EVIDENCE SUMMARY

Pediatric deep venous thrombosis

W) Check for updates

Christopher O. Audu, MD, PhD, Thomas W. Wakefield, MD, and Dawn M. Coleman, MD, Ann Arbor, Mich

ABSTRACT

Background: Deep venous thrombosis (DVT) in the pediatric population is rare, occurring in about 10 to 14 out of 10,000
pediatric admissions annually, but with serious consequences such as pulmonary embolism and/or post-thrombotic
syndrome. There is a dearth of surgical literature regarding this entity, its pathophysiology, its treatment and its
long-term sequelae.

Methods: An extensive search of available surgical and medical literature in Medline, PubMed was obtained by searching
terms synonymous with pediatric DVT. Case reports and opinion articles were excluded. Ongoing clinical trials were
culled from clinicaltrial.gov by searching for pediatric DVT studies. Institutional guidelines, where available, were included
in this summary.

Results: We provide a clinically relevant summary with the aims of improving prevention, early identification and
treatment of pediatric DVT.

Conclusions: Although rare and frequently with subtle presentations, pediatric DVT can be serious. Early identification
and treatment can be instrumental in limiting sequelae and in improving outcomes for these patients. (J Vasc Surg:

Venous and Lym Dis 2019;7:452-62.)
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Deep venous thrombosis (DVT) in the pediatric popula-
tion is rare!® but has potentially serious consequences
such as pulmonary embolism and post-thrombotic syn-
drome (PTS). The disease process exists in a bimodal
distribution (neonates/infants vs adolescents) and is
more frequently iatrogenic from the usage of central
venous catheters.*® There is a dearth of surgical litera-
ture regarding this entity, its pathophysiology, its treat-
ment, and its long-term sequelae. Herein, we explore
available literature (Table |) to provide a clinically relevant
summary with the aims of improving prevention, early
identification and treatment of this disease.

Pediatric DVT is rare, and in one study has been
estimated to occur in 10 to 14 out of 10,000 pediatric
admissions annually.?® Although most incidences are
associated with central venous catheterization,* %%
there are many other risk factors to consider, including
surgery, trauma, older aged children, congenital pro-
thrombotic disorders (such as antiphospholipid syn-
drome, factor V Leiden, protein C, and protein S
deficiency), acquired hypercoagulable states, use of oral
contraceptives, inflammatory bowel disease, renal
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comorbidities, short bowel syndrome, infection (owing
to the activation of procoagulant pathways), and a posi-
tive family history of DVTs (especially because a family
history of thrombosis is the most frequently missed risk
factor in adults and warrants further study in the pediat-
ric population).?> Additionally, congenital anatomic vari-
ations such as inferior vena cava agenesis, atresia,
occlusion, or azygous replacement can predispose pa-
tients to DVT development and should be pursued in pe-
diatric DVT patients with no risk factors for
thrombosis.*?® In pediatric patients with DVT, symptom
development is often subtle. The most commonly
reported symptoms include unilateral limb swelling
with or without erythema, cellulitis, or unilateral limb
pain. Phlegmasia is a very uncommon presentation.
The diagnosis is usually made by compression color
duplex ultrasound examination showing clot burden in
the venous drainage of the affected limb.?>?” Magnetic
resonance venography and computed tomography
venography may also be useful in evaluating upper
extremity DVT as well as iliocaval DVT, balancing the
risk of anesthesia (when required), radiation, and
contrast use.?® Although the use of heparinized saline
flushes and close surveillance with serial imaging and/
or duplex studies for children with indwelling catheters
is recommended, there have been efforts to identify bio-
markers that could aid in the diagnosis. There are some
data to suggest that trending p-dimer levels in any child
with a central venous catheter while hospitalized
and raising one’s suspicion for values greater than
500 ng/mL"™?° for an active thrombotic process.
Although other biomarkers that hold promise, including
factor VI, lupus anticoagulant, and serum homocyste-
ine, may be useful in risk assessment,” further research
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Table I. Select studies of pediatric deep venous thrombosis (DVT)/venous thromboembolism (VTE) culled from the surgical
and nonsurgical literature

Jaffray and Young,®> Deep Vein Literature review Efforts of the Children’s Hospitals Solution for
Thrombosis in Pediatric Patients, 2017 Patient Safety are underway to prevent VTE
in children

Data from the Kids' Inpatient Database shows
tertiary centers have increased rates of DVT
over community hospitals.

