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SUMMARY

BACKGROUND—The association between thrombophilia and deep venous thrombosis
associated with central venous catheter (CADVT), the most important pediatric risk factor for
thrombosis, is unclear in children. Pediatric studies with small sample sizes report conflicting
results. We sought to evaluate whether among children with central venous catheter, thrombophilia
increases the risk of CADVT.

MATERIALS AND METHODS—We systematically searched MEDLINE, EMBASE, Web of
Science, Cochrane Central Register for Controlled Trials, PubMed and reference lists for
controlled studies published from inception of the database until September 2015. Included were
studies of children <21 years old with central venous catheter who were systematically tested for
thrombophilic traits commonly screened for in clinical practice. Pooled prevalence and odds ratio
(pOR) of CADVT with thrombophilia were estimated using random effects model.

RESULTS—We analyzed 16 cohort studies with 1,279 children, 277 of whom had CADVT, and
with 12 traits tested. There was significant heterogeneity in the included studies. Presence of =1
trait was associated with CADVT (pOR: 3.20; 95% confidence interval [CI]: 1.56-6.54). Although
the prevalence of most traits was <0.10, children with protein C deficiency, elevated factor VIl
and factor V Leiden mutation had increased prevalence of CADVT. The association with
thrombophilia seems stronger with symptomatic (pOR: 6.71; 95% CI: 1.93-23.37) than
asymptomatic CADVT (pOR: 2.14; 95% CI: 1.10-4.18).
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CONCLUSIONS—Based on the low prevalence of specific traits, relatively weak association
with CADVT, and limitations of included studies, we cannot recommend routine testing of
thrombophilias in children with CADVT.

Keywords

central venous catheter; factor V Leiden; factor VIII; protein C deficiency; venous
thromboembolism

INTRODUCTION

Deep venous thrombosis (DVT) is a multifactorial disease. In children, central venous
catheter (CVC)-associated DVT (CADVT) accounts for >85% of DVT [1]. The
pathophysiology of pediatric CADVT is poorly understood [2]. Without doubt, the CVC
itself, causing endothelial damage and obstruction to flow, is thought to be the most potent
factor [3]. However, not all children with CVC develop CADVT. We have shown that
CADVT occurs in only 20% of children with CVC who underwent active radiologic
surveillance for DVT [4]. Because of complications associated with CADVT, such as
pulmonary embolism, paradoxical embolic stroke, blood stream infection and loss of venous
access, identification of risk factors for CADVT in children may improve our understanding
of the pathophysiology of CADVT, aid in risk-stratification and may even provide future
targets for prevention [3].

Thrombophilia is a hypercoagulable state that increases the propensity to the development of
DVT [5]. Inherited thrombophilic traits are uncommon and occur in <10% of the general
population [6]. However, in its presence, Young et a/ showed that the risk of a venous
thromboembolic event increases by 3- to 9-fold in children depending on which trait is
present [7]. It is unclear whether thrombophilias confer additional risk of DVT in children
with CVC. Pediatric studies report conflicting results, likely due to small sample sizes,
variations in which tests were performed, inconsistencies in the definition of CADVT,
differences in underlying diagnoses, and perhaps most importantly, the lack of control
populations [5, 7]. As a consequence, the rationale of diagnostic evaluation for
thrombophilia, which has become standard practice in many pediatric centers, remains
uncertain for children with CADVT [5, 8]. In this systematic review, we sought to evaluate
whether among children with CVVC, thrombophilia increases the risk of CADVT.

PATIENTS AND METHODS

The study protocol was registered with the PROSPERO database (Registry Number:
CRD42015027517) [9]. The findings were reported according to the Meta-Analyses and
Systematic Review of Observational Studies guideline [10].

Eligibility Criteria
We included studies with concurrent controls (/.e., cross-sectional, case-control, cohort, and

randomized controlled trials) that recruited children <21 years old with any type of CVC.
Only articles in which children were systematically evaluated for CADVT and =1
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thrombophilic trait were included. We included the most common clinically tested inherited
traits (factor V [factor V Leiden; G1691A], methylenetetrahydrofolate reductase [MTHFR;
C665C—T or C1286A—C] or prothrombin [G20210A] gene mutations), as well as traits
that may be inherited or acquired (protein C, protein S or antithrombin deficiency; elevated
lipoprotein(a), homocysteine or factor VIII level; or, presence of antiphospholipid antibody,
including anticardiolipin antibody and lupus anticoagulant) [2, 5]. In studies with multiple
citations, including abstracts and unpublished articles, we only included the article with the
most complete results. For studies with children and adults, we analyzed the data from
children.

