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Agenda

• Useful study resources

• Three cases with questions to answer; requiring participation

– Raise your hand to be called upon

• “Rapid Fire” questions, time permitting



Canadian CCS Guidelines on ACHD

- 2009                 ……………

- 2020 (due soon!)

www.ccs.ca



International Guidelines 

www.escardio.org



Useful Websites

www.cachnet.org

www.isachd.org

www.cchaforlife.org



www.heartdiseaseandpregnancy.com

Useful Websites

http://www.heartdiseaseandpregnancy.com/


Case #1 

• 32 G2P1, 36 weeks pregnant

• What is the congenital abnormality?

• What requires urgent attention?

• There are 8 echo clips to view.



















What is the congenital abnormality?



MS IS

What is the congenital abnormality?

Perimembranous VSD

Ammash, N et al. Ann Int Med 2001; 135(9):818.
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IS = Infundibular septum

MS = Membranous septum

AVS = Atrioventricular septum

TS = Trabecular/muscular septum

Echocardiographic Examination of Ventricular Septal Defects



What requires urgent attention?



What requires urgent attention?

Severe Hypertension; R/O preeclampsia

• TR jet = RV Pressure - RA Pressure

22 mmHg = RV Pressure – 3 mmHg

25 mmHg = RV Pressure

• VSD jet = LV Pressure – RV Pressure

201 mmHg = LV Pressure – 25 mmHg

LV Pressure = 176 mmHg = SBP

**Patient has SEVERE HTN**



Anatomy of the Ventricular Septum 

• Components:

– Infundibular septum (IS)

– Membranous septum (MS)

– Atrioventricular/Inlet septum 

(AVS)

– Trabecular/muscular septum 

(TS)

TS

MS

IS

AVS

Jacobs,  JP et al. Congenital Heart Disease Nomenclature and Database Project: Ventricular 
Septal Defect.  Ann Thorac Surg 2000; 69: S25-35



VSD Nomenclature
• Type 1
(6% non-Asian)

(33% Asian)

• Type 2

(80%)

• Type 3

(8%)

• Type 4

(5-20%)

• Subarterial

• Supracristal
• Subpulmonary

• Infundibular 

• Conal
• Outlet

• Doubly committed
• Juxta-arterial

• Perimembranous
• Paramembranous

• Conoventricular

• Inlet

• AV canal type

• Muscular

Type 1

Type 4

Type 2

Type3

Modified from: Jacobs,  JP et al. Congenital Heart Disease Nomenclature and Database Project: 
Ventricular Septal Defect.  Ann Thorac Surg 2000; 69: S25-35



Shunt Lesions: ASD, VSD, PDA, APVR

• Magnitude of (flow) the shunt related to:

– Size of the shunt

– Receiving cavity compliance

– Pulmonary and systemic vascular resistances

• A shunt creates a volume burden on the receiving chamber, 
which if hemodynamically significant, will result in volume 
overload and chamber dilatation. 

– ASD: RA + RV dilatation

– Membranous VSD: LA + LV dilatation

– Muscular VSD: RV + LA + LV dilatation



Shunt Lesions

• Restrictive shunt = not hemodynamically significant

– QP:QS < 1.5: 1

– No chamber enlargement

– No arrhythmias

– Normal exercise capacity

– Normal pulmonary pressures

• Unrestrictive shunt = hemodynamically significant

– QP:QS >1.5:1

– Chamber dilatation à HF

– Arrhythmias (stretch conduction system)

– Reduced exercise capacity

– Pulmonary HTN (develops by age 2 except with ASD)



Qp/Qs

• Qp = pulmonary flow

• Qs = systemic flow



Qp/Qs by Echo

Qp RVOT CSA X RVOT TVI

= ----------------------------------

Qs LVOT CSA X LVOT TVI



Calculate Qp/Qs in Cath Lab

High SVC 67%

Low SVC 67%

High RA 69%

Mid RA 68%

Low RA 70%

High IVC 71%

Low IVC 71%

RV inflow 80%

Mid RV 92%

RV outflow 88%

PA 89%

Aorta 99%

• Where is the shunt?

• What is the Qp/Qs?



