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Simplifying ultrasound assessment
of the fetal heart: incorporating the
complete Three Vessel View into

routine screening

Abstract

Introduction: As our experience and ultrasound resolution have improved significantly in last 30
years it is possible to detect most of the major cardiac abnormalities prenatally with high degree of

accuracy.

Method: Current screening techniques have poor detection rate for congenital heart diseases (CHD)
and nearly half of the major cardiac abnormalities mainly of Great Arteries goes unrecognised. A
high detection rate for major CHDs can be achieved in a screening setting by improving techniques of

routine screening in the low risk population.

Conclusion: This article summarises the alternative strategies to examine the outflow tracts and
Great Arteries, its correct interpretation and examples of abnormal views.
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Figure 1: Normal Three-Vessel View.

Introduction

Structural cardiac defects are the commonest
birth defects, affecting 3-8/1,000 live births and
comprising 28% of all birth defects in Australia.!
Congenital heart disease (CHD) is six times
more common than chromosomal abnormality
and is associated with high rates of morbidity
and mortality, accounting for 20% of stillbirths
and 30% of neonatal deaths. Nearly 40% of
babies with CHD require intervention after
birth.*” Ultrasound evaluation of the structure
of the fetal heart has been possible for nearly 30
years. Historically, fetal echocardiography was
performed by the paediatric cardiologist and
was limited to high risk groups based on factors

derived from maternal history: a family history
of congenital heart disease (CHD), a history of
chronic maternal disease (e.g. Diabetes Mellitus)
or exposure to teratogenic medications (e.g. anti-
epileptic medicines and lithium). This policy
has been shown to place 2-5% of women in a
‘high-risk’ group but detects only 5-10% of all
major cardiac defects. Most cases of CHD occur
in the low risk population, and can therefore
only be detected through routine screening.®’
An effective strategy for prenatal screening
allows early detection, improves antenatal, intra-
partum and postnatal management, and reduces
morbidity in survivors.'*"

Ultrasound is highly specific and sensitive
for detection of cardiac abnormalities. As our
experience and the resolution of ultrasound
technology have continued to improve, it is
now possible to detect most major cardiac
abnormalities prenatally with a high degree
of accuracy.’® Although 60% of major defects
can be detected using the 4-chamber view
alone, several major CHDs (transposition of
the Great Arteries, tetralogy of Fallot, truncus
arteriosus, and double-outlet right ventricle)
are typically missed unless views of the outflow
tracts are included. Inclusion of these views in
routine screening potentially allows 80% of
major structural cardiac abnormalities to be
defined prenatally.”-*' Several groups have,
however, found that it is difficult to achieve these
detection levels in routine clinical practice and
there is significant variation in the effectiveness
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Figure 2: Arch view.

of screening even across centers within one country.*

While Australia has a strong obstetric screening program -
98% of eligible women have a routine second trimester ultrasound
scan - the detection rate for major cardiac abnormalities is
poor. Population based studies evaluating the effectiveness of
screening programs for the detection of cardiac abnormalities
in unselected populations from South Australia, Victoria and
NSW have concluded that the detection rate, particularly of
major outflow tract abnormalities, is poor and is in the range
of only 15-22%.2%* Koo, et al. in a population analysis from
South Australia reported that routine obstetric ultrasound
infrequently detects CHD. Only 22.5% of cases were referred for
fetal echocardiography and prenatal detection of Transposition
of the Great Arteries (TGA) and Tetralogy of Fallot occurred in
only 15% and 25% respectively.” Victorian data also show wide
variation in antenatal detection rates ranging from 84.6% for
hypoplastic left heart syndrome to 17% for TGA (17%).** Jaeggi,
et al. reported that in NSW routine obstetric ultrasound failed
to identify most duct dependent lesions. Abnormalities of the
Great Arteries were identified in only 6.7% of cases.? This differs
from data recently reported by Sholler, et al. who found that
44% of infants requiring cardiac surgery in first year of life had
an antenatal diagnosis; but its important to recognise that this
population has some bias as it does not include infants that died
before surgery could be performed.” Nevertheless, the study
confirmed that the majority of major cardiac abnormalities go
unrecognised. It is likely that improvement in the detection rate
will only be made by improving techniques of routine screening
in the low risk population.