CVCs are strongly associated with DVT in
pediatrics although there is no consensus
on which type is most responsible

In addition to anticoagulation, thrombolysis
can also be considered given adequate
benefit to risk ratio.

PTS is a well-known sequela.

Prophylaxis for DVT are yet to be deemed
effective in children. The Children’s Hospital
Acquired Thrombosis study will help in
identifying risk factor prediction model and
determine prevention strategies.

Leeper et al.® VTE in pediatric trauma Retrospective review of TBI therapy is closely linked to the
patients - 10 year experience and pediatric trauma admissions development of DVT.
long-term follow up in a tertiary care to ICU from 2005 to 2014.

center, 2017
Coagulopathy on admission is associated
with hypercoagulability in the postinjury
period.

Treatment was not associated with improved
VTE outcomes.

DVT treatment

(Continued on next page)
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Table I. Continued.

Tarango et al'° Pediatric thrombolysis: a Mini-review Thrombolysis is indicated in the setting of
practical approach, 2017 life-/limb-threatening thrombosis and can
rapidly improve venous patency and may
improve long term outcomes such as PTS.
There are no high-quality clinical trials of
thrombolysis in pediatric thrombosis.

Thrombolysis is used in acute cases (<14 days
of onset) of vessel occlusion

Recombinant tPA (alteplase) is most
commonly used due to its short half-life.
Dosing is not standardized.

The authors recommend anticoagulation
with thrombolysis owing to the release of
active thrombin with lysis procedures.

Contraindications: active bleeding, bleeding
diathesis, recent major surgery, cranial
hemorrhage, right-to-left shunt, extreme
prematurity.

Systemic and endovascular thrombolysis
(infusion, catheter directed, PMT; PPMT) are
most common approaches though no
head to head comparisons are available
NOW.

Cryoglobulin is to be used for immediate
reversal if bleeding occurs; protamine for
UFH and TXA as needed.

Thrombolysis in children is not benign and
treatment must be a multidisciplinary
effort.

Andrade-Campos.”? Dosing and Cohort study A retrospective study from January 2005 to
monitoring of enoxaparin therapy in March 2012 involving patients <16 years old
children: experience in a tertiary care treated with LMWH for DVT monitored by
hospital, 201388 anti-factor Xa level (target, 0.5-1.0 U/mL at

4-6 hours post diagnosis).

Dose increases were needed early in
patients <6 years old and neonates/infants
required an initial higher dose to become
therapeutic.

All patients achieved DVT resolution.
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Table I. Continued.

Goldenberg et al,”® Percutaneous Institution based prospective Institutional prospective cohort study
mechanical and inception cohort study of experience with PMT/PPMT in adolescent
pharmacomechanical thrombolysis pediatric VTE subjects judged to be at high risk for PTS
for occlusive DVT of the proximal limb development.

in adolescent subjects, 2011

Local recurrent VTE following PMT/PPMT was
observed.

Recommend aggressive periprocedural
anticoagulation.

Tousovska et al,” Treatment of DVT with Cohort study Neither patency rates nor the risk of PTS
LMWH in pediatric cancer: safety and showed a positive correlation with the
efficacy, 2009 achievement of therapeutic anti-factor Xa

activity.

Treatment schedule of LMWH at an initial
dose of 1.2-1.5 mg/kg twice daily for the first
7-10 days followed by 1.5 mg/kg once daily,
for 3 months duration proved to be
well-tolerated and efficient in treating DVT
in children undergoing chemotherapy.

