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Abstract

Objectives—Although critically ill children are at increased risk for developing deep venous 

thrombosis, there are few pediatric studies establishing the prevalence of thrombosis or the 

efficacy of thromboprophylaxis. We tested the hypothesis that thromboprophylaxis is infrequently 

used in critically ill children even for those in whom it is indicated.
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Design—Prospective multinational cross-sectional study over four study dates in 2012.

Setting—Fifty-nine PICUs in Australia, Canada, New Zealand, Portugal, Singapore, Spain, and 

the United States.

Patients—All patients less than 18 years old in the PICU during the study dates and times were 

included in the study, unless the patients were 1) boarding in the unit waiting for a bed outside the 

PICU or 2) receiving therapeutic anticoagulation.

Interventions—None.

Measurements and Main Results—Of 2,484 children in the study, 2,159 (86.9%) had greater 

than or equal to 1 risk factor for thrombosis. Only 308 children (12.4%) were receiving 

pharmacologic thromboprophylaxis (e.g., aspirin, low-molecular-weight heparin, or unfractionated 

heparin). Of 430 children indicated to receive pharmacologic thromboprophylaxis based on 

consensus recommendations, only 149 (34.7%) were receiving it. Mechanical thromboprophylaxis 

was used in 156 of 655 children (23.8%) 8 years old or older, the youngest age for that device. 

Using nonlinear mixed effects model, presence of cyanotic congenital heart disease (odds ratio, 

7.35; p < 0.001) and spinal cord injury (odds ratio, 8.85; p = 0.008) strongly predicted the use of 

pharmacologic and mechanical thromboprophylaxis, respectively.

Conclusions—Thromboprophylaxis is infrequently used in critically ill children. This is true 

even for children at high risk of thrombosis where consensus guidelines recommend 

pharmacologic thromboprophylaxis.
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Deep venous thrombosis (DVT) and pulmonary embolism (PE) are important but 

underappreciated problems in critically ill children. In adults admitted in the ICU, the 

prevalence of clinically apparent DVT and PE is at least 20 per 1,000 patients with a 

frequency of at least 14.5 per 1,000 patients despite pharmacologic thromboprophylaxis 

(pTP) (1). Critically ill adults with no contraindication to anticoagulation are strongly 

recommended to receive pTP based on strong evidence that pTP decreases the prevalence of 

DVT and PE in this population (2). In children admitted in the PICU, the prevalence of 

clinically apparent DVT and PE is at least 9.3 per 1,000 patients with a frequency of at least 

7.4 per 1,000 patients (3). There are no recommendations on pTP specific to critically ill 

children because of paucity of data (4). Thromboprophylaxis guidelines for children with 

other conditions are mainly based on expert opinion (4).

It is unclear which groups of children should be targeted for thromboprophylaxis. In our 

survey of clinician leaders from North American PICUs, respondents report that they are 

likely to prescribe pTP for mechanically ventilated adolescents but not for younger patients 

(5). Presence of hypercoagulability, prior DVT, or cavopulmonary anastomosis also 

increased the self-reported likelihood of pTP. Although our survey provided clinician 

leaders' opinions regarding thromboprophylaxis practice, reported practice often 
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overestimates actual practice (5, 6). It also did not estimate the use of mechanical 

thromboprophylaxis (mTP), which may be more commonly used in older children (6).

In the present study, we hypothesized that this lack of evidence would result in infrequent 

and highly variable use of thromboprophylaxis in critically ill children. We estimated the 

frequency of thromboprophylaxis in critically ill children and identified patient, physician, 

and PICU characteristics associated with thromboprophylaxis. We wanted to understand the 

process of care variables surrounding the provision of thromboprophylaxis in critically ill 

children.

Materials and Methods

Study Design

We conducted a prospective multinational cross-sectional observational study on four study 

dates (February 1, May 1, August 1, and November 1, 2012). PICUs from the Pediatric 

Acute Lung Injury and Sepsis Investigators, Canadian Critical Care Trials Group, Australian 

and New Zealand Intensive Care Society, Sociedad Espanola de Cuidados Intensivos 

Pediatricos, and selected PICUs in Asia were invited to participate. All PICUs collected data 

in each of the study dates. The institutional review boards of each PICU approved the study, 

including waiver of signed consent.