The current morphology screening protocol, described by
the Australasian Society of Ultrasound in Medicine and adopted
by most Australian centers, includes assessment of both the four
chamber view and the outflow tracts and the long axis view of both
ductal and aortic arches. The ductal arch is formed by the ductus
arteriosus as it travels from its origin at the pulmonary artery to the
point of entry into the descending aorta. Its distinguishing features
include a relatively flat “hockey stick” shape and the fact that it does
not give off any branches. The aortic arch on the other hand is more
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Figure 3: Arch view (Color Doppler).
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rounded (like a candy cane) and gives off branch vessels from its
superior aspect (brachiocephalic, left common carotid and left
subclavian arteries). Long axis views for the ductal and aortic arches
were adopted from pediatric cardiology. The continuity of the arch
may be confirmed if ideal views can be obtained in this plane, but
both arches cannot be visualised simultaneously so discordance in
size cannot be assessed and interruption of the aortic arch may be
misinterpreted. Long axis views are difficult to acquire and interpret
in normal fetuses and are more complex in the presence of an
abnormality of the Great Arteries.

An alternative strategy for examination of the outflow tracts and
Great Arteries is based on assessment of a series of axial sections,
running from the four chamber view through the left and right
outflow tracts through a view of the three vessels and finally of the
transverse aortic and ductal arch. Imaging both the three vessels
and the transverse arch are necessary to complete this assessment.
These five essential views in transverse section are required for
routine screening of CHD. These views are very reliable and easy to
perform and interpret with only a short learning curve.”

The Three Vessel View: 2D and colour Doppler assessment
The Three-Vessel view (3VV) is above the four-chamber view
(4chV) and is obtained by simply moving the ultrasound probe
cranially from the 4chV (Figure 1). This view includes, from left
to right: the main pulmonary trunk in direct communication
with the ductus arteriosus, a transverse section of the aortic
arch and the superior vena cava (SVC). The lumen of the aorta
and pulmonary trunk are similar in size, though the pulmonary
artery tends to be slightly larger and the SVC is the smallest
vessel.® The cross section of trachea is also visible in front of
spine. The head and neck vessels from the aortic arch arise some
distance from the aortic valve and are not readily visible in these
transverse views. The pulmonary artery branches laterally soon
after its origin and this feature should be positively identified in
transverse views.

Moving the probe further cranially images the transverse
aortic arch, and the ductus arteriosus (Figure 2). The aortic
arch crosses the midline from right to left. In this view the size
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Figure 4: Ventricular disproportion.

and position of the transverse aortic arch and the arterial duct
can be compared. Usually the duct is slightly smaller than the
aortic arch at mid trimester ultrasound. The two vessels lie close
together in this view and form a V shape before they join in front
of spine. On color Doppler imaging both Great Arteries shows
forward unaliased flow. The cross section of trachea is also seen
in this section located anterior to the spine and to the right of
both the duct and the aorta (Figure 3). This was defined as the
three-vessel tracheal view by Yagel (2002) and more appropriate
term for this view is a transverse arch views.?’

As the normal three vessels are arranged in a straight line
in decreasing order of diameter, subtle changes are readily
appreciated. In addition to the vessel arrangement and alignment,
other aspects such as size, abnormal vessel number, structure,
function, direction of flow and relationship to the location of
fetal trachea can also be examined. In addition to allowing better
comparison between vessels, these views are easier to achieve
and this reduces the time need to visualise the outflow tracts
when compared to traditional long-axis view.” Transverse views
of the fetal heart are sufficient to identify all the normal features
and to exclude cardiac malformations.

Recognising abnormalities in the Three-Vessel View

Most lesions involving the ventricular outflow tracts and/or
Great Arteries are associated with an abnormal Three-Vessel
View.?-*! Abnormalities that can be visualised include abnormal
vessel size, number, alignment, abnormal flow or spatial
relationship of the aortic arch. An abnormal Three-Vessel View
raises the suspicion of abnormality and requires a detailed fetal
echocardiogram, both 2D and color Doppler to make a final
diagnosis. It also provides an important clue to the diagnosis of
minor anomalies considered as markers of other CHD.

