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Abstract

Introduction: Venous thromboembolism (VTE) can cause significant morbidity and mortality
in hospitalized patients, which may disproportionately occur in patients with limited mobility
following spinal trauma. We aimed to characterize the epidemiology and clinical predictors of
VTE in pediatric patients following traumatic spine injuries (TSI).

Methods: We conducted a retrospective cohort analysis of children who experienced TSI,
including spinal fractures and spinal cord injuries, encoded within the National Trauma Databank
from 2011-2014.

Results: Of the 22,752 pediatric TSI patients, 192 (0.8%) experienced VTE during initial
hospitalization. Proportionally, more patients in the VTE group (77%) than the non-VTE group
(68%) presented following a motor vehicle accident. Patients developing VTE had greater odds of
presenting with moderate (OR 2.6; 95% CI 1.4-4.8) or severe Glasgow Coma Scale scores (OR
4.3; 95% CI 3.0-6.1), epidural hematoma (OR 2.8; 95% CI 1.4-5.7), and concomitant abdominal
(OR 2.42; 95% CI 1.8-3.3) and/or lower extremity (OR 1.5; 95% CI 1.1-2.0) injuries. They also
had greater odds of being obese (OR 2.9; 95% CI 1.6-5.5).

Neither cervical, thoracic, nor lumbar spine injuries were significantly associated with VTE.
However, involvement of more than one spinal level was predictive (OR 1.4; 95% CI 1.0-1.7).
Spinal cord injury at any level was also significantly associated with developing VTE (OR 2.5;
95% CI 1.8-3.5).
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Patients with VTE stayed in the hospital an adjusted average of 19 days longer than non-VTE
patients. They also had greater odds of discharge to a rehabilitative facility or home with
rehabilitative services (OR 2.6; 95% CI 1.8-3.6).

Conclusions: VTE occurs in a low percentage of hospitalized pediatric TSI patients. Injury
severity is broadly associated with an increased odds of developing VTE; specific risk factors
include concomitant injuries such as cranial epidural hematoma, spinal cord injury, and lower
extremity injury. Patients with VTE also require hospital-based and rehabilitative care at greater
rates than other TSI patients.
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Introduction

Methods

Venous thromboembolisms (VTES) comprise deep venous thrombosis (DVT), wherein blood
clots in the deep veins of the extremities, and subsequent embolic events. The major cause
of morbidity and mortality from VVTE occurs when the embolus lodges in the pulmonary
circulation as a pulmonary embolus; previous studies estimate that 23-46% of VTESs in
adult patients were pulmonary emboli.k: 2 In the United States, roughly 14% of pediatric
VTEs were identified as pulmonary emboli.® Risk factors for DVT, and therefore VTE, fall
generally under the categories of Virchow’s triad: hypercoagulability, circulatory stasis or
turbulence, and endothelial damage.2 4 VTE may occur disproportionally more in patients
with limited mobility, which promotes circulatory stasis; common causes of limited mobility
include obesity, post-operative recovery, and lengthy airline travel.

Pediatric VTE is a rare event, with fewer than 5 cases per 100,000 children under 15

years old.5 7 The risk of first-time VTE increases nearly exponentially with age.” Major
trauma is known to increase the risk of VTE development in both children and adults; the
incidence of post-traumatic VTE is much lower in pediatric populations.> 8-10 General risk
factors associated with VTE development in pediatric trauma patients have been identified;
however, little data exists regarding factors that increase VTE risk after traumatic spinal
injury (TSI) specifically.® 9 11-13

This study aimed to assess the incidence of VTE among pediatric TSI patients, risk factors
and protective factors for VTE development, and initial hospital course and disposition for
these patients.

Study Design

We used prospectively collected data from the National Trauma Data Bank (NTDB) from
the years 2011 to 2014 to generate the study cohort of pediatric trauma patients. This
nationwide, multicenter database contains demographic, injury, and outcome data for trauma
patients at initial hospitalization. As the largest registry of trauma data drawn from a high
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percentage of US hospitals, the NTDB has been used extensively to study traumatic brain
injury and TSI in both pediatrics and adults.14

Inclusion and Exclusion Criteria

Inclusion criteria were 1) age of less than 18 years at the time of injury; 2) a designation of
deep vein thrombosis or pulmonary embolism as a complication in the NTDB; 3) an ICD-9
diagnosis code for spinal fracture and/or cord injury (Appendix 1).

