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Prenatal Ultrasound Markers of Isolated Total Anomalous
Pulmonary Venous Return and a Sequential Approach to
Reach Diagnosis
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This article comprehensively reviews the literature concerning prenatal ultrasound findings of isolated total anomalous pulmonary venous
return (TAPVR) and the application of specific sonographic markers to differentiate among the TAPVR types. These markers can be categorized
as direct and indirect, based on either morphological features or hemodynamic changes in TAPVR. Indirect markers include the ventricular
disproportion, an increased distance between the left atrium (LA) and the descending aorta, as well as the dilatation of superior vena cava
or coronary sinus for supracardiac or cardiac TAPVR, along with abnormal pulmonary venous spectral Doppler patterns. Direct markers
predominantly focus on the absence of a connection between the pulmonary veins and the LA. Some direct markers are specific to certain
TAPVR types, such as the vertical vein. Diagnosing isolated TAPVR can pose challenges, but following a sequential approach can improve
detection rates and outcomes. In cases with equivocal findings, additional follow-ups are recommended. The sequential approach described
in the current article provides a step-wise methodology and sonographic markers for prenatal diagnosis of TAPVR, which can be utilized by
fetal-maternal medicine specialists, obstetricians, and radiological technicians to ensure timely interventions.

Keywords: Fetal heart, prenatal ultrasound, pulmonary veins, screening, total anomalous pulmonary venous return

INTRODUCTION of fetal TAPVR and provides a sequential approach starting
from obstetric screening views to identify possible cases and

Total anomalous pulmonary venous return (TAPVR) is a categorize the TAPVR types step by step.

critical congenital heart disease (CHD) requiring surgical repair

soon after birth. In Taiwan, the prevalence rate is 1.1/10,000 at
live births, accounting for 0.8% of all CHD cases.["? Clinical SoN0GRAPHIC IMARKERS FOR SCREENING AND

presentations of TAPVR in neonates and infants range from  [JjagN0SIS OF FETAL ToTAL ANoMALOUS PULMONARY
tachypnea and cyanosis to cardiorespiratory failure. Early Venous RETURN

neonatal or prenatal diagnosis, followed by timely postnatal
intervention, is crucial for improving outcomes.># However, =~ TAPVR defines the heart anomaly in which the pulmonary
despite recent advances in ultrasound evaluation of the fetal ~ veins have no connection with the left atrium (LA). Instead,
venous system, the prenatal diagnosis of isolated TAPVR  they connect directly to one or more systemic veins or drain
remains challenging. An international retrospective cohort  directly into the right atrium (RA) [Figure 1]. Previous studies
study reported that prenatal detection rates ranged between  have identified several sonographic markers for screening
0% and 50%.55) Even though various sonographic markers have ~ and diagnosing fetal TAPVR cases.**" These sonographic
been proposed, isolated TAPVR continues to evade prenatal

diagnosis during routine screening.[®” This article aims to Address for correspondence: Dr. Tung-Yao Chang,
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markers are categorized as either morphological features or
hemodynamic changes in TAPVR and are commonly classified
as direct or indirect markers.

INDIRECT SoN0GRAPHIC MIARKERS FOR FETAL ToTAL
AnomaLous PuLmonARy VENous RETURN

Directly visualizing the connection between the pulmonary
veins and the LA could be technically difficult. Indirect
markers can serve as the initial clue for detecting fetal
TAPVR. These markers are primarily based on morphological
features (e.g., increased post-LA space) or on hemodynamic
changes (ventricular disproportion in later gestational age,
dilated superior vena cava [SVC] or coronary sinus, and
abnormal Doppler waveforms) in such cases.[**! It is important
to note that indirect markers may not lead to a straightforward
TAPVR diagnosis but rather raise suspicion.

Ventricular disproportion

Asymmetric ventricular chamber dimensions result from
extra-abnormal flow from the pulmonary veins to the right
heart, providing a diagnostic clue for TAPVR.P! Right
heart dominance is often observed in infants with TAPVR
and can also be seen in fetal cases after the late second
trimester [Figure 2a]. However, routine second-trimester fetal
anatomical scans are typically conducted at the gestational age
of 18-22 weeks, rendering this sonographic marker less useful
for screening purposes.

