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New	National	Guidelines	for	Fetal	
Echocardiography:	a	Sneak	Preview	

Alfred	Abuhamad,	MD.	
Eastern	Virginia	Medical	School	

Definition	of	Terms	
• Guidelines
• Protocols
• Standards
• Policy
• Certifications
• Credentialing
• Qualifications
• Accreditations

Ultrasound	study	itself:	
Fetal	Echocardiography	

Personnel	performing	study:	
Physicians	and	Sonographers	

Ultrasound	Laboratory:	
Equipment,	Staff,	Procedures,..	

Definition	of	Terms	

Protocol:	An	agreed	framework	outlining	the	care	that	will	be	provided	to	patients
in	a	designated	area	of	practice.	They	do	not	describe	how	a	procedure	is	performed,	but	
why,	where,	when	and	by	whom	the	care	is	given	

Guidelines:	Systematically	derived	statements	that	help	practitioners	to	make
decisions	about	care	in	specific	clinical	circumstances.	These	should	be	research	or	
evidence	based	

Standard:	A	statement,	reached	through	consensus,	which	clearly	identifies	the	
desired	outcome.	Usually	used	within	audit	as	a	measure	of	success	

Policy:	A	formal	written	statement	detailing	the	particular	action	to	be	taken	in
a	particular	situation	that	is	contractually	binding	

http://www.rcn.org.uk/__data/assets/pdf_file/0004/176368/Tool5.8-UsingProtocols.pdf	

Definition	of	Terms	
•Guidelines
•Protocols
• Standards
•Policy

Burden of Evidence !
Consistency in practice!
Need for Compliance!

Definition	of	Terms	

Credentialing:		is	the	process	of	establishing	the	qualifications	of	professionals,	and	
assessing	their	background	and	legitimacy.	Many	healthcare	institutions	and	provider	
networks	conduct	their	own	credentialing,	generally	through	a	credentialing	specialist	or	
electronic	service,	with	review	by	a	medical	staff	or	credentialing	committee.	

Personnel	credentialing	is	typically	undertaken	at	commencement	of	employment	(initial	
application)	and	at	regular	intervals	thereafter	(reappointment).		

http://www.answers.com/topic/credentialing	

Definition	of	Terms	

Accreditation	is	a	voluntary	process	through	which	a	health	care	
organization	is	able	to	measure	the	quality	of	its	services	and	
performance	against	nationally-recognized	Standards.	The	
accreditation	process	involves	self-assessment	by	the	organization	
and	peer	review	of	various	aspects	of	the	practice	

What	is	Accreditation?	
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Accreditation	in	Fetal	Echocardiography	

• American	Institute	of
Ultrasound	in	Medicine
(AIUM)

• Intersocietal	Accreditation
Commission	(IAC)

Definition	of	Terms	

AIUM	ultrasound	practice	accreditation	is	a	voluntary	peer	review	process	that	allows	practices	to	
demonstrate	that	they	meet	or	exceed	nationally	recognized	standards	in	the	performance	and	
interpretation	of	diagnostic	ultrasound	examinations.	The	accreditation	process	encourages	providers	of	
diagnostic	ultrasound	services	to	assess	their	strengths	and	weaknesses	and	initiate	changes	to	improve	
their	practices.	Practices	accredited	by	the	American	Institute	of	Ultrasound	in	Medicine	(AIUM)	have	
demonstrated	competency	in	every	aspect	of	their	operation,	including:		

• Personnel	Education,	Training,	and	Experience	
• Document	Storage	and	Record	Keeping
• Policies	and	Procedures	Safeguarding	Patients,	Ultrasound	Personnel,	and	Equipment	
• Instrumentation	
• Quality	Assurance
• Case	Studies	

AIUM	Accreditation:		

Definition	of	Terms	 AIUM	Accreditation	
Check	list:		

AIUM	Accreditation	
Physician	Qualification:		

1.	Proof	of	completion	of	ABOG	or	ACOOG	approved	fellowship	in	MFM	with	
a	brief	description	of	experience	in	fetal	echo
2.	Pediatric	cardiologists	and	radiologists	with	experience	in	fetal	echo	must	
demonstrate	education	and	skills	in	fetal	echo	with	submission	of	such
3. Maintenance	of	Competency:	Evidence	of	100	fetal	echo	exams	per	year
4. Continuing	Medical	Education:	10	hours	Cat1	CME	every	3	years	

AIUM	Accreditation	
Case	List	Submission:		
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Ultrasound	Accreditation	

http://www.anthem.com/provider/va/f5/s1/t0/pw_e186524.pdf?refer=ahpprovider	

as	of	2013-	Guidelines	for	Fetal	Echocardiography	

Guidelines	for	Fetal	Echocardiography	

AIUM	 ASE	

ISUOG	 AEPC	

ASE-2004	Fetal	Echo	Guidelines	

• Excludes	a	major	segment	of	performing
providers

• Study	component	is	more
comprehensive	than	what	is	commonly
done

• Is	not	a	collaborative	guideline

Issues	with	2004-ASE	Guidelines	

AIUM-2010	Fetal	Echo	Guidelines	

• Do	not	clearly	differentiate	a	fetal	echo	study	
from	a	76811	(targeted	Ob	Scan)	