Statistical Analysis

The primary outcome of interest in this study was discharge disposition, as outlined
previously.15 Patients were characterized as having adverse discharge if they were
discharged to a rehabilitation facility or discharged to home requiring rehabilitative services.
Other discharge categories included discharge to home and discharge to hospice. We
considered discharge disposition as a proxy measurement for patient functional status.
Student’s two-way t-tests were used to perform descriptive statistical analysis on quantitative
variables. Multivariable logistic regression models were used to calculate adjusted odds
ratios (aORs) for all qualitative variables. Multivariable linear regression models were

used to analyze associations with continuous quantitative outcome variables. To control for
confounding effects, our analyses were adjusted for age, sex, race, ethnicity, and insurance
type as listed in the NTDB. All statistical analyses were conducted using R version 3.3.3
(The R Project).

Missing Data

Results

To account for missing data, the R “amelia” package was used to perform multiple ratio
imputation via a bootstrap algorithm. We ran 10 iterations of this algorithm to generate 10
imputed datasets containing information on patient demographics, clinical characteristics,
hospital course, and hospital disposition. All statistical analyses were performed on these 10
datasets.

Demographics

Of 22,572 pediatric trauma patients with TSI, 192 (0.8%) developed VTE during the initial
hospitalization period (Table 1). 104 (54%) of these 192 patients were male with a mean age
of 15.5 years (IQR 13-17); the majority of these patients were white (69%) and not Hispanic
(72%). Demographic distributions were similar between patients with TSI who did or did
not develop VTE (Table 1).

Mechanism of Injury

Motor vehicle accidents were the most prevalent mechanism of injury (MOI) among TSI
patients both with and without VTE (Figure 1). A larger proportion (77%) of patients with
TSl and VTE had a motor vehicle accident-related mechanism of injury than patients with
TSI and no VTE (68%). Injury to other/homicide attempt and injury to self/suicide attempt
were found more commonly among patients with both TSI and VTE, whereas sports-related
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and fall-related injuries were more common amongst TSI patients who did not have VVTE.
A comparison of the percentage of patients presenting with each MOI between patients with
and without VVTE revealed no statistically significant relationship (Wilcoxon matched-pairs
signed rank test; p > 0.99).

Clinical Characteristics associated with VTE

Patients with a moderate GCS score (aOR 2.6, 95% CI 1.4-4.8), cranial epidural hematoma
(aOR 2.8, 95% CI 1.4-5.7), and severe GCS score (aOR 4.3, 95% CI 3.0-6.1) at initial
hospitalization were at significantly higher risk of developing VTE (Figure 2). Concomitant
injuries were also associated with increased likelihood of VTE development, specifically
lower extremity injury (aOR 1.46, 95% CI 1.06-2.0) and abdominal injury (aOR 2.4, 95%
Cl 1.8-3.3). Obesity was the only pre-existing condition to associate significantly with
increased VTE risk during hospitalization (aOR 2.9, 95% CI 1.6-5.5).

Injury to the cervical, thoracic, or lumbar spine alone at initial presentation was not
significantly associated with VTE development. Conversely, patients presenting with injury
involving multiple spinal levels (aOR 1.3, 95% CI 1.0 to 1.7) or involving the spinal cord
(aOR 2.5, 95% CI 1.8 to 3.5) were significantly more likely to develop VTE (Figure 3).

Hospital Course and Disposition

The length of stay among TSI patients with VTE was significantly longer than without
VTE. In an adjusted model, TSI patients with VTE stayed nearly 19 days longer (mean 18.7
days, 95% CI 17.3 — 20.0 days). Developing VTE was not significantly associated with ICU
stay during initial hospitalization (aOR 1.3, 95% CI 0.9-1.9). TSI patients with VTE were
significantly more likely to experience adverse discharge disposition to another hospital,
rehabilitation facility, or home with rehabilitative services (aOR 2.6, 95% CI 1.8- 3.6) than
those without VTE (Figure 4).

