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espite the increasing incidence of venous thromboembolism (VTE) in hospitalized children, the risks and benefits of VTE
prophylaxis, particularly for those hospitalized after trauma, are unclear. The Pediatric Trauma Society and the Eastern Association
for the Surgery of Trauma convened a writing group to develop a practice management guideline on VTE prophylaxis for
this cohort of children using the Grading of Recommendations Assessment, Development, and Evaluation framework.
METHODS: A
 systematic review of MEDLINE using PubMed from January 1946 to July 2015 was performed. The search retrieved English-
language articles on VTE prophylaxis in children 0 to 21 years old with trauma. Topics of investigation included pharmacologic
and mechanical VTE prophylaxis, active radiologic surveillance for VTE, and risk factors for VTE.
RESULTS: F
orty-eight articles were identified and 14 were included in the development of the guideline. The quality of evidence was low to
very low because of the observational study design and risks of bias.
CONCLUSIONS: I
n children hospitalized after trauma who are at low risk of bleeding, we conditionally recommend pharmacologic prophylaxis be
considered for children older than 15 years old and in younger postpubertal children with Injury Severity Score (ISS) greater than
25. For prepubertal children, even with ISS greater than 25, we conditionally recommend against routine pharmacologic prophy-
laxis. Second, in children hospitalized after trauma, we conditionally recommend mechanical prophylaxis be considered for chil-
dren older than 15 years and in younger postpubertal children with ISS greater than 25 versus no prophylaxis or in addition to
pharmacologic prophylaxis. Lastly, in children hospitalized after trauma, we conditionally recommend against active surveillance
for VTE with ultrasound compared with routine daily physical examination alone for earlier detection of VTE. The limited pedi-
atric data and paucity of high-quality evidence preclude providing more definitive recommendations and highlight the need for
clinical trials of prophylaxis. (J Trauma Acute Care Surg. 2017;82: 627–636. Copyright © 2016 Wolters Kluwer Health, Inc.
All rights reserved.)
LEVEL OF EVIDENCE: S
ystematic review/meta-analysis, level III.

KEYWORDS: D
eep vein thrombosis; injury severity score; intensive care; pediatric; wounds and injuries.
I n the past decade, the incidence of venous thromboembolism
(VTE) in hospitalized children increased by nearly 70%, likely

because of advancements in the care of critically ill children, in-
creased awareness, and better detection methods.1 In the short
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term, VTE in children is associated with prolonged hospi-
talization, pulmonary embolism, paradoxical embolic stroke,
and even death, whereas in the long term, it is associated with
prolonged anticoagulation, recurrence of VTE, and postthrom-
botic syndrome with limb swelling and pain due to venous
insufficiency.2 Venous thromboembolism is also associated with
excess inpatient costs ranging from $12,000 to $28,000 per
hospitalization.3,4 Although the incidence of VTE in children
is low, children hospitalized after trauma, similar to adults, are at
increased risk of VTE.1,5,6 Of the nearly one quarter of a million
children hospitalized after trauma annually in the United States,
0.1% to 0.8% develop VTE.3,7 Given the rising incidence of
VTE in children and the resultant morbidity and excess cost,
there is growing impetus for hospitals to institute local pediatric
guidelines onVTE prophylaxis, particularly in high-risk popula-
tions, such as those hospitalized after trauma.

Unlike in adults, there is paucity of evidence on the risks
and benefits of VTE prophylaxis in children.2,5 As local pediat-
ric guidelines on VTE prophylaxis are developed, it is impera-
tive to evaluate the current state of evidence to determine what
recommendations can be made. The Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE)
methodology provides guidance for rating evidence quality and
627
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grading strength of recommendations.8,9 Applying the GRADE
methodology, awriting group from the Pediatric Trauma Society
and the Practice Management Guidelines Section of the Eastern
Association for the Surgery of Trauma developed recommen-
dations with the goal of providing an evidence-based frame-
work for hospitals that are developing local guidelines on VTE
prophylaxis for children hospitalized after trauma.

OBJECTIVES

The primary objective of this guideline was to evaluate
whether pharmacologic or mechanical prophylaxis reduces the
incidence of VTE in children hospitalized after trauma and
whether active surveillance with ultrasound (versus daily physi-
cal examination alone) results in earlier detection of VTE in this
population. Our PICO (population [P], intervention [I], compar-
ator [C], and outcome [O]) questions were as follows:

PICO Question 1
In children hospitalized after trauma (P), should pharma-

cologic VTE prophylaxis be utilized (I), compared with no phar-
macologic prophylaxis (C), to reduce the incidence of VTE (O)?

