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Introduction

Pediatric venous thromboembolism (VTE) is an increasingly
encountered entity in community and children’s hospitals.

Rates of pediatric VTE are reported to be rising and are approx-
imately 0.07-1 in 10,000 children in the general population
and 38-54 per 10,000 hospital admissions.1-4 The age range
for increased VTE risk in childhood is well established, with
highest risk in infants (<1 year of age). Following infancy, the
VTE risk decreases until adolescence when risk begins to rise
and continues to rise throughout adulthood.2,5,6 VTE provok-
ing risks factors are usually present in children; the majority of
whom have been reported to have at least 1 risk factor, with
the most common being presence of a central line.2,6,7

Pediatric VTE has long- and short-term consequences. Treat-
ment of VTE aims to ameliorate these complications. In the
short term, management goals focus on limiting clot propaga-
tion/extension, decreasing the risk of embolization, preventing
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early VTE recurrence, and decreasing mortality. Pediatric VTE
mortality risk is estimated to be approximately 2%, although in
certain subgroups the risk may be higher.8 With regards to
long-term consequences, goals are often focused on prevention
of VTE recurrence, decreasing risk of post-thrombotic syn-
drome (PTS), and maintaining vascular access and patency.9

Pediatric VTE encompasses many subtypes of thrombosis
that have unique presentations, risk factors, and different con-
siderations for management. Three subtypes will be discussed
in this review: deep venous thrombosis (DVT) of the upper and
lower extremities, pulmonary embolism (PE), and caval throm-
bosis (inferior vena cava [IVC] and superior vena cava [SVC]).

Approaches to the management of pediatric VTEmay be stan-
dardized to some degree but often become personalized for indi-
vidual children given the unique clinical presentation and
medical history. Treatment strategies for pediatric VTE include
anticoagulation, systemic thrombolysis, catheter directed throm-
bolysis (pharmacologic or pharmacomechanical), surgical
thrombectomy, endovascular stent placement, and rarely IVC
filter placement. Evaluation for VTE risk factors with subsequent
reduction of exposure to the risk factors is recommended.

The aim of this review is to discuss the presentation and man-
agement options of pediatric VTE with specific emphasis on the
role of the interventional radiologist in management. An under-
lying aim will also be to highlight the importance of communica-
tion, collaboration, and multidisciplinary management between
the various pediatric specialists (emergency medicine, diagnostic
radiology, interventional radiology, hematology, intensive care,
cardiology, etc) involved in the care of children affected by VTE.
Preprocedural Evaluation and
Management
Typically all patients present with pain or functional com-
plaint in the body region associated with the thrombosis
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Table 1 Anticoagulants* and Thrombolytics That May Be
Considered for Use in Pediatrics

Anticoagulants and
Thrombolytic Medications

Example of Specific
Medications

Unfractionated heparin
Low molecular weight heparin Enoxaparin, dalteparin,

fondaparinux
Warfarin
Tissue plasminogen activator
(TPA)†

Direct thrombin inhibitors Argatroban, Bivalirudin,
Dabigatran

Direct oral anticoagulants (Fac-
tor Xa inhibitors)‡

Apixaban, Edoxaban,
Rivaroxaban

*All anticoagulants in pediatrics are consider off label use.
†Systemic vs catheter directed (+/�mechanical thrombolysis).
‡Current ongoing clinical trials in pediatrics.
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(ie, chest pain, shortness of breath, leg/arm pain, difficulty
bearing weight on extremity, or swelling). If the chief com-
plaint is a swollen and painful extremity, the first screening
test is often a Doppler US of the affected limb. Ultrasound
can provide the diagnosis quickly and can help determine
the degree of occlusion (partial vs complete). If the entire
course of the thrombus can be visualized with US and nor-
mal patent vein is visualized central and peripheral to the
thrombus, there is usually no need to proceed with further
imaging of the more central veins (ie, IVC or SVC). However,
if clot burden extends into the more central veins of the body
such as the subclavian, brachiocephalic, and SVC (or external
Table 2 Risk Factors for Pediatric VTE*

Anatomic Clinical

�May-Thurner syndrome � Antiphospholipid antibody
syndrome

� Paget-Schroetter � Cancer
� Thoracic outlet syndrome � Central lines
� Tumor compression � Congenital heart disease

� Estrogen therapy

� Family history of thrombosis
� Immobility
� Infection
� Lupus or other autoimmune dis-
ease (eg, inflammatory bowel
disease)

� Nephrotic syndrome
�Obesity
� Pregnancy
� Severe dehydration
� Surgery
� Trauma
� Travel

*Other risk factors exist, listed are more frequently found or risk factors to n
iliac, common iliac, and IVC), a contrast-enhanced computed
tomography (CT) or magnetic resonance imaging (MRI) is
necessary to accurately define the extent of thrombus. A high
quality MRI is typically preferred to decrease radiation to
pediatric patients. If there is suggestion of extension of clot
into the central chest or abdominopelvic veins, it is impera-
tive to image these vessels prior to intervention.

Pulmonary embolic (PE) disease is best imaged with a CT
angiogram of the chest; MRA of the chest is often too motion
degraded to give reliable information regarding the clot bur-
den in the pulmonary arteries. Particular care must be taken
to verify the study is obtained during the optimal phase of
contrast with complete opacification of the pulmonary arter-
ies. The location of the PE(s) and the size of the PE will help
determine whether thrombolysis is necessary.

Once the area of thrombus is accurately identified, the
hematology team is contacted and reviews the patient’s best
anticoagulation options (Table 1). Additionally, the hematol-
ogy team typically discusses the more complex cases with
interventional radiology (IR) to reach a decision whether the
patient is a candidate for thrombolysis and/or thrombec-
tomy. The patient must be carefully evaluated to see whether
they can safely receive tissue plasminogen activator (tPA)
(Table 2). If the selection criteria for tPA administration are
met, the patient is then scheduled for a thrombolysis/throm-
bectomy procedure in IR. Prior to initiation of any therapy,
assessment of baseline labs such as CBC, PT, PTT, fibrinogen,
d-dimer, Bun/Cr, and pregnancy test are recommended. The
need for thrombophilia evaluation should be discussed with
hematology as some labs can be affected by acute thrombosis
and other factors postprocedure if transfusions occur.
Genetic Other

� Antithrombin deficiency � Elevated factor 8

� Dysfibrinogenemia � Hyperhomocysteinemia
� Factor V Leiden � Smoking
� JAK2 mutation
� Paroxysmal nocturnal
hemoglobinuria

� Protein C deficiency
� Protein S deficiency
� Prothrombin gene mutation

ot miss.



Table 3 Conditions in Which Thrombolysis Should Not Be
Considered or Needs Further Discussion With Interventional
Radiology

� Known tPA allergy.
� Any active bleeding.
�Major general surgery within 7-14 days (depends on type,
consult IR to assess risk vs benefit).

� CNS ischemia/bleed/neurosurgical procedure within 10-
14 days.