All patients less than 18 years old hospitalized in the PICU during the study dates and times 

were included in the study, unless they were 1) boarding in the unit waiting for non-PICU 

beds or 2) receiving therapeutic anticoagulation.

At 9 am, local time of each study date, demographics, preadmission history, and data from 

current admission were collected from each eligible patient. Data were abstracted from the 

medical records into standardized case report forms by trained abstractors who were 

typically physicians or nurses. Site investigators and data abstractors (Appendix 1) were 

provided a manual containing detailed descriptions of each data point. Each abstractor was 

required to enter data from standardized sample patients into the database prior to the first 

study date. Feedback was provided to ensure accurate data collection and entry. Data 

included patient characteristics known to be associated with DVT or PE (4, 7–10), 

indications and contraindications for pTP based on the American College of Chest 

Physicians' (ACCP) guidelines for pediatric patients (4), and use of thromboprophylaxis. We 

also collected characteristics of central venous catheters (CVCs) because the presence of 

CVC is the most significant risk factor for DVT in children (11, 12). Selected characteristics 

of the patient's attending physician and PICU were also collected. Data were managed using 

REDCap (Research Electronic Data Capture) hosted at Washington University at St. Louis 

School of Medicine (13).

Data Definitions and Outcome Measures

We defined patient qualification for pTP as 1) any patient admitted to the PICU and 2) based 

on the ACCP pediatric guidelines, any patient with dilated cardiomyopathy, cavopulmonary 

anastomosis, cyanotic congenital heart disease, end-stage renal disease, or pulmonary 

hypertension who had no contraindication to anticoagulation. Presence of anticipated 
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surgery, confirmed and suspected heparin-induced thrombocytopenia, intracranial 

hemorrhage documented radiologically, or nonintracranial hemorrhage requiring blood 

product transfusion contraindicated anticoagulation (4, 14). A patient who was administered 

a pTP agent or used an mTP device within 24 hours prior to the study date and time was 

considered to be receiving thromboprophylaxis. Aspirin, low-molecular-weight heparin 

(LMWH), IV unfractionated heparin (UFH), subcutaneous UFH, warfarin, and clopidogrel 

constituted pTP. In the absence of a standard definition, we defined greater than 10 U/hr of 

UFH infused through the CVC as thromboprophylactic dose and less than or equal to 10 

U/hr of UFH as dose for CVC patency (11).

The primary outcome measure was the frequency of pTP defined as the proportion of all 

patients in the PICU receiving pTP. Our secondary objective was to identify factors 

associated with prescribing thromboprophylaxis. We included all children 8 years old or 

older in the analyses on mTP because mTP could only be used in this age group (11).

Statistical Analyses

Patients were divided into three age strata: infants less than 1 year old, children 1–13 years 

old, and adolescents more than 13 years old to reflect the bimodal distribution of pediatric 

DVT (11, 12). Data from the four study dates were combined. Continuous and categorical 

variables were reported as medians and interquartile ranges (IQRs) and absolute counts and 

percentages, respectively.

We had reasonable expectation that clinical practice and types of patients varied between 

PICUs. We also wanted to make inferences for an average patient seen at any of the PICUs, 

which in turn were a sample and not a census of all representative PICUs. We used a 

nonlinear mixed effect model with logistic linkage with the probability of pTP as outcome, 

given certain predictors treated as fixed effects factors (i.e., patient, physician, and PICU 

characteristics) and PICUs treated as random effects factor. We conducted bivariate logistic 

regression analyses for each characteristic and included characteristics with p value less than 

0.20 in the final model. We used the Akaike information criterion to find the final 

parsimonious model. We used this model to determine center effect. Odds ratios (ORs) and 

95% CIs were reported. A similar approach was used for mTP.

Analyses were performed using Stata 12 (StataCorp, College Station, TX). A two-tailed p 

value less than 0.05 was considered statistically significant. Assuming that the frequency of 

pTP was 16% (15), a total of 2,360 patients from the four study dates were needed to 

achieve a 95% CI of ±1.5% around the mean. If each PICU had on average 10 patients per 

study date (16), a minimum of 59 PICUs was needed to complete enrollment.