PICO Question 2
In children hospitalized after trauma (P), should mechan-

ical VTE prophylaxis be utilized (I), compared with no prophy-
laxis or in addition to pharmacologic prophylaxis (C), to reduce
the incidence of VTE (O)?

PICO Question 3
In children hospitalized after trauma (P), should active

surveillance for VTE with ultrasound be performed (I), com-
pared with daily physical examination alone (C), to detect VTE
earlier (O)?

A secondary objective was to evaluate putative risk fac-
tors for VTE in children hospitalized after trauma. The find-
ings for this question were incorporated in PICO Question 1.

INCLUSION CRITERIA FOR THIS REVIEW

Study Types
We included case series, cross-sectional studies, case-control

studies, cohort studies, and randomized controlled trials. Origi-
nal studies from meta-analyses and reviews were also included.
Case reports, surveys, and letters to the editor were excluded.

Participant Type
Any patient 0 to 21 years old who developed VTE after

being hospitalized for trauma was included. Similar children
who did not develop VTE were included as control subjects.

Intervention Types
Pharmacologic VTE prophylaxis consisted primarily of

low-molecular-weight heparin, particularly enoxaparin, unfrac-
tionated heparin, or warfarin. Mechanical prophylaxis consisted
of pneumatic compression devices or compression stockings.
Ultrasound scans of the lower extremities and of insertion sites
for central venous catheters were used for active surveillance
for VTE. The putative risk factors evaluated were age, severity
of injury, presence of central venous catheters, major surgery,
628
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site and type of injury (i.e., acute spinal cord, pelvis fracture,
femur fracture, head injury, abdominal injury, and chest injury),
obesity, mechanical ventilation, use of recombinant factor
VIIa, and immobilization.

Outcome Measure Type
The relevant outcomes were the incidence of VTE for

PICO Questions 1 and 2 and time to detection of VTE for PICO
Question 3. Via consensus, the writing group considered inci-
dence of VTE as a critical outcome and time to detection of
VTE an important outcome. Venous thromboembolism was
defined as deep vein thrombosis in the extremities and/or pulmo-
nary embolism. For PICO Questions 1 and 2, only symptomatic
VTE was included because this was the most consistently re-
ported outcome in pediatric studies. For PICO Question 3,
VTE detected by active surveillance with ultrasound, regard-
less of symptoms, was compared with symptomatic VTE. We
also used symptomatic VTE as outcome for the review of puta-
tive risk factors. Given the paucity of data, other relevant out-
comes (e.g., duration of hospitalization, incidence of stroke,
mortality rate, duration of anticoagulation, recurrence of VTE,
incidence of postthrombotic syndrome, and costs of care) were
not evaluated, even though the writing group considered these
as important outcomes.

REVIEW METHODS

Search Strategy
A medical librarian performed a systematic review of the

MEDLINE database using PubMed from January 1946 to July
2015. The search strategies included “venous thromboembolism,”
“trauma,” and “pediatric,” with additional subject headings
and text words per concept and with added specific terms for
“prophylaxis” and “prevention.” The search was restricted
to humans, availability of full text article, and publication in
English language. Only clinical studies in a pediatric trauma
population, defined as 21 years or younger, or studies that com-
bined adults and children but had delineated analyses for chil-
dren were analyzed.

Study Selection/Data Extraction
Abstracts were reviewed for relevance to the PICO ques-

tions of interest by one of the authors (A.M.). Potentially relevant
studies underwent full text review by the entire writing group to
determine inclusion. Conflicts were resolved through group con-
sensus. Once the included articles were determined, data on the
study type, subject characteristics, presence of putative risk fac-
tors for VTE, type of prophylaxis, presence of VTE, and strength
of association between exposure, that is, prophylaxis or putative
risk factor, and VTE were extracted into a Microsoft Excel spread-
sheet (Microsoft Corporation, Redmond, Washington). Data were
checked in duplicate for accuracy by two members of the writ-
ing group assigned to the PICO question. Inconsistencies were
resolved through full group review of the data and discussion.