� Invasive procedure within 3 days.
� Seizures within 48 hours (discuss with IR to assess risk vs
benefit).

� Recent, severe trauma.
� Inability to correct severe coagulopathy: PTT > 2£ ULN or
INR > 1.5, PLT < 50, fibrinogen < 100 mg/dL.

� Pregnancy.
� Careful consideration in premature infants, patients with
hypertension, or other risk factors for bleeding.
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Deep Venous Thrombosis of the
Extremity
Clinical Presentation
In children with DVT, the most common presenting symptoms
of an acute (<2 weeks duration of symptoms) DVT include
pain and swelling of the affected extremity. Decreased or inabil-
ity to use the extremity secondary to pain is also commonly
reported. In children with clot provoked and propagated along
a central line, line dysfunction may be the presenting symptom.
Though less frequently reported, the following symptoms in
the correct clinical context (acute or chronic duration of symp-
toms) may also warrant evaluation for thrombosis: cramping/
tingling, prominent varicosities, dilated superficial or collateral
veins, or color changes of an isolated extremity. DVT may also
be “asymptomatic” and found incidentally on imaging per-
formed for other indications.
� Children with superficial venous thrombosis.
Risk Factors
Identification of risk factors for DVT are crucial. Elimination
or reduction of the ongoing risk factors may aid in decreasing
clot propagation and recurrence. The most common risk fac-
tor for thrombosis in children is central lines. They have
been reported to be present in up to 85% of children with
DVT.7 In Table 2, additional risks factors are listed. When
possible, removal of a provoking risk factor should be
attempted, for example cessation of estrogen therapy or
smoking and treatment of underlying conditions such as
lupus should ensue.
Patient Selection for Thrombolysis
There are no randomized controlled trials in pediatrics with
regards to catheter-directed thrombolysis (CDT) for DVT of
the extremity. Guidelines using lower grade evidence and
expert consensus guidelines exist from American College of
Chest Physicians, American Society of Hematology, American
Heart Association, and other groups.3,7,8 Clinical situations in
which CDT is generally agreed upon are the following scenar-
ios: massive and submassive PE, bilateral renal vein thrombo-
sis with renal impairment, life or limb threatening VTE,
mobile right atrial thrombus >2cm, Kawasaki disease with
giant aneurysms and acute coronary artery thrombosis, SVC
syndrome, and shunt obstruction in children with congenital
heart disease. Some groups also recommend consideration of
thrombolysis in acute iliofemoral or IVC thrombosis and ana-
tomic compression syndromes (May-Thurner and Paget-
Schroetter/Thoracic Outlet Syndrome).10-13

The authors’ general approach to evaluation for thrombolysis:
Consider CDT in thrombosis that threatens life, limb and/or
organs. Life threatening thrombosis includes massive/submassive
PE, cardiac shunt thrombosis, and coronary artery thrombosis.
Limb threatening venous thrombosis is defined as severe IVC/
iliofemoral (suprainguinal) thrombosis. Severe IVC and iliofe-
moral thrombosis are defined as significant clot burden without
improvement in symptoms on standard anticoagulation or those
with Phlegmasia cerulea or alba dolens regardless of supra- or
infrainguinal location of thrombosis.14,15 Additional situations
where CDT therapy is beneficial include extremity anatomic
compression syndromes (May-Thurner syndrome, Venous Tho-
racic Outlet/Paget-Schroetter syndrome); while these entities are
not necessarily limb threatening, the severe external compression
of the vessel(s) limits the responsiveness to anticoagulation
alone.13 Of note patients with evidence of extremity compart-
ment syndrome warrant urgent evaluation and may need urgent
fasciotomies and other considerations that are beyond the scope
of this review. Finally, organ threatening thrombosis is defined
as bilateral renal vein thrombosis or SVC thrombosis. Discussion
of bleeding risk and other morbidities is warranted as well prior
to initiation of any anticoagulant or thrombolytic therapy not
only with parents but among the medical providers involved in
the patient’s care. Table 3 lists our recommended exclusion crite-
ria for thrombolysis.
Procedural Technique for Extremity Venous
Thrombolysis
Once the patient is deemed safe for thrombolysis/thrombec-
tomy, the patient is brought to the IR suite and the procedure
is done under general anesthesia. It is the authors’ preference
and current practice model that systemic anticoagulation is
continued during the procedure. The site for venous access
is chosen; the goal is to obtain access into a nonthrombosed
vein that is peripheral to the site of thrombus. For example,
if the DVT involves the left femoral, external iliac, and com-
mon iliac veins; the ideal location for endovascular access is
the nonthrombosed, left popliteal vein. In the setting of
venous thoracic outlet syndrome, access is typically obtained
in the brachial or basilic vein. Once endovascular access is
stabilized, a gentle venogram can be performed to identify
the extent of the clot and any venous collaterals draining the
extremity. Wire access is then achieved across the clot and
pharmacomechanical thrombolysis (PMT) is initiated.

While systemic thrombolysis therapy can be beneficial,
there are several studies promoting the efficacy and benefit of



Figure 1 A 16-year-old female presented with thrombosed right
lower extremity deep venous system extending from popliteal vein
to the right common iliac vein. (A) Intravascular ultrasound (IVUS)
of the right common iliac vein shows the vessel lumen filled with
echogenic material representing occlusive clot (blue, solid arrow)
the IVUS transducer within the lumen of the vessel (yellow, solid
arrow), and the right iliac artery (red, solid arrow). (B) After
24 hours of catheter directed thrombolysis (CDT), IVUS demon-
strates patency in the right common iliac vein (blue, solid arrow)
IVUS transducer (yellow, solid arrow), and the right iliac artery
(red, solid arrow). (Color version of figure is available online.)
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CDT to decrease the systemic risks of nontarget bleeding and
PTS within the affected extremity.16-18 The combined ability
to perform CDT with PMT is recognized as the standard for
rapid clot lysis in the adult population, and its safety has
been shown in adolescents.9,12 Concomitant CDT and PMT
may reduce overall dose of thrombolytic agents as well as
potentially decrease bleeding risk; thus, making it an attrac-
tive treatment despite limited data.19 There are several avail-
able devices which are used for PMT, although all of the
devices are considered off-label use in the pediatric popula-
tion. The size of the device and technical expertise limit the
use of PMT in neonates and small children.19 Some of the
most commonly used devices include AngioJet Rheolytic
Thrombectomy System (Boston Scientific, Marlborough,
MA), Trellis (Bacchus Vascular, Santa Clara, CA), CLEANER
rotational thrombectomy device (Argon Medical Devices,
Frisco, TX), and EkoSonic Endovascular System (EKOS,
Bothell, WA). In the author’s practice, AngioJet is the device
most often used due to its small caliber, decreased risk of
damage to the native venous valves, and overall familiarity
with the product in our hospital system.
A weight-based bolus dose (0.1-0.3 mg/kg, maximum dose of