Calculate Qp/Qs in Cath Lab

Qp % sat Ao -% sat MV 98 – [(3 x 67) + 71] / 4

----- = --------------------------- =  --------------------------

Qs % sat PV - % sat PA 99 - 89

= 30/10

= 3/1



ToF



Case #2

• Look at this echo. There are 5 clips.

• What is the diagnosis?













What is the diagnosis?

Tetralogy of Fallot

• VSD 

• Overriding aorta

• RVOT obstruction (sub PS +/- PS)

• RVH



What is Eisenmenger Syndrome? 

Would you expect this 32 y.o. patient with 

unrepaired ToF to have Eisenmenger syndrome? 

Explain. 



What is Eisenmenger Syndrome? 

Eisenmenger Syndrome:

Pulmonary vascular obstructive disease that 
develops as a result of a LARGE, uncorrected, 
longstanding acyanotic LàR shunt that causes 
irreversible remodeling of the pulmonary arteriolar 
vascular bed (pulmonary arteriolar media 
hypertrophy and intimal proliferation) such that the 
pulmonary arterial pressure (PAP) and pulmonary 
vascular resistance (PVR) become ≥ 2/3 systemic
arterial pressure (SAP) and ≥ 2/3 systemic vascular 
resistance (SVR) which causes the shunt to become 
bidirectional and then reverse (RàL) resulting in 
cyanosis.

Mayo Foundation for Medical Education and Research (MFMER).  

Eisenmenger VSD from  

Mayo Clinic Patient Education Booklet on Eisenmenger’s Syndrome 

Adult Congenital Heart Disease. Page 2, 2000.



Would you expect this 32 y.o. patient with unrepaired 

ToF to have Eisenmenger physiology?  Explain.

• NO. The RVOT obstruction protects against pulmonary 

overcirculation.  Therefore,  PHTN does not occur in patients 

with native ToF.

Mayo Foundation for Medical Education and Research (MFMER).  

Tetralogy of Fallot from  Mayo Clinic Patient Education

Booklet on  Tetralogy of Fallot Adult Congenital Heart Disease. 

Page 2, 2000.



Name three physical exam findings for this patient with 

unrepaired ToF?

• Cyanosis 

• Clubbing

• Low O2 saturation

• Sustained RV

• Systolic murmur due to RVOT obstruction



ToF Surgical Repair

• ToF repair usual done by 6-12 months

• Repair involves:

– VSD closure

– Relieve the RVOT obstruction

– Repair associated defects



ToF Surgical Repair

Before 1990’s

• Right ventriculotomy
approach (­ incision)

• Generous transannular patch 
augmentation

• Severe free PR: complications 
in adults
¡ RV dilatation

¡ ¯RV function

¡ Arrhythmias 

¡ SCD

Jonas, R.A. (2004) .  Comprehensive Surgical  

Management of Congenital Heart Disease.  

London : Arnold.



ToF Surgical Repair

Today

• Transatrial/transpulmonary approach

• Limited RV incision for patch 

augmentation of the RVOT +/- PV 

annulus

• Goal: Avoid PR at the expense of  

some residual PS

Jonas, R.A. (2004) .  Comprehensive Surgical  

Management of Congenital Heart Disease.  

London : Arnold.



TOF S/P TAP



TOF S/P TAP



TOF S/P TAP



TOF S/P TAP



TOF S/P TAP



List five complications in an adult patient following a 

transannular patch repair in infancy for ToF. 

• Right ventricular dilatation

• Right heart failure

• Severe free pulmonary valve regurgitation

• Atrial arrhythmias

• Ventricular arrhythmias 

• Sudden cardiac death

• Aortic dilatation

• Aortic valve regurgitation

• Endocarditis

• Septic pulmonary emboli



Case #3

• 24 F, referred for severe HTN (220/110 mmHg)

• Frequent headaches

• On enalapril 10 mg PO BID and atenolol 100 mg PO die since 18 y.o.

• Would like to become pregnant 

There are 5 echo clips to view followed by questions













The BP in the right arm is 240/110 mmHg. 

What is the blood pressure in the left arm and in the legs?



The BP in the right arm is 240/110 mmHg. 

