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a b s t r a c t 

Pulmonary venous developmental anomalies have historically been evaluated using 

echocardiography and catheter-based angiography. In recent years, however, multidetector 

CT angiography (MDCTA) and MR angiography have become increasingly important tools for 

detailed characterization of these anomalies. This case report provides an in-depth review 

of the radiologic findings in a 15-year-old patient diagnosed with the supracardiac type of 

Total Anomalous Pulmonary Venous Connection (TAPVC). The report emphasizes the imag- 

ing features that were instrumental in the diagnosis and underscores the crucial role of 

advanced imaging techniques in the management of this serious congenital heart defect. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

Total anomalous pulmonary venous connection (TAPVC) is
a rare congenital anomaly where the pulmonary veins fail
to connect to the left atrium. Instead, they drain into the
systemic venous circulation, causing oxygenated and deoxy-
genated blood to mix and flow to the body through an atrial
septal defect (ASD), patent foramen ovale (PFO), or patent duc-
tus arteriosus (PDA). This leads to significant hemodynamic
Abbreviations: TAPVC, Total anomalous pulmonary venous connect
defect; PFO, Patent foramen ovale; PDA, Patent ductus arteriosus; ECG, E
angiography; MPR, Multiplanar reformation. 
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disturbances and hypoxemia. TAPVC represents about 1.5%-
3% of all congenital heart defects and is classified into four
types based on the location of the abnormal venous con-
nection: supracardiac, cardiac, infracardiac, and mixed. The
supracardiac type is the most common, accounting for 50%-
55% of cases, where the pulmonary veins drain into the supe-
rior vena cava or innominate vein via a vertical vein, bypass-
ing the left atrium entirely. Advances in imaging techniques,
such as multidetector CT (MDCT), now allow for highly accu-
rate, noninvasive diagnosis of this condition [ 1 ,2 ]. 
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Fig. 1 – Chest Radiography PA (A) and lateral (B) view show cardiomegaly and a “snowman” or “figure-of-eight” sign. Head 

of the snowman is formed by the abnormal vertical vein (thin arrow) and the dilated superior vena cava (thick arrow) while 
the enlarged right atrium (∗) forms the “body”. Arrowhead in image (B) shows obliterated retrosternal space. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case description, diagnosis and management 

A 15-year-old boy presented with worsening cyanosis and
shortness of breath. His medical history revealed childhood-
onset symptoms, including breathlessness, recurrent chest
infections, cyanosis and easy fatigability. On examination,
he exhibited tachypnea, tachycardia, digital clubbing and
cyanosis of the lips. A prominent right ventricular impulse
was palpated, along with a loud, fixed split second heart sound
and a systolic murmur, best heard at the left upper sternal bor-
der. The ECG showed a prolonged PR interval, peaked P waves
in the right atrium, tall R waves in the right precordial leads,
inverted T waves, a deep S wave in the left precordial leads,
and right axis deviation, all consistent with right ventricular
enlargement. 

Chest radiography revealed cardiomegaly with prominent
pulmonary arteries, along with a “snowman” or “figure-of-
eight” sign, suggesting a potential diagnosis of supracardiac
TAPVC ( Fig. 1 ). Echocardiography confirmed that all four pul-
monary veins converged into a common venous chamber,
which drained via a vertical vein into the left innominate
vein, and subsequently into the superior vena cava (SVC). The
left atrium was underfilled and appeared smaller than nor-
mal, while the right atrium and right ventricle were signifi-
cantly enlarged. Evidence of right ventricular hypertrophy in-
dicated increased workload due to the abnormal pulmonary
venous return. Based on these findings, a provisional diagno-
sis of supracardiac TAPVC was made, and the patient was re-
ferred for 64-slice CT angiography to confirm the diagnosis. 

A retrospective ECG-gated cardiac CTA was performed with
the administration of 70 ml of nonionic contrast agent (io-
hexol 350 mg I/ml), followed by a 30 ml saline flush. To mini-
mize patient radiation exposure, ECG-gated tube current mod-
ulation was applied. The images were reconstructed during
the diastolic phase. Three-dimensional (3D) reconstructions
in various projections along with multiplanar reformations
(MPR) and volume rendering (VR), demonstrated all four pul-
monary veins converging into a common channel posterior
to the left atrium (LA) before draining into the left innomi-
nate vein, and subsequently entering the superior vena cava
(SVC). The CT images revealed markedly dilated right-sided
cardiac chambers and an enlarged pulmonary artery ( Figs.
2 and 3 ). Notably, there was no evidence of pulmonary vein
obstruction, a condition sometimes associated with TAPVC.
The three-dimensional reconstructions from the CT scan were
particularly valuable for surgical planning, offering a clear de-
piction of the vertical vein’s course and its connections. 

