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Abstract

Objective—To determine risk factors for pediatric hospital-associated venous thromboembolism
(HA-VTE) in noncritically ill children to derive a novel HA-VTE risk model for this population.

Study design—Patients with HA-VTE were identified retrospectively via the electronic health
record at All Children’s Hospital Johns Hopkins Medicine from April 10, 2013 through January 1,
2006. Seven contemporaneous, noncritically ill control children were randomly selected for each
case of HA-VTE. The association between putative risk factors and HA-VTE was estimated with
ORs and 95% Cls, which were calculated using the Wald method. A A-value threshold <.2 was
used in univariate analysis for inclusion into a multivariate (adjusted) model.

Results—Fifty cases of HA-VTE occurred in noncritically ill children. The presence of a central
venous catheter (OR 27.67, 95% ClI, 8.40-91.22), infection (OR 10.40, 95% CI, 3.46-31.25), and
length of stay >4 days (OR 5.26, 95% CI, 1.74-15.88) were found to be statistically significant
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risk factors for HA-VTE. An 8-point risk score was derived in which scores of 8 points, 7 points,
and <6 points corresponded to venous thromboembolism risks of 12.5%, 1.1%, and 0.1%,
respectively.

Conclusion—The presence of a central venous catheter, infection, and length of stay =4 days are
significant risk factors for HA-VTE in noncritically ill children, forming the basis for a new risk
score that could inform venous thromboembolism prophylaxis decision-making. These findings
warrant prospective validation.

Venous thromboembolism (VTE), consisting of deep venous thrombosis (DVT) and
pulmonary embolism (PE), affects an estimated 300 000-500 000 Americans annually,
prompting a Call-to-Action by the US Surgeon General in 2008.1 Although prophylactic
anticoagulation for medically ill hospitalized adults has become a standard of care,?
corresponding recommendations and data are lacking in pediatrics, where historical
population-based estimates of the incidence of VTE using the National Hospital Discharge
Survey were reported at 5 per 10 000 per year,3 approximately 100-fold less frequent than in
adults. Yet, more recent findings from the Pediatric Hospital Information Survey database
suggest that the incidence of pediatric VTE is dramatically increasing,* likely the result of
improved survival, heightened awareness, and enhanced sensitivity of imaging.

The clinical consequences of VTE are significant, with 25% of children with limb DVT
developing signs and/or symptoms of chronic venous insufficiency (the post-thrombotic
syndrome),® 16%-20% having objectively confirmed PE,® and a PE-specific mortality rate
ranging between 2% and 9%.”-8 To date, only 2 published randomized controlled clinical
trials of anticoagulant primary prevention against thromboembolism have been conducted in
children, and these trials have appropriately focused upon the highly selective pediatric
settings of femoral arterial catheterization® and post-Fontan procedure in children with
single-ventricle cardiac physiology.10

A risk-stratified approach to the prevention of hospital-associated VTE (HA-VTE) is
necessary to optimize the risk/benefit ratio of pharmacologic and mechanical prophylactic
interventions. Such a risk-stratified strategy requires the development and validation of risk
models and associated risk scores.

In recent years, several single-institutional case-control studies have been conducted.11-17
Two of these studies found a significant increase in the risk of HA-VTE for critically ill
children receiving complex care for acute lymphoblastic leukemial* and extensive cardiac
disease.1> In another study, the risk of HA-VTE was found to differ between critically and
noncritically ill children.13 This and previous studies have been insufficiently powered for
the development of distinct risk models for critically and noncritically ill children. Given the
heightened incidence of pediatric HA-VTE in the intensive care unit (ICU) setting, it is
likely that current knowledge of HA-VTE risk factors is driven by critical illness factors.
The objective of the present work was therefore to develop a HA-VTE risk model and
associated risk score specific to noncritically ill children.
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This study was approved by the Institutional Review Board at All Children’s Hospital Johns
Hopkins Medicine (ACH JHM, St. Petersburg, Florida), with waiver of informed consent.
Cases of HA-VTE were identified retrospectively via the electronic health record-derived
data warehouse (EHR-DW) at ACH JHM from April 10, 2013 through January 1, 2006, and
validated by review of the radiologic record. Inclusion criteria consisted of the following: (1)
diagnosis of VTE by /nternational Classification of Diseases, 9th Revision (ICD-9) at time
of discharge coding, or at coding from an encounter within 30 days of discharge; and (2)
verification of VTE diagnosis by review of radiologic reports. Exclusions included the
following: (1) admission to an ICU; (2) signs or symptoms of VTE noted in admission
history/exam; or (3) radiologic confirmation of VTE within 24 hours of admission to
hospital or emergency center, without history of hospital admission in the preceding 30 days.
ICD-9 codes for VTE included 325 (phlebitis and thrombophlebitis of intracranial venous
sinuses); 437.6 (nonpyogenic thrombosis of intracranial venous sinus); 452 (portal vein
thrombosis); 453.2 (inferior vena cava thrombus); 453.4 (VTE of deep vessels of the lower
extremity); 453.8 (embolism or thrombosis of other specified veins); 453.9 (embolism and
thrombosis of unspecified site); and 415.1 (PE and pulmonary infarction). For each VTE
case, seven contemporaneous noncritically ill control patients were randomly selected from
the EHR-DW.

