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Introduction

Pulmonary embolisms (PEs) are rarer in children than in
adults, with previous studies reporting an estimated inci-
dence of 0.14–0.9:100,000 in the pediatric population and

8.6–57:100,000 even among hospitalized children.1–4 Diag-
nosing PEs on the basis of their clinical presentations is
difficult because of their potential nonspecificity and the
inability of young children to describe their symptoms
accurately.5 Another reason for the difficulty is that
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Abstract A 3-month-old infant patient with hypoplastic left heart syndrome diagnosed in the
prenatal period required long-term intensive care for refractory chylothorax and
chylous ascites after undergoing bilateral pulmonary artery banding at age 6 days.
Weaning frommechanical ventilation was difficult due to massive edema, and a central
venous catheter was required because enteral feeding was hampered by the refractory
chyle leakage, for which surgery was ineffective. On the evening after central venous
catheter replacement was performed, his respiratory condition suddenly deteriorated;
cardiac ultrasound revealed that the left pulmonary arterial blood flow had decreased,
and enhanced computed tomography demonstrated a left pulmonary embolism (PE),
which was identified as the cause of a sudden decrease in the pulmonary blood flow.
The patient died due to refractory septic shock at age 5 months. PEs in children,
especially patients with cyanotic congenital heart disease, are difficult to diagnose
because of their atypical presentation. Current diagnostic criteria are based on adult
guidelines, and a few factors in the criteria, such as tachycardia and hypoxia, are
difficult to apply for pediatric cyanotic patients with intracardiac or extracardiac right-
to-left shunt. In fact, those criteria have lower specificities in children. In conclusion, the
present case suggested that a sudden decrease in the pulmonary blood flow can aid the
physicians in diagnosing PE in patients with cyanotic congenital heart disease. We need
more pediatric cases and evidence of PE in children to make a PE guideline, which is
specific to pediatric patients including cyanotic congenital heart disease.
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symptoms related to lowcardiac output are infrequent in this
population due to intracardiac or extracardiac right-to-left
shunt. PE is highly associated with deep vein thrombosis
(DVT), and the most salient predisposing factors in children
are the presence of a central venous catheter (CVC), infection,
and congenital heart disease (CHD).5

We herein report an atypical presentation of PE in a
patient with hypoplastic left heart syndrome (HLHS). To
our knowledge, a sudden decrease in the pulmonary blood
flow can be a valuable clinical clue to diagnosing PE in
patients with cyanotic CHD.

Case Report

A male infant was born at 37 weeks’ gestation by cesarean
section with a birth weight of 2,348 g to a 36-year-old G1P0
with atypical psychosis and gestational hypertension. HLHS
(aortic atresia, mitral stenosis) was diagnosed during the
fetal stage by echocardiogram. He was admitted to the
neonatal intensive care unit (ICU) where he received a
lipo-prostaglandin E1 infusion to maintain systemic blood
flow through the ductus arteriosus.Within 1 day, the patient
was intubated for low systemic blood flow with increased
pulmonary blood flow, but his circulation remained unsta-
ble. Therefore, he was transferred to the pediatric ICU at age
3 days and started on inhaled N2. His PaCO2 was maintained
between 50 and 60mm Hg to reduce the pulmonary blood

flow. At age 6 days, he received bilateral pulmonary arterial
banding (bil.PAB) for the increased pulmonary blood flow.
Bil.PAB with an 8.5-mm circumference was performed for
each pulmonary artery but required adjustment at age
13 days because of a continued increase in the pulmonary
bloodflow. A large amount of pleural effusion and ascites had
drained after the first operation, and it was diagnosed with
chyle leakage by increased white blood cell with a lympho-
cyte-predominant pattern in drainage. The chyle leakagewas
caused by elevated central venous pressure. Moreover, the
refractory chylothorax and chylous ascites required contin-
ued CVC placement and plasma protein supplementation,
including albumin, globulin, and coagulation factors. As a
result, the patient experienced two episodes of persistent
bacteremia. The refractory chyle leakage continued to be
treated using drugs as well as lymphangiography but was
unable to be suppressed. Options for CVC placement gradu-
ally dwindled because almost all the remaining central veins
except the right internal jugular vein (RIJV) were obstructed
by thrombosis due to long-term CVC placement despite
prophylactically anticoagulation by low-dose unfractionated
heparin (UFH) infusion. Fortunately, the right upper central
vein from the RIJV to the superior vena cava was patent
although venous thrombosis was detected in the superior
vena cava in the early stage of the patient’s clinical course.

At age 3months, the patient underwent CVC replacement.
On the night following the procedure, his respiratory status

Fig. 1 Cardiac ultrasound at the diagnosis of the pulmonary embolism showing a decrease in the left pulmonary artery flow (white arrow). LPA,
left pulmonary artery; RPA, right pulmonary artery.
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suddenly deteriorated; his SpO2 fell from 75 to 68%, and end
tidal CO2 and PaCO2 rose from 36 to 53mm Hg and 52 to
66mm Hg, respectively, within a few minutes. Nevertheless,
the tidal volume and blood pressure were stable, and a chest
X-ray revealed no findings which might explain the sudden
change in his respiratory status. Laboratory tests showed no
specific findings. Echocardiogram, performed to evaluate the
pulmonary blood flow on the suspicion that a change in
hemodynamics caused the sudden deterioration of the re-
spiratory status, found decreased left pulmonary arterial
blood flow compared with that before the onset (►Fig. 1).
Left PE was diagnosed on the basis of enhanced computed
tomography (CT) findings (►Fig. 2). Despite the presence of a
thrombus, the D-dimer level remained stable at 0.9 μg/mL.
Catheter placement for the embolism was unable to be
performed because the other central veins were no longer
patent. UFH was increased to retard progression of the PE.
The decreased pulmonary blood flow gradually improved
with echocardiographic finding, but follow-up enhanced CT
was not performed because it is difficult to transport due to
the systemic deteriorationwith refractory sepsis. Finally, the
patient died from refractory septic shock at age 5 months.

