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	SETTING
	South West England and South Wales

	GUIDELINE FOR
	Cardiology teams in South West England and South Wales hospitals

	PATIENT GROUP
	Adult patients with congenital heart disease



Atrial Septal Defect

Four types:
1. Secundum 
2. Ostium primum (part of AVSD complex, not considered here) 
3. Sinus venosus (defect involving SVC or rarely IVC, very difficult to see on TTE)
4. Coronary sinus defect (rare)
Suspect ASD if there is RV volume overload (RV dilatation, paradoxical septal motion and diastolic D sign), with no other cause.
Parasternal long axis
· Paradoxical septal motion

· Check for RVOT dilatation
Parasternal short axis
· RVOT dilatation
· Diastolic D sign showing RV volume overload
· Increased flow across structurally normal pulmonary valve
· Defect may be seen on 2D
· Left to right shunt seen on CFM

Four chamber view
· Defect perpendicular to imaging plane so drop out can mimic ASD
· CFM can reveal ASD
· Estimate PA pressure from tricuspid regurgitation
Subcostal view

· Defect may be seen on 2D and CFM

· Bicaval view may show sinus venosus ASD (turn the probe to a vertical plane and pan right to left from midline)

Post Repair

· Check integrity of patch/ closure device for residual shunt

· Check for pulmonary vein / SVC / IVC obstruction (device closure)

· Check RV size

· Check mitral / tricuspid valve regurgitation

· If device, check position, residual shunt, thrombus formation or pericardial effusion

Check for erosion of device into aortic root (high velocity jet into RA / LA)

Atrioventricular Septal Defect
1. Complex defect of the crux of the heart, involving both atrioventricular valves (tricuspid and mitral)
2. Common valve ring and orifice, guarded by a five-leaflet valve (superior and inferior bridging leaflets, mural leaflet and right-sided anterosuperior and inferior leaflets)
3. Aorta is ‘unwedged’ due to the common annulus, so seen anteriorly
4. Can be partial or complete
5. Check for associated Fallot, isomerism
Parasternal long axis: 
· Abnormal left AV valve (mitral)
· Left AV valve regurgitation seen on CFM (may be >1 jet)
· LV size and function
· Check for LVOT obstruction (AV valve tissue in LVOT)
· Paradoxical septal motion
· Look for VSD
· If significant shunt at atrial level - dilated RVOT 
Parasternal short axis: 
· Cleft in bridging leaflets may be seen with LAVVR on CFM
· If significant shunt at atrial level - RVOT dilatation
· Increased flow across structurally normal pulmonary valve
· ASD and VSD may be seen
Four chamber view:
· Note lack of offset of AV valves
· LV size and function
· Left AV valve regurgitation (>1 jet usually seen)
· RV size and function
· Estimate PA pressure from TR
· Assess for LVOT obstruction
Post repair
· Check for residual shunts
· Check for AV valve regurgitation

· Assess for sub aortic stenosis 
Mnemonic – OVALS – Offset, VSD, AV valves, LV, Subaortic stenosis 

Ventricular Septal Defect

Three types (excluding AVSD)


1. Perimembranous 

2. Muscular

3. Doubly-committed juxta-arterial (sub-arterial)

Best view to demonstrate VSD is dependent on location of defect

Parasternal long axis

· LV size and function

· CFM can demonstrate VSD 

· Peak flow across the septum gives an accurate assessment of pressure difference between the two ventricles (large VSDs lead to Eisenmenger’s)

· Check aortic valve for regurgitation due to right coronary leaflet prolapse

Parasternal short axis

· Estimate RV pressure from TR jet (jets don’t overlap here)

· Shunt demonstrated on CFM, perimembraneous, subarterial, or muscular

· Check for DCRV /RVOTO

· Don’t measure shunt (errors are squared!)

Apical view

· LV size and function

· LA size

· Estimate RV pressure from TR

· Aortic valve prolapse and/or regurgitation or LVOTO

· Don’t confuse TR and VSD jets (do on SAX)

· Shunt can be demonstrated with CFM

· Check for aortic regurgitation due to RCC prolapse

· In Eisenmenger’s syndrome signal maybe of low velocity and bidirectional

Subcostal view

· Apical defects may be seen here only

Mnemonic: Septal Perforations Don’t Ever Close

Size, Position, Direction of Shunt, haemodynamic Effects, other Congenital heart lesions

Pulmonary Valve Disease

1. In pulmonary stenosis PA pressure is low (assuming no significant pulmonary vein or left heart disease). The TR jet can be used to estimate RV pressure, NOT PA pressure.

2. RV to PA conduits are anterior and can be difficult to view. Use of the modified Bernoulli equation should be avoided and peak velocity quoted as the conduit is a tube, rather than a fixed stenosis.

