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Abstract

Purpose of review In this manuscript, we review the diagnosis, causes, and management of
cardiac thrombosis in children with congenital and acquired heart disease. Indications for
invasive management and surgery are discussed. The differential diagnostic considera-
tions and management of cardiac thromboses will be reviewed, including those that occur
as a consequence of repair and palliation of congenital heart disease.
Recent findings The definition of venous thromboembolism has recently been expanded to
include thromboses within both the right and left heart chambers. Direct thrombin
inhibitors (DTIs) and direct oral anticoagulants (DOACs) are emerging as treatment
alternatives to the heparins and vitamin K antagonists for the management of thrombosis
in pediatric heart disease.
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Summary Thrombosis within the heart occurs as a consequence of abnormalities and
alterations in blood flow resulting in stasis and turbulence. Children with acquired and
congenital heart disease carry a number of risk factors in Virchow’s triad. Thrombosis can
occur throughout any part of the cardiovascular system in congenital heart disease and
after surgery for repair or palliation of defects.

Introduction

Thrombosis is a common morbidity in children with
congenital and acquired heart disease that is often life
threatening. The risk factors for thrombosis described by
Rudolph Virchow nearly 150 years ago are ever present
in children with heart disease: hypercoagulability, ve-
nous stasis, and endothelial injury. High-risk popula-
tions in pediatric cardiology often manifest all three risk
factors, especially after congenital heart surgery (Fig. 1).
Additionally, infants and children maintain hemostatic
balance in the context of developmental hemostasis

with different levels of coagulation proteins, which only
reach normal adult levels in adolescence [1]. Thrombo-
sis can occur throughout the circulation; however, most
attention is directed at venous thromboembolism (VTE)
which is estimated at 58 cases per 10,000 pediatric
hospital admissions [2]. VTE has traditionally been de-
fined as thrombosis affecting the deep veins of the ex-
tremities or pelvis and pulmonary embolism [3]. How-
ever, more recent definitions for pediatric VTE have
included intracardiac thromboses of both right and left

Fig. 1. Virchow’s triad in pediatric heart disease.
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heart chambers [4]. In this review, we will discuss the
management of intracardiac thrombosis in children
with congenital and acquired heart disease.

Pharmaceutical treatment options, including contempo-
rary therapies, will be discussed (Table 1).

Right heart and cavopulmonary connections

Thrombosis within the right heart is often due to an extension of or in associ-
ation with VTE caused by deep vein thrombosis, pulmonary embolism, or the
presence of a central venous or intracardiac catheter [5]. Other causes are
typically acquired in the context of atrial dilatation or derangements to right
heart blood flow. This can be seen in association with atrial arrhythmias,
cardiomyopathies (e.g., dilated, constrictive, restrictive), myocarditis, and tri-
cuspid valve disease [6]. Post-operative right heart thrombosis can be seen after
the closure of septal defects or tricuspid valve repair and replacement.

The diagnosis of right heart thrombosis is made commonly by echocardi-
ography and also by computed tomography (CT) or cardiac magnetic reso-
nance imaging (CMR). Non-mobile masses fixed to the endocardium can often
be difficult to differentiate from myocardial tissue by echocardiography. In
these scenarios, contrast-enhanced CMR can aide in differentiating intracardiac
thrombus from other masses or the myocardium itself [7]. The diagnosis of
right heart thrombosis is likely under-appreciated as they only appear when
symptomatic or during screening in high-risk scenarios such as the following:
concurrent VTE (pulmonary embolism, in particular), atrial arrhythmia, central
line dysfunction, and myocarditis or cardiomyopathy. Additionally, right heart
thrombi may be found incidentally during routine surveillance echocardiogra-
phy for myocarditis and cardiomyopathy, or after congenital heart surgery (in
particular after surgical repair within the atrium or when redundant atrial septal
tissue remains).

Right ventricular (RV) thrombi can also be seen related to stasis and altered
blood flow dynamics in the context of single ventricle palliation. During any
stage of single ventricle palliation, thrombosis is seen in relation to single RV
myocardial dysfunction or tricuspid valve dysfunction. Transthoracic echocar-
diography is, again, the primary imaging modality in the diagnosis of RV
thrombus (both in 2-ventricle and single ventricle disease); CT or CMR may
be helpful.

