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Pediatric hospital acquired venous thromboembolism (HA-VTE) is an increasing problem 
with an estimated increase from 5.3 events per 10,000 pediatric hospital admissions 
in the early 1990s to a current estimate of 30–58 events per 10,000 pediatric hospital 
admissions. Pediatric HA-VTE is associated with significant morbidity and mortality. 
The etiology is multifactorial but central venous catheters remain the predominant risk 
factor. Additional HA-VTE risk factors include both acquired (recent surgery, immobility, 
inflammation, and critical illness) and inherited risk factors. Questions remain regarding 
the most effective method to assess for HA-VTE risk in hospitalized pediatric patients 
and what preventative strategies should be implemented. While several risk-assessment 
models have been published in pediatric patients, these studies have limited power due 
to small sample size and require prospective validation. Potential thromboprophylactic 
measures include mechanical and pharmacologic methods both of which have asso-
ciated harms, the most significant of which is bleeding from anticoagulation. Standard 
anticoagulation options in pediatric patients currently include unfractionated heparin, low 
molecular weight heparin, or warfarin all of which pose a monitoring burden. Ongoing 
pediatric studies with direct oral anticoagulants could potentially revolutionize the 
prevention and treatment of pediatric thrombosis with the possibility of a convenient 
route of administration and no requirement for monitoring. Further studies assessing 
clinical outcomes of venous thromboembolism (VTE) prevention strategies are critical 
to evaluate the effectiveness and harm of prophylactic interventions in children. Despite 
HA-VTE prevention efforts, thrombotic events can still occur, and it is important that 
clinicians have a high clinical suspicion to ensure prompt diagnosis and treatment to 
prevent further associated harms.
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ePiDeMiOLOGY

Hospital acquired venous thromboembolism (HA-VTE) is currently considered the second most 
common contributor to harm in hospitalized pediatric patients secondary only to central line-
associated infection (1). It is a rapidly increasing problem, with an estimated increase from 5.3 events 
per 10,000 pediatric hospital admissions in the early 1990s to a current estimate of 30–58 events per 
10,000 pediatric hospital admissions (2–5). The pathogenesis of venous thromboembolism (VTE) 
is associated with the three main elements described in Virchow’s triad, including stasis of blood 
flow, endothelial injury, and hypercoagulability, and commonly arises as a result of concurrent risk 
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factors. While the pathogenesis of VTE in pediatric patients is 
multifactorial, the presence of a central venous catheter (CVC) 
remains the single most important risk factor (3, 6, 7).

The age of onset for pediatric VTE is bimodal, revealing peaks 
in the neonatal and adolescent age groups (2). The overall fre-
quency of VTE in the adult population (inpatient and outpatient 
setting) remains significantly more common than children with 
an incidence as high as 1 in 100 individuals older than 80 years 
versus 1 in 100,000 pediatric patients (8, 9). VTE in hospital-
ized adult patients remains a significant cause of morbidity and 
mortality and concerted efforts have been made to identify VTE 
risk factors and to develop effective prevention strategies (10, 11). 
While less frequent, VTE in hospitalized children also has been 
recognized as major contributor to harm and effective interven-
tions are needed (1).

The resultant harms in pediatric patients from VTE are 
numerous and range from death to pulmonary embolism, 
paradoxical emboli, infection, post thrombotic syndrome, loss 
of venous access, and pain at the site of thrombosis. Pediatric 
HA-VTE has been associated with increased length of stay and 
cost (12). The estimated mortality rate associated with pediatric 
VTE is 2.2% (6).

RiSK FACTORS FOR HA-vTe

Observational, case–control and non-case–control studies in 
both adults and children have identified a number of VTE risks 
in hospitalized patients (13). These risks may be either acquired 
(such as surgery, immobility, inflammatory conditions, CVCs) or 
inherited (such as Factor V Leiden, prothrombin gene mutation, 
anticoagulant deficiency). In general, most pediatric patients 
with a HA-VTE have multiple VTE risk factors present at the 
time of the thrombotic event.