A study found no significant differences in right/left ventricular
dimension ratios between normal and TAPVR fetuses in the
mid-trimester."'”! Another study recommended not including
this in routine screening criteria.’! A systematic review and
meta-analysis reported that the gestational age at diagnosis of
fetal TAPVR ranged from 16 to 30 weeks, while ventricular
disproportion appeared mainly in the late second trimester
or third trimester (range: 18-37 weeks).['! Nonetheless,
ventricular disproportion was one of the most common findings
in fetal TAPVR, with approximately 60% of isolated TAPVR

a - . 2 b

Figure 1: Two-dimensional gray-scale ultrasound of four-chamber
view in a typical fetal heart versus right atrial-type total anomalous
pulmonary venous return (right atrium [RA]-type total anomalous
pulmonary venous return [TAPVR]). (a) Normal four-chamber view in
a fetus at 23 weeks of gestation: Normal entry of the pulmonary veins
to the left atrium (arrows), (b) In right atrial-type TAPVR at 24 weeks
of gestation, the pulmonary veins connect to the RA (arrows). LA: Left
atrium, RA: Right atrium

cases exhibiting this sonographic feature.l'"! In brief, the
ventricular disproportion is a finding that warrants a detailed
fetal cardiac evaluation at later gestation.

Increased distance hetween the left atrium and the
descending aorta

The presence of a pulmonary venous confluence is a distinctive
feature of TAPVR and leads to an increased distance between
LA and the descending aorta (DAo) [Figure 2b]. Detecting
this confluent chamber can be technically challenging, but
a straightforward measurement with high sensitivity and
specificity is more practical for screening purposes. Kawazu
et al. proposed the “post-LA space index” as a potential marker,
calculated as the ratio of the LA-DAo distance to the diameter
of the DAo [Figure 2b].1'¥ Other studies have confirmed
its reliability in differentiating TAPVR from normal cases,
showing low inter- and intraobserver variabilities."*!?l Notably,
the post-LA space index was independent of the gestational
age,!"*! the four-chamber view orientation (apical, basal, or
lateral), and the TAPVR type.['d Studies have demonstrated
that post-LA space index cutoff value of >1.27 or 1 exhibited
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Figure 2: Two-dimensional ultrasonic images of indirect sonographic
markers for fetal total anomalous pulmonary venous return (TAPVR) on
B-mode. (a) Ventricular disproportion at 35 weeks of gestation: In this
case, supracardiac TAPVR was diagnosed through the second-trimester
screening; however, ventricular disproportion (right ventricle > left
ventricle) was not apparent until 35 weeks of gestation, (b) Increased
distance between the left atrium (LA) and the descending aorta (DAo) at
23 weeks of gestation: In the apical four-chamber view, the post-LA space
index was calculated as the ratio of the distance from LA to DAo (solid
line calipers) to the diameter of the DAo (arrow calipers). The left-atrial
posterior-space-to-diagonal ratio was calculated by dividing the distance
from LA to DAo (solid line calipers) by the diameter of the LA (dotted
line calipers), (c) Dilated superior vena cava (SVC) (supracardiac type)
at 26 weeks of gestation: Because of the excess blood flow from the
vertical vein draining into the SVC, the SVC becomes as large as the
aorta (dashed line circle), (d) dilated coronary sinus (coronary sinus type)
at 23 weeks of gestation: The pulmonary veins (arrows) connect to the
dilated coronary sinus (dashed line circle) instead of the LA. This plane
is caudal to the true four-chamber view plane because the atrioventricular
valves are not seen clearly. RV: Right ventricle, LV: Left ventricle, LA: Left
atrium, DAo: Descending aorta
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excellent diagnostic performance with a sensitivity of 100%
and specificity of 99% and 95.1%, respectively.['*!2!

An alternative marker with a similar diagnostic performance
and independence of the gestational age was recently
proposed by Anuwutnavin et a/.l') The new method also
focuses on the enlarged area behind the LA: the “left-atrial
posterior-space-to-diagonal (LAPSD) ratio,” which is
calculated by dividing the LA-DAo distance by the left atrial
diameter [Figure 2b]. The authors hypothesized that a higher
LAPSD ratio reflects the enlargement of the retroatrial space
and smaller LA, which are considered typical changes for
TAPVR. LAPSD ratio > 0.35 was proposed as an optimal
cutoff for detecting TAPVR.!'? The authors underlined that
in certain cases, it might be crucial to employ multiple
indirect signs to ensure the correct diagnosis, for example,
in patients with a small LA such as hypoplastic left heart
syndrome.