10 mg) of tPA is evenly dispersed throughout the clot burden
using the Angiojet catheter “PowerPulse” mode. The tPA is
allowed dwell within the thrombosed system (15-30 minutes)
and then the device is switched to thrombectomy mode. During
thrombectomy mode, the catheter is moved in an antegrade and
retrograde fashion while the catheter is rotated through the clot.
The rotation is thought to help the catheter “windows” remove
as much clot from the entire lumen of the vessel. Mechanical dis-
ruption with angioplasty balloons is then performed in an effort
to disrupt residual clot burden along the periphery of the vessel
not previously aspirated by the Angiojet device. Angioplasty bal-
loons are always sized to the vessel based on the preprocedure
measurements (from MRI or CT) or periprocedure venograms.
Intravascular ultrasound (IVUS) is a very useful device to

assess residual clot burden after PMT, particularly when the
patient demonstrates an anatomical compression syndrome
such as May-Thurner syndrome or Venous Thoracic Outlet
syndrome. IVUS gives a 360° view of the vein and any resid-
ual thrombus is noted as echogenic material within the
lumen (Fig. 1A) and if the vein is completely patent following
the thrombolysis the vessel appears anechoic (Fig. 1B). In
anatomic compression syndromes, IVUS can confirm the
diagnosis in real-time: the point of maximal compression can
be precisely located and the vessel diameter accurately mea-
sured.17,20 If there is severe external compression of the left
common iliac vein, an endovascular stent may be indicated
in adolescent patients who have reached skeletal maturity.
If the area of external compression is not relieved, the
patient is at risk of rethrombosis of the vessel despite ade-
quate anticoagulation during the initial procedure/hospitali-
zation. Additionally, relieving the outflow obstruction by
stent placement in the common iliac vessel allows for
improved venous outflow from the thrombosed extremity,
eliminates the future complications from residual hyaline
scar material within the vein lumen from chronic micro-
trauma, may shorten the duration of further CDT, and
,

,

decreases risk of rethrombosis.21 Therefore, it the author’s
opinion that endovascular stent placement during the first
thrombolysis procedure decreases the duration of CDT
infusion time as well as risk for recurrent clot formation.
Finally, in the setting of venous thoracic outlet syndrome,
there is virtually never an indication for endovascular stent
placement, and all patients should be followed by/referred
to a vascular or general surgeon for first rib resection or
other surgical correction after successful thrombolysis.

The ideal endovascular stent for external compression of
the iliac veins is a one with a low profile, precise deployment,
and strong radial force. Stent choices typically include nitinol
stents such as, Wallstent (Boston Scientific, Marlborough,
MA), Prot�eg�e (Medtronic, Minneapolis, MN), SMART (Cor-
dis Corporation, Bridgewater, NJ), and Zilver (Cook Medical,
Bloomington, IN). While the Wallstent has the strongest
radial force, it can foreshorten during deployment and bal-
loon dilation. In less experienced operators, the stent fore-
shortening may leave a portion of the vein still affected by
the right common iliac artery, leaving the patient at risk for
recurrent symptoms. However, if the operator can accurately
account the foreshortening, the Wallstent seems to be stron-
gest and the most flexible for the curves within the deep pel-
vis. Otherwise, the Prot�eg�e or Zilver stents are easier to
precisely deploy across the area of compression but have less
radial force than the Wallstent. The position of the stent,
stent apposition to the vein wall, and patency are re-evalu-
ated with IVUS (Fig. 2). For operators that are not as com-
fortable using IVUS, a repeat venogram is performed.

After PMT and angioplasty are performed, regardless of
whether an endovascular stent is placed, the infusion catheter
is carefully positioned with fluoroscopic guidance for CDT.
The infusion catheter is placed over the wire across the entire
burden of clot. The working wire is removed and, depending
on the type of infusion catheter placed, the occlusion wire is



Figure 2 A 16-year-old male presented with thrombosed left lower
extremity deep venous system extending from the popliteal vein to
the left common iliac vein (LCIV) and MRV of the pelvis demon-
strated severe external compression of the LCIV by the overriding
right iliac artery. (A) IVUS of the left common iliac vein demon-
strates the severe compression of the LCIV (right iliac artery with
red, solid arrow; LCIV compression with blue, dotted arrow; ante-
rior cortex of the vertebral body with green, dashed arrow). (B) Cor-
responding venogram through the LCIV with residual intralumina
clot after pharmacomechanical thrombolysis and balloon angio-
plasty. (C) IVUS of the LCIV after stent deployment shows persis-
tent thrombus but resolved external compression of the LCIV (right
iliac artery with red, solid arrow; stented LCIV with blue, dotted
arrow; anterior cortex of the vertebral body with green, dashed
arrow). (D) Follow-up venogram after 24 hours of CDT shows
improved caliber of iliac vessels, patency of the LCIV and stent
with excellent flow through the vessels. (Color version of figure is
available online.)
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placed through the catheter allowing the medication to seep
through the infusion pores rather than through the catheter
end hole. The ideal goal for the infusion catheter positioning
is to have the tip in a patent, central vein (usually either the
IVC or SVC) and the distal portion in the patent, peripheral
vein (usually the distal femoral or brachial veins). The dose
for tPA is calculated and the medication is delivered via an IV
infusion pump at the determined rate. At our institution, tPA
is infused at a rate of 0.03-0.06 mg/kg/h with a maximum of
1 mg/h. If 2 infusion catheters are placed, the dose is split
between both catheters.
The infusion catheter is safely secured to the skin and lines