Right heart thrombosis can also be seen in the cavopulmonary connections
of palliated single ventricle disease. Thrombi are present both at the superior
(Glenn) and inferior (Fontan) cavopulmonary connections. In contrast to
pulmonary embolism in the 2-ventricle heart, cavopulmonary thrombosis is
rarely an extension of a more peripheral VTE. Rather, palliated patients with
Glenn shunts or Fontan conduits present with primary thrombosis due to
venous stasis and altered flow dynamics. For this reason, it is recommended
that patients with cavopulmonary connections receive some form of antith-
rombotic therapy, with aspirin antiplatelet prophylaxis being the most fre-
quently used [1]. Anticoagulation can also be considered if there are additional
risk factors (family or personal history of prior thrombosis, prolonged indwell-
ing central venous catheter dependence, anastomotic narrowing, atrial
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Table 1. Antithrombotic therapies by drug class, route, FDA approval, and reversal

Route FDA-approved indication FDA
approved for
children

Reversal

Heparins

Unfractionated
heparin

IV, SQ TE prophylaxis and treatment and anticoagulant
for extracorporeal circuits in children and
adults

Yes Protamine

Enoxaparin SQ VTE prophylaxis and treatment in adults No @Protamine

Dalteparin SQ Non-acute VTE treatment in children;
VTE prophylaxis and treatment in adults

Yes @Protamine

Vitamin K antagonist

Warfarin PO TE prophylaxis in children with congenital
heart disease, dilated cardiomyopathy,
Kawasaki disease, VAD, and central venous
access; prophylaxis and treatment of VTE
and AF or heart valve replacement in adults.

Yes #Vitamin K, FFP

Direct thrombin inhibitors

Bivalirudin IV PCI in adults with HIT and HIT/thrombosis syn-
drome

No #NA (short 25-min
half-life)

Argatroban IV PCI in adults with HIT; prophylaxis and treatment
of thrombosis in adults with HIT

No #NA (short 45-min
half-life)

Dabigatran PO VTE prophylaxis and treatment in adults who have
been treated for 5 days with another
anticoagulant,
prevention of stroke and TE in adults with AT
in adults

No Idarucizumab
(direct factor IIa
inhibitor)

Direct factor Xa inhibitors

Apixaban PO VTE prophylaxis and treatment, TE prophylaxis
and treatment for AF in adults

No Recombinant factor
Xa

Rivaroxaban PO VTE prophylaxis and treatment, TE prophylaxis
and treatment for AF and coronary artery
disease in adults

No Recombinant factor
Xa

Edoxaban PO VTE treatment in adults, TE prophylaxis in AF No #NA

Fondaparinux SQ VTE prophylaxis, VTE treatment in conjunction
with warfarin in adults

No #NA

Antiplatelet agents

Aspirin
(arachidonic
acid inhibitor)

PO Stroke, MI, death risk reduction in adults at
risk for MI

No Platelet transfusion,
@DDAVP

Clopidogrel
(P2Y12 ADP
inhibitor)

PO Stroke, MI, death risk reduction (in conjunction
with aspirin) in adults at risk for MI

No Platelet transfusion,
@DDAVP

Cangrelor
(P2Y12 ADP
inhibitor)

IV Adjunct to anticoagulation for PCI in adults No Platelet transfusion,
@DDAVP
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hypertension and ventricular dysfunction, AV valve dysfunction, and/or
protein-losing enteropathy) [1]. It is important to note that children with
palliated single ventricle disease will have, at least in part, an obligatory right-
to-left shunt placing them at risk for direct thromboembolic stroke in the setting
of right heart thrombosis. Patients who undergo non-fenestrated Fontan com-
pletion procedures may be somewhat protected, but those with fenestrations
maintain a risk for embolic stroke due to right-to-left shunt. Though diagnosis
of cavopulmonary thrombosis is often made during surveillance echocardiog-
raphy, CT or CMR may be indicated for confirmation. Notably, post-operative
pleural and pericardial effusions should prompt consideration for associated
upper extremity VTE, especially in the presence of central venous access. Fur-
thermore, post-operative chylothorax is associated with VTE and should
prompt evaluation.