Dilated superior vena cava (supracardiac type)

In a typical three-vessel-trachea (3VT) view, the SVC
usually appears smaller than the aorta. However, in cases of
supracardiac TAPVR, anomalous pulmonary venous drainage
increases blood flow to the drainage site, which then returns
to the RA through the SVC. Thus, the diameter of SVC can
become enlarged due to excess blood flow. This enlargement
can make the SVC appear as large as or even larger than
the aorta in the 3VT view [Figure 2¢].B°! A prominent SVC
has been reported in 67%—-100% of supracardiac TAPVR
cases.*1 It is especially important to utilize supplementary
views (e.g., 3VT view) in cases when the presence of
connections to the LA is inconclusive.?!

Dilated coronary sinus (cardiac type)

When the pulmonary veins anomalously drain into the coronary
sinus, its dilatation is expected due to excess blood flow. In
the subcostal view of pediatric echocardiography, this subtype
is characterized by the “whale’s tail sign,” where left and
right pulmonary veins drain into the dilated coronary sinus.
Unfortunately, the subcostal view is technically difficult in
fetal echocardiography. The coronary sinus is located in the
left atrioventricular groove and is not usually seen in the
four-chamber view plane, making the detection of this subtype
more challenging than the others. Moreover, the anomalous
drainage route is quite short, and pulmonary venous obstruction
is uncommon in this subtype. Consequently, the spectral
Doppler waveforms of the individual pulmonary veins appear
entirely normal. This explains why cardiac type accounts for
around 38% of all TAPVR cases in postnatal cohorts!'*'> but
is seldom mentioned in prenatal series.!']

In clinical practice, visualizing the coronary sinus may be
achieved by sweeping from the four-chamber view plane to
the abdominal view plane instead of relying solely on static
images. A normal coronary sinus looks slim and usually
measures <3 mm in diameter during the second trimester.!'”’
Nonetheless, a dilated coronary sinus signals the need for
further evaluation [Figure 2d]. Differential diagnosis may

include cardiac TAPVR or, more commonly, a persistent left
SVC (PLSVC).

Abnormal pulmonary venous spectral Doppler

The typical pulmonary venous waveform is characterized by a
pulsatile flow, which is influenced by left atrial hemodynamics.
In fetal TAPVR, the pulmonary venous waveform is a
reflection of the length of the anomalous pulmonary venous
drainage and the presence of pulmonary venous obstruction.!'®!
Literature has reported that changes in pulmonary venous
spectral waveforms were observed in 86%—-96% of fetal
TAPVR cases, with exceptions in cardiac type.’*! Tongsong
et al. reported that spectral Doppler waveforms were typically
normal or biphasic in cardiac type, whereas in supracardiac
and infracardiac types, the waveforms can be biphasic,
monophasic, or continuous [Figure 3].¥) Despite its high
specificity, this marker is not commonly a primary reason for
referral in clinical practice, likely because spectral Doppler
is not yet routinely employed in fetal cardiac screening.
According to a meta-analysis, the method that raised primary
suspicion for fetal TAPVR was color/power Doppler (84.9%
with 95% confidence interval = 67.3%-93.9%).[1"7 On the
other hand, pulsed-wave Doppler of the pulmonary veins has
proven informative in cases with equivocal anatomy™ or for
evaluating obstruction and drainage site.”

In brief, an abnormal pulmonary venous waveform is currently
seen as a confirmation marker of the morphological diagnosis
of fetal TAPVR, as spectral Doppler is rarely used as a tool
in first-line screening.

Direct SonoGRAPHIC MARKERS FOR FETAL TOTAL

AnomaLous PuLmonARY VENous RETURN

Direct markers are based on anatomical features in TAPVR,
such as a lack of connection between the pulmonary veins
and the LA or the presence of a confluent chamber. Their
presence usually confirms the diagnosis. Certain direct markers
are specific to particular types of TAPVR, for example, the
ascending or descending vertical vein in the supracardiac or
infracardiac type.