are clearly labeled. The low dose heparin infusion is initiated
through the vascular sheath at the venous access site. The
low-dose heparin (2 units/mL usually running at 50 units/h
in most adolescent patients) is to keep the potential space
between the vascular sheath and the infusion catheter free of
clot. It is imperative that the primary team understand this
heparin is not systemic anticoagulation for the patient. Addi-
tionally, in smaller, younger patients the dose of heparin in
the vascular sheath must be carefully calculated so as not to
cause volume overload nor heparin overdose (exceed the sys-
temic anticoagulation or prophylaxis goals). The patient is
transferred from the IR suite to the intensive care unit for
overnight CDT and postprocedure management and care.
Immediate Postprocedural Patient
Management
After initiation of thrombolytic therapy, the patient should
remain on low dose heparin to prevent clot recurrence or
propagation. We recommend unfractionated heparin drip at
10 units/kg/h. We do not routinely monitor PTT or heparin
Anti-Xa activity at this low dose but this decision to monitor
for heparin activity should be made by the hematologist. We
recommend that a patient undergoing thrombolysis be moni-
tored closely for thrombolysis efficacy as well as for potential
side effects, in particular bleeding. tPA causes fibrinolysis,
fibrinogenolysis and postmechanical thrombectomy hemoly-
sis, and hemoglobinuria (with possible increase in creatinine/
acute kidney injury). As a result of these expected findings,
monitoring hemoglobin, hematocrit, fibrinogen activity,
BUN, creatinine, and platelets is recommended. Additionally,
frequent monitoring of d-dimer and fibrinogen can provide
evidence of efficacy of thrombolysis. At our institution, these
labs are monitored Q6-8 hours, adjusting as needed based
on lab results. Postinitiation of thrombolysis, the d-dimer
should increase and fibrinogen will decrease. The authors’
aim is to keep fibrinogen activity >100 mg/dL and platelets
>100 (£109/L) for adequate hemostasis (based on pediatric
thrombolysis literature and expert consensus); if fibrinogen
levels are below the goal, and hemoglobin is maintained,
repletion with cryoprecipitate is recommended.22,23 Addi-
tionally, if d-dimer is not increasing on post-thrombolysis
monitoring, thrombolysis may be ineffective or suboptimal
and increasing the tPA dose or repletion of plasminogen (via
transfusion of FFP) should be considered. Monitoring of
plasminogen activity is not routinely done in most institu-
tions as it is not an available test, however, in institutions
with the capability to monitor real time plasminogen activity
it may be beneficial to monitor particularly if other indicators
of thrombolysis efficacy are not seen and in prolonged (>24
hours) thrombolysis. Throughout the thrombolytic infusion,
the patient should have frequent assessments of the affected
extremity for vascular changes and ensure adequate perfu-
sion. Additional supportive care that we often consider
include preprocedure placement of Foley catheter, adequate
hydration pre-, during-, and postprocedure, bed rest during
tPA infusion, no arterial sticks nor intramuscular injections,
pain control as needed, avoidance of NSAIDs or other anti-
platelet medications (which may increase the bleeding risk),
and avoidance of any procedure that can increase risk of
bleeding. Compression stockings can be considered as well.
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Procedural Course for Extremity Lysis Check
and Post-thrombolysis Patient Management
After 12-24 hours of the low-dose tPA infusion, the patient is
returned to IR for post-CDT venography to assess progress
and determine whether CDT should be continued or termi-
nated. The infusion catheter and occlusion wire are carefully
removed from the patient and venograms performed through
the vascular sheath. If there is poor opacification of the cen-
tral veins, a diagnostic angiography catheter may be neces-
sary to clarify the presence or absence of clot centrally (in the
IVC or SVC). Finally, IVUS may be used to confirm resolu-
tion of clot burden and confirm patency. Once the majority
of clot burden has cleared and the flow through the deep
venous system is no longer compromised, CDT can be termi-
nated. Clinically, once adequate clot resolution has been
achieved, the patient’s extremity appears less swollen, dem-
onstrates improved capillary refill times, and there is less
pain. If these parameters are not met, the infusion of low-
dose tPA should be continued for another 12-24 hours. It is
unusual for low-dose tPA therapy to be necessary or benefi-
cial after infusion for longer than 48-72 hours; at that point,
in the author’s opinion, the risk to the patient for spontane-
ous bleeding or other complications outweighs the benefit of
continuing thrombolysis. Surgery is rarely the first interven-
tion for acute iliocaval (or cavoatrial) DVT.24 However, if the
clot burden does not improve with CDT, vascular surgery
should be consulted as surgical thrombectomy may be war-
ranted/necessary.
Once the infusion catheter is removed, the patient is trans-

ferred back to the intensive care unit. Over the next 24-
48 hours the patient’s systemic anticoagulation will be transi-
tioned from heparin drip to an outpatient regimen (typically
enoxaparin). Once stable, the patient is transferred from the
intensive care unit to the hematology unit and any additional
labs or teaching can occur. The patient is then scheduled for
follow-up clinic appointments with the thrombosis and IR
clinics. In pediatric patients with venous thoracic outlet syn-
drome, the vascular surgery team should be consulted while
patient is in the hospital and follow-up appointment sched-
uled. Follow-up imaging should also be considered at the
time of discharge. Usually extremity Doppler ultrasound is
scheduled for 1 month and 3 months after thrombolysis/
stenting. If there is concern for stent or vessel patency on the
ultrasound exam, a follow-up MRI or diagnostic venogram
can be considered.
Pulmonary Embolism
Clinical Presentation
In children with PE, the common presenting symptoms
include chest pain, cough, tachypnea, and dyspnea.17 Back
pain, fatigue, hemoptysis, tachycardia, dyspnea on exertion,
and presyncope or syncope may also be reported in children
with PE. PE can present with cardiovascular compromise
ranging from mild heart strain to cardiovascular collapse
and/or death. While death and cardiovascular collapse are
not common, it is not uncommon for a PE to be clinically
“silent” (ie, lack of classic symptoms) or to be found in con-
text of other pathologic processes (such as, pneumonia,
ARDS, acute chest, and others) which may decrease initial
index of suspicion for PE diagnosis.25,26 PE may occur in iso-
lation but is often secondary to embolism from an extremity
and as such special attention for evaluation for signs and
symptoms of extremity DVT are also recommended.
Risk Factors
Identification of risk factors for PE are important to pre-
vent clot propagation and recurrence. The risk factors for
PE are similar to DVT (Table 2). Additionally, there is data
to suggest that black children may have higher odds of
developing PE.5
Patient Selection for Pulmonary Artery
Thrombolysis
After a diagnosis of PE is confirmed, evaluation of the 4
extremities should be undertaken even if no signs or symp-
toms of DVT are present as this may alter decision-making
for therapeutic strategies. Risk assessment for bleeding
should be done prior to initiation of therapy. In adult
patients with PE, there is data to suggest risk categories,
based on degree/location of obstruction and cardiovascular
compromise, determine which therapeutic strategies are uti-
lized.27,28 Data for this approach is lacking in children with
PE though pediatric hematologists, pediatric interventional
radiologists, and others pediatric specialists, in their expert
opinion, may follow a similar risk based strategy for inter-
vention. Some pediatric institutions have developed PE
response teams to facilitate/optimize management of the
children with PE.25 Anticoagulation alone or CDT and sys-
temic anticoagulation may be considered in the manage-
ment of children with PE.