Medical management
Right heart and pulmonary arterial thromboses without right ventricular dys-
function are managed primarily with systemic anticoagulation. Chemical
thrombolysis with alteplase may be considered but is, in general, rarely the first
and urgent choice for therapy. The exception to this is the scenario of right heart
thrombosis associated with pulmonary embolism. In general, the risks of
systemic thrombolysis with alteplase are reserved for children with pulmonary
embolism and right heart thrombosis who demonstrate associated right ven-
tricular failure, hemodynamic instability, or collapse [8••]. Otherwise, catheter-
directed alteplase therapy is considered for patients with right ventricular dys-
function prior to the onset of hemodynamic collapse.

Right heart thrombosis without pulmonary embolism is managed primarily
with systemic anticoagulation. Traditionally, the initial anticoagulant of choice
in children is heparin. Infusions of unfractionated heparin offer the usual
convenience of titration and short half-life. The benefit of rapid discontinuation
of the infusion, short half-life, and availability of a reversal agent is often

Table 1. (Continued)

Route FDA-approved indication FDA
approved for
children

Reversal

Dipyramidole
(PDE inhibitor)

PO Prevention of cardiac valve replacement
thrombosis
(in conjunction with warfarin) in adults

No @Aminophylline or
theophylline

Abciximab (GP
IIb/IIIa inhib-
itor)

IV Prevention of cardiac ischemia complications
(in conjunction with aspirin and heparin)
in adults with unstable angina or
undergoing PCI

No Platelet transfusion

FDA, US Food and Drug Administration; ADP, adenosine diphosphate; PDE, phosphodiesterase; GP, glycoprotein; IV, intravenous; SQ,
subcutaneous injection; PO, per oral; TE, thromboembolism; VTE, venous thromboembolism; VAD, ventricular assist device; PCI, percutaneous
coronary intervention; HIT, heparin-induced thrombocytopenia; MI, myocardial infarction; NA, none available; FFP, fresh frozen plasma
@Off-label indication
#4-Factor prothrombin concentrate complex or recombinant activated factor VII may be effective
$Recombinant factor Xa may be effective
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important in patients at risk for post-operative bleeding or if an upcoming
invasive procedure is anticipated. However, unfractionated heparin has the
disadvantages of high protein binding and dependence on endogenous anti-
thrombin [9, 10]. Heparin exerts its anticoagulant effect by potentiation of
antithrombin. As a consequence, neonates and infants demonstrate relative
heparin resistance due to low circulating antithrombin concentrations due to
developmental hemostasis [11••]. Particularly problematic in inflamed states
(such as infection or wound healing), heparins are susceptible to enhanced
clearance by heparin-binding proteins produced as a consequence of inflam-
mation. The release of pro-inflammatory cytokines also induces enhanced
expression of endothelial tissue factor, thus increasing thrombin generation
[12]. Finally, unfractionated heparin, via antithrombin, binds both factor Xa
and thrombin. Thus, the excess of thrombin generation in inflamed states can
result in relative heparin resistance. This relative resistance can be overcome by
the use of low-molecular weight heparin (LMWH), which binds primarily factor
Xa (also via antithrombin) with little action on thrombin [10]. Therefore, the
right heart thrombi in hemodynamically stable patients (not requiring surgery)
are often treated with LMWH.