Data Sources and Searches

We searched MEDLINE (OvidSP), EMBASE (OvidSP), Web of Science (Thomson
Reuters), Cochrane Central Register for Controlled Trials (Wiley Online) and PubMed
(unindexed materials only) for studies from inception of the database until September 2015.
We searched the Conference Proceedings Citation Index via Web of Science (Thomson
Reuters) for conference abstracts. With a medical research librarian (DH), 2 authors (SNV
and EVSF) developed, refined and performed the search. The search strategy used controlled
vocabulary words and synonymous free text words to capture the concepts of venous
thrombosis, catheter and thrombophilia (supplemental material). It was limited to the age
group of 0-24 but was not limited by language of publication. We also hand searched
reference lists and review articles for additional citations.

We hierarchically identified eligible studies. Independently and blindly, 2 authors (SNV and
RP) reviewed the titles and abstracts for exclusion, then reviewed the full texts of the
remaining articles to finalize the list. A third author (EVSF) resolved conflicts in opinion.

Data Abstraction and Definitions

Data was abstracted by 3 authors (SNV, RP and EVSF) independently. Conflicts in opinion
were resolved by discussion. We abstracted data on the included studies, children enrolled,
traits and CADVT. In studies in which the mean age of the children enrolled were not
reported, we estimated the mean age from the reported age ranges. Authors were contacted
for missing data. The data we presented may be different from the publications because of
clarifications from the authors.

A positive trait was defined as per the included studies, except that heterozygous and
homozygous factor V Leiden and prothrombin gene mutations were combined to define a
positive trait in our analyses [7]. In addition, only homozygous or compound heterozygous
mutations in the MTHFR gene were considered positive. We used the definition of CADVT
in the included studies. Typically, it is a thrombus extending from the CVC into the lumen of
the deep vein where the CVC was inserted that was diagnosed radiologically [4]. It can be
symptomatic if with signs and symptoms consistent with DVT or CVVC dysfunction, or
asymptomatic if detected only through active radiologic surveillance. In some of the studies,
symptomatic CADVT was the only outcome while in other studies with active radiologic
surveillance, data on symptomatic CADVT could be abstracted.
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Assessment of Risk of Bias

Risk of bias was independently assessed by 2 authors (SNV and EVSF) with conflicts of
opinion resolved by discussion. Publication bias was assessed graphically and quantitatively
[11]. Qualitatively, the risk of selection, performance, detection, attrition and reporting bias
was categorized as low, high or unclear, as modified from the Cochrane Collaboration’s tool
for randomized trials [12]. Risk of bias was unclear if the available data was insufficient to
determine the risk. A study was considered low risk of selection bias if 275% of eligible
children participated [13]. The risk of attrition bias was considered low if 295% of enrolled
children were assessed for CADVT [14].

Data Synthesis and Analysis

RESULTS

The presence of CADVT at any time during the study period was the primary outcome
measure with presence of =1 trait the primary exposure of interest. Our unit of analysis was
the individual child. The pooled prevalence of a trait and CADVT, and the pooled odds ratio
(pOR) of CADVT with thrombophilia were calculated using the method of DerSimonian
and Laird [15]. We used the random effects model because, a priori, we hypothesized that
there were significant differences in the study design and population, and definition of
exposure and outcome among studies. We assessed statistical heterogeneity with the 12
statistic, which is the percentage of total variation across studies that is due to heterogeneity
rather than chance [16]. Meta-regression was performed to adjust for potential confounding
[17].

In the secondary analyses, we stratified children based on trait, symptomatic vs.
asymptomatic CADVT, and underlying medical diagnosis. We classified asymptomatic
CADVT as no CADVT using data from studies with symptomatic CADVT only and those
with active radiologic surveillance. We also performed the analysis excluding asymptomatic
CADVT using only the data from studies with active radiologic surveillance. To estimate the
proportion of CADVT in children with CVC that can be attributed to thrombophilia
assuming that the association was causal, we calculated the population attributable risk,
which combined the prevalence of the exposure (pooled prevalence of the trait) and its
strength of association with the outcome (pOR of CADVT) [18, 19]. We conducted
sensitivity analyses for missing data by searching for scenarios that minimized and
maximized the pOR.