Parasternal long axis

· Check for RV dilatation, RVH and function

Parasternal short axis
· Best view for pulmonary valve

· Look for abnormal septal motion to suggest volume or pressure loading

· Check for RV dilatation

· Colour flow across valve to look for acceleration and PR (broad jet)

· CW and PW Doppler of forward pulmonary flow

· With PR measure PHT (short is more severe, e.g.  <100ms)

· Measure tricuspid regurgitation to estimate RVSP

Apical view

· Check RV size and function

· Assess TR and estimate RSVP

· Occasionally high upwards angulation anterior to aorta will show PV

Subcostal view

· Can help to visualise pulmonary valve, especially when parasternal views are poor (rotate and angle anteriorly)

· Estimate RA pressure from IVC

Tetralogy of Fallot  

(Protocol can also be used to assess repaired Truncus Arteriosus (common arterial trunk), Double Outlet Right Ventricle or Pulmonary Atresia)

1. Most common cyanotic heart lesion

2. Four components – (sub)PS, VSD, RVH and aorta overriding VSD

3. Almost all adults will have had corrective surgery
4. May have additional VSDs and ASD

5. Most will not have significant left heart disease unless repaired in early surgical era

6. Most common long term issue is PR

Parasternal long axis

· Check LV size and function

· Check RV size and function, including RVH

· Check for aortic regurgitation

· Check for residual VSD

· Measure aortic root and ascending aorta (fixed, non-progressive dilatation common)

Parasternal short axis view

· Assess TR and estimate RV pressure

· Check for residual RVOT/PV/branch PA obstruction (velocity not gradient)

· Assess pulmonary regurgitation by density of Doppler and pressure half time

· Look for residual ASD/VSD

· Check for abnormal septal motion

· Check branch pulmonary arteries if possible
· Assess RV size and function ?pressure or volume loaded RV

Apical view

· Assess RV size and function, including strain

· Assess LV size and function

· Measure and assess TR and estimate RV pressure

· Look for RVH

· Assess degree of AR

· Look for residual VSD apically

Subcostal view

· Assess RVH

· Assess pulmonary valve

· Estimate RAP from IVC

Bicuspid Aortic Valve Disease  

1. Common lesion ranging from unicuspid valve to subtle non-separation of two leaflets (most commonly left and right leaflet non-separation) 

2. Often associated with aortopathy, most often ascending aorta but may be root

3. Associated with coarctation and other left sided congenital defects

Parasternal long axis view

· Measure aorta at four standard points

· Use CFM to assess AR

· Measure and assess LV function, and LVH

Parasternal short axis

· Confirm bicuspid valve - describe morphology

Apical Views

· Assess LV systolic and diastolic function

· Assess forward aortic flow, LVOT flow and area if appropriate

Supra-sternal view 

· Measure transverse arch if aortopathy

· Pulse wave Doppler for diastolic flow reversal to grade aortic regurgitation.

· Continuous wave Doppler to assess for any gradient across the descending aorta

Subcostal view

· Pulse wave Doppler in abdominal aorta for antegrade diastolic tail
Subaortic stenosis (as for BAV)

Four types: fibrous membrane, muscular tunnel, combination musculo-membraneous, accessory mitral tissue 

· Visualise LVOT anatomy and severity of stenosis (peak velocity, not gradient)

· AR common as leaflets damaged by turbulent flow

· Check for associated left sided obstructive lesions

Supra valvar aortic stenosis (most commonly seen in Williams’ syndrome)

· Visualise anatomy and severity of stenosis (peak velocity, not gradient)

· Check for associated left sided obstructive lesions and main and branch pulmonary artery anatomy and flow 
· Measure aortic sinuses, sinotubular junction, ascending aorta
· Assess origins of the coronary arteries (difficult)
Coarctation of the Aorta

1. Aorta narrows, most often just caudal to ductus arteriosus insertion site.

2. Associated with left-sided congenital lesions, i.e. bicuspid aortic valve, aortopathy, supra-mitral membrane, parachute mitral valve, subaortic stenosis, PDA, VSD.

3. Usually repaired surgically or with stent. Recoarctation or aneurysm at repair site can occur.

Use Bicuspid Aortic Valve Disease Protocol plus below

Supra sternal view

· CFM will highlight area of abnormal flow

· CWD signal in significant obstruction is continuous with a mid-systolic peak and gradual fall through diastole (diastolic tail, “DT”). Quote peak velocity (not gradient [tube so modified Bernoulli equation does not apply]) and diastolic velocity (velocity at onset of diastole).

· In recoarctation, elasticity is lost so may not be a DT.

Subcostal view

Pulse wave Doppler in the thoracic / abdominal aorta for persistent diastolic tail.