More recently, the use of parenteral direct thrombin inhibitors (DTIs) is
becoming common in the management of pediatric VTE and right heart throm-
bosis. Both bivalirudin and argatroban are FDA approved for anticoagulation in
adults with heparin-induced thrombocytopenia (HIT). By in large, DTIs are
considered as alternatives (off-label) to heparin anticoagulation in infants and
children for relative heparin resistance (in addition to HIT). Though DTI use in
children is off-label, their use even as first-line therapy (particularly bivalirudin)
is becoming more common. Many who do so cite studies demonstrating early
clot resolution with bivalirudin (relative to heparin) due to its unique ability to
inhibit clot-bound thrombin [13]. Experience with DTIs continues tomount by
virtue of their use in children supported by mechanical circulatory support
(extracorporeal membrane oxygenation (ECMO) and ventricular assist device
(VAD)) and during the transcatheter intervention [14–18]. Both bivalirudin
and argatroban are generally well tolerated without significant hemorrhagic
complication [19, 20]. An important consideration when choosing DTI therapy
over heparin for intracardiac thrombosis, however, is the metabolism of biva-
lirudin predominately via proteolytic cleavage (80%). Circulating protease
metabolism offers some advantage in childrenwith renal dysfunction; however,
there exists a potential for robust clearance in areas of blood stasis. In general,
most avoid the use of bivalirudin as the sole anticoagulant for right heart
thrombosis if there is stasis and the potential for rapid proteolytic cleavage
(e.g., in patients supported by ECMO with severe right heart failure). Alterna-
tively, fondaparinux is a parenteral factor Xa inhibitor that is used as a treatment
for adult VTE and PE that may be considered for right heart thrombosis.

The standard of care for long-term outpatient anticoagulation for VTE and
right heart thrombi is with either LMWHor vitamin K antagonist (VKA) therapy
with warfarin. The recommended duration of treatment, irrespective of the
resolution of thrombus, is 3 months (primarily for the prevention of post-
thrombotic syndrome) [21]. In line with an adult practice, however, the use
of direct oral anticoagulant (DOAC) agents is becoming more common and
accepted in the treatment of thrombosis in children. Apixaban, rivaroxaban,
and edoxaban are oral factor Xa inhibitors and dabigatran is an oral direct
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thrombin inhibitor. Though no controlled trials of DOACs in children have
been completed, clinical trials are actively ongoing and case series have dem-
onstrated safety and resolution of refractory intracardiac thromboses [22•].

Invasive management
Invasive management in right heart thrombosis in the 2-ventricle heart is
reserved for patients with associated right heart failure. Specifically, pulmonary
embolism with right ventricle dysfunction (not requiring systemic alteplase for
hemodynamic collapse) can be managed with catheter-directed thrombolysis
with alteplase. No specific criteria or guidance exist for catheter-directed throm-
bolytic therapy for right heart thrombi, but its consideration would be reason-
able based in the context of the risk profile of invasive catheter placement and
alteplase therapy. Surgical embolectomy may be considered in patients with
massive pulmonary embolism, but surgical intervention solely for right heart
thrombi in the absence of pulmonary embolism and right ventricular dysfunc-
tion is generally avoided. If surgical pulmonary embolectomy is considered, it
should be noted that distal emboli may bemore difficult to access surgically, in
comparison with proximal pulmonary emboli. Surgical right ventricular throm-
bectomy may be considered in selected circumstances surrounding congenital
heart surgery [23]. The feasibility of transcatheter embolectomy, whether in the
right atrium or ventricle, is often limited (by the size of the patient, catheter or
equipment required, and risk of further embolization). However, percutaneous
devices such as the AngioVac [24, 25] and AngioJet [26–29] may provide
approaches for percutaneous embolectomy at experienced centers. Notably,
these devices may be more effective at the site of proximal thrombosis, rather
than an area of multiple distal emboli.

Cavopulmonary thrombosis after palliated single ventricle disease is a
known complication and risk. Early thrombosis after surgical palliation often
warrants aggressive intervention to ensure adequate and safe progression for the
patient after surgery. Late thrombosis (remote from surgery) may portend
embolic stroke risk or risk for failure of single ventricle palliation. For these
reasons, intervention for cavopulmonary thrombosis is not rare and catheter-
directed thrombolysis with alteplase is most common [30]. In addition, atten-
tion must be directed at correcting any anatomic causes of increased venous
stasis (e.g., percutaneous balloon and stent angioplasty for cavopulmonary
stenosis). Systemic thrombolysis may be considered in extreme circumstances
of acute thrombosis, but these scenarios are rare. Alternatives to systemic
alteplase therapy should be considered for non-acute thrombus where the risk
of systemic alteplase may exceed the potential benefit over long-term systemic
anticoagulation. Operative thrombectomy is also rare, unless another concur-
rent indication for cardiac surgery exists. Notably, a history of Fontan throm-
bosis warrants particular attention and consideration of the risk of embolism of
calcified thrombus at the time of any surgical revision or transplant.