All statistical analyses were performed using Stata 14.1 (StataCorp, College Station, TX).
We determined statistical significance at a 2-sided ~/<0.05.

Description of Included Studies

We obtained 426 non-duplicate citations from the electronic databases (Figure 1). Hand
searching yielded 1 additional unique citation. Studies were excluded based on study design
(n=113), age of the study population (n=40), absence of CVC (n=233), lack of systematic
testing for thrombophilia (n=152) or absence of CADVT as outcome (n=246). We excluded
1 study during data extraction because we were unable to obtain data in children despite
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attempts to contact the authors [20]. A total of 15 prospective and 1 retrospective cohort
studies with 1,279 children were analyzed (Table 1) [21-36]. There were 9 studies with 629
(49.2%) children with malignancy and 2 with 230 (18.0%) children with cardiac disease
[21-25, 28, 29, 31-34]. A total of 3 studies enrolled children with mixed diagnoses that could
not be further categorized into specific diagnoses [27, 30, 35]. The mean age of children
enrolled ranged from O to 17.7 years while the proportion of male children enrolled ranged
from 52.8% to 72.2%.

The included studies tested for a total of 12 traits with a median of 6 (range: 2-11) (Table 1).
Of 11 studies that tested for potentially acquired traits, only 5 repeated testing to confirm the
diagnosis [21, 22, 24, 25, 31].

CADVT was diagnosed radiologically using 4 different modalities (Table 1). A total of 3
studies had symptomatic CADVT only as outcome [23, 29, 31]. Data on symptomatic
CADVT was available from 7 studies with active radiologic surveillance [21, 22, 28, 30,
34-36].

There was no significant publication bias in the included studies (bias: -23.3, £=0.63; Figure
2). Qualitatively, the risk of bias was generally low (Table 2). However, we were unable to
assess the risk of selection and detection biases in a number of studies due to insufficient
data. We initially assessed 4 studies to be at high risk of reporting bias because of missing
data needed to categorize children with respect to the presence of thrombophilia [24, 28, 29,
36]. In 3 of these, the required data was provided by the authors minimizing the risk of bias
[28, 29, 36].

Prevalence of Thrombophilia in Children with CVC

A total of 237 children had =1 trait for a pooled prevalence of 0.20 (95% confidence interval
[CI]: 0.14-0.26; Table 3). There was significant heterogeneity among studies (12=86.7%).
The prevalence of thrombophilia in each study was related to the number of traits tested
(coefficient: 0.03; P=0.02) but not the year of publication (coefficient: 0.004; £=0.42).

Elevated factor VIII defined as >180% (pooled prevalence: 0.11; 95% CI: 0.06-0.17;
12=93.4%) and elevated lipoprotein(a) (pooled prevalence: 0.11; 95% CI: 0.04-0.20:
12=87.8%) were the most common traits (Table 3) [28]. The other traits were uncommon
with pooled prevalence <0.10 for each trait.

The pooled prevalence of =1 trait in studies with symptomatic CADVT was 0.21 (95% ClI:
0.15-0.26; 12=76.9%) when asymptomatic CADVT was classified as no CADVT. When
asymptomatic CADVT was excluded, the pooled prevalence of =1 trait was 0.20 (95% CI:
0.12-0.29; 12=77.5%).

Association between Thrombophilia and CADVT

A total of 277 children had CADVT for a pooled prevalence of 0.23 (95% CI: 0.15-0.34;
12=93.4%; Table 3). Presence of >1 trait was associated with CADVT (pOR: 3.20; 95% ClI:
1.56-6.54; 12=69.6%; Figure 3). The OR in each study was not associated with the year of
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publication (coefficient: -7.00; £=0.07). The population attributable risk of CADVT due to
the presence of =1 trait was 0.31 (95% CI: 0.10-0.53).

