Recommenda-

tions above.

Unlike some hospital-acquired conditions such as cen-

tral line-associated blood stream infections, in which the

targeted interventions (e.g. sterile technique for line

access) are benign, thromboprophylaxis for HA-VTE pre-

vention carries potential risks of pressure ulcers (mechani-

cal) and bleeding (pharmacologic). Although the risk of

major bleeding [24] with prophylactic anticoagulation

dosing is likely to be quite small, based on the low rate

(~2%) reported for therapeutic dosing levels in adult

studies [25] it still may complicate the decision to institute

this strategy. Other practical barriers include cost, dis-

comfort with injections, and various medication options

[26,27].

Detailed information on the risk of HA-VTE in specific

patient subgroups will inform risk-based interventions

and decrease unnecessary exposure to interventions with

potential adverse effects. This consideration becomes par-

ticularly noteworthy in certain subpopulations, such as

children with cancer with a risk of bleeding from

chemotherapy-related thrombocytopenia or other coagu-

lation defects that outweighs the potential benefit of phar-

macologic thromboprophylaxis [28].

The field currently lacks high-quality risk factor data

in pediatric HA-VTE. Therefore, a main priority is to

design studies to validate existing risk scores via multi-

center retrospective (e.g. case–control) and prospective

(e.g. hospital-based observational cohort, with nested

case–control design) studies. Large collaborative studies

or database mining (such as those regarding pediatric

trauma [12,29,30]) are needed to generate adequate power

to mitigate the high confounding potential of myriad

putative risk factors in light of relatively rare pediatric

HA-VTE events. These studies should prioritize the eval-

uation of significant risk factors identified in a recent sys-

tematic literature review [10]: presence of CVC, ICU

admission, mechanical ventilation and prolonged admis-

sion. Once informed by risk stratification from coopera-

tive observational studies, multicenter randomized control

trials of mechanical and/or pharmacologic thrombopro-

phylaxis should be instituted to evaluate whether risk-

assessment and risk-based intervention strategies are both

safe and effective in reducing the incidence of pediatric

HA-VTE in specific patient subgroups. Such recommen-

dations are the objective of future efforts by the Working

Group. Additionally, although it is beyond the scope of

the present communication, it is worthwhile noting that

although the Working Group focused on standardizing

definitions of VTE clinical research elements, it also dis-

cussed the importance of common-sense approaches to

prevention of VTE (e.g. using established central line-

associated bloodstream infection prevention efforts to

also reduce the incidence of VTE, optimizing CVC to

vessel diameter ratios and insertion techniques, and early

mobilization).

Addendum

B. Branchford wrote the original draft of the manuscript,

which was then reviewed and edited by A. Mahajerin, L.

Raffini, E. Chalmers, and C. H. van Ommen before final

review by the Working Group Chair, N. Goldenberg. The

SSC Chair, A. K. C. Chan, then solicited feedback from

the whole committee prior to submission of the final ver-

sion.
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