Lack of connection between the pulmonary veins and the
left atrium

This marker is the most common in the cases of TAPVR and
is considered a major diagnostic criterion for fetal cases.*
Guidelines for fetal cardiac screening recommended attempting
to visualize at least one pulmonary vein entering LA in the
four-chamber view on B-mode imaging.['” In the four-chamber
view, a characteristic feature is the presence of a left and a right
pulmonary vein entry at the posterior wall of the LA, forming
a horn-like insertion [Figure 1a].”! In TAPVR, this horn-like
insertion is absent, and the posterior wall of LA may look
“smooth” [Figure 4a].

Color flow Doppler images can complement B-mode images
for observing pulmonary venous entry.”’ However, it is
important not to rely solely on color Doppler images for this
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Figure 3: Pulmonary venous spectral Doppler waveforms in different types of total anomalous pulmonary venous return (TAPVR). (a) Cardiac
TAPVR at 34 weeks of gestation: Normal S, D, and A waves. (b) Infracardiac TAPVR at 23 weeks of gestation: Abnormal monophasic pulsatile
pattern, (c) supracardiac TAPVR at 26 weeks of gestation: Abnormal continuous pattern. S: Systolic phase, D: Diastolic phase, A: Atrial contraction phase

Figure 4: Direct sonographic markers for fetal total anomalous pulmonary venous return. (a) The smooth posterior wall of the left atrium at 24 weeks
of gestation in the absence of pulmonary venous entry into the left atrium, (b) color Doppler imaging cannot be used in isolation to confirm pulmonary
venous entry into the left atrium. For example, in the presented case at 26 weeks of gestation, when applying the color Doppler, the pulmonary veins
seemed to enter the left atrium, but B-mode image, (c) a pulmonary venous confluent chamber (twig sign) (arrow) behind the left atrium

purpose. In the context of a low-velocity scale, distinguishing
whether the pulmonary veins are entering LA itself or entering
a confluence behind LA can be challenging [Figure 4b].

Pulmonary venous confluent chamber behind the left
atrium (twig sign)

A previous study suggested that the visualization of a
confluence chamber behind the LA and a vertical vein provided
the most consistent echocardiographic clues.?” In TAPVR,
it is common for the anomalous pulmonary veins to enter a
confluent chamber behind the LA, with the exception in the
cardiac type. The confluence appears like a twig extending
behind the heart in the four-chamber view [Figure 4c]. It is
easier to detect in the apical or basal four-chamber view than
in the lateral four-chamber view, as it would provide a clearer
visualization if the membrane dividing LA is perpendicular
to the ultrasound beam. The presence of a confluent chamber
increases the distance between the left atrial wall and the DAo,
which aligns with one of the indirect markers for TAPVR
mentioned above.

In the case of coronary sinus-type TAPVR, the pulmonary
venous confluent chamber is located below the four-chamber
view plane and does not form a twig sign, making it more
difficult to detect.

Vertical vein

A vertical vein serves as a connection between the pulmonary
venous confluence and the systemic vein. According to a
systematic review and meta-analysis, approximately 60%
of prenatally diagnosed TAPVR cases had a vertical vein.['!

Published case series had suggested that a vertical vein could be
present in supracardiac, infracardiac, and mixed-type TAPVR
cases, but not in the cardiac type.!*'62!]

By utilizing color Doppler mapping to trace the direction
of vertical vein drainage, it becomes possible to diagnose
supracardiac or infracardiac TAPVR.

Ascending vertical vein: An additional vessel in the
three-vessel-trachea view (supracardiac type)

In supracardiac TAPVR [Figure 5], an ascending vertical
vein drains upward to the innominate vein or SVC, or less
commonly, into the azygos vein. This marker can be observed
in the 3VT view as an additional vessel, usually located at the
left of the main pulmonary artery. As the 3VT view is a part
of the screening plane, this marker can be the first clue for
prenatal detection during screening. The key to differentiation
lies in observing the flow direction of the additional vessel,
which helps distinguish between an ascending vertical vein
and a PLSVC.