Protein C deficiency, elevated factor VIII, and factor V Leiden mutation were associated
with CADVT (Table 3). The pOR of CADVT for each trait was 6.83 (95% CI: 1.35-34.49;
12=39.9%), 3.29 (95% CI: 1.02-10.60; 12=0%), and 2.99 (95% CI: 1.14-7.83; 12=48.1%),
respectively. The population attributable risk of CADVT due to protein C deficiency was
0.10 (95% CI: 0.01-0.40), 0.20 (95% CI: 0-0.51) for elevated factor V111, and 0.06 (95% CI:
0-0.17) for factor V Leiden mutation. The other traits were not associated with CADVT.

In the study by Ruud et a/, 12 children were positive for 15 traits (protein C deficiency — 1,
protein S deficiency — 3, presence of antiphospholipid antibody — 2, elevated lipoprotein(a) —
4, and elevated homocysteine — 5), which we were unable to categorize with respect to the
presence of CADVT [24]. In our sensitivity analyses, the pOR of CADVT with protein C
deficiency ranged from 4.67 (95% CI: 0.97-22.52; 12=44.5%) to 6.35 (95% CI: 1.59-25.39;
12=28.5%), while that for protein S deficiency ranged from 2.08 (95% ClI: 0.53-8.11;
12=34.2%) to 3.30 (95% Cl: 1.02-10.66; 12=12.8%). The pOR of CADVT did not
significantly change with the other traits.

In studies with symptomatic CADVT, the pooled prevalence of CADVT was 0.05 (95% CI:
0.03-0.08; 12=68.0%) when asymptomatic CADVT was classified as no CADVT. The pOR
of symptomatic CADVT with =1 trait in these studies was 6.71 (95% CI: 1.93-23.37;
12=71.2%). When asymptomatic CADVT was excluded, the pooled prevalence of
symptomatic CADVT was 0.06 (95% CI: 0.02-0.11; 12=72.6%) with a pOR of symptomatic
CADVT of 14.93 (95% Cl: 1.44-154.58; 12=81.5%). In comparison, the pOR of
asymptomatic CADVT was 2.14 (95% Cl: 1.10-4.18; 12=9.3%).

Thrombophilia was associated with CADVT in children with malignancy (pOR of CADVT
with =1 trait: 2.73; 95% Cl: 1.14-6.56; 12=62.8%), but not with other diagnoses. The pOR of
CADVT in children with the other diagnoses ranged from 1.02 to 25.32.

DISCUSSION

In this systematic review of 16 studies including 1,279 children with CVC, we report that the
presence of =1 thrombophilic trait is associated with CADVT. This suggests that inherited
and/or acquired prothrombotic abnormalities do, in fact, increase the risk of CADVT in
children with CVC. Protein C deficiency, elevated factor VIl and factor V Leiden mutation
were all associated with CADVT. The association between thrombophilia and symptomatic
CADVT seems stronger than with asymptomatic CADVT.

Protein C can decrease, while factor VIII can increase, with inflammation [37]. Although
protein C deficiency and elevated factor V111 can be inherited, we were unable to distinguish
between inherited and acquired abnormalities in the levels of these factors because repeat
testing after the acute illness was not consistently performed. It is also unclear whether the
association between abnormalities in the levels of these factors represent a direct
prothrombotic effect, or simply a marker of other risk factors, such as inflammation, because
of inconsistencies in the timing of the tests. In contrast, the association between factor V
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Leiden mutation and CADVT is likely causal. Factor V Leiden mutation, which is present in
3-7% in the general population, is the most common inherited risk factor for venous
thromboembolism [6]. Similar to our findings, it was found to be associated with venous
thromboembolism in children with and without risk factors for DVT, other than CVC [7].
Furthermore, in adults with cancer, only factor V Leiden mutation has been shown to be
associated with CADVT [38].

The strength of association between some traits and CADVT in our meta-analysis seems
weaker than that with any venous thromboembolic event, regardless of its association with
CVC, in the meta-analysis by Young et a/[7]. For example, the pOR of any event with
antithrombin deficiency is 9.44 compared with 0.98 for CADVT in our meta-analysis. A
similar pattern may also be found for protein S deficiency (pOR of 5.77 vs. 2.87 in our meta-
analysis), but not necessarily for other traits, such as protein C deficiency (pOR of 7.72 vs.
6.83 in our meta-analysis) and factor V Leiden (pOR of 3.77 vs. 2.99 in our meta-analysis).
These comparisons suggest that the presence of a CVC may modify the effect of some, but
not all, traits on the development of CADVT, such that the contribution of some traits on the
development of DVT may be less in children with CVC.