Recently, Mahajerin et al. performed a meta-analysis of the 
published studies for VTE risk factors in hospitalized pediatric 
patients. The authors found that the presence of central catheters, 
increased length of stay, intubation, and ICU admissions were 
significantly associated with increased odds ratios for HA-VTE 
(13). The relative paucity of studies in pediatric patients high-
lights the challenges of obtaining high quality evidence for this 
rare event and warrants further research and multi-institutional 
trials. While a number of studies have demonstrated specific 
medical conditions, surgical interventions and age as risks for 
HA-VTE, the low incidence of HA-VTE in children has reduced 
the power of these studies to detect other potentially relevant 
clinical risks. We review the current evidence for HA-VTE risks 
below.

Age
As previously mentioned, the overall incidence of VTE in 
children is bimodal; there is a peak in infants with subsequent 
decline in infancy and childhood. The incidence then increases 
in adolescence and continues to increase throughout adulthood 
(2, 5, 14). In adults the incidence continues to rise with age and 
is 10 to 100 times higher than in children (9). The progressive 
increase in VTE that starts in early adolescence is likely multi-
factorial. Physiologic changes such as increased FVIII and von 

Willebrand activity may contribute to increased risk in adults, 
as well as the use of estrogens in females. In addition, the higher 
VTE incidence may also reflect the increase in comorbid condi-
tions, such as renal disease, malignancy, and trauma, which are 
more common in adults (4, 5). Conversely, neonates have a high 
rate of HA-VTE but this is most likely in large part secondary 
to the use of CVC’s in this critically-ill population, as the rate of 
CVC-associated VTE is increased in this age group (5).

Mobility
Reduced mobility as a VTE risk factor is well established in the 
adult population, and some studies in children have also dem-
onstrated this risk (13). However, the details of degree and chro-
nicity of immobility in these studies are not reported. In adult 
studies, definitions vary considerably (15); some have used bed 
rest or out of bed for <30 min per day (16). Acute flaccid paraly-
sis has been shown to be a major risk factor for the development 
of VTE in adults (17). The VTE risk of chronic immobility in 
children with quadriplegia is less clear. Additionally, the notion 
that venous stasis is a VTE risk factor in an infant who is not 
walking is doubtful. Likely, the combination of acute immobility 
in a hospitalized adolescent patient is a VTE risk, similar to what 
is seen in adults. A study by Branchford et al. demonstrated that 
intubation is a risk for HA-VTE, which may be a surrogate for 
immobility (18).

Medical Conditions
A number of chronic diseases have an increased incidence of 
VTE, including active malignancy, congenital cardiac disease, 
renal disease, and rheumatologic disorders (2, 5, 14). Besides the 
frequent presence of CVCs in patients with these diagnoses, com-
mon contributor for VTE risk include acute inflammation, which 
can result in increases in prothrombotic factors, such a FVIII, 
vWF, and fibrinogen. Several studies have shown that systemic 
infection is also a significant VTE risk factor; the mechanisms 
by which infection contributes to thrombosis are multifacto-
rial (18–20). Infection can be associated with upregulation of 
prothrombotic factors; in addition, structures called neutrophil 
extracellular traps can be formed in response to infection and 
inflammation and are implicated in thrombogenesis (21). 
Acquired thrombophilia may contribute to risk in hospitalized 
patients, such as acquired antithrombin deficiency with nephrotic 
syndrome, a draining chylous effusion or with asparaginase 
therapy for leukemia. Additional risk factors for HA-VTE in 
children include obesity and estrogens (18, 22). Overall, medical 
complexity is a risk as those diagnosed with multiple diseases 
have an increased odd of VTE (5, 18).

Surgery, Trauma, and intensive Care
Surgery is a known risk for VTE; this is likely secondary to a 
combination of factors including a post-surgical inflammatory 
state, immobility, and CVCs. In particular, some procedures, 
such as orthopedic surgery is associated with significant risk in 
adults. However, the incidence of VTE in children with ortho-
pedic procedure appears to be significantly lower for unclear 
reasons (23, 24). For patients undergoing cardiac surgery, the 
overall prevalence of thrombosis is significant at 11% (25) with 
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catheter-associated thrombi in the order of 15% (26). The high 
VTE rate in these patients may be contributed by stasis and tur-
bulent blood flow associated with congenital heart disease, and 
by platelet activation with the cardiac bypass circuit. Pediatric 
trauma patients are also at increased risk; VTE has been shown to 
be associated with an increased injury severity score, surgery, and 
blood transfusion (27, 28). There is a significantly higher inci-
dence and risk of VTE in pediatric patients admitted to intensive 
care units. This finding likely reflects the medical complexity of 
these patients as well as the other associated risk of CVCs and 
surgery in this population (13).