Merkel et al.'” Long term treatment of Cohort study In this pilot study, 27 children with DVT
thrombosis with enoxaparin in were treated with LMWH at a dosage of
pediatric and adolescent patients, 15 mg/kg bid in neonates and 1 mg/kg bid
2006 in children.

Eighty-five percent of patients responded
well to LMWH therapy. The mean duration
of the therapeutic phase was 16.5 days,
which was followed by LMWH prophylaxis
for 9.8 months.

(Continued on next page)
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Table I. Continued.

No rethrombosis observed in follow-up at

2.3 years.
Betensky and Goldenberg,'® Post- Review PTS is a chronic condition characterized by
thrombotic syndrome in children, the development of venous insufficiency
2018 that manifests clinically as extremity

swelling, pain, cramping, stasis dermatitis,
and ulceration of the affected limb. The
incidence ranges from 3% to 70% for a
median of 2 years after DVT.

The inflammatory response to DVT
contributes to PTS development.

Risk factors are (1) patient-related (BMI,
comorbidities, CVC use), (2) thrombus-
related (DVT location, lack of resolution), (3)
biomarkers (p-dimer, FVIII elevation), and
(4) treatment-related factors
(anticoagulation, PMT).

PTS is a clinical diagnosis. The Manco-
Johnson instrument and the modified
Villalta scale are measures used to
quantify/classify PTS.

There are no preventative strategies proven to
date.

Avila et al,*° Postthrombotic syndrome Retrospective, single Line-related lower extremity DVT had more
and other outcomes of lower institution study between benign outcomes than non-line-related
extremity deep vein thrombosis in January 2000 and DVT.
children, 2016 December 2014.

Sex, DVT triggering event, and DVT resolution
predicted lower extremity PTS.
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Author, title, year

Method

Conclusions

Avila et al,?? PTS following upper
extremity DVT in children, 2014

Program development

Kukreja et al,' Developing a pediatric
endovascular thrombolysis program: a
single center experience, 2013

Process paper

Cohort study investigating the
occurrence, characteristics,
and predictors of UE-PTS

Despite its relatively estimated high
occurrence, the characterization of
pediatric UE-DVT and UE-PTS is lacking.

The most common triggering events in the
cohort of 158 children were effort-related in
primary events (87%), and central lines in
neonates (100%) and non-neonates (92%).

Pediatric UE-PTS frequency and severity
depend on UE-DVT pathogenesis and on
patient’s age.

Line-related PTS had a more benign course in
neonates.

Creating a thrombolysis center requires a
multidisciplinary approach with significant
buy in. This institution used pediatric
hematology, VIR, critical care,
anesthesiology and vascular surgery.

Stringent inclusion criteria: thrombosis
involving IVC, deep pelvic veins, lower
extremity proximal to calf veins.

Exclusion criteria: pregnancy or <10 days
post-partum, serum creatinine >2 mg/dL,
concurrent bleeding diathesis, major
surgery/trauma, cerebrovascular
hemorrhage/infection, intracranial
aneurysm, uncontrolled SBP >180 mm Hg
or DBP >100 mm Hg, atrial fibrillation,
known left to right shunt, pericarditis,
history of HITT, history of anaphylactic
reaction to contrast dye.

Heparin was infused before, during and after
thrombolysis with eventual transition to
LMWH.

Clinical exam more telling than radiographic
images days after the procedure for
evaluating treatment success. Follow-up
was in 3 and 6 months.