Assessment of Methodological
Quality/GRADE Process

The quality of evidence for each PICO question was
assessed by two members of the writing group. Based on the
GRADEguidelines, randomized controlled trials and observational
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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studies were initially categorized as having high and low quality,
respectively.8 The category was upgraded or downgraded based
on the five core GRADE domains of risk for bias, inconsistency,
indirectness, imprecision, and publication bias, as well as the
size of effect. The quality of evidence for each study was final-
ized after discussions with the entire writing group. We utilized
GRADEpro (McMaster University and Evidence Prime Incor-
porated, Hamilton, Ontario, Canada), an online software, to cre-
ate summary-of-findings tables for each PICO question.10

Measures of Treatment Effect
Because of the small number of studies available for each

PICO question and significant differences in study design, meta-
analysis was not performed, and summarymeasures of treatment
effect were not calculated. Incidence of VTE was presented as
counts (%), whereas that for time to detection of VTE was pre-
sented as median days. Comparisons for incidence of VTE were
performed using Fisher exact test. For the putative risk factors,
significant heterogeneity of studies or lack of control subjects
prevented calculation of summary measures of effect. Strengths
of association were expressed as odds or risk ratios.
RESULTS

The literature search yielded 48 articles (Fig. 1). A total of
34 articles (71%) were excluded mainly because of study design.
There were no randomized controlled trials. Of the included
studies, only two addressed, at most partially, the PICO ques-
tions of interest.11,12 A total of 14 studies addressed the putative
risk factors for VTE.3,6,7,12–22 The age ranges for these studies
were 0 to 15 years old (one study), 0 to16 years old (one study),
0 to 17 years old (four studies), 0 to 18 years old (one study), 0 to
19 years old (one study), 0 to 20 years old (two studies), and 0 to
21 years old ( four studies).

Pharmacologic Prophylaxis in Children
Hospitalized After Trauma (PICO Question 1)

In children hospitalized after trauma (P), should pharma-
cologic VTE prophylaxis be utilized (I), compared with no phar-
macologic prophylaxis (C), to reduce the incidence of VTE (O)?
Figure 1. Flow diagram of included studies. Studies were excluded p

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Qualitative Synthesis
The literature search yielded only one study with data on

the incidence of VTE in children hospitalized after trauma
who received pharmacologic prophylaxis compared with those
who did not receive prophylaxis (Table 1). In this study, Hanson
et al.11 compared the incidence of VTE in children admitted to
the intensive care unit after trauma during three time periods:
prior to implementation of an institutional guideline for VTE
prophylaxis using enoxaparin, rollout phase, and post–guideline
implementation. The age ranges (median) of children in the three
time periods were 0 to 18 (12) years old, 0 to 19 (10) years old,
and 0 to 18 (7) years old, respectively. For purposes of this prac-
tice management guideline, only the preguideline and postguide-
line cohortswere included. In children at low risk of bleedingwho
received enoxaparin, 0 of 35 (0%) had symptomatic VTE com-
pared with 9 of 308 children (2.9%) who did not receive
enoxaparin (p = 0.75). This equated to 15 fewer (95% confidence
interval [CI], 58 fewer to 28more) VTE events per 1,000 critically
ill children admitted after trauma. Low risk of bleeding in this
study was defined as absence of intracranial bleeding, solid organ
injury, planned surgical intervention or invasive procedure, and
renal failure.

In the absence of evidence to support a recommendation
for routine pharmacologic prophylaxis, we attempted to identify
children hospitalized after trauma who are at high risk of VTE
(Tables 2–4). Connelly et al.6 published the first clinical pre-
diction tool to predict VTE in children 0 to 17 years old who
were hospitalized after trauma. The tool included Glasgow Coma
Scale score, age, gender, intubation, admission to the intensive
care unit, transfusion of blood products, placement of central
venous catheter, pelvic and lower-extremity fracture, and major
surgery. In derivation and validation cohorts, the tool per-
formed well, with areas under the receiver operating charac-
teristic curve greater than 0.90. A similar clinical prediction
tool with similar findings was published while this guideline
was under review.23 The writing group was not able to criti-
cally appraise this publication or incorporate its findings into
this guideline.