Results

Patient, Physician, and PICU Characteristics

A total of 2,484 of 2,909 patients (85.4%) hospitalized in 59 PICUs from seven countries 

(Australia, Canada, New Zealand, Portugal, Singapore, Spain, and the United States) were 

included. Patients were equally distributed during the four study dates with 674, 609, 587, 

and 614 patients for study dates 1, 2, 3, and 4, respectively. Patient, physician, and PICU 
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characteristics are presented in Table 1. The attending physicians analyzed might not 

represent unique physicians, as some might have been the attending physicians during prior 

study dates. Of the 59 PICUs, 19 (32.2%) had some form of protocol to guide 

thromboprophylaxis practice.

The majority of patients were at risk for DVT. The list of risk factors considered is presented 

in Figure 1. The median number of risk factors was 2 (IQR, 1–4). A total of 2,159 patients 

(86.9%) had ≥ 1 risk factor, 1,712 patients (68.9%) ≥ 2 risk factors, and 1,217 patients 

(49.0%) ≥ 3 risk factors. The most common risk factor was the presence of CVC. More than 

half of the patients (1,312, 52.8%) had at least 1 CVC (median, 1; IQR, 0–1) with the 

nontunneled (667 of 1,498 CVC, 44.5%), peripherally inserted (i.e., peripherally inserted 

central catheter: 563, 37.6%), and tunneled (189, 12.6%) types being most common. CVCs 

were most often placed peripherally (479, 32.0%), in the femoral vein (355, 23.7%) or in the 

internal jugular vein (348, 23.2%).

Pharmacologic Thromboprophylaxis

A total of 308 of 2,484 patients (12.4%) in the PICU were receiving pTP. Of 146 neonates 

less than 1 month old, 30 (20.6%) were on pTP. The frequencies of pTP during the four 

study dates were 11.6%, 12.2%, 12.4%, and 13.5%. Of 430 patients indicated to receive pTP 

based on the ACCP guidelines, 149 (34.7%) were receiving pTP. The frequency of pTP was 

highest in adolescents and in infants (Fig. 2). Of 57 neonates indicated to receive pTP, 16 

(28.1%) were on pTP. pTP varied depending on the risk factor present and ranged from 0% 

to 60.2% (Fig. 1A). The frequency of pTP for each of the indications in the ACCP 

guidelines were as follows: cavopulmonary anastomosis, 60.2%; cyanotic congenital heart 

disease, 42.6%; dilated cardiomyopathy, 42.5%; pulmonary hypertension, 26.1%; and end-

stage renal disease, 4.0%. Use of pTP increased as the number of risk factors increased—

14.0% in patients with ≥ 1 risk factor, 16.0% with ≥ 2 risk factors, and 18.5% with ≥ 3 risk 

factors (p < 0.001). After adjusting for surrogates of severity of illness (i.e., patient 

diagnoses and interventions), there was a center effect with the frequency of pTP across 

PICUs ranging from 0% to 50.0% (p < 0.001) (Fig. 3A). Patients with cyanotic congenital 

heart disease were most likely to receive pTP (OR, 7.35; 95% CI, 4.75–11.37; p < 0.001) 

(Fig. 4A; Supplemental Table 1, Supplemental Digital Content 1, http://

links.lww.com/CCM/A827). Although the presence of CVC was independently associated 

with pTP (OR, 2.32; 95% CI, 1.60–3.35; p < 0.001), it was prescribed in only 17.0% of 

patients with CVC. No physician characteristics were associated with pTP.

Aspirin was the most commonly used agent (143 of 308 patients on pTP, 46.4%), primarily 

because of patients with congenital heart disease. Of the 143 patients on aspirin, 105 

(73.4%) had congenital heart disease. LMWH was the next most commonly used agent (113 

of 308 patients, 36.7%), most of which were enoxaparin (110 of 113 patients, 97.4%).

Mechanical Thromboprophylaxis

A total of 156 of 655 (23.8%) patients 8 years old or older received mTP. Of these, 21 

patients were also on pTP. Pneumatic/sequential compression device was used in 134 of 156 
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patients (85.9%) and graduated compression stockings were used in 35 of 156 patients 

(22.4%).

The frequencies of mTP over the four study dates were 22.5%, 24.0%, 28.7%, and 19.3%. 

The prevalence of mTP varied depending on patient's age, the risk factor present, and PICU. 

mTP increased with age up to about 13 years old (Fig. 2). The frequency of mTP ranged 

mostly from 0% to 50.0% depending on which risk factor was present (Fig. 1B) and from 

0% to 75.0% per PICU (p < 0.001) (Fig. 3B). The presence of spinal cord injury had the 

highest likelihood of mTP (OR, 8.85; 95% CI, 1.79–43.82; p = 0.008) (Fig. 4B; 

Supplemental Table 2, Supplemental Digital Content 2, http://links.lww.com/CCM/A828). 