• Do	not	allow	for	comprehensive	evaluation	of
valves	

• Image	retention	are	not	specified,	such	as	the	
need	for	clips	

• Are	not	fully	collaborative	(do	not	include	ASE)

Issues	with	2011-AIUM	Guidelines	

AIUM-2010	Fetal	Echo	Guidelines	
Issues	with	2011-AIUM	Guidelines	

J	Ultrasound	Med	2011;	30:284–286	
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Fetal	Echocardiography	
Spectrum	

AIUM-	ASE	2012	Fetal	Echo	Guidelines	

• Meeting	with	ASE	in	2010	to	develop	joint	guideline	
• ASE	invited	to	collaborate	on	Joint	Fetal	Echo	Guideline	
• Open	communication	with	leadership
• Having	one	guideline	in	the	goal

Circulation. 2014;129:2183

2019 Fetal Echo Guidelines!

2019 Fetal Echo Guidelines!

•  AIUM
•  ACR
•  ACOG
•  ASE
•  FHS
•  ISUOG
•  SMFM
•  SRU

Indications - Fetal Factors!

• Suspected cardiac structural anomaly 
• Suspected abnormality in cardiac function
• Hydrops fetalis 
• Persistent fetal tachycardia (HR > 180 bpm) 
• Persistent fetal bradycardia (HR < 120 bpm) or suspected heart block 
• Frequent episodes or persistently irregular cardiac rhythm 
• Major fetal extracardiac anomaly 
• Nuchal translucency ≥ 3.5 mm or ≥ 99th percentile for gestational age
• Chromosomal abnormality by invasive genetic testing or with cfDNA screening
• Monochorionic twinning

Fetal echocardiography is indicated:  
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Indications - Fetal Factors!

• Systemic venous anomaly (e.g. persistent right umbilical vein, left superior vena cava, absent ductus venosus) 
• Greater than normal nuchal translucency measurement between 3.0 to 3.4 mm 

Fetal echocardiography may be considered:  

Indications - Maternal Factors!

• Pre-gestational diabetes regardless of HbA1C level
• Gestational diabetes diagnosed in the 1st or early 2nd trimester 
• In-vitro fertilization (IVF) including intracytoplasmic sperm injection (ICSI) 
• Phenylketonuria (unknown status or peri-conceptional phenylalanine level > 10 mg/dL) 
• Autoimmune disease with anti-Sjogren’s syndrome related antigen A (SSA) antibodies & with a prior affected fetus 
• First-degree relative of fetus with CHD (parents, siblings, prior pregnancy) 
• First or second degree relative with disease of Mendelian inheritance and a history of childhood cardiac manifestations 
• Significant retinoid exposure
• First trimester rubella infection

Fetal echocardiography is indicated:  

Indications - Maternal Factors!

• Selected teratogen exposure (e.g. paroxetine, carbamazepine, lithium) 
• Antihypertensive medication limited to angiotensin converting enzyme (ACE) inhibitors 
• Autoimmune disease with SSA positivity and without a prior affected fetus 
• Second-degree relative of fetus with CHD

Fetal echocardiography may be considered:  

Other Considerations!

• Obesity (BMI ≥35 kg/m2) 
• Selective serotonin reuptake inhibitor (SSRI) antidepressant exposure other than paroxetine
• Non-cardiac “soft marker” for aneuploidy in absence of karyotype information
• Abnormal maternal serum analytes (e.g. α-fetoprotein level) 
• Isolated single umbilical artery 

Detailed Ultrasound (76811) may be appropriate:  

Other Considerations!
Detailed Ultrasound (76811) may be appropriate:  

• Gestational diabetes diagnosed after 2nd trimester 
• Warfarin exposure
• Alcohol exposure
• Echogenic intracardiac focus 
• Maternal fever or viral infection with seroconversion only 
• Isolated CHD in a relative further removed than 2nd degree to fetus 

● Four-chamber view including pulmonary veins 
● Left ventricular outflow tract 
● Right ventricular outflow tract 
● Branch pulmonary artery bifurcation
● Three-vessel view (including view with PA bifurcation and more superior view with ductal arch) 
● Short-axis views (“low” for ventricles, “high” for outflow tracts) 
● Long-axis view (if clinically relevant) 
● Aortic arch
● Ductal arch
● Superior (SVC) and inferior vena cava (IVC) 

Grayscale Imaging (Required) 

Fetal Echocardiography 
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Color Doppler (Required) 

Fetal Echocardiography 

● Systemic veins (including superior and inferior vena cava and ductus venosus) 
● Pulmonary veins (at least two, one right vein and one left vein) 
● Atrial septum and foramen ovale
● Atrioventricular valves 
● Ventricular septum 
● Semilunar valves 
● Ductal arch
● Aortic arch