Transposition of the Great Arteries

1. Characterised by origin of aorta from the RV and the PA from the LV

2. Simple TGA or complex (associated with other lesions: usually sub (PS) and VSD)

3. Repair can be at

a. atrial level (Mustard or Senning) with redirection of systemic venous return to LV (then to PA) and pulmonary venous return to RV (then to aorta) 

b. arterial level (arterial switch, current choice of repair) – great arteries are ‘switched’ above the valve, pulmonary arteries are typically positioned anterior and across aorta and coronaries are re-implanted into ‘neo-aorta’

c. ventricular level when there is sub (PS) (Rastelli) – RV to PA conduit to bypass sub (PS) and LV outflow is tunnelled under conduit to reach aorta

After Mustard or Senning repair

· RV is the systemic ventricle 

· RV function and TR are the main determinants of prognosis

· Mustard more prone to baffle obstruction as prosthetic material used in repair

· Not always possible to see baffle leak/obstruction on echo

Apical view (most useful view)
· Measure and assess RV size and function, including strain

· Use CFM to assess degree of TR

· Assess LV function (subpulmonic)

· Estimate pulmonary pressure from MR
· Exclude LVOTO

· Look for baffle obstruction using PWD (flow should be phasic: PV baffle <2m.sm; SVC <1.2 m/s, mean gradient <2-3 mmHg)

· Look for baffle leak with CFM 

After arterial switch

· Essentially a normal echo protocol

· Check for neo-aortic dilatation and neo AR

· Commonly branch PA, supra-pulmonary and supra-aortic stenosis

· Check LV function and for regional wall motion abnormality

· Care when estimating PAP as there may be obstruction of PAs

After Rastelli operation

· As for RV-PA conduit (see RVOTO section), may be anterior and difficult to image

· Check for subaortic stenosis and AR from apical view

· LV function

· Tricuspid regurgitation

· RV systolic pressure from the tricuspid regurgitation jet 

· Residual or baffle-margin VSD

Congenitally Corrected Transposition of the Great Arteries

· Ventricles are the wrong way round, RV is the systemic ventricle

· Great arteries difficult to see and are parallel (aorta is anterior)

· 20% have dextrocardia

Parasternal long axis view

· Difficult to see outlets

· May see anterior aorta coming off ventricle with an infundibulum

· May see perimembranous VSD and/or (sub) PS

Parasternal short axis view

· may see (sub) PS and vessels in parallel

· assess biventricular function

Apical view (most useful view)

· reversed offset of AV valves in four chamber view

· assess tricuspid regurgitation (valve may be Ebstein-like)

· estimate PAP from MR jet

· RV size and function, including strain

Ebstein’s Anomaly

1. Characterised by variable degrees of apical displacement and anterior rotation of the tricuspid valve into RVOT. Septal leaflet should be displaced by 8mm / m2, RA is ‘atrialised’.

2. Surgeon is interested in size and quality of leaflets

Parasternal long axis

· LV morphology and function

· MV morphology and function

· Assess for RV dilatation

· Assess septal and anterior leaflets and attachments

Parasternal short axis

· Assess RV size and function

· Assess severity of tricuspid regurgitation

· Assess RVOT to look for acceleration

· Assess tricuspid valve leaflet attachments – anterior and septal or posterior

· Check for volume loading of RV (diastolic D sign)

· Look for ASD/PFO with CFM (present in most)

Apical views

· Assess RV size and function

· Assess the degree of apical displacement of septal leaflet, anterior leaflet also seen

· Assess and measure tricuspid regurgitation

· Assess RA size

· Do not mistake valve ring for the valve

· Ensure CFM box is far enough into the RV at the TR orifice

· Estimate PAP (underestimated in severe TR)

Subcostal view

· Estimate RA pressure from IVC

· Check for atrial communication using CFM

Fontan Circuit (including TCPC)

1. Used to palliate cardiac lesions characterised by one systemic functioning ventricle. Venous blood directed into pulmonary artery bypassing ventricular mass; oxygenated blood drains into left atrium, then single ventricle and round the body.

2. Original Fontan operation connected RV to PA. Now replaced by the total cavopulmonary connection (TCPC), which is extracardiac.

3. May be a fenestration left if the venous pressure is high. Behaves like an ASD with right to left shunt from high pressure Fontan to systemic atrium.

Parasternal view

· Assess ventricular function 

· Look for AV valve regurgitation

· Assess root size and aortic valve function

Apical view

· Assess ventricular function with TDI or M mode (note always diastolic dysfunction)

· Detect and quantify AV valve regurgitation

· Check for outflow tract obstruction

· Check for Fontan fenestration, thrombus, flow (respiratory variation and <1.0m/s)

· Assess pulmonary veins for gradient (any narrowing can result in energy loss)

· Measure Fontan in two planes (can narrow due to ‘peel’)

Suprasternal view

Check for coarctation

Doppler SVC if seen – should get low velocity flow

Subcostal view

Check for Fontan fenestration, thrombus, and flow

Doppler hepatic veins

5Fs* – Function, Flow, Fenestration, Fvalve, Fthrombus
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