Age more than 13 years old and obesity were both independently associated with pTP and 

mTP. No physician characteristics were associated with mTP.

Discussion

This is the first multinational study to describe thromboprophylaxis practice in a broad 

group of PICU patients. We found that 86.9% of children in the PICU had greater than or 

equal to 1 risk factor for DVT. Overall, use of thromboprophylaxis was low. The frequency 

of pTP use in all children was 12.4%. Only 34.7% of patients indicated to receive pTP based 

on the ACCP pediatric guidelines were on pTP. mTP was used in only 23.8% of all children 

8 years old or older. Thromboprophylaxis was also highly variable depending on the 

patient's age, risk factor present, and PICU where the patient was admitted.

Comparing our results to our survey on stated use of thromboprophylaxis (5), surveyed 

clinicians overestimated the use of pTP in adolescents and underestimated pTP use in 

younger patients. In contrast to our survey where LMWH was thought to be the most 

commonly used agent (5), aspirin was the most commonly used agent in actual practice. 

Although aspirin is not recommended to prevent thrombosis aside from some children with 

cardiac problems (4), it was recommended as a thromboprophylactic agent for a select group 

of adults with cancer (17) and those undergoing total joint arthroplasty (18).

Although this is the first multinational study of pediatric thromboprophylaxis, prior single-

center studies reported that 10–22% of selected patients in the PICU were on pTP (15, 19, 

20). The use of pTP in our study was lower than in critically ill adults where a multinational 

observational study found that 85% of them were receiving pTP (21). The frequency of mTP 

use in our study was similar to the 23% use reported in adults with contraindication to pTP 

(21, 22). Similar data on mTP use in children are not available.

Our study shows that 86.9% of children have greater than or equal to 1 risk factor for DVT 

(3, 4, 12, 23, 24). The lack of evidence on the efficacy of thromboprophylaxis in children 

and underestimation of the risk of DVT may explain the infrequent use of pTP. The low 

compliance with the ACCP guidelines may be because the evidence is weak (4). It is 

possible that the use of normal saline, heparin flushes, or intermittent urokinase suggested 

by ACCP to maintain line patency (4) may be misconstrued as adequate thromboprophylaxis 

(25). The risk of DVT in critically ill children is likely underappreciated as reported 

incidences of clinically apparent cases significantly underestimate the overall incidence of 
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DVT (11, 26). Pediatric intensivists often do not consider clinically silent DVT to require 

treatment (27) despite evidence to the contrary (28–30). The nonuse of pTP may be 

appropriate. The weak evidence for the ACCP recommendations implies that not giving pTP 

may be a reasonable option. Despite the grade of evidence, we compared pTP utilization to 

expected utilization as suggested by the ACCP guidelines to provide a point of comparison. 

The higher frequency of mTP compared with pTP suggests that clinicians may be unwilling 

to accept the risk of bleeding (5) even though it appears to be low (20). Only 1.7% of 

patients in our study were at high risk of bleeding (31). There are no studies demonstrating 

the efficacy of mTP in children despite its widespread use.

The high variability in the use of thromboprophylaxis is concerning and has been reported in 

hospitalized adults (22). Unwarranted variations in clinical practice can lead to worse 

outcomes and higher cost of care (32). In contrast to adults where problems implementing 

the available evidence likely cause practice variations (22), the lack of evidence to guide 

practice in children likely contributes to this practice variability. It is challenging to 

determine whether the variability is acceptable or unwarranted without any sense on what 

practice should be.

We identified patient characteristics that predicted thromboprophylaxis. Consistent with our 

survey (5), cyanotic congenital heart disease, immobility, obesity, prior DVT, 

cavopulmonary anastomosis, and adolescence were independent predictors of pTP. Spinal 

cord injury increased the likelihood of pTP in our survey but not in the current study. This 

may reflect the perceived complications from bleeding in this population because spinal 

cord injury strongly predicted mTP in our study. Acquired hypercoagulability and major 

bleeding, which affected the likelihood of pTP in our prior survey, were not associated with 

pTP in our current study. The wide CI around the ORs for these predictors likely reflects the 

low number of events per predictor variable (33) and may partly explain the discrepancy. 