Pulsed-Wave Doppler (Required) 

Fetal Echocardiography 

● Right and left atrioventricular valves 
● Right and left semilunar valves 
● Pulmonary veins (at least two; one right vein and one left vein) 
● Ductus venosus 
● Suspected structural or flow abnormality on color Doppler 
sonography 

Cardiac Biometry (Required) 

Fetal Echocardiography 

● Aortic and pulmonary valve annulus in systole (absolute size with comparison of left-to right-sided valves) 
● Tricuspid and mitral valve annulus in diastole (absolute size with comparison of left- to right-sided valves) 

Motion Video Clips (Required) 

Fetal Echocardiography 

● Axial sweep from stomach to upper mediastinum, to include 4 chamber view, arterial outflow tracts, 
 as well as the 3 vessels and trachea view 
● 4 chamber view; 2D and color Doppler ultrasound
● LVOT view; 2D and color Doppler ultrasound
● RVOT view; 2D and color Doppler ultrasound
● 3 vessels and trachea view; 2D and color Doppler ultrasound
● Short axis views (high and low); 2D and color Doppler ultrasound (if clinically relevant) 
● Sagittal view of the aortic and ductal arches; 2D and color Doppler ultrasound
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Tracy Anton BS, RDMS, RDCS, FAIUM  

Clinical Instructor 

Division of Maternal-Fetal Medicine 

Department of Obstetrics, Gynecology, and Reproductive Sciences 

UCSD School of Medicine, San Diego, CA  

tanton@ucsd.edu 

Fetal Echocardiography: 
How to Optimize the Ultrasound Examination 

Outline 

• 2D Optimization 

• Tips for the 
“challenging patient” 

• Color Optimization 

2D Image Optimization 
Keys to better fetal imaging:

+

System optimization

+

Optimal fetal 
position 

Transducer 
Frequency 

Position on 
maternal abdomen 

Transducer 
Pressure 

Transducer selection

‣ Better resolution

Low Frequency (1-5 MHz) High Frequency (5-8 MHz)

‣ Less Penetration

‣  Lower frame rates 

‣ Lower resolution

‣ Better Penetration

‣  Higher frame rates 

Use the highest frequency possible 
that gives adequate penetration

Highest frequency probe (5-9 MHz)
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Low frequency probe (2-5 MHz)

Low Frequency High Frequency

132 Hz 79 Hz 

Optimize imaging windows

Adequate imaging cannot be obtained 
with suboptimal fetal lie 

  Scanning technique
  Optimize Transducer Positioning  

Avoid rib shadowing 

  Scanning technique
  Utilize the entire maternal abdomen

   Optimize Fetal Positioning   

 29 weeks , BMI 30 
Referred for suspicion for small stomach,
mild poly, ?TEF

Total anomalous pulmonary venous return 
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System Optimization   
 2D Image Optimization:
 Field of view

2D System Optimization: 
Field of View (FOV)

‣   Width of the beam

‣   Decreasing FOV improves resolution and 
frame rate

‣   Frame rate of 20- 25 frames/sec is perceived as 
“real time” to the human eye

‣  Hertz (Hz) = number of frames per second

Field of View

Depth

Zoom

Focal Zone

Harmonics

Dynamic range

 2D Image Optimization
 Field of view

 ��2D Image Optimization:  Depth 

‣  Directly related to frame rate

‣  Decreasing imaging depth improves 
frame rate 

Field of View

Depth

Zoom

Focal Zone

Harmonics

Dynamic range

  2D Image Optimization
  Depth

84 Hz
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108 Hz

2D Image Optimization
  Depth

Field of View

Depth

Zoom

Focal Zone

Harmonics

Dynamic range

  2D Image Optimization
  ZOOM

Heart should fill ~ 1/3 of image

2D Image Optimization
  Focal Zone

Focal Zone out of FOV Correct Focal Zone 

2D Image Optimization
  Focal Zone

Always use single focal zone
Use of additional focal zones decreases frame rate 

107 Hz 54 Hz

2D Image Optimization
Harmonic imaging

‣ Less noise, better resolution image

‣ Works best at mid level depths

‣ Less Penetration

Field of View

Depth

Zoom

Focal Zone

Harmonics

Dynamic range

Without Harmonics With Harmonics

2D Image Optimization
Tissue Harmonic Imaging
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2D Image Optimization:
Dynamic Range (DR)

‣  Refers to range of echoes processed and 
displayed by the system from strongest to 
weakest

‣  Adjusting DR changes the number of grey 
shades displayed 

‣  Better resolution for cardiac imaging with 
less grey scale

Field of View

Depth

Zoom

Focal Zone

Harmonics

Dynamic range

2D Image Optimization
Dynamic Range

DR= 2 DR = 8

2D image optimization 
checklist
 Scan in a systematic manner  
1.  Field of view 