Discussion

Existing studies on pediatric trauma outcomes signal a correlation between injury severity
and VTE risk.12 16. 17 Our study, which examined multi-center, nationwide data, indicates
that the majority of risk factors significantly associated with VTE development in patients
with TSI relate to increased injury severity, such as moderate to severe GCS and cranial
epidural hematoma. In addition to limiting patient mobility, severe injury may also

induce upregulation of pro-coagulative molecules to stem bleeding.18 Combined, these
factors generate a pro-thrombotic state that may place trauma patients at increased risk

of developing VTE. Obesity, abdominal injury, and lower extremity injury, all of which
were identified as VTE risk factors in this study, could also limit patient mobility and
thereby contribute to VTE development; obesity has also been previously identified as an
independent risk factor for VTE in both pediatrics and adults.19-21

Although previous studies have identified smoking as a potential risk factor for VTE in
adult patients with comorbidities, it was not significantly associated with VTE development
here.22 Insufficient time for smoking to have increased coagulative risk could explain the
lack of association in this study’s pediatric population; the NTDB does not provide pack-
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year data to probe this hypothesis further. Age, sex, race, ethnicity, and insurance status all
were found to have no significant association with VTE development within our cohort.

While injury at any given spinal level was not significantly associated with developing VTE,
multiple spinal level injury and spinal cord injury were significantly associated. The latter
factors correlate with increased injury severity and may therefore be more detrimental to
patient mobility, increasing the risk for VTE as described above. The spinal precautions
taken to prevent worsening patient injury may also contribute to VTE risk; adults kept on
prolonged spinal precautions were significantly more likely to develop VTE compared to
those on shorter spinal precautions.23

Prevention of post-traumatic VTE in pediatric patients would not only decrease the clinical
and financial burden associated with initial hospitalization, but would also protect against
long-term morbidities associated with VTE development. While standard VTE prophylaxis
protocols exist for adult patients, no universally accepted equivalent exists for pediatric
patients.24 Of the independent pediatric VTE prophylaxis guidelines published in the
scientific literature, all cited patient immobility and central venous catherization as primary
risk factors for VTE development.25-30 The majority of these recommendations also
included lower extremity trauma and obesity as risk factors, congruent with the results of
this study. However, few guidelines mentioned spinal cord injury and low GCS as important
risk criteria.25: 2729 Qur retrospective analysis has allowed us to identify a unique set of
V/TE risk factors in the pediatric TSI cohort that had not yet been fully incorporated into any
one existing guideline.

Previous randomized controlled trials demonstrated that anticoagulative drugs used for VTE
prophylaxis in adult patients had limited efficacy in pediatric cohorts. While our study did
not specifically assess the use of pharmacologic prophylaxis in the post-trauma cohort,
pediatric patients with TSI present several contraindications to anticoagulation. For instance,
surgical intervention is frequently required to correct TSI; pediatric spine surgeries for
non-traumatic conditions have been associated with high volumes of intraoperative blood
loss that would be worsened by anticoagulative therapy.3! Moreover, while TSI patients
with concurrent cranial epidural hematoma are at elevated VTE risk compared to those with
no concomitant injuries, pharmacologic prophylaxis would elevate the risk of intracranial
bleeding. To avoid adverse hemorrhagic events, mechanical prophylaxis (sequential
compression devices, e.g.) may be a safer method of preventing VTE development in
pediatric TSI patients. Future prospective analyses in this patient cohort should evaluate the
efficacy of these two prophylactic approaches, optimal timing for prophylaxis initiation, and
any additional VTE risk conferred by prophylaxis protocols.

The most common mechanism of injury leading to pediatric TSI both with and without VTE
was motor vehicle accident. Although the number of children dying from motor vehicle
accidents has decreased by 43% over the past decade, over 97,000 children under the age

of 12 were injured in car accidents in 2018 in the United States alone.32: 33 According to

the CDC, improper or lack of seatbelt restraint is a major risk factor driving motor vehicle
accident-related injury in children.32 Children are also at increased risk for injury when

they ride with a driver under the influence of alcohol or other drugs; most children injured
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or killed in DUI accidents are also not wearing seatbelts.3% 3 Previous initiatives have
highlighted effective public health interventions that can decrease the incidence of childhood
motor vehicle accident-related TSI. When certain states’ laws were modified to increase

the age at which children are no longer required to ride in car booster seats, the number

of children injured or killed in car-related injuries in those states decreased by 17%.36
Coordinated initiatives aimed at decreasing drunk or intoxicated driving could help lower the
injury rate further, as could improved education for parents about age-appropriate car seat
use.3” Among patients with VTE, injury to others/homicide attempt and falls comprised the
next most frequent cause of presenting injury. The mechanisms underlying the “injury to
others” category are not delineated in the NTDB; further investigation is required to identify
these causes and effective intervention strategies to prevent future harm.