Adult trauma victims are known to be at risk of VTE, lead-
ing to concern that the risk of VTE in children hospitalized after
rimarily based on the study design.
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TABLE 2. Association of Age and VTE in Children Hospitalized
After Trauma

Reference Population
Age

Group*
VTE

Incidence**
Risk for VTE
(95% CI)

Vavilala et al22 All trauma <5 0.2 Reference group

5–9 0.4 aRR, 2.0 (0.5–7.8)

10–15 1.3 aRR, 5.0 (1.5–16.7)

Van Arendonk
et al7

All trauma <12 1 Reference group

13–15 3 aOR, 2.0 (1.5–2.5)

16–21 8 aOR, 3.8 (3.0–4.8)

Connelly et al6 All trauma 0 0.7 Reference group

1–9 1.8 aOR, 0.4 (0.3–0.6)

10–12 1.1 aOR, 0.9 (0.5–1.4)

13–15 2.6 aOR, 1.3 (0.9–1.9)

16–17 5.5 aOR, 1.7 (1.2–2.4)

O’Brien and
Candrilli19

All trauma;
>1 d in
intensive
care unit

<1 3.8 OR, 1.8 (1.4–2.3)

1–4 1.8 Reference group

5–9 1.8 OR, 1.0 (0.8–1.3)

10–13 2.5 OR, 1.1 (0.9–1.4)

14–17 6.2 OR, 2.3 (2.0–2.8)

18–21 9.9 OR, 3.0 (2.5–3.6)

Harris and
Lam17

Traumatic
brain injury

<1 2.5 Reference group

1–9 1.2 aOR, 0.8 (0.4–1.9)

10–14 2.3 aOR, 1.5 (0.6–3.5)

15–20 7.6 aOR, 3.7 (1.8–8.0)

Jones et al18 Spinal cord
injury

<14 11 aOR, 0.2 (0.1–0.7)

14–19 44 aOR, 0.7 (0.5–1.0)

30–49 67 Reference group

*In years.
**Per 1,000 children.
aOR indicates adjusted odds ratio; ARR, adjusted risk ratio.

TABLE 3. Association of ISS and VTE in Children Hospitalized
After Trauma

Reference Population Score
VTE

Incidence*
Risk for VTE
(95% CI)

Candrilli3 All trauma <9 0.9 Reference group

9–15 4 aOR, 2.1 (1.5–3.1)

16–25 5 aOR, 2.5 (1.6–3.7)

>25 16 aOR, 3.5 (2.0–6.2)

Vavilala et al22 All trauma <9 0.2 Reference group

9–15 1.5 aRR, 5.8 (2.4–13.6)

16–24 2.2 aRR, 7.4 (2.5–21.4)

≥25 8.1 aRR, 21.4 (8.4–54.3)

Van Arendonk
et al7

All trauma <9 0.4 Reference group

9–15 3 aOR, 4.0 (3.1–5.1)

16–24 6 aOR, 5.9 (4.6–7.8)

25–75 26 aOR, 7.2 (5.4–9.6)

Connelly et al6 All trauma <9 0.3 Not reported

9–15 1.4 Not reported

16–24 5.3 Not reported

25–75 19 Not reported

Cyr15 Severe injury
admitted to
intensive care
unit or length
of stay >72 h

<9 Not reported Reference group

≥9 Not reported OR, 5.3 (1.6–17.3)

O’Brien and
Candrilli19

Trauma >1 d
in intensive
care unit

<9 0.9 Not reported

9–15 2.9 Not reported

16–24 5.8 Not reported

≥25 14 Not reported

*Per 1,000 children.
aOR indicates adjusted odds ratio; ARR, adjusted risk ratio.
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trauma is higher after the onset of puberty.24 Of four studies that
analyzed children 0 years to 15 to 21 years old who were hos-
pitalized after trauma, children older than 10 to 15 years
(depending on the reference group) had increased risk of VTE
(Table 2).6,7,19,22 In a cohort of children 0 to 17 years old,
Connelly et al.6 demonstrated increased risk of VTE in children
older than 15 years, but not for those 10 to 15 years old. In two
additional database analyses of children with specific injuries,
children 15 to 20 years old with traumatic brain injury had higher
incidence of VTE compared with children 0 to 14 years old,
whereas those 0 to 14 years old with acute spinal cord injury
had lower incidence of VTE than did the reference adult group
(30–49 years old).17,18 In a recent national Delphi consensus
study among pediatric trauma experts, consensus was reached
that VTE prophylaxis should not be given to children 12 years
or younger except in exceptional cases.24

Different thresholds of Injury Severity Score (ISS) have
been used to define children at increased risk of VTE (Table 3).
Among unselected children hospitalized after trauma, an ISS 25
or greater was strongly associated with VTE.3,7,22 In subsets of
children admitted to the intensive care unit or those with pro-
longed hospitalization, a score greater than 9 conferred higher
risk of VTE.15,19 The interaction between ISS and age of
the child was not addressed in these studies. In the national
Delphi consensus study, near-consensus was reached in
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer H
favor of VTE prophylaxis in children with multiple major
trauma or an ISS score greater than 25.24

The associations between the other putative risk fac-
tors, that is, central venous catheter, major surgery, site and
type of injury (i.e., acute spinal cord, pelvis fracture, femur
fracture, head injury, abdominal injury, and chest injury),
obesity, mechanical ventilation, and immobilization, and
VTE in children hospitalized after trauma, remain unclear
(Table 4).3,6,7,12,13,15–17,19,20,22 The odds ratios ranged from
0.8 to 64.0, depending on the putative risk factor. No studies
provided the strength of association between the use of re-
combinant factor VIIa and VTE.