ACS, American College of Surgeons; ALL, acute lymphocytic leukemia; bid two times per day; BMI, body mass index; CVC, central venous catheter;
DBP, diastolic blood pressure; DOAC, direct antithrombin anticoagulant agents; FVIII, factor VIII; GI, gastrointestinal; HITT, heparin-induced throm-
bocytopenia with thrombosis; IBD, inflammatory bowel disease; ICU, intensive care unit; /VC, inferior vena cava; LMWH, low-molecular-weight heparin;
NSQIP, National Surgical Quality Improvement Program; SBP, systolic blood pressure; PMT, percutaneous mechanical thrombolysis; PPMT, percu-
taneous pharmacomechanical thrombolysis; PTS, post-thrombotic syndrome; TBI, traumatic brain injury; tPA, tissue plasminogen activator; TXA,
tranexamic acid; UE-DVT, upper extremity deep venous thrombosis; UE-PTS, upper extremity post-thrombotic syndrome; UTI, urinary tract infection.

is needed to elucidate the usefulness of these bio-
markers to predict adverse outcomes after VTE
in children.

Once diagnosed, there are two mainstays of treatment:
anticoagulation with continued monitoring or thrombol-
ysis.*° For acute and subacute DVT, anticoagulation ther-
apy is preferred. Current recommendations are to use
lovenox or heparin with target anti-Xa levels of 0.3 to
0.7 IU/mL for a duration of 3 to 6 months, with subse-
guent continuation of therapy determined by the persis-
tence of clinically significant prothrombotic risk
factors.®'>173! Lovenox has the advantages of increased
DVT efficacy, less intracranial hemorrhage as well as a

longer half-life than unfractionated heparin. After the
initiation of heparin therapy, warfarin is the agent of
choice for longer term (>3 months) therapeutic intensity
anticoagulation in children. This recommendation is sub-
sequent to the complication of heparin-induced osteo-
porosis and fractures associated with longer term low-
molecular-weight heparin therapy.®*** The target inter-
national normalized ratio depends on the underlying dis-
order but in children with thromboembolism, the target
international normalized ratio is 2.0 to 3.0, similar to the
adult population.®* There is no consensus for the use of
the newer direct antithrombin anticoagulant agents
such as rivaroxaban, apixaban, edoxaban, or dabigatran
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because these medications were not developed with
children in the study groups and the lack of reversible
agents for most of these medications has prevented
early adoption (although dabigatran and the anti-Xa
agents now have reversal agents that are approved by
the US Food and Drug Administration).>*> Several
studies are ongoing regarding their usage in the pediat-
ric population (Table II).

For patients with significant acute symptoms of pain
and swelling who fail to respond to anticoagulation
and those with perceived limb threat, systemic throm-
bolysis, usually with tissue plasminogen activator, fol-
lowed by months of anticoagulation is increasingly
reported. One study which evaluated systemic thrombol-
ysis with anticoagulation for pediatric patients ages 11 to
21 with lower extremity DVTs reported a markedly
decreased odds of PTS at 18 to 24 months compared
with standard anticoagulation alone.®?° The role of
catheter-based  pharmacomechanical thrombolysis
depends on the clot burden, with larger clots being
more suited for this treatment modality."'O11%1436
Contraindications to either form of thrombolysis include
the following: surgery or invasive procedure within 7 to
14 days of therapy, central nervous system hemorrhage/
trauma/surgery within the preceding 2 months, severe
asphyxia event within 7 days of therapy, current central
nervous system pathology, seizure history, severe
bleeding, uncontrolled or uncorrectable coagulopathy
(inability to maintain fibrinogen >100 mg/dL or platelets
>75,000—100,000 x 10%/L), systemic septicemia, contrast
allergy, and serum creatinine of greater than
2 mg/dL®*73® The role of systemic or catheter-based
thrombolysis in neonates for venous thrombi nonthreat-
ening to life, organ, or limb is not established and, as
such, is relatively contraindicated.*®

The treatment of DVT in the pediatric population can
be stratified by location of disease and its etiology. An
algorithmic approach to management is presented in
the Fig, divided into upper extremity DVT, lower extrem-
ity DVT, and visceral DVT.*°