2.  Depth 

3.  Zoom 

4.  Position of focal zone

5.  Harmonics

6.  Dynamic Range 

  Color Doppler Optimization
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Optimize 2D before 
applying color Doppler

Color Doppler:
Box Size

Color box size should be set as small as possible 
over the area of interest to optimize frame rate

Box size 

PRF

Gain

Wall motion filter

Balance

Using  color Doppler significantly 
decreases frame rate

Color box size   Narrow Color Box

Velocity Scale (PRF)

‣  Acts like a filter, concentrating on range of 
velocities selected

‣  If setting is too low, color aliasing will occur- can 
lead to incorrect diagnosis of pathology

‣  If setting is too high, color may not be displayed

Box size 

PRF

Gain

Wall motion filter

Balance

High PRF
(60-80cm/sec)

Low PRF
(~30 cm/sec)

Atrioventricular valves Pulmonary veins 

Semilunar valves IVC/SVC

 3VV/3VT Assessment of the atrial or 
ventricular septum

VS

Color Doppler Imaging
Velocity Scale (PRF)

18



Incorrect Low PRF setting:
AV valves 

Correction:  
Increased PRF/velocity scale

* PRF was increased from 30 cm/s (2.4 kHz) to 
56 cm/s (5.0kHz)

Incorrect Low PRF setting:
3VT  

Correction:  
Increased PRF/velocity scale

Incorrect High PRF setting:
Assessment of pulmonary veins

5.0 kHz
(56 cm/s)

Scale was decreased from 56cm/s (5.0 kHz) to 
36 cm/s (3.2kHz)

 Correction:  Decrease PRF

Correction:  
Decrease PRF
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Incorrect High PRF setting:
Assessment of ventricular septum 

5.0 kHz
(60 cm/s)

*PRF was decreased from 60cm/s (5.0 kHz) to 
30 cm/s (2.4kHz)

 Correction:  Decrease PRF

Color Doppler Optimization: 
Gain

‣  Goes hand in hand with color scale

‣  When scale is lowered, you may need to decrease 
color gain

‣  Color gain should be increased until color noise 
appears, then decreased until it goes away

Box size 

PRF

Gain

Wall motion filter

Balance

Incorrect High Color Gain Setting
Correction:  Decrease color gain

PRF 2.6 kHz
34 cm/sec

Incorrect Low Color Gain:
Assessment of pulmonary veins 

Correction:  Increase color gain

Remember:  optimize your 2D image and check 
your PRF (scale) setting!
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Color Doppler Optimization: 
Wall Motion Filter

‣  Allows for elimination of signals from wall 
motion and other low velocity signals

‣  HIGH filter for flow across valves 

‣  LOW filter for evaluation of veins

Box size 

PRF

Gain

Wall motion filter

Balance

Incorrect high WMF setting

Low WMFHigh WMF (scale at 15 cm/sec)

Correction:  Decrease WMF

Incorrect: Low WMF

WMF low (scale at 84 cm/s) WMF High WMF Low

Correction:  Increase WMF

‣  Color Doppler is layered over your 2D image

‣  Balance function allows you to tell the system 
how much 2D information you want it to see vs 
color Doppler 

Color Doppler Optimization: 
Balance (Priority)

Box size 

PRF

Gain

Wall motion filter

Balance

Balance (Priority) 

High Balance Low Balance

Technically difficult imaging 
Tips for scanning the obese patient 

Increased imaging distance degrades 
ultrasound imaging resolution  

21



Case 1  
GA= 24 wk
BMI = 62  

8 cm 

 Optimize, optimize!! 

 Dynamic range from 7 to 9

5 cm 

 Transducer pressure 

 Turn the patient on her side (decrease imaging depth)

BMI 63

Case 2  
GA= 22 wk

Technique:  Scan at the umbilicus 

10 cm 6 cm

•   2D penetration may be adequate at a higher scanning 
frequency

•   BUT - color penetration may be inadequate

•   Transducer technology allows the sonographer to scan 
at a central frequency and Doppler at a lower frequency

Scanning technique  
Color Doppler in the obese patient 23 weeks, BMI 50 

Very difficult imaging…. 
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-  Query right heart disproportion

-  Low frequency transducer used for 2D penetration

-  Sonographer lowered scale to try and get color, but that produced aliasing

-  Flow (Doppler) frequency was set HIGH so penetration inadequate

Doppler frequency High

Corrections/Adjustments    
90 cm/sec 

90 cm/sec 

Flow frequency adjusted to high to LOW

Velocity scale (PRF) increased 
Severe tricuspid regurgitation

Color Doppler optimization 
checklist
 Scan in a systematic manner  

1.  Color scale - adjust based off of what you are trying to assess 

2.  Gain- turn it up until the noise appears and back down until it goes away

3.  Wall motion filter - high for high flow/ low for low flow

4.  Balance (high balance focuses on color, low balance for more grey scale 

5.   Make sure your color penetration is adequate!!

Conclusions  
How to Improve       Imaging:   

Practice!