Left atrium

Left atrial (LA) thrombosis is relatively rare in children. LA thrombi in adults are
most commonly seen at the atrial appendage in the context of atrial fibrillation
or flutter. Importantly, electrical cardioversion for atrial tachycardias results in
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an acute increased risk of thromboembolism from the LA appendage thought to
be related to LA appendage “stunning” and reduced flow (evidenced by Dopp-
ler interrogation), rather than the prior hypothesis that LA thrombi are dis-
lodged by the act of cardioversion [31••].

Diagnosis is most commonly made by echocardiography. Transesophageal
echocardiography is the imaging modality of choice for evaluation of the left
atrium and its appendage [31••]. Diagnosis may also be made via computed
tomography [32, 33].

LA thrombi are also seen in association with pathologies resulting in LA
dilatation (and altered atrial flowmechanics with stasis). In adults, mitral valve
disease (regurgitation, stenosis, and prolapse) can be a cause of LA enlargement
and associated thrombosis, particularly in the context of rheumatic heart dis-
ease or bacterial endocarditis. LA dilatation in children is seen secondary to
myocarditis or cardiomyopathies.

In children, LA thrombosis can also be seen, albeit rarely, after the closure
of an atrial septal defect (ASD), whether by transcatheter device or surgical
patch closure. After transcatheter device closure of an ASD, thromboprophy-
laxis with aspirin is recommended for at least 6 months [1] to allow for
endothelialization of the device along the atrial septum. It is not typical for
aspirin thromboprophylaxis after surgical repair of a secundum or primum
defect (though aspirin may be prescribed after repair of a sinus venosus
ASD). Upon diagnosis of mass on the LA septum (particularly in the absence
of repair of an ASD), atrial myxoma must be considered in the differential
diagnosis.

Medical management
The primary goal of treatment for LA thrombosis is the prevention of throm-
boembolism and stroke. Published statements provide guidance for risk-based
anticoagulant selection in adults with atrial fibrillation [34]. The traditional and
yet the most widely accepted anticoagulant of choice for atrial fibrillation with
and without LA thrombus is VKA therapy with warfarin. However, numerous
studies have demonstrated the efficacy and safety of many DOACs in this
context [34] and their use is largely becoming the standard of care for atrial
fibrillation anticoagulation. DOACs provide advantages over warfarin for their
lack of monitoring. Importantly, DOACs are contraindicated for mechanical
heart valve prophylaxis based on currently available data evaluating its use in
adults [35]. Their applicability for use in children has yet to be determined, but
clinical trials are ongoing.

Anticoagulation remains themainstay of treatment of LA thrombi. The focus
should be directed at treating the underlying cause, but anticoagulation should
continue until resolution of the thrombus and, perhaps, until resolution or
treatment of the underlying pathology. Again, VKA therapy is the treatment of
choice with LMWH and DOACs in consideration, based on the clinical context
and risk profile.

It may be reasonable to continue aspirin in conjunction with anticoagula-
tion for added platelet inhibition for the indications of ventricular systolic
dysfunction, coronary artery disease, or device closure of ASD. However, as
with any adjunctive antiplatelet therapy, there may be an increased risk of
bleeding adverse events.
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Invasive management
In adults with atrial fibrillation, percutaneous occlusion of the LA appendage
can be considered. There exists, however, no data to suggest its safety and
efficacy in children with LA appendage thrombosis. Transcatheter left atrial or
ventricular mechanical thrombolysis is relatively contraindicated for its risk of
embolism and stroke.