Abnormal vessel size

In the normal Three-Vessel View, the pulmonary trunk has
a slightly larger diameter than the aorta, which has a larger
diameter than the superior vena cava. Each of these vessels may
by dilated or constricted, which can be recognised by direct
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Figure 6: Interrupted aortic arch, note the disproportion between
pulmonary artery (PA) and aorta (Ao).

comparison during grey scale imaging and with the help of color
Doppler. Obstruction of either the aortic or pulmonary valve will
prevent forward flow of blood and the respective Great Arteries
will have an abnormal ratio of diameters.*

Small Aorta

A small ascending aorta or a small/absent transverse aortic arch
is seen in fetuses with coarctation of aorta (CoA), Interruption
of aortic arch (IAA), aortic stenosis and aortic atresia.

CoA isthe mostcommon duct dependent cardiac abnormality
and is one of the most difficult cardiac abnormalities to diagnose
in utero. It accounts for approximately 7% of all live births with
congenital heart disease. An estimated 60% to 80% of newborns
with isolated CoA are discharged home without diagnosis and
they face circulatory collapse and death as the duct closes.*®¢
Current screening methods detect < 30% cases with a high false-
positive rate (50-60%) even in the hands of fetal cardiologists.””**
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Figure 7: Small pulmonary artery.

The aortic isthmus region, just before where the arterial duct
enters the descending aorta, is the narrowest part in CoA.* The
three vessel and trachea view allows direct comparison of the
aortic and ductal arches in size and easy assessment of the fetal
aortic isthmus.** Although ventricular disproportion (with
a smaller left than right ventricle) on a 4 chamber view raises
the suspicion of the diagnosis, the sensitivity of ventricular
disproportion is only moderate and the specificity is poor,
especially after 34 weeks. Four-chamber disproportion may be
subtle, and disproportion may be visible only at the arch views
(Figures 4, 5). Therefore, screening using the Three-Vessel View
is important to avoid false-negative results.

Interruption of the aortic arch (IAA) is a rare anomaly in
the fetus and neonate and occurs in 3/100,000 live births and
is rapidly fatal if left uncorrected.”’ TAA is classified into three
morphologic types, but type B, interruption is between the
left carotid and left subclavian arteries, is the most important.
Ventricular septal defects are commonly seen in association
with IAA but prenatal detection of IAA by echocardiography has
been challenging.

The Three-Vessel View is the best view to diagnose IAA. A
large discrepancy in the size of the aorta and pulmonary artery
is a pathognomonic sign of IAA type B (Figure 6).***> Sometimes
it is difficult to differentiate this from severe CoA but IAA
almost always have a large ventricular septal defect, there is no
ventricular disproportion and the transverse aortic arch can not
be visualised in a Three-Vessel View, in contrast to CoA where
disproportion and a small transverse aortic arch are usually
recognisable.

In aortic atresia there is complete obstruction of the blood
flow from the left ventricle and aorta is very hypoplastic and
thread like. This can be an isolated condition but usually found
in association with mitral atresia. In Three-Vessel View the aorta
can be difficult to visualise on 2 Dimensional imaging however
color Doppler imaging demonstrates reverse flow through the
arterial duct.

—

Figure 8: Simple transposition of Great Arteries.

Small pulmonary artery

A small pulmonary artery means pulmonary artery is receiving
less blood flow and this could be because of pulmonary stenosis
or atresia or alternatively less blood flow because of obstruction
further downstream ie tricuspid valve. This is not a specific
finding and can be found in Tetralogy of Fallot (TOF) with
pulmonary stenosis, in some forms of double-outlet right
ventricle with pulmonary stenosis, or in Ebstein’s anomaly or
Tricuspid atresia.

Tetralogy of Fallot (TOF) occurs in approximately 3/10,000
live births and is frequently associated with chromosomal
anomaly and extra cardiac malformations.* Fetal diagnosis
is based on presence of large ventricular septal defect, aortic
overriding and small pulmonary artery and a relatively large
aorta.”” Usually 4-chamber view is normal, however there can be
a left shift of the cardiac apex.