Be Systematic  

Be Familiar with system controls 

Improvement comes with 
dedication

Continued education

Remember:  Not just a pretty 
picture…. 
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SCREENING FOR CARDIAC ANOMALIES IN 

THE FIRST AND SECOND TRIMESTER OF 

PREGNANCY

Elena Sinkovskaya MD, PhD

Division of Maternal-Fetal Medicine

10th Annual Fetal Echocardiography: Normal and Abnormal Hearts Symposium October 31 –

November 2, 2019 Las Vegas, Nevada

CHD are the most common congenital

malformations, affecting 8-9 per 1,000

live birth and even higher percentage

of fetuses

DEMOGRAPHICS OF CONGENITAL HEART DISEASE (CHD)

There are ~ 1000000 people alive with

CHD today in USA. Incidence

extrapolations for USA for CHD:

33,333 per year

2,777 per month

641 per week

91 per day

3 per hour

AHA, 2003

CHD results in the most costly

hospital admissions for birth

defects in the United States

More than 50% of CHD requires

open heart surgery performed

during first year of life and

sometimes urgent interventions

during first hours after birth

DEMOGRAPHICS OF CONGENITAL HEART DISEASE

38,000 hospitalizations a year in

USA related to CHD

AHA, 2003

Impact of prenatal diagnosis on 
outcomes of CHD

• Improves the survival of neonates underwent

biventricular repair (Copel et al, 1997)

• Improves the preoperative conditions of neonates with

ductal-dependent lesions (Kumar et al, 1999);

• Reduces early neurological morbidity in neonates with

HLHS (Mahle et al, 2001)

Risk Factors For Congenital Heart Disease

Only 10% of CHD in the fetus occurs in high-risk

pregnancies;

Routine screening of all pregnancies is necessary  

SCREENING FOR CONGENITAL HEART DISEASE

• Family history of congenital heart disease

• Maternal metabolic disorders (diabetes, phenylketonuria)

• Maternal teratogen exposure (drug related)

• Pregnancy of assisted reproduction

• Maternal obesity

Screening …..
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Screening examination of the fetal heart:

IMPORTANCE of the CHECK LIST

“To assess situs, it is necessary that fetal 

laterality i.e. identification of fetal right 

and left sides, be determined first, prior to 

ascertaining that both stomach and heart 

are on the left side of the fetus”.
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Liver

Bowel

Heart

Right lung
Left lung

Thymus

Right Left

Visceral Situs: situs solitus

Assessment of the Visceral Situs

Liver

St

Right lung
Left lung

Portal 
sinus

Ao

IVC

Ao

LA

RA

RV

LV

ApexL R L R

Assessment of the Visceral Situs

vertex presentation
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Assessment of the Visceral Situs

Normal or Abnormal?

breech presentation

30



31



32



33



34



35



Screening examination of the fetal heart:

LVOT VIEW

Aorta arises wholly from LV

Ventricular septum intact

Aorta arises from both ventricles

Subaortic VSD

Abnormal LVOT view

NORMAL HEART ToF

Malalignment VSD

Ao
PA Tr

Tetralogy of Fallot Taussig-Bing anomaly Common arterial trunk

LV

LV

LVRV
RV

RV

Screening examination of the fetal heart:

RVOT VIEW

36



NORMAL HEART ToF

PA is small

Stenosis of PV and/or RVOT

PA normal in size

PV opens and closes freely

Abnormal RVOT view

• visualization of the three-vessel view (3VV) and three-vessels-trachea view (3VTV)

is desirable and should be attempted as part of the routine cardiac screening

examination. 

• use of color Doppler is optional, but becoming familiar with its use and adding it 

to routine screening is encouraged.

Why three-vessel-trachea view ?

Relationship of the great arteries

Aortic isthmus

Ductus arteriosus

Thymus

Venous return

Allows evaluation of the following anatomic regions:

Three-vessel-trachea view 

Assessment of anatomic components of the 3VTV should include analysis of:

How to read three-vessel-trachea view ?

Number of vessels

Size of vessels

Alignment of vessels

Relation to the trachea

Pattern  of blood flow

Arrangement of vessels

1. Number of vessels: three

- ductal arch;

- aortic arch;

- superior vena cava

2. Vessel size: DA > AoA > SVC;

3. Vessels aligned along oblique line:                  

DA is most anterior, SVC is most posterior;

4. Vessels arrangement from left to the right:    

DA, AoA, SVC

5. Both arches are on the left to the trachea

6. The confluence of the ductal and aortic 

arches with the same direction of the blood 

flow – “V shape”

Normal Three-Vessel-Trachea View

SVC

Sp

Thymus SVC

v. Azygos
PA

Ao

Sp

Thymus
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Abnormal Three-Vessel-Trachea View
Importance of Color Doppler

Nuchal translucency (NT)