Grading the Evidence
With the use of the GRADE framework for evaluating

the data specifically related to the outcome of incidence of
VTE, very serious concerns about imprecision in the estimates
were found (Table 1). Therefore, the overall quality of this evi-
dence was downgraded from low to very low.

DISCUSSION

An analysis of available evidence showed an absence of
high-quality studies comparing the incidence of VTE in chil-
dren hospitalized after trauma with respect to exposure to
631
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TABLE 4. Association of Other Putative Risk Factors and VTE in
Children Hospitalized After Trauma

Putative Risk Factor
No. of Studies

(With Odds Ratios)
Range of

Odds Ratios
GRADE

Quality Level

Central venous
catheter7,13,15–17,19,20,22

8 (7) 1.3–64.0 C

Major surgery*7,19,20,22 4 (3) 0.8–5.0 C

Acute spinal cord
injury7,15,16,19,20,22

6 (3) 1.8–37.4 C

Pelvis fracture7,13,19,20,22 5 (2) 1.2–1.6 C

Femur fracture7,13,16,19,20,22 6 (3) 1.0–3.3 C

Head injury7,19,20,22 4 (2) 1.3–4.8 C

Abdominal injury7,15,22 3 (1) 7.7 C

Chest injury7,15,22 3 (2) 2.7–6.9 C

Obesity7 1 (1) 3.0 C

Mechanical
ventilation7,17,19,20

4 (3) 0.9–2.5 C

Recombinant factor
VIIa16

1 (0) — D

Immobilization**16 1 (1) 0.8–10 C

Grades of Recommendation, Assessment, Development, and Evaluation (GRADE)
Methodology Levels for Rating theQuality of Evidence:8 A/high: very confident that the true
effect lies close to estimate of effect; B/moderate: moderate effect; true effect is likely close to
estimate of effect but may be substantially different; C/low: limited confidence; true effect
may be substantially different from estimate of effect; D/very low: little confidence; true
effect likely substantially different from estimate of effect.

*In two studies, major surgery included craniotomy, spinal procedure, open reduction/
internal fixation, and laparotomy.19,22

**Immobilization was defined to include neuromuscular blockade >24 hours, deep
sedation >24 hours, and Glasgow coma Scale score <8 on admission.
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pharmacologic prophylaxis. The described work by Hanson
et al.11 showed a nonsignificant decrease in VTE with the
use of enoxaparin in children at low risk of bleeding. The
writing group excluded asymptomatic VTE identified by
guideline-directed screening ultrasound in the analysis. It
is possible that some of these VTE would eventually have
become symptomatic. In adults with major trauma who are
at low risk of bleeding, pharmacologic prophylaxis is rec-
ommended because of its proven efficacy and safety.5 In
addition, available evidence suggests that pharmacologic
prophylaxis in children is relatively safe with regard to
bleeding events, both after trauma and in other clinical
settings.25–27

The available literature suggests that increasing age, par-
ticularly older than 15 years, and severe injury, defined as an
ISS greater than 25, are associated with increased risk of VTE.
In an attempt to combine the risks of VTE due to multiple fac-
tors, clinical prediction tools have been developed.6,23 While
these tools may improve our ability to identify the small cohort
of children hospitalized after trauma who are at high risk of
VTE, they do not provide any information on the efficacy and
safety of pharmacologic prophylaxis.28 Because of this signifi-
cant gap in knowledge, the writing group unanimously decided
to focus the recommendation only to children older than 15 years
or those with an ISS greater than 25. Because of the maturation
of the coagulation system during puberty, it is likely that the risk
of VTE in younger postpubertal children approaches that of
older children in the presence of an ISS greater than 25.29,30
632
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Similar extrapolations are not necessarily appropriate for prepu-
bertal children with ISS greater than 25 but should be investi-
gated. Onset of puberty, as defined by Tanner Stage 2 genital
and pubic hair growth, has been shown to occur as early as
9 years in boys and 9.5 years in girls, depending on ethnicity.31