The majority of studies included in our meta-analysis performed active radiologic
surveillance. As expected, most CADVT were asymptomatic [39]. The apparent differential
strength of association of thrombophilia with symptomatic and asymptomatic CADVT
suggests that CADVT is more likely to be symptomatic with thrombophilia. Because signs
and symptoms of DVT are related to clot burden, clot burden may mediate this differential
effect [28].

Our findings do not conclusively define the association between thrombophilia and CADVT
in children. The pOR of CADVT in our meta-analysis is imprecise with wide intervals.
Some of the estimates, particularly for protein C and S deficiencies, are unstable with
significant changes in the pOR with reclassification of small numbers of children. There is
also significant heterogeneity among studies even within those with specific traits, same
definition of CADVT and diagnoses. Because of the low prevalence of each trait, achieving
adequate sample size in a homogeneous population is challenging when designing and
conducting studies on thrombopbhilia in children. Traits may be prioritized for future studies
using the population attributable risks that we estimated.

At present, we cannot recommend routine clinical testing of thrombophilias in children with
CADVT. Testing should be considered when it is likely to influence management, such as in
children presenting with purpura fulminans and in those with a high prevalence of inherited
thrombophilia [8, 40]. The prevalence of each trait in our meta-analysis is low, its
association with CADVT is relatively weak and there are significant limitations in our
estimates. There is insufficient evidence in children and adults to support the use of these
tests to inform management decisions [3, 40]. Clinical risk factors alone are sufficient to
determine the duration and intensity of treatment of DVT and testing for thrombopbhilia to
determine duration of treatment is not cost-effective [3, 41]. There are also no evidence-
based guidelines for thromboprophylaxis in children or adults based primarily on the
presence of thrombophilia [2, 38, 40].
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Other limitations need to be considered. Significant heterogeneity in a number of our
analyses, despite stratification, suggests unaccounted factors, which would include the
child’s age, treatments received, characteristics of the CVC, definition of a positive trait, and
imaging modality used to diagnose CADVT [4, 5]. In the absence of available data, we were
unable to adjust for these factors. We were also unable to study the association between
thrombophilia and CADVT at different age groups. Individual participant data meta-analysis
would have provided significant insight into the association between thrombophilia and
CADVT with adjustment for these potential confounders [42]. The diagnostic accuracy in
detecting DVT varies among the different imaging modalities [43]. We likely
underestimated the true prevalence of =1 trait because not all studies tested for all traits.
With nearly half of the children analyzed diagnosed with a malignancy, our estimates may
have been biased towards the results from these children, limiting the generalizability of our
findings. We were underpowered to detect associations between some of the traits and
CADVT, and in children with specific diagnoses. The low prevalence of the traits and the
relatively weak associations contributed to the lack of statistical power. Other limitations of
observational studies, such as biases and measurement errors, should be considered in
interpreting our results.

CONCLUSION

Thrombophilia confers additional risk of CADVT in children with CVVC. Protein C
deficiency, elevated factor VIII and factor V Leiden mutation are associated with CADVT.
CADVT maybe more likely to be symptomatic with thrombophilia. Because of the low
prevalence of each trait, relatively weak association with CADVT, and limitations in our
estimates and the included studies, we cannot recommend routine testing for thrombophilias
in children with CADVT. Further studies on homogenous study populations will be
challenging to conduct because of the large numbers of children needed to achieve adequate
statistical power. If performed, traits may be prioritized using the population attributable
risks that we estimated.
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ESSENTIALS
. It is unclear if thrombophilia increases the risk of catheter-associated
thrombosis in children.
. We conducted a meta-analysis on thrombopbhilia and pediatric catheter-

associated thrombosis.

. Presence of =1 trait confers additional risk of venous thrombosis in
children with catheters.

. Limitations of included studies preclude us from recommending
routine thrombophilia testing.
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T 1

Random effects meta-analysis showing the individual and pooled odds ratio of central
venous catheter-associated deep venous thrombosis with >1 thrombophilic trait
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