Fetus in mid-sagittal plane 

Fetal head& neck region occupies 

majority of image 

Fetal head in neutral position 

Fetus observed away from amnion 

Margins of NT edges clear

(+) calipers used

Horizontal crossbars placed correctly

Calipers placed ⊥ to long axis of fetus

Measurement at widest NT space

NT and CHD

DV and CHD TR and CHD
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Performance of screening for major 

CHD by NT and blood flow across 

tricuspid valve and ductus venosus

Semin Fetal Neonatal Med. 18 (2013): 251-260

First Trimester Ultrasound Protocol

Transverse views Transverse view #2: CHEST

Heart:

• Heart rate

• Position

• Size

• Cardiac axis

Lungs parenchyma

Pericardial/pleural effusion

CARDIAC AXIS MEASUREMENTS

only 26% of fetuses with CHD had CAx

measurements within normal limits

CHD: mean CAx

62.0 ± 21.7 

CAx range:

0 - 114 

CARDIAC AXIS ABNORMALITIES (74%)

LEFT DEVIATION RIGHT DEVIATION NON-IDENTIFIABLE

above 97.5th percentile 

equal or greater 60 

below 2.5th percentile 

less than 30 

absent/non-visualized 
interventicular 

septum

110/197 cases

55.8%

19/197 cases

9.6%

17/197 cases

8.6%

CAx=11°CAx=70°
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31%

10%

8%

17%

33%

43%

19,5%

54%

76%

100%

50%

33%

100%

71%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Septal defects

Conotruncal

anomalies

Univentricular

hearts

Valvular pathology

Aortic Arch

anomalies

Combined CHD

Total

NT > 95th %tile Abnormal CAx

Prevalence of enlarged NT and abnormal cardiac axis in 

fetuses with CHD and normal karyotype (N=78)

*

*

*

*

* - significant difference; p<0.01

Discrepancy in Size 

small left heart vs. small right heart

Normal CAx, CoAo, 13+3 weeks Small CAx, HRHS, 12+4 weeks

CARDIAC SIZE What is wrong?

13+6 weeks; TAUS

Heart Rate: Bradycardia

13+6 weeks; TAUS
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4-chamber view + 3-vessel trachea view
4-chamber view + 3-vessel trachea view

11+1 weeks; TVUS

Tetralogy of Fallot

13+2 weeks; TVUS

4-chamber view + 3-vessel trachea view

Transposition of the greate arteries

Most common abnormality of the 3VTV: 

presence of just one great vessel

Severe CoAo, 13+3 weeks PA+VSD, 13+5 weeks

Visceral Situs

L

R

L

R
12+6 weeks; TVUS

R

R

L

L

Visceral Situs: inversus with levocardia
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Normal Cardiac Anatomy:
The Cardiac Chambers 

Tracy Anton BS, RDMS, RDCS, FAIUM 
HS Clinical Instructor
Ultrasound Practitioner
Division of Maternal-Fetal Medicine
University of California San Diego School of Medicine
San Diego, CA

No Disclosures  

UOG 2013; 41: 348-359!

I
M

A

“The four chamber view involves 
careful evaluation of specific  

criteria and should not be mistaken for  
a simple chamber count” 

Assessment of fetal situs/laterality and the 4 Chamber View:   

UOG 2013; 41: 348-359!

Fetal Laterality  
(identify right and left sides of the fetus)  

Stomach and heart on Left  

Abdominal Situs

LT

I
M

A

St!

Ao!

IVC!

UV

RT

45



Normal Situs - Chest 

LV!
RV!

LA!

RA!
LT RT

Ao!

Normal Situs
Abdomen/ 4CV sweep 

LT

Types of Fetal Situs:  

3) Ambiguous 1)  Situs Solitus 
(Normal)   2) Situs Inversus  

From: Practical Guide to Fetal Echocardiography:  Normal and Abnormal Hearts- Abuhamad, Chaoui, 3rd ed. 

Slightly increased risk for CHD 
(0.3-5%) 

Increased risk for CHD 
(associated with complex 

CHD)  

Heterotaxy   
Left isomerism  

RT

LT

Normal !

dilated!
azygous vein!

Heterotaxy - Right isomerism 

LT

RT

 

Situs Ambiguous  
•  Complex CHD 
•  Venous abnormalities 
•  Bowel malrotation and obstructions 
•  Splenic abnormalities 
•  Biliary abnormalities 
•  Bronchial tree abnormalities  
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  Fetal Laterality - identify right and left (stomach 
and heart on left side of fetus) 

  Heart occupies 1/3 of chest- majority left sided  

  No pericardial effusion 

  Cardiac axis 45 degrees  

Normal 4Chamber View  

UOG 2013; 41: 348-359!

4CV

Heart occupies 1/3 of chest No pericardial/ pleural
effusions

-  Line dividing the chest 
goes through RV

-   Apex leftward

-   Symmetrical lungs

 4 CV

- Majority of heart left sided 

LA

RA

RV
L
V

Ao

Axis is leftward, 45 degrees +/- 20 degrees

45 4CV Axis 

LT RT

Left Axis Deviation 

Most abnormal axis deviation is leftward  

Obstet Gynecol. 1995; 85(1):97-102 
Obstet Gynecol. 1995; 85(2):187-91. 