Thewriting group agreed that it is possible that younger children
or thosewith less severe injuries do not need pharmacologic pro-
phylaxis, whereas children with multiple risk factors may need
prophylaxis. However, with limited data on the efficacy and
safety of pharmacologic prophylaxis in children, the writing
group was unable to make any recommendations for these co-
horts of children. Until such evidence becomes available, the
writing group recommends that this guideline should be meant
to provide a basic framework for the judicious use of pharmaco-
logic prophylaxis in children hospitalized after trauma who are
at highest risk of VTE. Similarly, based on current clinical prac-
tice, we suggest the use of enoxaparin over unfractionated hepa-
rin for pharmacologic prophylaxis.

Recommendation for Pharmacologic Prophylaxis
in Children Hospitalized After Trauma
(PICO Question 1)

We conditionally recommend that pharmacologic prophy-
laxis be considered for children older than 15 years who are at
low risk of bleeding. We also conditionally recommend that
pharmacologic prophylaxis be considered for children younger
than 15 years old who are postpubertal if they have an ISS
greater than 25. For prepubertal children, even with ISS greater
than 25, we conditionally recommend against routine pharmaco-
logic prophylaxis. Further studies are necessary to provide rec-
ommendations in prepubertal children. These recommendations
are conditional, given the paucity of published data in children
and the very low quality of the available evidence. Our recom-
mendations are based on data in adults and the relative safety
of enoxaparin at prophylactic doses in children.5,25–27

Mechanical VTE Prophylaxis in Children
Hospitalized After Trauma (PICO Question 2)

In children hospitalized after trauma, should mechanical
VTE prophylaxis be utilized, compared with no prophylaxis or
in addition to pharmacologic prophylaxis, to reduce the inci-
dence of VTE?

Qualitative Synthesis
The literature search yielded only two observational studies

providing data on the incidence of VTE in children hospitalized
after trauma who received mechanical prophylaxis compared
with those who did not receive prophylaxis (Table 1). In the first
study, Azu et al.12 retrospectively compared the incidence of
VTE in children admitted to a Level I trauma center for three
age groups: Group 1 (0–12 years old), Group II (13–17 years old),
and Group III (>17 years old). By local clinical practice, all chil-
dren of adult size received mechanical prophylaxis, although its
use was not documented. Children in Group I did not routinely
receive any form of prophylaxis. Group II had pharmacologic
prophylaxis ordered at the discretion of the attending surgeon.
Its use was also not documented. Of the 1,025 children in Group
II, two symptomatic VTE events occurred despite the presumed
use of pneumatic compression device.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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In the second observational study by Hanson et al.,11 chil-
dren at high risk of VTE and bleeding were recommended to
receive pneumatic compression device per guideline. There
were 60 children 0 to 18 years old in this category in the post-
guideline period, of whom 49 received the device only and 11
received pharmacologic prophylaxis after the bleeding risk
diminished. A total of three VTE events, none of which were
symptomatic, were identified in children who received the
device only. The use of the device was not documented but was
inferred from the guideline.

Neither study by Azu et al.12 nor that of Hanson et al.11

provided a comparable group of children who were not on any
prophylaxis. To estimate the proportion of these children who
developed VTE, we used data from the National Trauma Data
Bank (NTDB) between 2000 and 2005 as reported by O’Brien
and Candrilli.19 Although NTDB does not record the use of
pharmacologic or mechanical prophylaxis, the use of these in-
terventions is uncommon in children.13,32 The data from the
14- to 17-year age group was used to compare with the simi-
larly aged Group II in the study by Azu et al.,12 in which mechan-
ical prophylaxis was used.

Based on these studies, 2 (0.2%) of 1,074 children who re-
ceived mechanical prophylaxis had symptomatic VTE, whereas
215 (0.6%) of 34,451 children who did not receive mechanical
prophylaxis (from the NTDB) had VTE (p = 0.08) (Table 1).
This equated to 4 fewer (95% CI, 1–7 fewer) VTE events per
1,000 children hospitalized after trauma with mechanical pro-
phylaxis versus no prophylaxis. In children who received phar-
macologic prophylaxis in addition to mechanical prophylaxis,
none of 11 children had symptomatic VTE, which was similar
to none of 49 children solely on mechanical prophylaxis who
had symptomatic VTE.