In selected cases, where the risk of acute thromboembolism and stroke is
deemed high and outweighing the risk of hemorrhage, a low-dose systemic
alteplase infusion for thrombolysis may be considered [36]. Again, systemic
thrombolysis with alteplase should be reserved for acute thrombosis. Notably, a
case describing catheter-directed thrombolysis with alteplase to the pulmonary
artery for LA thrombus is reported [37]. Safety and efficacy data supporting
thrombolysis for LA thrombosis are lacking, particularly in children.

Surgical management of LA and mitral valve infective endocarditis and
associated thrombosis may be indicated in cases of refractory cases of progres-
sive disease despite antibiotic and antithrombotic therapy. The decision on
timing of surgical intervention, however, is extremely complex with reasons
for early intervention and reasons for conservative management in respect to
surgery. Some guidance on indications for surgery and considerations for
timing are provided [38–41]; however, little evidence and guidance exist for
the timing of surgery for infectious thrombotic disease of the mitral valve.

Operative thrombectomy is rare and often not indicated in the absence of
another indication for cardiac surgery or thromboembolic complications de-
spite anticoagulation (such as stroke). In both children and adults undergoing
cardiac surgery for another indication, concurrent surgical occlusion of the LA
appendage may be considered [34].

Left ventricle

Thrombus formation in the left ventricle (LV) can be attributed to altered LV flow
dynamics and stasis caused by myocardial dysfunction. Thrombi are frequently
seen in the LV apex. Diagnosis is made by transthoracic echocardiography and
transesophageal imaging is not beneficial due to the remote location of the LV
apex related to the esophagus [31••]. In children, LV thrombosis is commonly
seen in myocarditis and cardiomyopathy (dilated, in particular) that induce
altered blood flow and ejection. In adults with acute coronary syndromes,
regional wall motion abnormalities associated with ischemia can precipitate LV
thrombosis. For these reasons, children and adults with LV dysfunction com-
monly receive primary thromboprophylaxis with aspirin, at a minimum.

Mechanical support (left ventricular assist device (LVAD) or ECMO) poses
high risk for thrombosis and embolism, for which early and consistent systemic
anticoagulation is delivered in majority of cases. LVAD thrombosis can present
both as acute device dysfunction and also with progressive thrombosis or
hemolysis [42]. LVAD dysfunction and inadequate LV drainage can also result
in LV apical thrombosis. Inadequate right heart drainage by inadequate ECMO
flow can result in stasis and distension of the left heart (especially in the cases of
severe ventricular dysfunction). In contrast, LV thrombosis during veno-venous
ECMO is less common owing to the requisite normal right heart, pulmonary,
and left heart blood flow needed for this type of ECMO support.
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Medical management
Left ventricular and LVAD thrombosis requires urgent and aggressive antico-
agulation to mitigate the risk of acute cerebral thromboembolism. Again, the
traditional inpatient therapy for LV thrombi is heparin [43], but the DTIs are
emerging for the treatment of left heart thrombosis as well. The benefits of
inhibiting clot-bound thrombin may effectively induce thrombolysis [44].
Importantly, due to the proteolytic degradation of bivalirudin, it should be
avoided in scenarios of impaired LV ejection and resultant stasis.

Pharmacologic thrombolysis can be considered for LV thrombosis.
Though not reported in the literature, a low-dose continuous infusion of
alteplase may be effective at hastening lysis. In an emergent organ- or life-
threatening circumstance of acute thrombosis, a bolus of systemic alteplase
may be given, similar to the strategy with unstable massive pulmonary
embolism. Both strategies of thrombolysis may be considered for LV throm-
bosis in mechanical circulatory support, but the significant risk of hemor-
rhage must be weighed.

Subacute and chronic management of LV apical thrombosis can be main-
tained either with LMWH or VKA therapy [45]. The off-label use of DOACs,
however, is avoided in the treatment of LV apical thrombosis, at this time, due
to an association with stroke when compared with VKA therapy [46•].