Catheters
Central venous catheters are the most common risk associated 
with VTE in children. The characteristic of CVC placement 
include location (upper versus lower extremity), type [peripher-
ally placed catheters (PICC) versus implanted], duration, and 
catheter size. Based on current data, it is unclear if the incidence 
of VTE with PICCs is greater than with tunneled catheters and 
prospective studies are needed (29, 30). In surveillance studies, 
the incidence of VTE associated CVCs placed in the PICU is 
significant, and has been reported to be 18% (31). While CVC’s 
are more frequently placed in the intensive care units, it is a risk 
factor in non-ICU settings as well (5, 19, 20). A major problem 
with catheter-related thrombosis in children is with the size of 
catheters compared to vessel size. An optimal diameter ratio of 
1:3 has been suggested; however, this may not be achievable in 
infants and small children (32). These physical restraints add to 
the challenge of VTE prevention with CVCs in this population.

inherited Thrombophilia
The presence of an inherited thrombophilia, such as a deficiency 
of antithrombin, protein C or S, or the Factor V Leiden and 
prothrombin mutations, is associated with an increased odds of 
developing VTE (33). The odds of VTE are further increased with 
greater than two genetic traits suggesting that risks are additive. 
The presence of thrombophilia has been used in risk-assessment 
models (RAMs) in adults (10) as well as pediatric acute leukemia 
(34). However, its utility for predicting HA-VTE in the pediatric 
population has not yet been demonstrated.

vTe RiSK ASSeSSMenT

With recent incidence estimates of all HA-VTE diagnosis between 
1 in 141 and 532 admissions (14, 35), it is critical to target VTE 
prophylaxis strategies to only those patients at highest risk for 
developing VTE. Likewise, low-risk patients need to be identified 
to avoid exposure to the bleeding risks of anticoagulation and/or 
the cost and challenges of intermittent pneumatic compression 
device (IPC). The principal that the VTE development in hospi-
talized pediatric patients is multifactorial and that the strengths 
of the VTE risks vary lend this outcome to the use of RAMs. 
RAMs have been developed and validated for hospitalized adults, 
but few have been published for pediatrics (10, 36, 37). With the 
mandate imposed by 2014 Joint Commission on Accreditation 
of Healthcare Organizations for VTE risk assessment screen-
ing on all hospitalized adults (18  years and older), awareness 

of HA-VTE in children has been heightened, and the need for 
improved screening tools has been recognized (1).

Four RAMs based on risk factor identification for the devel-
opment of VTE in hospitalized children have been published 
(Pediatric inpatients, Table 1) (18–20, 35). In these models, three 
to six independent risks factors were identified in case–control 
studies and a weighted score was assigned to the risk to derive a 
score. Common factors to all the models were increased length of 
stay and infection. In addition, the presence of CVCs and intuba-
tion/immobility were identified in more than one RAM. Several 
of these factors in children are also incorporated in validated adult 
RAMs, such as infection and immobilization (10, 36). However, 
older age, history of thrombophilia, and malignancy which were 
identified in adult RAM models were not found in these studies in 
children (10, 36, 37). The pediatric studies are challenged by small 
sample sizes, retrospective study design and lower incidence of 
VTE, which limit the power to detect potentially significant risk 
factors. Additionally, many of these models included length of 
stay which cannot be used in a prospective manner for VTE risk 
prediction. It should be noted that two RAMs in children with 
trauma and one in pediatric patients with acute lymphoblastic 
leukemia who have a high risk of VTE have also been developed 
and validated (Table  1); these RAMs were developed similarly 
by identification of VTE risks and weighting of factors based on 
odds ratios. These models have been validated in independent 
cohorts, but will need to be studied prospectively to determine 
their utility (28, 34, 38).