With regards to the selection of children with PE who may
qualify for thrombolysis, guidelines using lower grade evi-
dence and expert consensus exist from American College of
Chest Physicians, American Society of Hematology, Ameri-
can Heart Association, and other groups.3,7,8 Generally
agreed upon metrics to suggest CDT include massive and
submassive PE or PE causing cardiovascular compromise
(tachycardia, hypotension, right heart strain as evidenced by
dilated right ventricle (RV) and/or tricuspid regurgitation).
Discussion of risk of bleeding and other morbidities amongst
specialists involved in the management of the child with PE
is warranted prior to initiation of any anticoagulant or throm-
bolytic therapy. Table 3 lists suggested exclusion criteria for
thrombolysis.
Procedural Course for Pulmonary Artery
Thrombolysis
Once the PE has been characterized, the metrics for throm-
bolysis have been verified, and the patient is deemed safe for



Figure 3 An 18-year-old female presented after a syncopal event to
the children’s hospital and was found to have a massive PE in the
right main pulmonary artery. Early (A) pulmonary artery angiogram
demonstrating the profound clot burden in the right main pulmo-
nary artery extending into the interlobar artery and distal branches
Contrast refluxes into the left main pulmonary artery. On the late
angiogram (B), there is adequate perfusion of only the upper lung
zone with significantly decreased perfusion of the middle and lower
lung zones (pulmonary artery mean pressure measurement 30
mmHg). CDT was initiated and monitored for 18 hours and then
she was brought back for the lysis check. Early (C) and late (D) pul-
monary artery angiograms show dramatic improvement in the
degree of clot burden in the right pulmonary artery system as wel
as the perfusion of the lung (pulmonary artery mean pressure mea-
surement 27 mmHg). Despite the small residual clot, the patient
was very much improved (no longer requiring pressors, ventilator
settings decreased) that the decision was made to terminate CDT.
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thrombolysis/thrombectomy; the patient is brought to the IR
suite for induction of general anesthesia. It is the author’s
preference and current practice that systemic anticoagulation
is continued during the procedure. There are 2 possible sites
for peripheral venous access: right internal jugular vein vs
right femoral vein and either site can provide adequate access
into the pulmonary arteries via the right heart. It is the
authors’ preference to use the right femoral access as it is usu-
ally more comfortable for the patient (no catheters are cours-
ing through the neck). However, anatomical considerations
must be taken into account including patency of the vessel
chosen (no femoral DVT present), history of congenital heart
disease with atypical connection of the SVC to the right
atrium, history of discontinuation of the IVC from IVC agen-
esis vs azygous continuation, or surgical reconstruction of
the IVC during a liver transplant.
Once the access is obtained, an angled or shepherd’s hook

shape catheter is used to cross from the right heart into the
main pulmonary artery. The authors’ catheter and wire com-
bination preference for crossing the right heart into the pul-
monary artery is a 5F Contraflush catheter (Boston Scientific,
Marlborough, MA) and a stiff, hydrophilic wire (Glidewire).
With the hydrophilic wire in the main pulmonary artery, the
catheter is advanced to obtain more stable access into the
more distal pulmonary artery.
The catheter is positioned within either the right or left

pulmonary artery and pressure measurements are obtained.
The pulmonary artery system freely communicates between
the right and left side; if there are significantly elevated
pressures on the right side, due to occlusive thrombus, the
left pulmonary artery pressures may also be elevated
despite the presence or absence of thrombus burden
(Fig. 3). Normal, mean pulmonary artery pressures in chil-
dren range from (15-24 mmHg); therefore, anything above
25 mmHg is considered elevated. Usually, the degree of
clot burden directly correlates with the degree of pulmo-
nary artery pressure elevation.
Pulmonary artery angiograms are then obtained with the

multiside hole flush catheter positioned in the right or left
main pulmonary artery and then the catheter is positioned
in the vessel not previously imaged. All pulmonary artery
angiograms are performed with breath-holds by the anes-
thesia staff. If the child is less than 20 kg, a hand injection
angiogram will suffice; however, if the child is greater than
20 kg, a power injector is connected to the catheter and an
injector is used to deliver contrast in a continuous supply
for the angiogram. It is imperative that the correct parame-
ters are chosen in children for the power injection and typi-
cally range from 6-10 mL per second for 10-20 total mLs
(smaller volumes and shorter injection times are used for
smaller patients and vice versa). Finally, in order to best
visualize the pulmonary artery anatomy, it is recommended
the angiograms are obtained in LAO and RAO oblique.
When reviewing the pulmonary artery angiograms, it is
important to visualize and document the anatomic location
of the clot burden as well as the severity of compromised
lung perfusion (Fig. 3).
.

l

Once the clot burden is defined, a hydrophilic wire is
advanced past the clot burden into a distal branch of the pul-
monary artery. If the position of the wire can be maintained,
without losing the access across the clot burden, the catheter
can be exchanged for the infusion catheter at this point.
However, if the operator fears the access might be lost with
the stiff hydrophilic wire, it is best to exchange for a more
stable, less slippery wire such as a Rosen wire which will not
cause damage to the adjacent pulmonary vasculature (gentle,
curved tip) and will not lose access (short floppy end with
remainder of wire that is stiff). The infusion catheter is then
carefully advanced over the wire and positioned so the infu-
sion holes span across the clot from the patent, distal pulmo-
nary artery branch to the patent main pulmonary artery.
Careful consideration must be paid when choosing the infu-
sion length of the catheter. Usually children will require a
10 cm infusion length in the pulmonary arteries, but adoles-
cents and larger clot burdens may require longer lengths.
The working wire is removed and replaced with the
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occlusion wire. The dose for tPA is calculated and the medi-
cation is delivered via an IV infusion pump at the determined
rate (see institutional dose limits above).
If the pulmonary artery thrombus is bilateral, the total

dose of tPA must be split between 2 infusion catheters (typi-
cally 0.5mg/h/catheter unless a smaller dose is warranted by
the patient’s weight). Additionally, if the clot burden is most
severely affecting 1 side than another, the first infusion may
be to address the more severely affected side with the plan to
address the less severely affected side at the follow-up lysis
check. Mechanical thrombectomy is not thought to add any
additional benefit in children or adolescents due to the risk
of showering the more distal pulmonary artery branches
with thrombus and limiting the chances the clot will clear
with flow mediated thrombolysis.
In selected instances such as contraindication to tPA, suc-

tion thrombectomy can be beneficial either as a concomitant
treatment with or following tPA thrombolysis or suction
thrombectomy alone. A critical consideration in deciding to
use suction thrombectomy is the size of the catheter neces-
sary to remove clot. In the authors’ institution, the Indigo
system (Penumbra, Alameda, CA) is used and in order to
adequately engage clot burden in the pulmonary arteries
either a 5F or 8F system is necessary. Similarly, the expected
volume of blood loss from suction thrombectomy must be
estimated and deemed acceptable for the size of the patient.
In these instances, blood transfusion during the procedure
may be needed. If appropriate, suction thrombectomy can be
used as an initial treatment prior to thrombolysis or follow-
ing tPA bolus infusion once the clot has softened. The staged
thrombolysis or thrombectomy plan should be discussed
between IR, hematologists, anesthesiologists, and intensivists
to ensure a clear plan is created for the critically ill patient.
The same process for securing the thrombolysis infusion