Discussion

Generally, PE in the pediatric population occurs in patients
with CHD or an infection, with most cases being associated
with CVC use.5 The incidence of venous pulmonary throm-
boembolisms has been steadily increasing in children as a
consequence of longer survival times in critically ill children,
as well as increased CVC use.6–8 Several studies reported that
thrombotic events occurred at a rate of 33 to 64% in children
with a CVC and 89 to 94% in neonates alone.1–3

In the present case, the patient had several PE risk factors,
such as CHD, long-term use of CVC, a past history of blood
stream infections, and DVT related to CVC use.

Typical symptoms of PE are signs of right heart failure,
such as tachycardia, tachypnea, and biventricular edema.
Patients with PE usually experience shortness of breath,
pleuritic chest pain, hemoptysis, cough, and syncope.9,10

However, PE among children may occur without this classic

symptomatology. Additionally, some symptoms may be re-
lated to underlying medical conditions, such as CHD, that
often coincide with, and predispose the patient to, PE, thus
masking the diagnosis.9

The present patient had extracardiac right-to-left shunt
via the ductus arteriosus and so did not demonstrate symp-
toms of low cardiac output. Instead, his pulmonary-to-
systemic flow ratio (Qp/Qs) changed dynamically because
the left pulmonary artery was almost completely obstructed
by thrombosis. Decreased Qp/Qs due to the PE led to the
sudden deterioration of his respiratory status.

Due to the nonspecificity of the clinical presentation of PE,
diagnostic imaging is necessary for a definitive diagnosis.
Even in the absence of abnormalities in the initial laboratory
findings, blood gas, and electrocardiogram, further investi-
gation is called for if PE is suspected. The initial tests for PE
should be performed while the imaging modalities are being
prepared.5

Previous studies have made specific testing recommen-
dations for diagnosing PE. D-dimer, a biomarker useful in
detecting an existing thrombosis, is one such example.
However, a previous study enrolling 50 children with PE
and 25 PE-negative control patients showed that it had low
utility for diagnosing PE.11 Another study demonstrated that
the D-dimer level was normal in 40% of childrenwith PE.12 In
adults, Wells’ criteria and Pulmonary Embolism Rule-out
Criteria rules are known as common PE algorithms. However,
they should be used cautiously in children because these
criteria have lower specificities in pediatric patients.13 Fur-
thermore, they include a few factors included in these
algorithms, such as tachycardia and hypoxia are difficult to
apply for patients with cyanotic CHD. Echocardiogram may
be useful, especially in the ICU setting,14,15 because it enables
the patient’s condition before and after PE onset to be
compared. Radiologic evaluations, such as enhanced CT,
ventilation–perfusion scan, pulmonary angiography, and
magnetic resonance imaging, can also be useful for diagnos-
ing PE.16 In particular, enhanced CT is highly recommended
for young patients in the ICU or emergency setting because it
is noninvasive and rapid.17 CT has improved, and multi-
detector CT pulmonary angiography has been recently
regarded as the routine modality for detection of PE in
both adults and children.18,19 In the present case, the D-
dimer level had a poor predictive value for thrombosis.
Although the patient’s symptomswere atypical, their sudden
onset was a clue to diagnosing thrombosis. In the present
case, echocardiogram demonstrated high utility in the ICU
setting and in predicting the PE. However, a definitive
diagnosis of PE requires a highly specific radiologic exami-
nation, such as enhanced CT.

No specific treatment algorithms are currently available for
managing PE in children.16 Previous studies have presented
various management options, such as anticoagulant therapy,
thrombolysis, catheter intervention, inferior vena cava filter,
and thrombectomy. Anticoagulant therapy includesUFH, low-
molecular-weight heparin, and vitamin K antagonist adminis-
tration.5 The only remaining treatment choice in the present
patient, in view of his condition, was UFH.

Fig. 2 Enhanced CT at the diagnosis of the pulmonary embolism
showing a thrombus (white arrow) in the main left pulmonary artery.
CT, computed tomography.
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The choice of treatments depends on the individual
condition of the patient. Current therapeutic recommenda-
tions are based on the findings of adult clinical trials and a
few pediatric studies enrolling a small number of subjects.
Therefore, we should conduct clinical trials in childhood PE
to make PE guidelines for children.

Conclusion

Our findings suggested that sudden-onset hypoxia and hy-
percapnia should raise the suspicion of decreased pulmonary
blood flow due to PE. Once PE is suspected, a diagnostic
workup and radiologic evaluations should be performed.
Once the diagnosis is made, treatment should be started
without delay.

PE in children is rare and difficult to diagnose. Further-
more, PE in patients with cyanotic CHD often has an atypical
presentation and is even more difficult to diagnose because
intracardiac or extracardiac right-to-left shuntmaintains the
systemic blood flow.

We need more pediatric cases and evidence of PE to make
a PE guideline which is specific to pediatric patients includ-
ing cyanotic CHD.
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