Grading the Evidence
With the use of the GRADE framework for evaluating

the data specifically related to the outcome of incidence of
VTE, very serious concerns about risk for bias, inconsistency,
indirectness, imprecision in the estimates, and lack of control
for potential confounders were found (Table 1). Therefore, the
overall quality of this evidence was downgraded from low to
very low.
DISCUSSION

Analysis of available evidence showed an absence of high-
quality studies comparing the incidence of VTE in children
hospitalized after trauma with respect to exposure to mechan-
ical prophylaxis. Inferred from the studies by Azu et al.12 and
Hanson et al.,11 the use of mechanical, versus no prophylaxis,
suggested a possible reduction on the incidence of VTE.11,12

This effect is strengthened by data in adults showing signifi-
cant reduction in the incidence of VTE after trauma with me-
chanical prophylaxis.33 The writing group also gave weight
to tolerability and safety of mechanical VTE prophylaxis.
Mechanical prophylaxis was well accepted by pediatric pro-
viders in a multinational study with 24% of children 8 to
18 years old who were admitted to the intensive care unit re-
ceiving mechanical prophylaxis.32
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Based on limited pediatric evidence, children on me-
chanical prophylaxis had similar risk of VTE compared with
those on pharmacologic prophylaxis in addition to mechan-
ical prophylaxis.11 In adults whowere hospitalized after trauma,
pharmacologic prophylaxis was superior to mechanical prophy-
laxis in reducing the incidence of VTE.5 Based on the poten-
tial benefits and relative safety of mechanical prophylaxis in
children, it is reasonable to use mechanical prophylaxis alone
or in addition to pharmacologic prophylaxis in children hos-
pitalized after trauma at high risk of VTE. A potential limi-
tation is the availability of appropriately sized sleeves for
younger children.

Recommendation for Mechanical Prophylaxis
in Children Hospitalized After Trauma
(PICO Question 2)

We conditionally recommend that mechanical prophy-
laxis be considered alone or in addition to pharmacologic pro-
phylaxis to hospitalized children older than 15 years and
children younger than 15 years who are postpubertal if they
have an ISS greater than 25 for whom an appropriately sized
device is available. This recommendation is conditional, given
the paucity of published data in children and the very low quality
of the available evidence. Our recommendation is based on data
in adults and the safety and tolerability of mechanical prophy-
laxis in children.5,32

Active Ultrasound Surveillance for VTE in Children
Hospitalized After Trauma (PICO Question 3)

In children hospitalized after trauma, should active sur-
veillance for VTE with ultrasound be performed, compared with
daily physical examination alone, to detect VTE earlier?

Qualitative Synthesis
A single prospective study by Hanson et al.11 incorporated

screening ultrasound as part of a larger clinical care guideline in
children 0 to 18 years old at high risk of VTE after admission to
the intensive care unit after trauma (Table 1). Active surveillance
with ultrasound was utilized in children at high risk of VTE and
also at high risk of bleeding that would prevent safe use of phar-
macologic prophylaxis. Children received ultrasound of both
lower extremities and the upper extremity in which a central ve-
nous catheter was inserted on hospital Day 7 if they were still in
the intensive care unit. Of 60 eligible children, 26% received ul-
trasound. Compared with unselected historical control subjects
who did not have active surveillance with ultrasound, the guide-
line care group had asymptomatic VTE detected 3 days earlier.
The published results did not allow for comparison of the
high-risk group of children who received active surveillance to
a comparable high-risk control group.

Grading the Evidence
With the use of the GRADE framework for evaluating the

data specifically related to the outcome of time to detection of
VTE, very serious concerns about risk for bias and lack of con-
trol for potential confounders were found (Table 1). Therefore,
the overall quality of this evidence was downgraded from low
to very low.
633
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Discussion
The value of active surveillance for VTE with ultrasound

in children hospitalized after trauma is unclear. The single pro-
spective study that incorporated active surveillancewith ultrasound
as part of a larger care guideline showed an earlier diagnosis of
VTE, although all of these events were asymptomatic.11 While
it seems intuitive that active surveillance with ultrasound would
detect VTE before it becomes symptomatic, the timing, frequency,
and extent required of such a strategy is unclear. Furthermore,
the natural history of asymptomatic VTE in children is poorly
described. Earlier diagnosis of VTE with active ultrasound sur-
veillancemay lead to increased use of therapeutic anticoagula-
tion without clear benefit. In adults, active surveillance for
DVTwith ultrasounds was not efficacious in reducing the risk
of symptomatic VTE.34 It may, in fact, increase the risk of
bleeding with therapeutic anticoagulation for any detected
asymptomatic DVT. The risk of major bleeding with therapeutic
anticoagulation in children can be as high as 24% with unfrac-
tionated heparin and 4% with enoxaparin.2,35 In addition, the
cost of widespread active surveillance with ultrasound for these
uncommon events would need to be considered before general
utilization could be recommended.