catheter(s) to the skin, labeling of lines, and infusing low
dose heparin through the vascular sheath is undertaken
(please see procedural course for extremity DVT thromboly-
sis for more detail). The patient is transferred from the IR
suite to the intensive care unit for postprocedure manage-
ment and care.
Immediate Postprocedural Patient
Management
The post-thrombolysis procedural management follows the
same course as for postprocedural DVT thrombolysis man-
agement (see above).
Procedural Course for Pulmonary Artery
Lysis Check and Post-thrombolysis Patient
Management
After 12-24 hours of the low-dose tPA infusion, the patient is
returned to IR for the lysis check to determine whether the
infusion should be continued or terminated. The occlusion
wire(s) is carefully removed from the patient, replaced by a
stiff guidewire, and the infusion catheter is exchanged for a
multisidehole catheter. Pulmonary artery pressures are mea-
sured and compared to the prethrombolysis pressures. Pul-
monary artery angiograms are repeated with breath holds
and typically using the power injector. Angiograms are com-
pared to the prethrombolysis angiograms. If clot burden has
significantly decreased, lung perfusion is improved, and pul-
monary artery pressures are improved; CDT can be discon-
tinued (Fig. 3). However, if 1 of the above parameters (clot
burden, lung perfusion, or pulmonary artery pressures)
remain significantly compromised; it is in the best interest of
the patient to continue thrombolysis for another 12-24 hours
if there are no markers of deleterious side effects from the
tPA administration. Low-dose tPA infusions are typically
continued for no longer than 48-72 hours. If the clot burden
does not improve with CDT and/or suction thrombectomy,
vascular surgery should be consulted as surgical thrombec-
tomy is often warranted/necessary in order for short-term
clinical improvement and decrease the long-term risk of pul-
monary artery hypertension. Very few centers provide pediat-
ric pulmonary artery thrombectomy; however, they should
be pre-emptively contacted with prospective patients once it
becomes clear that patients are not responding as hoped to
the minimally invasive procedure(s) (Fig. 4).

Once the infusion catheter is removed and a sterile dress-
ing placed at the venous access site, the patient is transferred
back to the intensive care unit. Over the next 24-48 hours,
the patient’s systemic anticoagulation will be transitioned
from heparin drip to outpatient regimen (typically enoxa-
parin). Once stable, the patient is transferred from the inten-
sive care unit to the hematology unit and any additional labs
or teaching can occur. The patient will need follow-up clinic
appointments with the thrombosis, pulmonary hypertension,
and IR clinics. Follow-up imaging should also be considered
at the time of discharge. Typically, chest CT pulmonary
angiogram is done at 6 months after the procedure.
IVC Thrombosis
Clinical Presentation
In children with IVC thrombosis, the thrombus may be iso-
lated or contiguous with thrombi in distal veins. In registry
data, thrombosis of the IVC was seen in 10% of children.29

The common presenting symptoms include extreme, severe
symptoms of DVT when IVC and veins peripheral to IVC are
concomitantly thrombosed. It is not uncommon for the
extremity to appear much more compromised (profound
duskiness, pain, swelling, and delayed capillary refill) when
there is associated IVC thrombosis as compared to an
extremity with DVT that does not extend to the IVC.

IVC thrombosis at the level of the renal veins may present
with renal insufficiency or hematuria if clot extends into the
renal veins. In isolated IVC thrombosis which are most often
due to central line placement, line dysfunction may be pres-
ent as well as swelling of 1 or both extremities. Another pre-
sentation of IVC thrombosis in children that have congenital
IVC agenesis or atresia, which may or may not present in



Figure 4 A 19-year-old female presents with left lower extremity
DVT and bilateral pulmonary emboli. Day one (A) pulmonary artery
angiogram demonstrating large clot burden in the right main pul-
monary artery (solid blue arrow) with poor perfusion of the middle
and lower lung zones (dashed arrows). Small right pleural effusion
Right pulmonary artery angiogram after 18 hours of CDT (B) with
persistent large clot burden in the main right PA (solid arrow) but
improved perfusion at the right lung base (dashed arrow); decision
was made to continue CDT. Repeat right pulmonary artery angio-
gram after 36 hours of CDT (C) shows relatively unchanged clo
burden in the right main PA (solid arrow), improved perfusion o
the right lung base (short dash arrow) but no improvement in the
right middle lung zone (long dash arrow); decision made to termi-
nate CDT. Patient was referred to vascular surgery for endarterec-
tomy which required patient to be transferred to the adult hospital
(D) Chronic clot retrieved from the right main PA after pulmonary
artery endarterectomy, which explains why the patient did not
respond well to the CDT treatment. (Color version of figure is avail-
able online.)
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infancy, is thrombosis which is often chronic and calcified or
in adolescence with an unprovoked DVT of the lower
extremity or PTS.30-33 Signs and symptoms of PTS include
chronic or intermittent pain, exercise induced pain, neuropa-
thy, varicose veins, venous collaterals, leg swelling/edema,
color changes of the leg, or venous stasis ulcers.12,33 In the
authors’ experience in adolescents with agenesis of the IVC
with chronic thrombosis, atrophy of proximal lower extrem-
ity muscle groups has been seen as well.
Risk Factors
Identification of risk factors for thrombosis are important to
prevent clot propagation and recurrence as well as to guide
treatment options. The risk factors for IVC thrombosis are
similar to PE and DVT (Table 2). IVC thrombosis may be asso-
ciated with patients who have inherited thrombophilia(s) and/
or may have been experiencing symptoms of DVT for more
than 2-3 weeks. Additionally, these children may also have
congenital venous anomalies like IVC atresia or agenesis, his-
tory of abdominal/vascular trauma or abdominal surgery.30
Patient Selection for Thrombolysis
After a diagnosis of IVC thrombosis is confirmed, radio-
graphic evaluation of the lower extremities and pulmonary
arteries should be undertaken even if no signs or symptoms
of DVT or PE are present; the findings may alter decision-
making for therapeutic strategies. Risk assessment for bleed-
ing should be done prior to initiation of therapy. As with
DVT and PE, there are no randomized clinical trial data in
children to suggest 1 treatment strategy (systemic anticoa-
gulation alone or CDT with systemic anticoagulation) over
the other; however, there are some studies with long-term
follow-up to suggest that unresolved long standing IVC
thrombosis has increased risk of developing PTS than those
with IVC thrombosis resolution.33 Additionally, thrombosis
in the IVC at the level of the renal veins may increase risk of
renal vein thrombosis which may lead to hematuria and
renal dysfunction. Given these potential adverse effects/out-
comes, there is expert opinion to suggest the use of throm-
bolysis is indicated in these situations.8,30 Discussion of risk
of bleeding and other morbidities amongst specialists
involved in the management of the child with IVC throm-
bosis is warranted prior to initiation of any anticoagulant or
thrombolytic therapy. Table 3 lists suggested exclusion cri-
teria for thrombolysis.