The sequelae of DVT in the pediatric population can be
devastating and can be subdivided into short and long
term. Short-term sequelae include limb edema, pain,
discoloration, and pulmonary embolism, whereas long-
term sequelae include recurrence, PTS (ie, pain, swelling,
skin induration, and ulcers), the development of varices,
loss of vein access, and ultimately death (although
rare). Recurrence of DVT in children carries a lower risk
than in adults, with cumulative incidences at 1 to 2 years
of 6% to 119% vs 12% to 22%, respectively. Recurrence is
treated for 6 to12 months in the presence of an underly-
ing reversible risk factor, 12 months to lifelong when idio-
pathic, and lifelong when a chronic risk factor persists.*’
The risk for PTS in children who have DVT of the limis,
however, seems at least as great as that in adults
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(cumulative incidences at 1-2 years of 33%-70%, vs 29%,
respectively).41 However, severe PTS is a rare occurrence
in children and infants.“?“*> There is a role for compres-
sion stocking usage in treating PTS in children, and this
modality is often the first line of treatment, although its
use is beset by concerns similar to the adult population,
namely, discomfort, lack of patient/parent understand-
ing of their condition, difficult application of stocking,
and appearance.**“> Recanalization of chronically
thrombosed veins in children is not studied outside of
portal vein thrombosis recanalization associated with
hepatic transplantation. The overall mortality in children
with DVT is often owing to associated comorbidities;
mortality owing to DVT itself is approximately 2%.*'

DVT in the neonatal population is exceedingly rare
(approximately 0.51 for every 10,000 live births per
year)*® and occurrences are frequently owing to the
use of central venous catheters in the intensive care
setting. Other reported causes are trauma, over-
whelming sepsis, and underlying congenital disease.
Most thromboembolic treatment protocols during the
neonatal period are from expert opinion because there
are no randomized, controlled trials. Nonetheless, stan-
dard low-molecular-weight heparin can be used in
neonatal DVT with shortened duration compared with
children.?

PROPHYLAXIS AND NEW INITIATIVES

Given the sequelae and prevalence of DVTs in the
pediatric population, preventative measures become
important.>® For patients with significant risk factors,
several investigators recommend prophylaxis with anti-
platelet agents, such as aspirin, and lovenox
(<2 months, 0.75 mg/kg/dose subcutaneous twice daily;
>2 months old, 0.5 mg/kg/dose subcutaneous twice
daily).2>819172831 There is no guideline for the use of infe-
rior vena cava filters for prophylaxis in children and, as
mentioned, the use of direct antithrombin anticoagulant
agents as oral anticoagulant agents for prophylaxis in
children is not recommended at this time.”

New initiatives are being developed at various centers
to care for pediatric DVTs. The development of a
Comprehensive Pediatric Thrombosis center that spe-
cializes in the notification, prevention, treatment, and
follow-up of pediatric DVT cases with devoted resources
has been advocated.?*“” Additionally, several institu-
tions have created guidelines for the treatment of pedi-
atric DVTs. Given the rarity of this disease, this may
become the trend wherein centers of excellence with
devoted resources are aimed at this significant but rare
clinical problem.

Finally, there are clinical trials aimed at further under-
standing the pathogenesis and treatment of pediatric
DVTs (Table Il). The information gleaned from these
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Table Il. Current clinical trials targeting pediatric venous thromboses. Accessed from clinicaltrial.gov by searching for
pediatric deep venous thrombosis (DVT)®

Pediatric Pharmacokinetics/ Phase |, open-label, multiple PK — Apparent systemic Dalichi Sankyo Recruiting
Pharmacodynamics center study in pediatric clearance (CL/F). Inc
(PK/PD) Study patients from O to 18 years of PK — Apparent volume
age, trialing a single dose of of distribution (V/F).
edoxaban (30 vs 60 mg) PK — AUC for edoxaban

and metabolites
PK-Metabolite/parent
ratios for AUC

Thrombosis Outcomes in Prospective cohort study PTS, symptomatic Children’s Recruiting
Pediatric Venous looking to develop better recurrent venous Medical
Thromboembolism (TOP) prognostic biomarkers and thromboembolism, Center,

Study to identify children at higher and postpulmonary Dallas, Tex
risk of adverse thrombotic embolism impairment

outcomes very early in the
course after an initial VTE.
The study will compare
biomarkers in children who
develop poor VTE outcomes
after an initial VTE with those
who do not develop such
outcomes.