The clinical symptoms and requirement of early intervention
depends upon the degree of right outflow tract obstruction.
Most patients with typical TOF undergo corrective surgery at
around 3 to 6 months of age with good functional result. Those
with severely obstructed pulmonary blood flow, fetal diagnosis
allows better planning, facilitates early prostaglandin therapy
to maintain ductal patency, therefore avoiding life-threatening
cyanosis in the early newborn period.

Current routine screening has a detection rate of 15-40%.
» The diagnosis of TOF can’t be made unless outflow tracts are
carefully evaluated.

The aortic overriding and ventricular septal defect can
be missed on initial screening however Three-Vessel View is
always abnormal with pulmonary artery being smaller in size as
compare to aorta and recognition of this leads to more careful
examination of the septum (Figure 7). The size of the main
pulmonary artery and its ratio to the ascending aorta reflects the
severity of outflow tract obstruction, being significantly smaller
in those who will present as a duct-dependent pulmonary
circulation.

23-
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Figure 9: Reverse flow in the aortic arch.

Figure 11: Persistent left superior vena cava.

Superior vena cava

The superior vena cava can be enlarged in conditions like
supra cardiac total anomalous pulmonary venous connection,
aneurysm of the vein of Galen, when there is increased venous
return from the brain or because of an increased blood flow
in the vessel when azygous vein is dilated in conditions with
interrupted inferior vena cava.’*

Abnormal vessel number — Two vessels in Three-Vessel View
The absence of one great artery can be demonstrated in the
Three-Vessel View, leading to suspicion of several defects,
such as truncus arteriosus, TGA, aortic atresia and TOF with
pulmonary atresia.

Simple transposition of the Great Arteries is diagnosed by
finding the aorta arising from the right ventricle and pulmonary
artery arising from the left ventricle. This occurs in 1/3500-
5000 live births and accounts for 4-7% of all congenital heart
diseases.” Simple transposition can be successfully treated
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Figure 12: Isolated left superior vena with absent right superior vena cava.

by arterial switch operation in the first week of life, with good
surgical results and low mortality.

About 10-20% of cases of transpositions require urgent
treatment after birth because they have an inadequate size of
patent atrial communication, which is essential in this condition
for “mixing” and survival.*’

Despite including outflow tracts in routine screening the
detection rate of TGA remains low (15-52%).2% A normal
Three-Vessel View is impossible to obtain in transposition as the
pulmonary trunk lies underneath the aortic arch and only two
vessels are seen in three-vessel view (Figure 8).>°

Sometime a very small aortic arch in aortic atresia and a
small pulmonary artery in pulmonary atresia may not be visible
on two dimensional ultrasound giving the appearance of two
vessels in Three-Vessel View and color Doppler helps to identify
the hypo plastic arch showing retrograde flow from the isthmus
(Figure 9) and pulmonary atresia with reverse flow through the
ductus arteriosus (Figure 10).
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Figure 13: Right sided aortic arch.

Four vessels in Three-Vessel View

Four vessels instead of three are seen in Three-Vessel View in
cases of a persistent left superior vena cava (PLSVC) (Figure
11). Isolated PLSVC is a normal variant of vascular anatomy
and found in 1:300 routine scans and it has no postnatal
hemodynamic consequences.”’>* The persistent LSVC usually
drains to the coronary sinus, which becomes enlarged and may
be associated with disproportion at the four-chamber view. In
almost all conditions where there is bilateral superior vena cava
there is an absence of the bridging vein, namely the innominate
or left brachiocephalic vein.*** The presence of left superior vena
cava with absence of the right superior cava is more challenging
to diagnose as in this condition, three vessels are identified but
the SVC on the right is absent and this is found on the left of the
pulmonary artery (Figure 12).

Abnormal vessel arrangement

A normal Three-Vessel View demonstrates that the left aortic
arch crosses from right to left in front of the spine and formsa V
shape. When the transverse aortic and ductal arches do not form
a typical V-shape pointing to the left with the superior vena cava
to their right, the Three-Vessel View is considered abnormal.

In anatomical terms, a right aortic arch (RAA) is one where
the arch crosses over the right bronchus, instead of the left as
normal. The incidence of RAA in the general population is
unknown, but a rate of 1/1000 in low-risk pregnancies has
been suggested.”® It is a normal variant of vascular anatomy. A
RAA is found in about 25% of all conotruncal anomalies and
its detection should lead referral for a comprehensive fetal
echocardiogram.®-¢!