Invasive management
A number of cases of successful operative LV thrombectomy are described in
both children and adults, but surgery is commonly reserved for mobile pedun-
culated LV thrombi [47]. Surgical thrombectomy for mural thrombi (whether
flat to the endocardium or with some protrusion) is often avoided. Alternative-
ly, robot- or video-assisted surgical thrombectomy and LV mass resection are
described with an acceptable risk of stroke in adults [48]. One case of successful
trans-aortic video-assisted LV thrombectomy in a teenage child is identified in
the literature [49]. Surgical thrombectomy, however, is often considered if an LV
thrombus is present at the time of VAD implantation (to avoid the complica-
tion of inflow obstruction).

LVAD thrombosis or LVAD-associated apical thrombosis may require surgi-
cal device exchange if medical management fails. Catheter-directed intraven-
tricular thrombolysis with alteplase may be considered. In such cases, the
infusion catheter is positioned retro-aortic at the site of LV thrombosis [50, 51].

In VA ECMO, LV thrombosis due to inadequate cardiac decompressionmay
be an indication for percutaneous atrial septostomy or surgical LA vent place-
ment [52]. Thrombolysis with alteplase (whether catheter directed or systemic)
for LV thrombosis while on ECMO is not reported.

Coronary arteries

Coronary artery thrombosis and myocardial infarction (MI) in children are
relatively uncommon. However, a commonly appreciated etiology for coro-
nary thrombosis is Kawasaki disease with coronary artery ectasia or aneu-
rysm. Childhood MI can also occur as a consequence of congenital heart
disease and its repair or palliation, congenital coronary artery anatomic
abnormalities, myocarditis and cardiomyopathies, transplant coronary
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arteriopathy, inherited metabolic disease caused by congenital hyperlipid-
emia, vasculitides, and drug intoxication (e.g., cocaine). Any cause of MI in a
child can be complicated by thrombosis (in addition to the intravascular
change caused by primary disease).

Thrombosis in Kawasaki disease and other vasculitides (e.g., Takayasu arter-
itis, Behcet’s disease, and systemic lupus erythematosus) is caused by irregular-
ities in coronary artery caliber resulting in flow turbulence and stasis. Invariably,
there is also endothelial dysfunction and hypercoagulability, completing Virch-
ow’s triad. Diagnosis of thrombosis is made either by echocardiography or
coronary CT angiography.

Coronary artery thrombosis secondary to congenital heart disease can be
seen in some pre-operative states, for example, pulmonary atresia with intact
ventricular septum can be associated with right ventricle–dependent coronary
artery circulation and consequent ostial atresia. Myocardial ischemia can be
seen after surgical reimplantation or repair of congenital coronary abnormali-
ties, but thrombosis is rare in comparison with ostial stenosis. Thrombosis is
reported after arterial switch operation for transposition of the great arteries [53]
and repair of the anomalous left coronary artery from the pulmonary artery
(ALCAPA) [54]. Though the incidence is not reported, the risk of coronary
thrombosis after surgeries requiring reimplantation is appreciated (e.g., aortic
valve replacement and the Ross procedure). Coronary artery thrombosis is also
reported after palliation for single ventricle disease and can also be seen in the
Damus-Kaye-Stansel anastomosis or reconstructed neo-aorta [55, 56]. Again,
diagnosis of coronary thrombosis after congenital heart surgery is often made
by echocardiography; however, coronary CT angiography is often needed to
further profile the extension and severity of thrombosis.

Medical management
Coronary artery thrombosis nearly always requires urgent or emergent
intervention. The largest experience in the management of pediatric coro-
nary thrombosis is in the context of giant aneurysms in Kawasaki disease
[57••]. Percutaneous coronary intervention (PCI) should be considered but
is often not feasible due to a number of factors (e.g., patient size and
availability of invasive cardiologist experienced in PCI). If PCI is not pur-
sued, thrombolytic therapy with alteplase should be initiated. For acute
coronary thrombosis posing a risk of coronary ischemia, most recommend
a low-dose infusion with consideration of uptitration if thrombolysis is not
achieved. An emergent high-dose bolus of alteplase is generally not recom-
mended. As is usual, thrombolytic therapy should be followed with system-
ic anticoagulation and antiplatelet therapy should resume. Such a regimen
of low-dose systemic thrombolytic therapy can be applied to the medical
management of coronary artery thrombosis from other etiologies. However,
thrombolytic therapy for coronary thrombosis may be contraindicated in
the setting of recent surgery; this risk must be weighed with the severity of
myocardial ischemia.