(Continued on next page)
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Table Il. Continued.

Incidence of Venous To determine frequency of clot Number of participants James Complete
Thromboembolism in development in the deep with postoperative Whitcomb
Children Undergoing veins of children undergoing ultrasound without Riley
Elective Neurosurgical elective neurosurgery evidence of Hospital for
Procedures procedures, thromboembolism. Children,
Indianapolis,
Ind

studies will help to identify higher risk populations and
tailor treatment to this group.

CONCLUSIONS AND RECOMMENDATIONS

Although rare and frequently with subtle presentations,
pediatric DVTs can be serious. Early identification and
treatment can be instrumental in limiting sequelae and
in improving outcomes for these patients.

A
Labs: D-dimer
Detect —| Imaging: Duplex ultrasound, MRV and/or

There are limitations to this evidence summary. Chiefly,
there is a dearth of prospective, randomized, controlled
studies in this patient population regarding DVT and
their treatment. This lack is partially due to the relatively
low incidence of pediatric DVTs, and the increased
ethical complexity surrounding any studies involving
infants/children. Additionally, most trials on the study of
anticoagulation agents did not involve infants and

Risk assessment: Patients with multiple
risk factors including family history,
cancer, chemotherapy, diabetes, obesity,
infection and immobility may need
screening prior to symptoms appearing.

Presenting symptoms: Unilateral limb
swelling (with or without erythema),
cellulitis, or unilateral limb pain.

CTV (as indicated)

| Conﬁrn;ed DVT |

/ :

\

Upper Extremity DVT Lower Extremity DVT Visceral DVT
* Most commonly due to central venous Most commonly unprovoked. Other etiologies * Mostly iliocaval and portal vein thrombosis
catheters (CVC). include CVCs, trauma, infection * Rare, but most commonly seen following liver

 Differential diagnoses: Thoracic Outlet

syndrome
¢ Treatment:
* Remove CVC (if possible)
* Anticoagulation,
» Thrombolysis (if acute),

venoplasty in cases of TOS.

Syndrome (TOS), Trauma, Superior vena cava

» Consider operative decompression or

Differential diagnosis: Cellulitis, SVT,
fractures, trauma
Treatment:

* Remove CVC (if possible)

* Anticoagulation with close follow-up.
Role of DOACs unknown in pediatric
population.

* Compression stockings (20-30mmHg)
after initial DVT, with follow—up.

* For significant iliofemoral DVT,
consider thrombolysis (except where
contraindicated).

transplantation. Also seen with congenital diseases,
malignancy, CVC usage in the above settings.
Symptoms: GI bleeding due to variceal congestion and
factor consumption. Ascites may also be present
Treatment:
* Remove umbilical vein catheter in infants and
neonates
* Children with upper GI bleeding options include
beta-blockade starting at 1mg/kg/d; use of
shunting procedures such as TIPS; and/or
splenectomy if splenomegaly is present.’®
 Consider thrombolytic therapy for acute clot.

Fig. Summary algorithm for approaching the management of pediatric deep venous thrombosis (DVT). CTV,
computed tomography venography; Gl, gastrointestinal; MRV, magnetic resonance venography; SVT, superficial
vein thrombosis; TIPS, transjugular intrahepatic portosystemic shunt.
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children in the pilot studies and hence extrapolation of

treatment paradigms from the adult population is
necessary.

Several take home recommendations are readily appli-
cable for the daily practicing vascular surgeon who may
encounter, or be consulted on, DVT in the pediatric
population. An overview of such recommendations is
presented in the Fig. Certain questions remain in the

treatment of pediatric DVTs, such as the duration of

treatment for unprovoked DVTs in these patients and
the use of novel direct anticoagulant agents for prophy-
laxis and treatment. Studies are needed to help answer
these questions.
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