Finally, the possibility of embolization of IVC clot to the
pulmonary arteries or heart must be addressed. It is the
authors’ opinion while there are no clinical data to support
the placement of IVC filters in pediatrics, IVC filters can
provide a significant prophylactic benefit to decrease risk
of thrombus embolization in the setting of IVC thrombus if
the child/adolescent is deemed safe for placement or if
there is contraindications to anticoagulation or thromboly-
sis. Of note, no reliable guidelines exist for placement of
prophylactic filters in patients <18 years old.34 Addition-
ally, there is no data supporting placement of filters in
patients less than 10 kg.35 Only removable filters should be
considered in pediatric patients with VTE and the filter
removal should be scheduled at the time of placement. IVC
filters may be placed for a few days (Raffini et al report
some prophylactic filter placements for as little time as 21
days34) or up to 3-6 months post-thrombolysis depending
on the patient’s clinical course and the risk factors for
residual or recurrent thrombus.36
Procedural Course for IVC Thrombolysis
The decision algorithm to pursue IVC thrombolysis is
essentially the same as for extremity DVT thrombolysis
(please reference the DVT section above). The procedure
is done under general anesthesia. Typically, an IVC filter is
placed if the patient is >10 kg and the diameter of the IVC
can accommodate such a device. A removable, nonperma-
nent IVC filter offer short-term prophylaxis against life
threatening PE and minimize the long-term effects seen
with permanent filters (increased risk of thrombosis in pel-
vic veins).37 Either internal jugular or femoral/popliteal
access is preferred for delivery of the IVC filter. The filter
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must be placed central to the thrombosed IVC. Once the fil-
ter is in place, the thrombolysis procedure may begin. A
separate access site may be required for the thrombolysis
procedure. Wire access is then achieved across the clot; and
if appropriate, PMT is initiated. There are very few studies
demonstrating the efficacy and/or safety of using PMT for
IVC thrombosis in pediatric patients with only a handful of
cases using PMT in the IVC.18,38 Considerations of patient
total blood volume, diameter of IVC, and potential damage
to the vessel sustained during PMT should be taken into
consideration before deciding to proceed with PMT. If the
patient is a neonate, infant, or small child, an alternative
approach to PMT can be considered by administering a
weight-based, bolus dose of tPA (1 mg/kg) hand injected
through a multi-sidehole infusion catheter and then allowed
to dwell for 12-15 minutes (Fig. 5). Clot maceration with
angioplasty balloons is then performed in an effort to
mechanically disrupt any residual clot burden along the
periphery of the vessel. If a filter is in place, careful attention
must be paid to manipulating the balloon with respect to
the filter’s tines.
Venograms (and IVUS, when appropriate) evaluation are

performed throughout the thrombolysis process to verify
the effect on the clot burden. Following PMT and/or clot
maceration, the infusion catheter is positioned with the
infusion holes crossing the clot to initiate CDT. The dose
for tPA is calculated, and the medication is delivered via an
IV infusion pump at the determined rate. All lines and
sheaths are sutured to the skin and appropriately labeled.
The patient is transferred to the intensive care unit for post-
procedure management and care.
Figure 5 A 17-year-old female presents with severe right lower
extremity pain, swelling, and cyanosis with PE in the right interlo-
bar pulmonary artery. (A) Venacavogram shows clot extending
from right common iliac vein (RCIV) into the IVC (occluded RCIV
red, solid arrow; IVC clot blue, dashed arrow; patent IVC green,
dotted green arrow). (B) Filter deployed in the patent, infrarenal
IVC (yellow, solid arrow) with clot in the RCIV. (C) Venacavogram
after 24 hours of CDT and filter present shows improved patency of
the RCIV and peripheral IVC with captured clot in the IVC filter (fil-
ter yellow, solid arrow; clot red, solid arrow). (Color version of
figure is available online.)
Immediate Postprocedural Patient
Management
The post-thrombolysis procedural management follows the
same course as for postprocedural DVT and PE thrombolysis
management. Any changes in the patient’s respiratory func-
tion, chest comfort, or neurologic status must be carefully
heeded and imaging obtained to rule out pulmonary emboli.
Procedural Course for IVC Lysis Check and
Post-thrombolysis Patient Management
The patient is brought back to IR for the lysis check usually
after 24 hours of thrombolytic infusion. Repeat venograms
and IVUS can be performed to verify resolution of the throm-
bus. Further balloon angioplasty may be required to assist
with clot maceration. If an IVC filter is present, the risk of
embolization of clinically significant macerated clot is sub-
stantially reduced; however, there may be tiny fragments that
can dislodge and travel to the pulmonary arteries but the
impact of such small (subsegmental) clot is typically minimal
and likely resolves with the systemic anticoagulation.

A particular challenge in IVC thrombolysis with an IVC fil-
ter is the restricted flow through the device which can delay
clot clearance. Longer thrombolysis infusion times may be
necessary and endovascular stenting may be necessary to
retain normal lumen diameter, provide adequate flow, and
achieve complete clot resolution. Suction thrombectomy is
an alternative method for clearing IVC thrombus after it has
softened from the tPA infusion (please refer back to DVT sec-
tion for specifics regarding patient selection and considera-
tions for this therapy).

Once the clot burden has resolved and CDT is terminated,
the patient is transitioned from heparin infusion to an antico-
agulation medication which can be administered in the out-
patient setting. The patient will need follow-up clinic
appointments with the thrombosis and IR clinics. The dis-
charge plan for the patient must include the plan for filter
removal. At the authors’ institution, the patient is scheduled
for bilateral lower extremity doppler ultrasound at 3 months
after filter placement. Once the BLE and IVC are confirmed
to be clot free, the filter is removed in IR.
Superior Vena Cava Thrombosis
Clinical Presentation
In children with thrombosis of the SVC, the thrombosis may
be isolated or contiguous with thrombi in chest or upper
extremity veins. In registry data of central venous catheter
related thrombosis, thrombosis of the SVC was seen in
18.7% of children with VTE.29 The common presenting
symptoms of acute SVC thrombosis include: swelling of
head or neck, swelling of upper extremity or chest, dyspnea,
headache, and plethora.39 Pulmonary emboli can easily occur
as the result of SVC thrombi. SVC thrombi can also be ini-
tially asymptomatic and become chronic. Chronic SVC
thrombosis can present with chronic head swelling,
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intermittent pain or exercise induced pain in the upper
extremity, neuropathy, varicose veins, venous collaterals,
chronic or intermittent arm swelling/edema, and plethora.
It is important to differentiate SVC thrombosis and SVC

syndrome. SVC thrombosis can cause SVC syndrome but
not all cases of SVC syndrome are due to SVC thrombosis.
SVC thrombosis may be nonocclusive and continue to allow
the drainage of the distal veins, but when there is critical nar-
rowing from stenosis, occlusive thrombosis, or external com-
pression from tumors or other causes, the child can develop
potentially life-threatening SVC syndrome.
Risk Factors
Identification of risk factors for SVC thrombosis are impor-
tant to prevent clot propagation and recurrence as well as to
guide treatment options. The risk factors for SVC thrombosis
are similar to DVT, PE, and IVC thrombosis (Table 2). Chil-
dren with central venous catheters (either small bore PICC
lines or hemodialysis catheters) or shunts (eg, ventriculoa-
trial) in the upper venous system are at highest risk of devel-
oping SVC syndrome. The long-term, central venous
catheter usually leads to SVC stenosis which then compro-
mises flow and eventually leads to occlusive clot formation.
Similarly, patients with congenital heart disease who have
undergone surgical interventions that manipulate the upper
body venous system are also at high risk of developing SVC
syndrome.40
Patient Selection for Thrombolysis
After a diagnosis of SVC thrombosis is confirmed, determina-
tion of acuity of symptoms is paramount as this will guide
the urgency and type of intervention. In the acute setting of
SVC syndrome, urgent treatment is warranted. Appropriate
imaging of the SVC and visualization of the upper extremity
venous system as a whole is recommended to not only guide
endovascular therapy but also to determine if there is an
underlying etiology.
Risk assessment for bleeding should be done prior to initi-

