£8 Children's Mercy | Buit for kids:




Outline

Normal fetal venous anatomy and development
Persistent LSVC

Absent RSVC with persistent LSVC

Retroaortic innominate vein

Interrupted IVC

Agenesis of the ductus venosus

Persistent right umbilical vein

Umbilical Varix
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Venous Embryology
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Evolutionary Changgs

- Liver sinusoidal connections
with umbilical and vitelline
veins

- Entire right umbilical vein
regresses

- Proximal segment of left
umbilical vein regresses

- Connection between distal left
umbilical vein, ductus
venosus, and proximal right
vitelline vein to the right heart
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Anterior Cardinal Veins

Right

- Left anterior cardinal vein
regresses

- Right anterior cardinal vein
persists = right superior vena

cava

- Left brachiocephalic vein
connects your left sided
venous system to the right
side
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Persistent LSVC

Prevalence of 0.04%-0.5%, although may be
more now since the screening guidelines have
recommended 3VV and 3VTV

80-90% of cases have an associated RSVC

Drainage:

Coronary sinus
Partially unroofed coronary sinus
Directly into left atrium

Isolated finding
Associated with CHD

Heterotaxy

ASD

VSD

AVSD

Conotruncal defects (TOF)
Left sided obstructive lesions
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3 Vessel Trachea View (3VTV)
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https://onlinelibrary.wiley.com/doi/full/10.1002/jum.15067
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LSVC 3VIV
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LSVC Dilated CS
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LSVC Sagittal

CMH FETAL CMH FETAL
S - CA 35w6d i 5 GA 35%6d

e

ama BEST MAGNET
& 4 - . OY.- CHILDREN'S RECOGNIZED X SCHOOL
% Chlldl’ens Mercy | Built for kids. O% | ey =l UMKC KUOF MEDICINE
== ‘m:_-J SRt School of Medicine The University of Kansas B

13



Follow-up

Dependent on presence of associated CHD

If isolated:

- Dependent on left sided structures

Postnatal echocardiogram to confirm normal intracardiac anatomy
No long-term surveillance is currently recommended
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Potential Long-Term Sequelae

Arrhythmias in Children Having a Single Left Superior Vena
Cava and Minimal Structural Heart Disease

CHRISTOPHER RATNASAMY . M.D_* SALIM E IDRISS. M D_ Pr.D_j MICHAEL P CARBONIL,
M.D..i and RONALD J. KANTER. M.D.. FHR.S§

From the *University of Miami School of Meadicine. fackson Memoral Hospital, Mismi Flonida, USA: snd {Duke University School of
Medicine. Duke University Medical Center. Doarham. Nowth Campline. USA

Pediatric Arrhythmias with Single Left Superior Vena Cava. Background: The presence of
a single left superior vena cava in the absence of complex congenital hearl disease is uncommon, and, in
the absence of hemodynamic consequences. it would not be expected to result in cardiovascular signs or

symptoms. Single case reports and our anccdotal experience suggested o us that this anomaly is highly

associated with cardiac archythmias,
Ofjective: We sooght to describe the clinically important archythmias in a population of young patients
having this anomaly.

Methods: A retrospective chart review was performed from all patients <20 years old and who were

determined by echocardiography over an 11-vear-period to have a single left superior vena cava and minor
or no coexisting congeniial heart defects. The prevalence of nonsines pacemaker, age-correcied sinus rate
percentile, and prevalence of brady- or tachyarrhythmins was compared with a control group of patients
having hilateral superior vena cavae.

Results: Eight patients having a single left and 55 patients having bilateral superior vena cava(e) were
identified. The existence of this anomaly tended to be associated with a lower age-corrected sinus rate
percentile (17.5% vs 75%, P = 0.09), and was associated with a higher prevalence ol archythmias (50¢% vs
7%, P =0.014) compared with the control group. In the study group, one patient each had clinically relevant
sinis node dyvsfunction. third-degree AV block. WollT-Parkinson-White syndrome and atrial fibrillation,
and AV nodal reentrant tachyeardia.

Conclusion: Even in the absence of symptoms, patientis found to have a single lefi superior vena cava
should be monitored long-term for dinically important arrhythmias, (f Caordiovase Electrophyvsiol, Vol 20,
pp. 182-186, February 2009)
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LSVC with absent RSVC
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Retroaortic Innominate (Brachiocephalic) Vein

Rare — incidence not well known

Left brachiocephalic vein -
horizontal course crossing ,
anterior mediastinum and
descending obliquely towards
the right and merging with the
right SVC

% Children's Mercy | Built for kids:

17



Retroaortic Innominate Vein

Isolated

Associated CHD:

- TOF (most common)
- ASD

- VSD

- PS

- Aortic arch anomalies
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3VV/3VTV Retroaortic Innominate Vein

CMH FETAL TIB0O.3 MI1.0
GA 29w0d

C5-1

£8 Children's Mercy | Buit for kids: =

UMKC SCHOOL - NE

School of Medicine

20



Importance of a Retroaortic Innominate Vein

Knowledge of commonly associated CHD
Isolated finding — normal variant
Unawareness can lead to surgical complications