RT LT 

•  Associated with CHD 

•  Tetralogy of Fallot 
Common arterial trunk 
Ebstein’s anomaly 
Coarctation of the aorta 
Pulmonic stenosis 

Left Axis Deviation 

Tetralogy of Fallot Common arterial trunk Ebstein’s anomaly 
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LA

RA

RV
L
V

LT RT

Position Abnormalities  
Space occupying lesions  

  Fetal Laterality - identify fetal right and left (heart and stomach on 
left side of fetus) 

   Heart occupies 1/3 of chest- majority left sided 

  No pericardial effusion   

   Cardiac axis 45 degrees 

   4 Chambers 

  Ventricles  

  Atria  

Normal 4Chamber View  

UOG 2013; 41: 348-359!

Angles of Acquisition: Apical 

LA

RA

RV
L
V

Ao

LT RT 

Angles of Acquisition: Axial 

LA

RA

RV

L
V

Angles of Acquisition: Basal  

LA

RA

RV

L
V

Right Ventricle  

Located anterior
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Right Ventricle  

Moderator band

Tricuspid Valve

LA
RA

RVLV

Right Ventricle  

Heavily Trabeculated  

LT!

Left Ventricle posterior 
to right ventricle 

Smooth walled 
compared to RV

Left/Right ventricle 
make up the apex 
(symmetry)

Mitral Valve 

Left Ventricle  

4CH   
Ventricular septum 

intact 

Crux of heart is intact  

4CH  
Septum   

Septum tapers as it 
approaches valves  

Angle of insonation is key! 

Susceptible to echo 
drop out and false 

+VSD 

Ventricular Septum  

Assess septum 
perpendicular to beam 

Use color Doppler 
Scale low ~ 30 cm/sec  
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Muscular Ventricular septal defect  

Assess septum perpendicular to the beam 
Color Scale low ~30 cm/sec  

  Fetal Laterality - identify fetal right and left (stomach and heart on 
left side of fetus) 

   Heart occupies 1/3 of chest- majority left sided   

  No pericardial effusion 

   Cardiac axis 45 degrees 

   4 Chambers  

  Ventricles  

  Atria  

  Atrioventricular valves and junction 

Normal 4Chamber View  

UOG 2013; 41: 348-359!

Both valves open symmetrically  

Atrioventricular Valves  

Diastole  

Valves closed  

Systole   

Valves open  

Tricuspid Valve Mitral Valve 

Tricuspid valve more apically offset  

TV 

MV 

Atrioventricular Valves  
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Mitral valve 
2 leaflets 

2 papillary muscles 

No septal attachments  

Atrioventricular Valves  

TV 

MV Tricuspid valve 
3 leaflets 

3 papillary muscles 

Septal attachments  

More apical insertion 

  Fetal Laterality - identify fetal right and left (stomach and heart on 
left side of fetus) 

   Heart occupies 1/3 of chest- majority left sided  

  No pericardial effusion  

   Cardiac axis 45 degrees 

   4 Chambers  

  Ventricles  

  Atria  

  Atrioventricular valves and junction 

Normal 4Chamber View  

UOG 2013; 41: 348-359!

Left Atrium  
Most posterior chamber  

Pulmonary veins  

Foramen ovale flap  

Descending aorta behind 
the left atrium - 

Small retroatrial space 

Atrial appendage - “fingerlike” 
with narrow base  

Left Atrium 
Foramen ovale flap 

Left Atrium  
Pulmonary veins  

LA

RA

RV

LV

p.vein 
p.vein 

No confluence (“twig sign”) 
behind left atrium 

Left atrium  
Indirect clues to normal pulmonary venous return   

Small space between left atrium 
and descending aorta  

Left atrium should 
never appear “bald” Color Doppler flow  

JUM 2014; 33: 1193-1207 
JUM 2016; 35: 1193-1206 
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LA

RA

RV

LV

Azygous  

Esophagus  

Pulmonary vein  

Pulmonary vein  

Ao  

Area behind the heart: 
The Retroatrial Space  

Esophagus 
(closed)  

Dao  

sp  

Left atrium  
Retroatrial space- esophagus 

Pv  

Pv  

LA  

RA  

Left atrium  
Retro-atrial space- esophagus 

Esophagus 
(closed)  

Azygous 

Dao 

Pv  

Pv  

Esophagus 
(swallowing) 

Dao 

Azygous LA 

RA 

RA 

LA 

Dilated esophagus 

Normal  Dilated Azygous vein- Interrupted IVC 

Area behind 
the heart 

Retroatrial 
Space  

TAPVR -“ Twig sign” 

Azygous Ao!

Ao!Ao!

Azygous!
Ao!