Risk-assessment models can be used to stratify VTE risk in 
order to better balance the risks and benefit of the prophylactic 
options. It has been suggested in adults that a population with a 
VTE frequency of 2% or higher should be targeted for pharma-
cologic prophylaxis, and populations with risks between 1 and 
2% would be appropriate for mechanical prophylaxis (37). While 
VTE occurrence is reduced by a half with heparin prophylaxis 
in adults, these data are lacking in pediatrics. The benefits of 
prophylaxis must be weighed against the risks. In children, the 
bleeding risk for prophylactic low molecular weight heparin 
(LMWH) has been reported to be 0.8% for major bleeding and 
3% for minor bleeding (39). The uncertainties of the risk/benefits 
of interventions in children add to the challenges of implementa-
tion of RAMs and require additional studies.

PRevenTiOn: MeCHAniCAL AnD 
PHARMACOLOGiCAL

Venous thromboembolism prevention strategies for hospitalized 
pediatric patients include early mobilization, mechanical, and/or 
pharmacologic prophylaxis. In an effort to minimize harm, the 
strategies generally have utilized early mobilization and mechani-
cal prophylaxis in patients determined to be at moderate risk for 
VTE and pharmacologic interventions are reserved for those 
patients with the highest VTE risk (40, 41).

early Mobilization
Encouraging maximal mobility of all hospitalized patients is a 
relatively simple approach for VTE prevention. Movement of 
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TAbLe 1 | Pediatric risk-assessment models (RAMs) for hospital acquired venous thromboembolism.

RAM Patient population number of 
factors

vTe risk factors (maximum points) Comments

Pediatric inpatients

Colorado Children’s Hospital (18) Medical/ICU (age 
0–21 years)

3 Intubation, infection, LOS ≥ 5days 3.6% probability of VTE with 3 factors

Peds-Clot Riley Hospital for 
Children and Children’s Memorial 
Hospital (35)

Medical/ICU (age 
0–20 years)

6 Immobilization (3), direct ICU admission 
(0.5), CVC (1), blood stream infection (1), 
OCP (2), LOS ≥ 7 days (2)

9.5 point risk score; Score of 3: sensitivity: 
57–70%; specificity: 80–88% AUC: 0.852–0.89

Johns Hopkins All Children’s 
Hospital (20)

Medical/Non-ICU  
(age 0–21 years)

3 CVC (5), infection (2), LOS ≥ 4 days (1) 8 point risk score; 8 points: 12.5% VTE; 7 points 
1.1% VTE; ≤6 points 0.1% VTE

Johns Hopkins All Children’s 
Hospital (19)

ICU, non-cardiac  
(age 0–21 years)

3 CVC (8), infection (1), LOS ≥ 4 days (6) 15 point risk score; 15 points: 8.8% VTE; 7–14 
points 1.3% VTE; ≤7 points 0.03% VTE

Pediatric Trauma

ROCKiT (Johns Hopkins Hospital 
trauma registry and National 
Trauma Data Bank) (28)

Trauma  
(age 0–21 years)

6 Older age (4), intubation (4), high ISS 
(7), low GCS (1), surgery (5), blood 
transfusion (2)

23 point risk score; score of 13: sensitivity: 87%; 
specificity: 81%; AUC: 0.9

National Trauma Data Bank (38) Trauma (age 
0–17 years)

10 Older age (147), female sex (4), ICU 
admission (171), intubation (97), low GCS 
(34), CVC (61), pelvic fracture (33), lower 
extremity fracture (36), major surgery 
(150), blood transfusion (58)

797 point risk score; >688 points: >5% VTE; 
524–688 points 1–5% VTE; ≤523 points <1% 
VTE; AUC: 0.945

Pediatric Malignancy

BFM/COALL/FRALLE acute 
leukemia protocol (34)

Acute lymphoblastic 
leukemia in induction 
therapy (age 
1–18 years)

3 steroid/asparaginase (1), CVC (1), 
thrombophilia (2)

Maximum score range (3–4) depended on 
treatment protocol >2.5 points: 64.7% VTE ≤2.5 
points 2.5% VTE