Usually an isolated RAA has no hemodynamic consequences
unless it forms a vascular ring in association with aberrant
vessels or double aortic arch.

In fetal life, the diagnosis of the RAA is made from the
relationship of the transverse portion of the aortic arch to the
trachea, with the arch crossing from right to left in front of the
trachea in normal cases, or remaining on the right of it in a RAA.

Figure 14: The right aorticRight aortic arch and Right duct.

An aortic arch descending on the right side of trachea
is easy to appreciate in the Three-Vessel View (Figure 13).
Demonstration of the position of the aortic arch is difficult in
long-axis views. A RAA may also be found in combination with
aleft sided or right-sided arterial duct. RAA in combination with
left arterial duct with the trachea lying between them produces a
‘U-sign. The RAA in combination with right arterial duct can be
challenging to diagnose as it still forms a V shape however this is
on the right side of the trachea (Figure 14).

Abnormal flow

Outflow tract views are more sensitive than the 4CH view in
detecting duct dependent cardiac anomalies, which are the ones
that benefit the most from prenatal detection. Both Great Arteries
should have forward flow on color Doppler imaging. Reverse
flow in either the aortic arch or the duct indicates postnatal duct
dependency. Reverse flow in the aortic arch is found in cases of
aortic atresia, severe aortic stenosis and severe coarctation of
aorta (Figure 9). Reverse flow in the pulmonary artery is found
in cases of pulmonary atresia and severe pulmonary stenosis
(Figure 10).* Aliased flow in the aorta or pulmonary artery may
reflect an increased pressure across a stenotic semilunar aortic
or pulmonary valve.

Conclusion

As the majority of pregnant women (> 70%) have their
routine anomaly scans in non-tertiary settings, the screening
examination should be simple and sensitive. At least 20-25%
of neonates are discharged home without a diagnosis and some
die before their congenital heart defect is recognised. One
important consequence of prenatal diagnosis is the avoidance
of hemodynamic decompensation in duct-dependent lesions,
such as critical left heart obstructive lesions, transposition of
the Great Arteries, and pulmonary atresia.”! Routine fetal heart
screening in the mid second trimester should include imaging
the heart in a transverse section from the level of the diaphragm
to the inlet of the thorax -five essential views and include the
transverse section of abdomen, four-chamber view, the outflow
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tracts, and the three-vessel and the transverse arch view. The
Three-Vessel View is easy to acquire and interpret, and adds
more to the screening than the long axis views of the aortic and
ductal arches. Long axis views of the archs are not required for
routine screening. However, once an abnormality is detected, it
should be confirmed in long axis views.

Key points:

CHD is the most common structural malformation.

85% of CHD occurs in low risk group.

Detection rate can be increased only by routine screening of
low risk population.

Five essential views in transverse section are required for
routine screening of CHD.

Long axis views are not required for routine screening.

Acknowledgment
I would sincerely like to thank Prof Jon Hyett for providing
valuable clinical input to this article.

References

1

10

11

12

13

Campbell M. Incidence of cardiac malformations at birth and later,
and neonatal mortality. Br Heart ] 1973; 35: 189.

Mitchell SC, Korones SB, Berendes HW. Congenital heart disease in
56,109 births: incidence and natural history. Circulation 1971; 43:
323-31.

Hoffmann JI, Christianson R. Congenital heart disease in a cohort
19,502 births with long-term follow up. Am ] Cardiol 1978; 42: 641-
47.

Kuehl KS, Loffredo CA, Ferencz C. Failure to diagnose congenital
heart disease in infancy. Pediatrics 1999; 103: 743-47.

Moller JH, Allen HD, Clark EB, Dajani A S, Golden A, Hayman
LL et al. Report of the task force on children and youth. American
Heart Association. Circulation 1993; 88: 2479-86.

Young ID, Clarke M. Lethal malformations and perinatal mortality:
a 10year review with comparison of ethnic differences. Br Med |
(Clin Res Ed) 1987; 295: 89-91.

Lee K, Khoshnood B, Chen Le, Wall SN, Cromie W], Mittendorf
RL. Infant mortality from congenital malformations in the United
States, 1970-1997. Obstet Gynecol 2001; 98: 620-27.