Presence of CVC, a predictor of pTP in our current study, did not increase the likelihood of 

pTP in our survey. The discrepancy may be related to our definition of UFH doses as some 

clinicians use higher doses to maintain line patency (25). We were unable to capture the 

clinicians' intent for heparin dosing in patients with CVC. The ACCP pediatric guidelines 

recommend against systemic anticoagulation to prevent CVC-related DVT based on 

inadequately powered trials (4).

The major strengths of our study are its multinational design and the large sample size. 

Inclusion of a number of countries increased the generalizability of our results. The large 

sample size allowed us to obtain more precise estimates of the frequency of 

thromboprophylaxis and to concurrently evaluate predictors of thromboprophylaxis. This is 

the first multinational study to describe the use of mTP in children. The use of 

thromboprophylaxis in children is a topic of confusion and controversy. Our study compared 

practice with guidelines, even though they are limited.

Our results should be viewed in light of some limitations. The focus of our study was to 

understand the process of care variables surrounding the use of thromboprophylaxis in 

critically ill children. Although important, we did not collect clinical outcomes, that is, 

DVT, PE, or bleeding, because of our cross-sectional study design. Use of 
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thromboprophylaxis was defined as receipt of thromboprophylaxis within 24 hours prior to 

the study date and time. It is possible that the thromboprophylaxis status of some patients 

may have been different at other times during their PICU stay potentially leading to 

inaccuracies in the frequency of thromboprophylaxis use. It is unlikely that the frequency of 

pTP is significantly different from what we report based on prior single-center studies (15, 

19, 20). We are unable to determine the number of PICU days that a patient was on 

thromboprophylaxis because of our study design. PICUs were not randomly selected and 

developing countries were not represented. Although the majority of the participating PICUs 

had cardiac patients, only four (6.8%) were cardiac PICUs. We may have underestimated 

the number of cardiac patients on pTP. The primary data source was the medical record, 

which may have some error introduced during interview and documentation. We used 

standardized case report forms with operational definitions to maximize data consistency. It 

is possible that the attending physician was not solely responsible for the decision for 

thromboprophylaxis. This may partly explain the lack of correlation between the attending 

physicians' characteristics and thromboprophylaxis.

Conclusions

The low frequency and high variability in thromboprophylaxis practice highlight the need 

for well-designed studies to inform practitioners of the appropriateness of pTP in critically 

ill children. Variability around thromboprophylaxis should be reduced. However, in the 

absence of evidence, it is hard to know the optimal practice to improve care. We have 

identified risk factors that are important to practitioners and should be prioritized for future 

studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The frequency of pharmacologic (A) and mechanical (B) thromboprophylaxis was highly 

variable depending on the presence of risk factor. Each bar represents the proportion of 

patients with the risk factor. The denominator is the total number of patients in the study. 

The circles represent the proportion of patients at risk receiving thromboprophylaxis. The 

denominator is the total number of patient with the risk factor. Because mechanical 

thromboprophylaxis can only be used in children 8 years old or older, the proportion of 

patients at risk in (B) represents only the subset of patients in this age group. CHD = 

congenital heart disease.
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Figure 2. 
The frequency of pharmacologic thromboprophylaxis was highest at the extremes of age 

while the frequency of mechanical thromboprophylaxis initially increased but seemed to 

plateau at 13 years old or older. Filled circles represent pharmacologic thromboprophylaxis; 

filled squares represent mechanical thromboprophylaxis; gray bars represent proportion of 

patients per year; solid line represents fitted values (pharmacologic); and dashed line 

represents fitted values (mechanical).
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Figure 3. 
The frequency of pharmacologic (A) and mechanical (B) thromboprophylaxis was highly 

variable across PICUs. Each bubble represents a PICU. The size of the bubble represents the 

relative number of patients in the PICU during the study dates. The x-axis represents the 

identification number assigned to each PICU. The solid line represents the mean frequency 

of thromboprophylaxis for the entire patient cohort while the dashed lines represent the 

range.
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Figure 4. 
Different patient and PICU characteristics were independently associated with 

pharmacologic (A) and mechanical (B) thromboprophylaxis. The x-axes are in the 

logarithmic scale. Only the risk factors with p values less than 0.05 in the multivariable 

model are presented. CHD = congenital heart disease.
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