ation of therapy. As with all of the prior thrombosis subtypes
discussed, there is no randomized clinical trial data to sug-
gest 1 optimal treatment strategy (systemic anticoagulation
alone, CDT and systemic anticoagulation, or endovascular
stenting). However, there is data showing efficacy (main-
tained vascular patency) in patients who underwent stenting
of the SVC at the time of SVC syndrome presentation.41 Dis-
cussion of risk of bleeding and other morbidities amongst
specialists involved in the management of the child with SVC
thrombosis is warranted prior to initiation of any anticoagu-
lant or thrombolytic therapy. Table 3 lists suggested exclu-
sion criteria for thrombolysis.
Procedural Course for SVC Thrombolysis
Once the extent of thrombus is determined from the CT or
MRI, the plan for access site and patient positioning can be
determined. All prior considerations discussed for DVT and
IVC thrombolysis are taken into account, and the procedure
is performed under general anesthesia. Typically, the non-
dominant upper extremity deep venous system is selected for
the venous access. Rarely, the bilateral upper extremities will
be thrombosed and venous access will be required in both
arms. Again the goal is to gain access in a patent, peripheral
vein to use for the CDT. The extent of thrombus is verified
with venogram and/or IVUS.

Extreme caution must be taken when using a pharmaco-
mechanical devices in the SVC due to risk of embolization of
clot material to the pulmonary arteries and bradycardia. At
the authors’ institution, these devices are virtually never used
in the SVC. The Angiojet device carries a black box warning
for use in the SVC due to adenosine release from platelet lysis
causing severe bradycardia. Thus in an effort to hasten the
thrombolysis process, a bolus dose of tPA can be infused
through the clot and then infusion catheters placed across
the thrombosed portion of the SVC. All recommendations
regarding dosing of tPA and heparin infusion from the previ-
ous sections are followed. The catheters and sheaths are
secured to the skin and labeled. The patient is transferred to
the intensive care unit.
Immediate Post-procedural Patient
Management
The post-thrombolysis procedural management follows the
same course as for postprocedural DVT, PE, and IVC throm-
bolysis management.
Procedural Course for SVC Lysis Check and
Post-thrombolysis Patient Management
The patient is brought back to IR for the lysis check usually
after 24 hours of thrombolytic infusion. Repeat venograms
and IVUS can be performed to verify extent of residual
thrombus. Suction thrombectomy can be used at this point
to resolve further clot burden from the SVC and may
decrease the risk of clot embolization to the pulmonary arter-
ies (please see discussion regarding this technique in the pul-
monary artery lysis section). Finally, careful balloon
angioplasty may be performed to establish a patent channel
for continued CDT. Infusion catheter(s) may need to be
replaced and low-dose CDT continued for another 24 hours.
CDT is typically successful within 48-72 hours unless the
clot burden is more chronic or there is an underlying, uncor-
rected stenosis.

The stenosis is only able to be accurately visualized once
the majority of clot burden is resolved. IVUS is particularly
useful to delineate the point of maximal narrowing as well as
provide luminal measurements for the SVC. It is the authors’
opinion that a stent is often required in cases with SVC steno-
sis and thrombosis as relieving the stenosis with a permanent
stent provides improved outflow into the right atrium
thereby increasing the likelihood of CDT success and signifi-
cantly decreasing the risk of recurrent occlusive thrombus.
In contradistinction to adult SVC stenosis, pediatric SVC
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stenosis is more often related to an indwelling central venous
catheter rather than external compression from a thoracic
tumor. There are particular considerations when choosing an
SVC stent or a pediatric patient. First, more concern should
be paid to the ability of the stent to precisely deploy across
the stenosis and the ability of the stent to be sequentially
dilated over time as the child grows, rather than the stent’s
radial force. The authors’ preferred stent combination in
pediatric cases in which the child is not fully grown is a self-
expanding nitinol stent (such as a Zilver; Cook Medical,
Bloomington, IN) constrained by a Palmaz balloon expand-
able stent (Cordis, Baar, Switzerland). The Palmaz stent can
be loaded onto a balloon and dilated to a nominal size (ie, 6
or 8 mm) at its initial placement, and then periodically bal-
looned to a larger diameter as the patient grows. The initial
Palmaz diameter chosen is based on the IVUS measurements
obtained from nonstenotic portions of the SVC. The self-
expanding, constrained nitinol stent diameter should be large
enough for anticipated adult size SVC (12-18 mm), and
eventually the Palmaz will be dilated to that size as well.
Once the clot burden has resolved and CDT is terminated,

the patient is transitioned from heparin infusion to an antico-
agulation medication which can be administered in the out-
patient setting. The patient will need follow-up clinic
appointments with the thrombosis clinic and IR. At the
authors’ institution, these patients are seen in clinic 1 month
following the procedure. It is imperative these patients do
not get lost to follow-up. Chest CT venogram is typically
done every 6 months for the first year with subsequent IR
clinic appointments to review the findings. There may be
stent revisions or stent checks that need to be done within
this time period. Finally, the patients will be scanned annu-
ally with contrast enhanced Chest CTs for a total of 3 years
with IR clinic appointments to review the findings. If the
patient has a stent, serial stent dilations will be coordinated
as the pages ages to allow for dilation of the stent complex.
Conclusion
In summary, there is very little available data demonstrating
the efficacy of catheter directed venous thrombolysis in the
pediatric population. Despite this, several IR and hematology
teams are more commonly utilizing CDT with low-dose tPA
infusions for pediatric patients to resolve acute venous
thromboembolic disease. The current medical literature
reports the risk of a major bleeding episode after pediatric
endovascular thrombolysis is 0%-3%, and all bleeding rates
appear to be decreasing in both the adult and pediatric popu-
lations due to stricter patient selection criteria as well as
increased familiarity with dosing regimens of thrombolytic
agents.19,36 As these procedures become more common and
trusted in the pediatric population, procedural standardiza-
tion will be warranted, as the existing adult literature has
shown high variability in procedural technique and subse-
quent outcomes. Clearly randomized clinical trials studying
CDT in children with VTE disease are warranted. However,
until trial data is available, it is evident that close
collaboration between thrombosis experts in pediatric hema-
tology, intensive care, and IR will allow pediatric specialists
to provide the best patient care. Careful patient selection
based on guidelines derived from adult thrombolysis studies
is critical in the success of these cases.
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