VTE, venous thromboembolism; ICU, intensive care unit; LOS, length of stay; CVC, central venous catheter; OCP, oral contraceptive pill; AUC, area under the curve; ISS, injury 
severity score; GCS, Glasgow Coma Scale; BFM, Berlin-Frankfurt-Münster 90/95/2000; COALL, Cooperative Acute Lymphoblastic Leukemia 92/95; FRALLE, French Acute 
Lymphoblastic Leukemia 2000.
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the calf muscle with ambulation prevents venous stasis in the 
lower extremities which as previously discussed is one of the 
key risk factors for VTE development. Maximal activity should 
be encouraged no matter the patient’s VTE risk. In addition, 
this strategy may also have other benefits. In adult studies, 
implementation of early and maximal mobility has been 
associated not only with decreased VTE occurrence but also 
decreased length of stay and improved cognitive and functional 
outcomes (42, 43).

Mechanical Prophylaxis
Mechanical prophylaxis includes the use of either IPCs or gradu-
ated compression stockings. Compression stockings provide 
circumferential pressure that gradually decreases from the ankle 
to the thigh. IPCs utilize intermittent inflation and deflation of 
a “sleeve” to increase venous return from the lower extremities 
mimicking that action of the calf muscles. In addition, IPCs have 
been demonstrated to activate systemic fibrinolysis which could 
theoretically promote clot dissolution (44–50).

Currently, there are no pediatric trials assessing the effec-
tiveness of mechanical prophylaxis. Adult studies support the 
efficacy of mechanical interventions in preventing DVT and PE 
in a number of different clinical situations including post trauma, 
post-surgical, and the medically ill hospitalized patient (51–55). 
Until recently, questions remained regarding the efficacy of IPCs 
versus compression stockings. A recent prospective study of adult 
ICU patients compared the incidence of VTE in those patients 

receiving either IPC or compression stockings. Only IPC, and not 
compression stockings, was associated with a lower VTE inci-
dence as compared with controls [0.45 (95% CI 0.22–0.95)] (51). 
In addition, a large meta-analysis in hospitalized medical patients 
also supported the finding that IPC is superior to compression 
stockings in preventing DVT (54).

Pharmacologic Prophylaxis
There are limited studies addressing efficacy and safety of anti-
coagulation (pharmacologic prophylaxis) for VTE prevention 
in pediatric patients. The 2012 Chest guidelines provide recom-
mendations for therapeutic ranges for prophylactic anticoagu-
lation (warfarin INR 1.3–1.9 or LMWH anti-Xa 0.1–0.3 U/mL) 
(56). They do not comment on indications for VTE prophylaxis 
in hospitalized pediatric patients (56). Much of what is cur-
rently used in pediatric patients is extrapolated from the adult 
literature, especially as it pertains to the adolescent patient with 
VTE risk factors that are similar to that of adults. There are 
numerous studies that have demonstrated efficacy of anticoagu-
lation for reducing hospital acquired VTE in both surgical and 
non-surgical adult patients and its use is considered standard 
of care (11, 53). In pediatric patients at risk for VTE, antico-
agulation with either a LMWH or subcutaneous unfractionated 
heparin (UFH) has been utilized for prophylaxis (40). While 
weight based dosing is used for LMWH, there are no weight 
based dosing guidelines for subcutaneous UFH which limits 
pediatric use. Low-dose UFH continuous infusions have also 
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been utilized, primarily in the post-surgery setting, but pub-
lished data on efficacy is lacking (26). Currently, direct oral anti-
coagulants are not FDA approved for pediatric use and clinical 
trials are underway to assess safety and efficacy for both VTE 
treatment and prophylaxis. The use of direct oral anticoagulants 
could potentially revolutionize the prevention and treatment of 
pediatric thrombosis with the possibility of a convenient route 
of administration and no requirement for monitoring.