Invasive management
PCI in Kawasaki disease is indicated when signs and symptoms of ischemia
are evident or if progression to myocardial failure occurs. Many of the

Medical and Invasive Management of Cardiac Thrombosis in Children with Congenital and Acquired Heart Disease Kim et al. 293



techniques utilized in adult PCI can be considered in coronary thrombosis
secondary to Kawasaki disease. Examples include percutaneous transluminal
coronary revascularization with thrombolysis, rotational atherectomy, and
balloon and stent angioplasty [58]. Published experience in transcatheter
intervention for coronary artery thrombosis in congenital heart disease is
limited, but the balloon and stent angioplasty is the most common PCI [59].
Surgical coronary artery bypass surgery is well described for coronary artery
thrombosis and MI in children with Kawasaki disease and after congenital
heart surgery [60–62].

Aortopulmonary shunt thrombosis

Thrombosis of aortopulmonary shunts in the staged palliation of single
ventricle disease and ductal-dependent congenital heart disease is a known
risk and complication. Thrombosis of all types of shunts (modified Blalock
Taussig Thomas, Sano, and central) is reported. The reported incidence of
aortopulmonary shunt thrombosis is between 3.3 and 33% [63•, 64, 65].
Thrombosis of these aortopulmonary shunts occurs at two distinct time
points: early post-operative occlusion (hours) and late occlusion (weeks).
Though these shunts originate in the arterial circulation, all three of Virch-
ow’s risk factors exist at the site of shunt anastomosis. These aortopulmonary
shunts are often the sole source of pulmonary blood flow in these patients
and thrombosis results in rapidly progressive, and often acute, life-
threatening impairment to pulmonary blood flow. The diagnosis of shunt
thrombosis is often made clinically with signs of suddenly decreased pul-
monary blood flow resulting in acute refractory hypoxemia and hypercarbia
(with low exhaled carbon dioxide). Shunt obstruction caused by thrombo-
sis, narrowing, or anatomic disruption is confirmed by echocardiography
but often cannot be differentiated without angiography.

Medical management
Rapid emergent recanalization of shunt flow is the primary goal in shunt
thrombosis. Though emergent transcatheter or surgical intervention is war-
ranted, these are often not feasible in the setting of a sudden loss of pulmo-
nary blood flow. The initial medical management in the resuscitation of
shunt thrombosis includes a bolus of unfractionated heparin while the
patient’s hemodynamics are stabilized. An infusion of heparin may be
considered but often progression to either mechanical circulatory support
with ECMO or referral for invasive intervention takes precedent. Reports of
systemic thrombolysis for acute shunt thrombosis are found in the literature
[66].

Invasive management
Aortopulmonary shunt thrombosis requires urgent invasive intervention,
whether via transcatheter embolectomy with angioplasty or with surgical
shunt revision (more desirable in some circumstances, such as early post-
operative shunt thrombosis, often thought to be the result of a technical
complication at the anastomotic site) [63•]. Transcatheter intervention can
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include mechanical thrombolysis, catheter-directed pharmacologic throm-
bolysis, and/or stent angioplasty [67, 68].

Conclusion

Thrombosis within the heart is as a consequence of abnormalities in blood flow
and the risk factors of Virchow’s triad. Extension of VTE is a common cause of
right heart thrombosis and its management parallels that of pulmonary embo-
lism. Ventricular dysfunction and atrial dilatation are primary risk factors for
cardiac chamber thrombosis. Kawasaki disease is a common cause of coronary
artery thrombosis and experience in management is extrapolated from adult
acute coronary syndromes. Thrombosis can occur throughout any part of the
cardiovascular system in congenital heart disease and after surgery for repair or
palliation of defects. Heparin and VKA therapy are the mainstays of anticoagu-
lation for cardiac thrombosis and VTE, but direct thrombin inhibitors for
inpatient management and DOACs for outpatient management are emerging
in the treatment of specific locations of thrombosis.
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