Stumpflen I, Stumpflen A, Wimmer M, Bernaschek G. Effect
of detailed fetal echocardiography as part of routine prenatal
ultrasonographic screening on detection of congenital heart disease.
Lancet 1996; 348: 854-57.

Bromley B, Estroff JA, Sanders SP, Richard Parad, Drucilla Roberts,
Frigoletto Jr FD, Benacerraf BR. Fetal echocardiography: accuracy
and limitations in a population at high and low risk for heart defects.
Am ] Obstet Gynecol 1992; 166: 1473-81.

Blyth M, Howe D, Gnanapragasam J, Wellesley D. The hidden
mortality of transposition of the Great Arteries and survival
advantage provided by prenatal diagnosis. BJOG 2008; 115 (9):
1096-1100.

Calderon J, Angeard N, Moutier S, Plumet M, Jambaqué I, Bonnet
D. Impact of prenatal diagnosis on neurocognitive outcomes in
children with transposition of the Great Arteries. ] Pediatr 2012;
161 (1): 94-98.

Bonnet D, Coltri A, Butera G Fermont L, Le Bidois ], Kachaner J,
Sidi D. Detection of transposition of the Great Arteries in fetuses
reduces neonatal morbidity and mortality. Circulation 1999; 99 (7):
916-18.

Franklin O, Burch M. Manning N, et al. Prenatal diagnosis of

174 AJUM November 2013 16 (4)

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

coarctation of the aorta improves survival and reduces morbidity.
Heart 2002; 87 (1): 67-69.

Eapen RS, Rowland DG, Franklin WH, Sleeman K, Gould S, Archer
N. Effect of prenatal diagnosis of critical left heart obstruction on
perinatal morbidity and mortality. Am J Perinatol 1998; 15: 237-42.
Tworetzky W, McElhinney DB, Reddy VM, Brook M, Hanley F,
Silverman N. Improved surgical outcome after fetal diagnosis of
hypoplastic left heart syndrome. Circulation 2001; 103 (9): 1269-73.
Allan L, Hornberger L, Sharland G. 2000. Textbook of Fetal
Cardiology. Greenwich Medical Media Limited: London.

Carvalho JS, Mavrides E, Shinebourne EA, Campbell S, Thilaganathan
B. Improving the effectiveness of routine prenatal screening for major
congenital heart defects. Heart 2002; 88: 387-91.

Tegnander E, Eik-Nes SH. The examiner’s ultrasound experience
has a significant impact on the detection rate of congenital heart
defects at the second-trimester fetal examination. Ultrasound
Obstet Gynecol 2006; 28: 8-14.

Ogge G, Gaglioti P, Maccanti S, Faggiano F, Todros T. Prenatal
screening for congenital heart disease with four-chamber and
outflow-tract views: a multicenter study. Ultrasound Obstet Gynecol
2006; 28: 779-84.

Galindo A, Herraiz I, Escribano D, Lora D, Melchor JC, de la Cruz
J. Prenatal detection of congenital heart defects: a survey on clinical
practice in Spain. Fetal Diagn Ther 2011; 29: 287-95.

Randall P, Brealey S, Hahn S, Khan KS, Parsons JM. Accuracy of
fetal echocardiography in the routine detection of congenital heart
disease among unselected and low risk populations: a systematic
review. BJOG 2005; 112: 24-30.

Bull C. Current and potential impact of fetal diagnosis on prevalence
and spectrum of serious congenital heart disease at term in the UK.
British Paediatric Cardiac Association. Lancet 1999; 354: 1242-47.
Khoo NS, Van Essen P, Richardson M, Robertson T. Effectiveness
of prenatal diagnosis of congenital heart defects in South Australia:
a population analysis 1999-2003. Aust N Z J Obstet Gynaecol 2008;
48: 559-63.

Chew C, Halliday JL, Riley MM, Penny DJ. Population-based study
of antenatal detection of congenital heart disease by ultrasound
examination. Ultrasound Obstet Gynecol 2007; 29: 619-24.