Central venous Catheters
Unlike in adults, the most important risk factor for VTE in 
pediatric patients is the presence of a CVC. The 2012 CHEST 
guidelines recommend against primary prophylaxis after the 
placement of a central venous line (56). There are three rand-
omized clinical trials that studied primary CVC prophylaxis in 
pediatric patients using prophylactic dosing of either LMWH 
(anti-Xa goal 0.1–0.3  U/mL), UFH (10  U/kg/h), or warfarin 
(INR goal 1.3–1.9) (26, 57, 58). None of these trials were able to 
demonstrate a difference in thrombotic events between the two 
treatment arms, although these studies were generally under-
powered. Specifically, the number of subjects was too small 
to provide enough statistical power, and this was most com-
monly secondary to challenges with enrollment (56). A recent 
systematic review and meta-analysis of thromboprophylaxis in 
children was unable to find evidence that it reduced the risk of 
CVC-associated thrombosis (59). Ongoing research is needed 
to determine the most effective way to prevent CVC-associated 
thrombosis.

When considering prophylactic measures for VTE in 
hospitalized pediatric patients it is important to assess for 
potential harms from the intervention (60). Contraindications 
to mechanical prophylaxis include a device that does not fit 
the patient, distal peripheral IV access, skin, or lower extremity 
conditions that result in pain with compression (i.e., fracture, 
vaso-occlusive pain in a patient with sickle cell disease, burns, 
etc.) (60). Contraindications to anticoagulation include the pres-
ence of active bleeding, a concurrent coagulopathy (acquired or 
congenital), acute stroke, epidural catheter, uncontrolled severe 
hypertension, recent surgical procedure with a high risk of surgi-
cal site hemorrhage, or an intracranial mass (56).

vTe DeTeCTiOn AnD DiAGnOSiS

Despite prevention efforts, thrombotic events can still occur in 
hospitalized pediatric patients, and it is imperative that VTE 
remain a consideration when concerning clinical signs and 
symptoms are present. The signs and symptoms of VTE are 
dependent on the site and degree of venous occlusion. When 
an extremity is affected the clinical signs include swelling and 
pain of that extremity. If there is embolization of the thrombus 
the patient may develop a sudden onset of pleuritic chest pain, 

shortness of breath, and/or persistent tachycardia. A large PE 
can present as acute respiratory and cardiac failure. In a patient 
who is intubated and unable to report symptoms a PE could pre-
sent as an acute respiratory decompensation. For those patients 
with an abnormal connection between the right and left side 
of the heart, a venous embolism could become a paradoxical 
embolism with resultant stroke or distal ischemia to the gut, 
kidneys or limbs.

When VTE is suspected, the imaging modality selected is 
dependent on the site of thrombosis. Historically, venography 
was the gold standard, but it has increasingly fallen out of favor, 
being replaced by other imaging modalities like ultrasonography, 
CT, or MR venography (61). The d-dimer has not been validated 
in pediatric clinical trials for the diagnosis of VTE, and has only 
been studied as a risk for recurrence, making interpretation dif-
ficult in this population (62).

Early recognition and diagnosis of a hospital acquired VTE 
will ensure prompt treatment with full anticoagulation which will 
minimize VTE associated harms. The goal of anticoagulation is to 
stop clot propagation, prevent embolism (pulmonary and para-
doxical), preserve vascular access and prevent bacteremia (56). 
In the clinical setting of a lower extremity DVT and an absolute 
contraindication to anticoagulation, a temporary inferior vena 
cava filter should be considered for children who weigh greater 
than 10 kg (56). The filter should be removed as soon as the con-
traindication has resolved and anticoagulation can be instituted.

SUMMARY

While HA-VTE is uncommon in children compared to adults, it 
is increasing and associated with significant morbidity. Validated 
risk-assessment tools to identify adult patients at high risk for the 
development of VTE in the hospital are in widespread use. Some 
risk factors for VTE are shared between children and adults; 
however, there are significant limitations for the use of these 
tools in children. Importantly, several pediatric RAMs have been 
published, but the studies are relatively small and need prospec-
tive validation. Strategies to identify pediatric patients at highest 
risk for HA-VTE are needed to target interventions to prevent 
non-CVC-associated VTE. Further studies assessing clinical 
outcomes of VTE prevention strategies are critical to assess the 
effectiveness and harm of prophylactic interventions in children. 
A major challenge remains with CVC-associated VTE, since cur-
rently there is no evidence that pharmacologic prophylaxis, or 
other interventions, are effective for prevention.
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