Discussion 

Total anomalous pulmonary venous connection (TAPVC) is a
cyanotic congenital heart defect in which all pulmonary veins,
carrying oxygenated blood from the lungs, incorrectly drain
directly or indirectly into the right atrium instead of the left.
This results in oxygenated blood bypassing the left atrium, re-
turning to the right side of the heart. TAPVC is categorized
anatomically into four subtypes based on the location of the
abnormal connection: supracardiac, cardiac, infracardiac, and
mixed [ 1 ,2 ] In the supracardiac type, the pulmonary veins con-
nect abnormally to the left innominate vein, superior vena
cava (SVC), or azygos vein via an ascending vertical vein. In the
cardiac type, the pulmonary venous confluence drains into the
coronary sinus, or, in rare cases, individual pulmonary veins
drain directly into the right atrium [ 3 ]. In the infracardiac type,
pulmonary veins form a descending vertical vein that drains
below the diaphragm into the portal vein, hepatic vein, or in-
ferior vena cava (IVC). The mixed type involves combinations
of connections at different anatomical levels [ 4 ]. 

Supracardiac TAPVC is typically diagnosed in infancy due
to severe symptoms like cyanosis, respiratory distress, recur-
rent chest infections, and failure to thrive [ 5 ]. However, in
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Fig. 2 – Axial (A and B) cardiac CT angiography and coronal reformatted images (C and D) show all the four pulmonary veins 
(RSPV- Right superior pulmonary vein, RIPV- Right inferior pulmonary vein, LSPV- Left superior pulmonary vein, LIPV- Left 
inferior pulmonary vein) converging to form ascending vein (∗) which is ascending superiorly and draining into left 
innominate vein (LINV). Image (B) shows right heart enlargement. 

Fig. 3 – Volume rendered cardiac CT angiography images (A- from posterior aspect and B- from anterior aspect) show all the 
four pulmonary veins converging to form ascending vein (∗) which is ascending superiorly and draining into left 
innominate vein (LINV). Left innominate vein and superior vena cava (SVC) appear dilated. 

 

 

 

 

 

 

 

 

 

 

 

this case, the diagnosis was made in an adolescent, which
is unusual. The late presentation in this 15-year-old patient
highlights the variability in clinical course of TAPVC and the
importance of maintaining a high index of suspicion for the
condition in adolescents and older children with unexplained
cyanosis and right heart failure. 
In this case, radiological findings played a key role in di-
agnosing supracardiac TAPVC. The chest X-ray revealed the
characteristic ‘snowman’ sign, a well-known radiographic fea-
ture of this condition. The ‘head’ of the snowman represents
the abnormal vertical vein and dilated superior vena cava
(SVC), while the “body” is formed by the enlarged right atrium
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and pulmonary artery. Although highly suggestive of the di-
agnosis, this sign is not pathognomonic, and further imaging
with echocardiography, CT, or MRI is required to confirm the
diagnosis and guide surgical planning [ 6 ]. 

Echocardiography plays a pivotal role in diagnosing TAPVC,
offering detailed visualization of abnormal pulmonary vein
connections and their hemodynamic consequences. In this
case, it revealed that all pulmonary veins drained anoma-
lously into a vertical vein, completely bypassing the left
atrium. The enlargement of the right atrium and ven-
tricle along with right ventricular hypertrophy, suggested
chronic volume overload and pulmonary hypertension [ 7 ].
CT angiography and MRI provided complementary anatomi-
cal and functional data crucial for surgical planning. Three-
dimensional reconstructions from CT were particularly use-
ful in mapping the vertical vein’s course and its connection
to the systemic venous system. MRI can provide valuable in-
sights into ventricular function and the extent of pulmonary
overcirculation [ 8 ,9 ]. 

Although cardiac catheterization is not routinely required
for diagnosis in all cases, it was crucial in this instance to eval-
uate pulmonary pressures and vascular resistance, consider-
ing the patient’s age and symptoms. The findings of elevated
right-sided pressures and an increased pulmonary to systemic
flow ratio (Qp:Qs) confirmed the hemodynamic burden caused
by the anomalous venous return and emphasized the urgency
of surgical correction [ 10 ]. 

The timing of surgical intervention in Total Anomalous
Pulmonary Venous Connection (TAPVC) is critical; delays can
lead to irreversible pulmonary hypertension and right heart
failure. In this patient, the successful rerouting of the pul-
monary veins to the left atrium, combined with ligation of the
vertical vein, resulted in significant clinical improvement, in-
cluding normalization of oxygen levels and resolution of right
heart strain. This outcome highlights the necessity of early
and accurate diagnosis, alongside prompt surgical interven-
tion, to prevent the potentially life-threatening complications
associated with this condition [ 11 ]. 

Conclusion 

In a young patient presenting with progressive cyanosis,
TAPVC should be a primary consideration, warranting a thor-
ough investigation using appropriate imaging techniques.
Multidetector CT angiography (MDCTA) serves as a rapid,
noninvasive, and precise diagnostic tool, providing a three-
dimensional visualization of vascular anatomy in suspected
cases of pulmonary venous connection anomalies. A compre-
hensive imaging approach, incorporating echocardiography,
CT, and MRI, is crucial for confirming the diagnosis, elucidat-
ing the anatomical details of the defect, and facilitating effec-
tive surgical planning for correction. 

Patient consent 

Written informed consent for patient information and images
to be published was provided by the patients. 
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