Jaeggi ET, Sholler GF, Jones OD, Cooper SG. Comparative analysis
of pattern, management and outcome of pre- versus postnatally
diagnosed major congenital heart disease: a population-based
study. Ultrasound Obstet Gynecol 2001; 17: 380-85.

Sholler GF, Kasparian NA, Pye VE, Cole A, Winlaw D. Fetal and
post-natal diagnosis of major congenital heart disease: implications
for medical and psychological care in the current era. J Paediatr
Child Health 2011; 47: 717-22.

Yagel S, Arbel R, Anteby EY, Raveh D, Achiron R. The three vessels
and trachea view (3VT) in fetal cardiac scanning. Ultrasound Obstet
Gynecol 2002; 20 (4): 340-45.

Yoo SJ, Lee YH, Kim ES, Kim E, Ryu HM, Kim MY,Choi HK,Cho
KS, Kim A. Three-vessel view of the fetal upper mediastinum: an
easy means of detecting abnormalities of the ventricular outflow
tracts and Great Arteries during obstetric screening. Ultrasound
Obstet Gynecol 1997; 9 (3): 173-82.

Vifials E Heredia E Giuliano A. The role of the three vessels and
trachea view (3VT) in the diagnosis of congenital heart defects.
Ultrasound Obstet Gynecol 2003; 22 (4): 358-67.

Tongsong T, Tongprasert F, Srisupundit K, Suchaya L. The complete
three-vessel view in prenatal detection of congenital heart defects.
Prenat Diagn 2010; 30 (1): 23-29.

Vinals F, Tapia ], Giuliano A. Prenatal detection of ductal-dependent
congenital heart disease: how can things be made easier? Ultrasound
Obstet Gynecol 2002; 19 (3): 246-49.



Simplifying ultrasound assessment of the fetal heart: incorporating the complete Three Vessel View into routine screening

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Wong SE, Ward C, Lee-Tannock A, Le S, Chan FY. Pulmonary artery/
aorta ratio in simple screening for fetal outflow tract abnormalities
during the second trimester. Ultrasound Obstet Gynecol 2007; 303:
275-80.

Allan LD, Sharland GK, Milburn A, Susan M. Lockhart SM, Groves
A, Anderson R, Cook AC, Nuala LK. Prospective diagnosis of 1006
consecutive cases of congenital heart disease in the fetus. ] Am Coll
Cardiol 1994; 23: 1452-58.

Mellander M, Sunnegardh J. Failure to diagnose critical heart
malfor- mations in newborns before discharge: an increasing
problem? Acta Paediatr 2006; 95: 407-13.

Abu-Harb M, Hey E, Wren C. Death in infancy from unrecognised
congenital heart disease. Arch Dis Child 1994; 71: 3-7.

Wren C, Reinhardt Z, Khawaja K. Twenty-year trends in diagnosis
of life-threatening neonatal cardiovascular malformations. Arch Dis
Child Fetal Neonatal Ed 2008; 93: F33-35.

Sharland GK, Chan KY, Allan LD. Coarctation of the aorta:
difficulties in prenatal diagnosis. Br Heart ] 1994; 71: 70-75.

Brown DL, Durfee SM, Hornberger LK. Ventricular discrepancy as
a sonographic sign of coarctation of the fetal aorta: how reliable is
it? J Ultrasound Med 1997; 16: 95-99.

Head CE, Jowett VC, Sharland GK, Simpson JM. Timing of
presentation and postnatal outcome of infants suspected of having
coarctation of the aorta during fetal life. Heart 2005; 91: 1070-74.
Pasquini L, Mellander M, Seale A, Matsui H, Roughton M, Ho SY, et
al. Z-scores of the fetal aortic isthmus and duct: an aid to assessing
arch hypoplasia. Ultrasound Obstet Gynecol 2007; 29 (6): 628-33.
Jowett V, Aparicio P, Santhakumaran S, Seale A, Jicinska H,
Gardiner H. Sonographic predictors of surgery in fetal coarctation
of the aorta. Ultrasound Obstet Gynecol 2012; 40 (1): 47-54.

Matsui H, Mellander M, Roughton M, Jicinska H, Gardiner
H. Morphological and physiological predictors of fetal aortic
coarctation. Circulation 2008; 118 (18): 1793-801.