For both VTE cases and controls, clinical data on demographics and putative risk factors for
VTE were extracted from the EHR-DW, including age; sex; length of stay (LOS); previous
history of VTE; previous hospitalization within 30 days; presence of a central venous
catheter (CVC); major surgery; congenital heart disease; cardiac catheterization;
dehydration; malignancy; infection; chronic inflammatory disease; cystic fibrosis; nephrotic
syndrome; and obesity. Chronic inflammatory diseases included diabetes mellitus,
inflammatory bowel disease (Crohn’s disease and ulcerative colitis), systemic lupus
erythematosus, juvenile rheumatoid arthritis, graft vs host disease, and autoimmune
encephalitis. Infection included meningitis, abscess, pneumonia, osteomyelitis, bacteremia,
fungemia, and pyelonepbhritis.

Obesity was defined on the basis of its notation in the admission history due to of a high
degree of missing data on patient height by which to calculate an accurate body mass index
percentile. Dehydration was identified on the basis of its notation in the admission history,
and the presence of CVC was further categorized into long-term CVC (eg, Broviac,
Mediport) vs short-term CVC (eg, peripherally inserted central catheter line, temporary
subclavian, or femoral line). To capture postdischarge VTE episodes, patients in whom
radiologic diagnosis of VTE was made within 24 hours of admission were evaluated for a
preceding admission within 30 days; for those in whom this was the case, data on the
aforementioned VTE risk factors were extracted from the EHR-DW for the preceding
admission.

Statistical Analyses

Dichotomous or categorical variables were compared between cases and controls by the use
of XZ analysis or the Fisher exact test, as appropriate. Continuous variables were compared
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between groups via the Mann-Whitney Utest. A risk model was derived via logistic
regression, with 95% Cls calculated for ORs using the Wald method. Although P< .05 were
used to define statistical significance for all inferential statistics, a P-value threshold of <.2
was used in univariate analysis for inclusion of putative risk factors into the multivariate
(adjusted) model. Estimation of HA-VTE risk associated with the risk model and associated
risk score was based upon post-test probability of HA-VTE using the model, which was
calculated using the pre-test probability (based on calculated incidence) and the likelihood
ratio derived from model sensitivity and specificity measures, as previously described,!3 and
using the formula: pre-test odds x likelihood ratio = post-test odds.

During the 7-year period of observation at ACH JHM, 50 cases of HA-VTE in noncritically
ill children were confirmed via the use of the inclusion and validation criteria delineated
previously. A flow diagram of included and excluded patients is provided in the Figure. To
derive a current estimate on VTE incidence in noncritically ill children at ACH JHM, we
determined an average annual number of non-1ICU admissions of 6094 in the 2 most recent
calendar years of the study (January 2011 to December 2012, inclusive); given an annual
average of 10 cases of HA-VTE during this period, the estimated annual occurrence rate of
HA-VTE was approximately 1 in 500 hospitalized noncritically ill children. Of the 50 cases,
16 (34%) had infection, as follows: pneumonia, osteomyelitis, or fungemia, n = 4 each; and
abscess or meningitis, n = 2 each (Table 1).