Descending vertical vein as an additional vessel in the
abdominal plane (infracardiac type)

In the case of infracardiac TAPVR, a descending vertical
vein drains downward through the diaphragm, connecting the
pulmonary venous confluence to the inferior vena cava (IVC),
hepatic veins, or the portal system. This descending vertical
vein can be seen as an additional vein in the axial abdominal
plane [Figure 6a]. In the sagittal view, an additional vein
located between DAo and IVC can be identified, providing a
clear depiction of the flow direction [Figure 6b].
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Innominate Vein

—_—

An additional vertical vein can be seen in the left side of the pulmonary artery (dashed line circle), (b) color Doppler mapping of a corresponding
location (a) (dashed line circle), (c) prominent innominate vein due to excess flow (following the arrow direction) from the ascending vertical vein

Figure 6: Prenatal ultrasound findings at 28 weeks of gestation in a case
of infracardiac total anomalous pulmonary venous return. (a) Besides the
left posterior descending aorta and right anterior inferior vena cava, an
additional vertical vein (dashed line circle) can be found in the abdominal
plane, (b) sagittal view of the vertical vein: The vessel goes downward
through the diaphragm and drains into the liver (arrow). Ao: Aorta,
IVC: Inferior vena cava, VV: Vertical vein

SeauenTiaL ApPROACH FOR DiaGNoOSIS OF FETAL
TotaL AnomaLous PuLmonary Venous RETURN

Despite the many sonographic markers proposed for fetal
TAPVR, prenatal diagnosis of isolated TAPVR remains a
challenge. Most of these markers can be subtle during the
second trimester. As a result, confirming the entry of the
pulmonary veins into the LA is crucial to enhance prenatal
diagnosis at the screening level. Therefore, we suggest a
sequential approach, starting from obstetric screening views, to
detect cases with suspected isolated TAPVR and differentiate
among TAPVR types by identifying sonographic markers
presented in Figure 7.

In fetal cardiac screening, the left and right pulmonary veins
entering the LA are commonly observed in the four-chamber
view. Their presence effectively rules out the possibility
of TAPVR. However, when the connection between the
pulmonary veins and the LA is not clear, the sonographer
should raise suspicions of TAPVR and conduct a systematic
search for other possible pulmonary venous drainage routes.

Staying at the level of a four-chamber view, one can focus
on the area behind the LA to search for the presence of a
pulmonary venous confluent chamber (or twig sign). If the
pulmonary veins connect to the RA directly, the diagnosis of
RA-type TAPVR can be made. However, if the connection of

the pulmonary veins to the fetal heart can only be observed
at a level lower than the four-chamber view plane, they
are likely draining into the dilated coronary sinus, which
is inferior to the LA. In addition, a flow from the coronary
sinus to the RA can be observed in the color Doppler image,
aiding in the differentiation between cardiac TAPVR and
primum atrial septal defect, as the latter shows a flow from
RA to LA.

When a pulmonary venous confluent chamber is identified,
the next step is to trace its drainage. Using color Doppler
alongside the B-mode image, one can first move the probe
cranially to the 3VT view to search for an ascending vertical
vein and finally confirm its drainage. Common drainage sites
of supracardiac-type TAPVR include the innominate vein
and SVC. Increased blood flow and dilatation of the drainage
vessel, recognized as indirect markers, can be expected. If
the cephalic veins appear normal, one can move the probe
caudally to the fetal abdomen at the level of the liver to search
for a descending vertical vein. Possible drainage sites for a
descending vertical vein in infracardiac-type TAPVR include
IVC, hepatic veins, or the portal system. Pulsed Doppler
waveforms of the individual pulmonary veins are usually
abnormal, serving as indirect markers.

CoNncLusIoN

In the absence of a single sonographic sign for the diagnosis of
fetal TAPVR, a systematic and sequential approach is crucial
to improve the prenatal detection and diagnosis of TAPVR.
The key to enhancing prenatal diagnosis is adherence to the
fetal cardiac screening guidelines and evaluation of pulmonary
venous entry into the LA in the four-chamber view. Other
sonographic signs including direct and indirect markers, when
used in conjunction with color and spectral Doppler, serve
as adjuncts to precise prenatal diagnosis. Further follow-up
at later gestation can be suggested in cases with equivocal
findings.
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Figure 7: Flowchart for assessment of total anomalous pulmonary venous return by sequential approach. TAPVR: Total anomalous pulmonary venous

return, SVC: Superior vena cava, IVC: Inferior vena cava
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