Morris MJ, McNamara DG. Coartctation of the aorta and
interrupted aortic arch. In: Garson A, Bricker JT, McNamara DG,
(eds). The science and practise of pediatric cardiology. Philadelphia:
Lea & Fe-biger; 1990. p. 1373-1376.

Reardon MJ, Hallman GL, Cooley DA. Interrupted aortic arch: Brief
review and summary of an eighteen-year experience. Tex Heart Inst
J1984; 11: 250-59.

Slodki M, Moszura T, Janiak K, Sysa A, Seligman N, Weiner
S, Respondek-Liberska M. The three-vessel view in the fetal
mediastinum in the diagnosis of interrupted aortic arch. Ultrasound
Med Biol 2011; 37 (11): 1808-13.

Bailliard E, Anderson RH. Tetralogy of Fallot. Orphanet ] Rare Dis
2009; 4: 2.

Yoo SJ, Lee YH, Kim ES, Ryu HM, Kim MY, Yang JH,Chun YK,
Hong SR. Tetralogy of Fallot in the fetus: findings at targeted
sonography. Ultrasound Obstet Gynecol 1999; 14 (1): 29-37.

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Abuhamad A, Chaoui R. A practical guide to fetal echocardiography:
normal abnormal hearts. Philadelphia: Lippincott, Williams &
Wilkins; 2010.

Martins P, Castela E. Transposition of the Great Arteries. Orphanet
J Rare Dis 2008; 3: 27.

Huhta JC. Evaluating the fetus with transposition. Cardiol Young
2005; 15 (Suppl 1): 88-92.

Cherian SB, Ramesh BR, Madhyastha S. Persistent left superior
vena cava. Clin Anat 2006; 19: 561-65.

Steinberg I, Dubilier W, Lukas D. Persistence of left superior vena
cava. Dis Chest 1953; 24: 479-88.

Galindo A, Gutiérrez-Larraya F, Escribano D, Arbues J, Velasco M.
Clinical significance of persistent left superior vena cava diagnosed
in fetal life. Ultrasound Obstet Gynecol 2007; 30: 152-61.

Pasquini L, Belmar C, Seale A, Gardiner HM. Prenatal diagnosis
of absent right and persistent left superior vena cava. Prenat Diagn
2006; 26: 700-02.

Sinkovskaya E, Abuhamad A, Horton S, Chaoui R, Karl K. Fetal
left brachiocephalic vein in normal and abnormal conditions.
Ultrasound Obstet Gynecol 2012; 40: 542-48.

Achiron R, Rotstein A, Heggesh J, Bronshtein M, Zimand S, Lipitz
S, Yagel S. Anomalies of the fetal aortic arch: a novel sonographic
approach to in-utero diagnosis. Ultrasound Obstet Gynecol 2002; 20:
553-57.

Chaoui R, Schneider MB, Kalache KD. Right aortic arch with
vascular ring and aberrant left subclavian artery: prenatal diagnosis
assisted by three- dimensional power Doppler ultrasound.
Ultrasound Obstet Gynecol 2003; 22: 661-63.

Yoo SJ, Min JY, Lee YH, Roman K, Jaeggi E, Smallhorn J. Fetal
sono-graphic diagnosis of aortic arch anomalies. Ultrasound Obstet
Gynecol 2003; 22: 535-46.

Galindo A, Nieto O, Nieto MT, Rodriguez-Martin MO, Herraiz I,
Escribano D, Granados MA. Prenatal diagnosis of right aortic arch:
associated findings, pregnancy outcome, and clinical significance of
vascular rings. Prenat Diagn 2009; 29: 975-81.

Berg C, Bender E, Soukup M, Geipel A, Axt-Fliedner R, Breuer ],
Herberg U, Gembruch U. Right aortic arch detected in fetal life.
Ultrasound Obstet Gynecol 2006; 28: 882-89.

Zidere V, Tsapakis EG, Huggon IC, Allan L. Right aortic arch in the
fetus. Ultrasound Obstet Gynecol 2006; 28: 876-81.

Vifals F, Tapia J, Giuliano A. Prenatal detection of ductal-dependent
congenital heart disease: how can things be made easier? Ultrasound
Obstet Gynecol 2002; 1: 246-49.

AJUM November 201316 (4) 175