Cases of HA-VTE were matched with randomly selected, contemporaneous control patients.
Univariate logistic regression analyses (Table 1) revealed that, among the putative risk
factors evaluated, the presence of a CVC (OR 31.49, 95% Cl, 13.97-71.02), LOS >4 days
(OR 15.38, 95% Cl, 6.37-37.14), and infection (OR 7.95, 95% CI, 4.18-15.09) were all
statistically significantly associated with development of HA-VTE. After adjustment in
multiple logistic regression (Table 1), each of these remained as statistically significant,
independent risk factors for HA-VTE (CVC [OR 27.67, 95% ClI, 8.40-91.22], infection [OR
10.40, 95% Cl, 3.46-31.25]), and LOS =4 days (OR 5.26, 95% CI, 1.74-15.88). Using a risk
score with relative weighting (based on the aforementioned ORs) of 5 points for CVC, 2
points for infection, and 1 point for LOS >4 days, the estimated risks for HA-VTE among
noncritically ill children with scores of 8 points, 7 points, and <6 points were 12.5%, 1.1%,
and 0.1%, respectively.

Discussion

This study provides novel data on HA-VTE occurrence rate and risk factors in noncritically
ill hospitalized children. The occurrence rate for HA-VTE was determined to be
approximately 1 in 500 hospitalized noncritically ill children. Our finding that nearly one-
half of the cases of HA-VTE occurred during the most recent 2 years is consistent with
existing knowledge of a rising incidence of HA-VTE.# An adjusted risk model was derived
via multiple logistic regression in which the presence of a CVC, infection, and LOS >4 each
served as statistically significant, independent risk factors for HA-VTE in this setting; a risk
score also was developed that assigns 5 points, 2 points, and 1 point for these risk factors,
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respectively, on the basis of their associated ORs from the adjusted model. Of the patients
with the risk factor of CVC, 94% of these CVCs were located at the same location of the
clot (CVVC associated clot). The estimated risk for HA-VTE among noncritically ill children
with scores of 8 points, 7 points, and <6 points was 12.5%, 1.1%, and 0.1%, respectively.
Given the risk thresholds of =2% and 1% to <2% modeled in medically ill adults for
pharmacologic and mechanical prophylaxis, respectively,1® our previous HA-VTE risk
estimates for noncritically ill hospitalized children are of the magnitude for which we
propose the following risk-based prophylactic paradigm, for future validation in prospective
multicenter studies and subsequent evaluation in clinical trials: a score of 8 points warrants
chemoprophylaxis (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.

It should be noted that use of mechanical prophylaxis for moderate-risk patients will only be
applicable in the prevention of lower-extremity DVT and will likely not prevent CVC-related
DVT in settings where the use of a pneumatic compression device is avoided on a leg with a
CVC in place. It also should be noted that chemoprophylaxis for the prevention of HA-VTE
in pediatric patients with CVC alone and no additional significant risk factors was not
previously found to be effective in the prevention of HA-VTEZS; however, our proposed
model, if validated in larger prospective studies, would justify the need for new trials of
chemoprophylaxis in hospitalized children who have CVCs in combination of other
significant risk factors—specifically those with a risk score of 8.

This work is important, given the need for appropriately risk-stratified models in children at
risk for VTE, to optimize risk/benefit considerations of thromboprophylaxis. Previous work
in VTE risk modeling in hospitalized children has mainly consisted of hospital-wide
analyses that are limited by heterogeneity of clinically important and distinguishable patient
subpopulations, such as noncritically ill children, children with congenital cardiac disease in
the cardiovascular ICU, children in the pediatric (noncardiovascular) ICU, and neonates in
the neonatal ICU. Previous studies have largely neglected, or have not been sufficiently
powered to achieve, risk models specifically applicable to each of these subpopulations. An
additional strength of the present study is its use of diagnostic validation of ICD-9 discharge
code-based VTE case definition via the radiologic record, seldom used in previous studies
that have evaluated pediatric HA-VTE risk factors.13.19