Recommendation for Active Ultrasound Surveillance
for VTE in Children Hospitalized After Trauma
(PICO Question 3)

We conditionally recommend against active surveillance
for VTE with ultrasound for earlier detection of VTE compared
with routine daily physical examination alone in children hospi-
talized after trauma. The potential benefits of earlier detection
and treatment of VTE are unclear, but the risk of bleeding with
therapeutic anticoagulation is well documented.
TABLE 5. Summary of Recommendations

Question Recommendation

PICO Question 1 In children hospitalized after trauma who
are at low risk of bleeding, we conditionally
recommend pharmacologic prophylaxis be
considered for those >15 y old and in
younger postpubertal children with ISS >25.
We conditionally recommend against the use
of routine pharmacologic prophylaxis in
prepubertal children, even with ISS >25.

PICO Question 2 In children hospitalized after trauma, we
conditionally recommend mechanical
prophylaxis be considered for those
>15 y old and in younger postpubertal
children with ISS >25 versus no prophylaxis
or in addition to pharmacologic prophylaxis.

PICO Question 3 In children hospitalized after trauma, we
conditionally recommend against active
surveillance for VTE with ultrasound
compared with daily physical examination
alone for earlier detection of VTE.
FURTHER INVESTIGATION

The detailed review of the literature performed for this
practice management guideline highlighted the paucity of data
on VTE in children hospitalized after trauma. The evidence for
pharmacologic and mechanical VTE prophylaxis in children is
very low compared with adults.36 Despite the developmental
differences in the hemostatic system between children and adults
that may affect the incidence of VTE and response to therapy,
the writing group had to consider adult evidence in making the
recommendations.2 There is minimal evidence regarding effec-
tive risk stratification in children hospitalized after trauma. An
initial approach for identifying children suitable for prophy-
laxis would be to focus on children older than 15 years. Clin-
ical prediction tools should be easy to calculate at the bedside
and should avoid risk markers such as ISS that are impractica-
ble and lack acute pragmatic value. Risk stratification studies
and subsequent randomized controlled trials are urgently needed
to define the efficacy and safety of prophylaxis against VTE
in children hospitalized after trauma. Because the numbers
of critically injured patients and VTE are lower in children
than in adults, traditional study designs based on the frequentist
approach may not be feasible. The Bayesian approach, in which
data from adults are formally incorporated in the design and
adaptive randomization is used, may result in a smaller
634
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sample size and increase the likelihood of successfully com-
pleting the trial.28

The incidence of VTE was the only outcome evaluated
in this guideline. The effect of VTE prophylaxis on other out-
comes, such as duration of hospitalization, incidence of stroke,
mortality rate, duration of anticoagulation, recurrence of VTE,
incidence of postthrombotic syndrome, and costs of care, should
be studied. The risks, sites, and severity of bleeding with VTE
prophylaxis should also be explored.

USING THESE GUIDELINES IN
CLINICAL PRACTICE

These guidelines represent a detailed summary of the lim-
ited literature regarding VTE prophylaxis in children hospital-
ized after trauma. The available evidence is of very low quality
and observational in nature. As such, evidence from adults was
considered in thewriting group’s recommendations. These guide-
lines are intended to inform the decision-making process rather
than replace clinical judgment.

CONCLUSIONS

In summary, we have provided evidence-based recom-
mendations using the GRADE methodology (Table 5). First, in
children hospitalized after trauma who are at low risk of bleed-
ing, we conditionally recommend the use of pharmacologic pro-
phylaxis be considered in children older than 15 years and in
younger postpubertal children with ISS greater than 25.We con-
ditionally recommend against the use of routine pharmacologic
prophylaxis in prepubertal children, even with ISS greater than
25. Second, in children hospitalized after trauma, we condition-
ally recommend mechanical prophylaxis versus no prophylaxis
or in addition to pharmacologic prophylaxis be considered in
children older than 15 years and in younger postpubertal chil-
dren with ISS greater than 25. Lastly, in children hospitalized
after trauma, we conditionally recommend against active sur-
veillance for VTE with ultrasound compared with routine
daily physical examination alone for earlier detection of VTE.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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