Difficulty with placement of left sided central lines or transvenous
pacemakers
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Systemic Venous Development

LBCV (left brachiocephalic vein)

Superior vena cava

Hepatic

Azygous V
Suprarenal

. Renal |

Infrarenal

]
|

lliac confluence
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Normal course of
 Inferior vena cava (IVC)
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Interrupted IVC

Occurs when there is an absent hepatic segment = infrahepatic IVC
then makes connection with the azygous system

Azygous veins

Paired paravertebral
venous system
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Interrupted IVC

Prevalence of 0.2% - 3%

Isolated finding

Commonly associated with congenital heart disease:

- Heterotaxy Syndrome (Left atrial isomerism/Polysplenia Syndrome)
Complete AV Canal Defect

ASDs

VSDs

Pulmonary Stenosis/Atresia

Abdominal wall defects:

-Omphalocele
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Interrupted IVC and Heterotaxy Syndrome

Right isomerism (%)

Interrupted IVC
Left Superior Vena Cava

AVSD
Single Ventricle
RVOT obstruction
Conotruncal anomaly
TAPVC

Arrhythmia
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Interrupted IVC
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Dilated Azygous
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Interrupted IVC - Bicaval
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Interrupted IVC — 3VTV
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Systemic Venous Development

LBCV (left brachiocephalic vein)

Superior vena cava

Hepatic

Azygous V
Suprarenal
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Ductus Venosus

Ductus Venosus — Venous
structure that shunts umbilical
venous return to the fetal heart

Review of venous anatomy
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Agenesis of the Ductus Venosus

- Prevalence 0.04% - 0.2%
- Umbilical venous return occurs via 1 of 2 ways:

1. Intrahepatic — umbilical vein connects directly to the portal system
(usually left portal vein)

2. Extrahepatic — umbilical vein connects to a venous structure outside
of the liver (femoral or iliac veins, IVC, directly to the coronary sinus
or right atrium, left atrium, renal vein, SVC, right ventricle).

- Loss of preferential streaming of umbilical venous return across the
foramen ovale to the left heart
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Agenesis of the Ductus Venosus

When absent, high degree of association with structural abnormalities of the
heart or chromosomal genetic syndromes

Cardiac evaluation:

- Cardiomegaly (most common)
- VSD

- Valvar anomalies

- Pericardial effusion

- Coarctation

- DORV

- ASD
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Agenesis of the DV

Many other organ systems outside of the heart:
MSK: Facial and limb anomalies
Gl: Diaphragmatic hernia, TE fistula

Chromosomal: Turner Syndrome, T21, T18
GU: Hydronephrosis, Ectopic Kidney
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Extrahepatic ADV
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Extrahepatic ADV
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ADYV - Prognosis

Dependent on associated abnormalities and type of umbilical venous
drainage

- Intrahepatic — overall good prognosis
- Extrahepatic:

Drainage site — direct umbilical vein drainage to the right atrium = highest risk

Shunt diameter - combined cardiac output (CCO) exceeding 750 to 800
mL/kg/min is high risk for development of fetal hydrops

Presence or absence of portal venous system
Associated structural heart defects

Fetal Hydrops

Chromosomal abnormalities

- Association with portal vein stenosis, benign and malignant hepatic
tumors, hepatopulmonary syndrome
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PRUV

PRUV — Left umbilical vein regresses and right
remains open

Incidence 0.08% - 0.4%
Types:

Intrahepatic (95%) — better prognosis

Extrahepatic — associated with absent ductus

venosus

Typically an isolated anomaly

Cardiac 8% (VSD, LSVC, single ventricle,
CAVC, Truncus, TGA, TOF, R aortic arch)

Placental/umbilical chord 7%
GU 6%
CNS 4%

Chromosomal 1%.
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PRUV

*Gallbladder is MEDIAL to right UV*
Usually curves towards stomach

Usually retains a connection to the
portal system (95% of cases)
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Umbilical Vein Varix

Focal dilation of the umbilical vein from its entry in the abdominal wall
to the portal system

- Extra-abdominal UV varices have also been reported

Incidence 0.04 — 0.1%

Diagnosis:

- Diameter exceeds 2 SD for the gestational age

- Diameter >9mm at term gestation

- Diameter 1.5x intrahepatic portion or >50% of non-dilated portion

Can be an isolated finding
Associated with aneuploidy (9-10% of cases)
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Figure § Fetal intra-abdominal umbilical vein (LU'V) varix: an
anechoic cystic mass {calipers) is seen between the abdominal wall
and the lower liver edge in a longitudinal section (a) and imaged
with high-definition power flow Doppler (b). The varix is shown to
be 1.5 times the diameter of the UV. Bl, bladder.

High association with anomalies: fetal
aneuploidy, CV, GU malformations,
diaphragmatic hernia, pulmonary
sequestration, ventriculomegaly,
echogenic bowel, sudden intrauterine
demise (5-8%)

Prognosis dependent on factors:

Diameter

Presence of turbulent flow and thrombosis
Associated fetal anomalies

Growth parameters

|solated finding
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