The HA-VTE risk factors determined in this study for noncritically ill hospitalized children
are concordant with recent work by Branchford et al!3 in an independent hospitalized
pediatric population, with respect to identification of infection and LOS as significant
independent risk factors for HA-VTE in children. However, the risk model determined here
(as well as in the aforementioned pediatric study) differs from that which is established for
medically ill hospitalized adults when the International Medical Prevention Registry on
Venous Thromboembolism score is used!8 in that increasing age and a diagnosis of cancer
were found to be important HA-VTE risk factors in adults but not in these children. LOS
was a significant risk factor in both pediatric studies but not in the International Medical
Prevention Registry on Venous Thromboembolism. Given the retrospective nature of both
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pediatric studies, duration and degree of immobilization (all important risk factors in
medically ill hospitalized adults!®) were not accurately assessable. Likewise, the use of a
notation of obesity in the admission history in lieu of a body mass index definition (given
the high frequency of missing data on height at time of weight measurement, as noted in the
Methods) represents a limitation of the present study with regard to evaluating obesity as a
potential risk factor. In addition, the inclusion criteria of our study necessitate that patients
admitted to the non-ICU floor and later transferred to the ICU during their stay were
retained in this study. This characteristic (and potential bias) applies to both cases and
controls alike, based upon the uniform application of our inclusion criteria; furthermore, on
the basis of administrative data from the ACH JHM EHR-DW, the proportion of patients
admitted to non-1CU beds who are subsequently transferred to an ICU represents only 6% of
the institutional population and is therefore unlikely to impact our findings.

It was not possible to review records of other hospitals regionally and beyond for possible
readmission of patient controls included in this study to assure that they were not
misclassified (ie, missed cases of postdischarge VTE within 30 days that would then meet
case definition for HA-VTE). However, the likelihood of this potential limitation impacting
the validity of our findings is modest because our institutional data show that the vast
majority of readmissions occurring within 30 days of an initial admission to our free-
standing children’s hospital occur at our institution, rather than other hospitals. The size of
our study is such that it is possible that other bona fide risk factors may exist that we were
not able to detect. A further limitation of the current work is the fact that few VTE cases
include postsurgical patients, such that it was not possible to distinguish a medically ill vs
surgical patient VTE risk model in these noncritically ill hospitalized children.

Notwithstanding these limitations, this single-institutional case-control study investigating
HA-VTE risk factors is novel in deriving a risk model and associated risk score for HA-VTE
in noncritically ill children, who comprise the majority of pediatric inpatients at most
medical centers. This risk score warrants prospective evaluation in larger cooperative studies
that also seek to evaluate the need for distinct risk scores for upper- vs lower-extremity DVT.
If prospectively validated, our risk score and risk-based interventional model would provide
a rational, pragmatic approach to the institution of electronic health record-based screening
and risk-stratified preventive measures for HA-VTE in noncritically ill hospitalized children.
Future work must also seek to develop subpopulation-specific pediatric HA-VTE risk
models and associated risk scores for critically ill children hospitalized in cardiovascular,
pediatric (noncardiovascular), and neonatal ICUs.
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Figure.

Flow diagram of included and excluded patients in the study. CV/CU, cardiovascular
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intensive care unit; AM/CU, neonatal intensive care unit; P/CU, pediatric intensive care unit.
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Demographic and clinical characteristics among cases with HA-VTE and controls

Table |

Cases Controls
n % n %
Median age, y (range) 50 11.5(0.1-20.0) 350 7.7(6.1-21.4)
Birth to <1 7 14 64 18.29
1-5 3 6 98 28
6-10 12 24 70 20
11-15 13 26 49 14
16-21 15 30 69 19.71
CVC (any) 42 84 50 14.29
Short-term CVC 21 42 14 4
Long-term CVC 22 44 37 10.57
Infection 26 52 42 12
Major surgery 3 6 85 24.29
Malignancy 18 36 35 10
Obesity 3 6 5 1.43
Dehydration 6 12 29 8.29
Chronic inflammatory disease (non-lupus) 5 10 5 1.43
Hospital days, median (range) 50 14 (2-166) 350 3 (0-35)
Hospital days >4 44 88 113 32.29
Previous hospitalization within 30 d 17 34 41 11.71
Cardiac catheterization 2 4 1 0.29
Premature birth 3 6 41 11.71
History of VTE 5 12,5 0 0
Congenital heart disease 1 2 14 4
Nephrotic syndrome 0 0 4 1.14
Diabetes mellitus 1 2 6 171
Cystic fibrosis 3 6 6 1.71
Systemic lupus erythematosus 0 0 2 0.57
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