What is the blood pressure in the left arm and in the legs?
Left arm = 240/110 mmHg         Legs = 136/110 mmHg



Define significant coarctation?

List supportive findings on physical exam (no collaterals)

• Proximal HTN with echocardiographic or angiographic evidence 
of coarctation

• Peak transcoarctation gradient >20 mmHg across the 
coarctation site at angiography

• Upper extremity HTN

• Arm>leg SBP difference ³20 mmHg

• Radial-femoral pulse delay

• ↓ pulses in the lower extremities



List two non-cardiac conditions associated with 

coarctation.

• Turner’s syndrome (10%)

• Intracranial aneurysms (circle of Willis) (3-5%)

• Corkscrew retinopathy

• Acquired intercostal artery aneurysms



List three cardiovascular sequelae of coarctation 

that may be present AFTER a coarctation repair.

• Hypertension (difficult to control)

– Diffuse arteriopathy persists after coarctation repair

• Exaggerated blood pressure response to exercise

• Recoarctation

• Aneurysm/pseudoaneurysm at the repair site

• Bicuspid aortic valve (+/-AS, AR) (70-80%)

• Intracranial aneurysms (circle of Willis) (3-5%)



What do you advise this patient wrt pregnancy?

• Pregnancy is contraindicated: mWHO IV recommendation



Pregnancy Risk Assessment

• Recommended to perform a risk assessment in all women with 

cardiac diseases of childbearing age before conception (or early 

in pregnancy). mWHO classification of maternal risk   (ESC; IC)



mWHO Classification

• Most accurate system of risk assessment*

• Best score performance in women with CHD

• More appropriate for developed countries

• Indications for intervention similar for women desiring 
pregnancy and non-pregnant women

– Except if

• ≥ moderate MS

• Aortopathy

• Fertility treatments contraindicated mWHO IV

*





mWHO

Classification







Other Risk Scores 

• CARPREG Score (Siu SC et al. Circ 2001)

– PHTN and aortopathy ≠ predictors of outcome

– Included pts with congenital and acquired heart dz

– Overestimates risk in RHD?

• CARPREG 2 (Silversides C et al. Circ 2018)

– Combines lesion specific and general factors to improve predictive accuracy

• Zahara Risk Score (Drenthen W et al. EHJ 2010)

– PHTN and aortopathy ≠ predictors of outcome

– Only included women with CHD

– Valve dz and mechanical prosthesis used in model



CARPREG

• Score calculated by giving 1 point for: 
– Cardiac events prior to pregnancy

• Arrhythmia
• Congestive heart failure  
• Stroke/transient ischemic attack 

– Baseline NYHA class >II or cyanosis
– LV dysfunction (LVEF <40%)
– Left heart obstruction 

• MVA <2 cm^2, AVA < 1.5 cm^2, LVOT PG >30 mmHg on echo

• Very few patients were included with:
– Pulmonary HTN (not included in score but known high risk)
– Aortopathy (not included in score so not predictor of poor outcome)

• Higher scores are associated with worse outcomes

Siu SC et al. Circulation. 2001; 104: 515-521.



Assessing Pregnancy Risk

Siu SC et al. Circulation. 2001; 104: 515-521.



CARPREG II

Silversides C et al. Circ 2018



Rapid Fire



Diagnosis?

• L-TGA



Two ACHD defects that could cause this finding? 

• ASD, APVR

RV

LV

RA
LA



Two associated conditions? 

Ebstein anomaly can be associated with ASD/PFO, accessory pathway (25%; multiple 50%), RVOTO by TV



Diagnosis? 

Right hand pink

Left hand and feet blue and clubbed

Eisenmenger PDA



Name the structure “X”?

X

Modified Blalock-Taussig shunt; created to supply  blood to the lungs.  Used to be used as the first step in tetralogy of 

Fallot repair.  



Diagnosis? 

Complete  AV canal defect : primum ASD, common AV valve, VSD



Two complications? 

Thrombus, obstruction, leak, arrhythmias (atrial, heart block), ventricular dysfunction, systemic AV valve regurgitation, 

PLE, liver disease, endocarditis



Questions?