Clinical Significance

Strengths

Limitations

By using the NTDB to generate our study’s cohort, we are able to encapsulate nationwide
trends in VTE development in pediatric TSI patients. The lack of significant association
between VTE development and immutable demographic factors such as age, sex, and race
speaks to the generalizability of our findings. As a result, these data can be used to direct
overarching changes to pediatric screening for VTE, in-patient management for pediatric
TSI patients, and public policy regarding motor vehicle safety.

The major limitation to our retrospective investigation is the inability to assess long-term
prognostic information. For instance, these data may fail to capture VTES that occur
beyond the primary endpoint (i.e. after discharge), as well as factors that protect against

or increase the risk of post-hospitalization VTE development. Notably, long-term follow-up
of adult patients with spinal cord injury suggests that the incidence of VTE post-discharge
is significantly lower than during hospitalization.38 Longitudinal study of pediatric patients
with VTE indicate long-term morbidities such as post-thrombotic syndrome or persistent
clot; further study is required to assess the frequency of these outcomes in the pediatric
TSI cohort specifically.3° Finally, post-trauma complications may be underreported in the
NTDB; our imputed datasets may therefore underestimate the true incidence of VTE
between 2011-2014.40

Conclusion

VTE occurs in a low percentage of pediatric patients hospitalized with traumatic spinal
injury. Injury severity, particularly spinal cord injury, is associated with likelihood of
developing VTE during initial hospitalization likely due to impaired patient mobility and
upregulation of pro-coagulative factors. Even after adjusting for injury severity, pediatric
TSI patients with VTE experience longer hospital stays and are more likely to require
rehabilitative support.
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Figure 1: Mechanism of injury.

Motor vehicle accidents were the most common mechanism of injury among TSI patients
both with and without VTE. A larger proportion of patients with both TSI and VTE
experienced motor vehicle accident-related injury, injury to other/nomicide attempt, and
injury to self/suicide attempt than patients with TSI and no VTE. Sports-related and fall-
related injuries were more common among TSI patients with no VTE.
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Figure 2: Factorsassociated with VTE.
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Factors correlated with increased injury severity were significantly associated with VTE

development during hospitalization.
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Figure 3: Spinal injury and VTE development.
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Injury at any given spinal level is not significantly associated with VTE development. Injury
involving multiple spinal levels or spinal cord injury were both significantly associated with

VTE development.
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Figure 4: Hospital course and disposition.
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Developing VTE was not significantly associated with ICU stay during initial hospital
admission. TSI patients with VTE were significantly more likely to experience adverse
discharge compared to TSI patients without VTE. VTE does not appear to be associated
with increased risk of death or hospice, but the relative rarity of those events may confound

this effect.
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Table 1:
Demographics.

The overall demographic distribution was similar across patients with TSI, with or without VTE.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Total (N=22752) VTE(N=192) Non-VTE (N = 22560)
Age Mean IQR Mean IQR Mean IQR
15 12-17 15.5 13-17 15 12-17
Sex N % N % N %
Male 13381 58.8 104 54.2 13277 58.9
Female 9364 41.2 88 45.8 9276 411
Unknown 7 0.0 0 0 7 0.0
Race N % N % N %
White 15549 68.3 133 69.3 15416 68.3
Black/African American 2887 12.7 25 13.0 2862 12.7
Asian 341 15 3 1.6 338 15
American Indian 244 11 0 0 244 11
Native Hawaiian/Pacific Islander 60 0.3 3 1.6 57 0.3
Other 2536 111 22 115 2514 111
Unknown 1135 5.0 6 3.1 1129 5.0
Ethnicity N % N % N %
Hispanic 2962 13.0 27 14.1 2935 13.0
Not Hispanic 15572 68.4 138 71.9 15434 68.4
Unknown 4218 18.5 27 14.1 4191 18.6
Insurance N % N % N %
Private/BCBS Insurance 9192 40.4 67 34.9 9125 40.4
Medicare 63 0.3 0 0 63 0.3
Medicaid 6032 26.5 51 26.6 5981 26.5
Self-Pay 1612 7.1 11 5.7 1601 7.1
No Fault Automobile 2815 12.4 36 18.8 2779 12.3
Other Government Plan 660 2.9 5 2.6 655 2.9
Other Non-Governmental Plan 900 4.0 5 2.6 895 4.0
Unknown 1430 6.3 16 8.3 1414 6.3
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