P. Vein 
Confluence  

LA

RA

RV

LV

Azygous  

Esophagus  
Ao  

Retroatrial Space 
 Color Doppler  

Dilated  
Esophagus   TAPVR Normal  

Right Atrium  

Anterior to left atrium  

IVC/SVC drains into it 

Coronary sinus  

Eustachian valve 

Atrial appendage - “pyramidal 
shape” with broad base  

52



Right Atrium  
Eustachian Valve 
(Valve of IVC) 

Plane is just posterior to ideal 4CV

RA 

LA 

Right Atrium- Bicaval View  
Eustachian Valve 

IVC 
SVC 

RA 

Right atrial appendage 

Right Atrium 
Coronary Sinus  

LV RV 

RA 
LA 

Runs posterior to the left atrium in the atria-
ventricular groove inserting into the right 
atrium  

LA
RA

RVLV   Fetal Laterality - identify fetal right and left (stomach and heart  
on left side of fetus) 

   Heart occupies 1/3 of chest- majority left sided   

   Cardiac axis 45 degrees 

  No pericardial effusion 

   4 Chambers  

  Ventricles  

  Atria  

  Atrioventricular valves and junction 

  Normal heart rate/rhythm  

Normal 4Chamber View  

UOG 2013; 41: 348-359!

Heart should squeeze, not rock 
Normal, danceable rhythm 

Normal rate = 120-160 bpm, 1:1 AV conduction 

Heart rate/rhythm  

4 chamber view- ideal plane to capture atria and 
ventricular free walls 

A A A

V V V
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Assessment of the 4 Chamber View:   

UOG 2013; 41: 348-359!

Thank you  
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Top Teachers in Head & Neck, 
Brain and Spine Imaging
February 6 – 8, 2020 • Miami, FL 

Hot Topics in Radiology
Advanced Applications and Artificial  
Intelligence 

February 23 – 28, 2020 • Vail, CO

MR & CT Advanced Imaging and 
Artificial Intelligence
March 1 – 6, 2020 • Steamboat Springs, CO

Clinical Nuclear Medicine 2020 
April 23 – 24, 2020 • Las Vegas, NV

PET/CT Imaging 2020 
April 24 – 25, 2020 • Las Vegas, NV

Radiology After Five 2020:
How to Make Night and Weekend Call 
a Success!

May 28 – 30, 2020 • Orlando, FL

Musculoskeletal Imaging in 
Clinical Practice 2020
June 4 – 6, 2020 • Las Vegas, NV

Advances in First Trimester 
Ultrasound Imaging
June 4 – 6, 2020 • Las Vegas, NV

Computed Tomography 2020: 
National Symposium 
October 3 - 4, 2020 • Las Vegas, NV

Internal Derangement of 
Joints 2020: 
Pelvis and Lower Extremity
October 23 - 25, 2020 • Coronado, CA

Neuroradiology in 
Clinical Practice 2020
October 29 - 31, 2020 • Scottsdale, AZ

Fetal Echocardiography: 
Normal and Abnormal Hearts
October 31 - November 1, 2020 • Las Vegas, NV

REGISTER 
TODAY!

If you enjoyed this meeting and would like to 
share it with your colleagues, these lectures 
and thousands more are available for 
streaming on-demand at

edusymp.com • docmeded.com • (813) 806-1000

ONE
FREE
HOUR 

CALL PTI TO BOOK NOW! (813) 806-1050 Direct • Monday-Friday (8:30 AM - 5:00 PM EST)JOIN US AT SEA

Register online at edusymp.com JOIN US ON LAND

MUST RESERVE CRUISE THROUGH 
PROFESSIONAL TRAVEL PRIOR TO REGISTRATION.  

Non-US - Register ONLY for cruise symposia via email to Professional Travel at: travel@edusymp.com

John F. Feller, M.D. 

Orthopedic and 
Sports Medicine MRI 
at Sea
July 25 - August 1, 2020
Sail from Barcelona, Spain to
Rome, Italy 
 
Book By: March 17, 2020

Richard K.J. Brown, M.D., FACR 

Nuclear Medicine 
Uptake and Review 
2020
June 30 - July 11, 2020
Sail round-trip from  
Copenhagen, Denmark

Book By: February 21, 2020

Haydee Ojeda-Fournier, M.D.

Practical Breast  
Imaging Rome to 
Athens
August 1 - 8, 2020
Sail from Rome, Italy to  
Athens, Greece 

BOOK NOW! 
This Cruise is Selling Out!

Dates and Location Subject to Change.

© John Nyberg © Guillermo Alonso Photo courtesy of Princess Cruises

Charles S. White, M.D.

Throracic 
Symposium at Sea:
Highlighting Lung Screening, 
Interstitial Lung Disease and 
Cardiac Imaging

August 1 - 8, 2020
Sail round-trip from  
Seattle, Washington

Book By: March 24, 2020

NEW SHIP DEBUTING IN 2020 NEW SHIP DEBUTING IN 2020 NEW SHIP DEBUTING IN 2020

WINTER 2020 SPRING 2020 FALL 2020
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