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Objectifs

• Décrire les pathophysiologies cardiaques 
congénitales adultes (ACHD) les plus fréquentes 

• Comprendre les implications pour l’anesthésiste 
lors de la prise en charge de ces patients 

• Développer une approche pour l’évaluation de ces 
patients



Malformations Cardiaques 
Congénitales

• Composent 0.5-0.8 % des naissances 

• 85% de ces enfants survivent jusqu’à l’âge adulte 

• Prévalence chez l’adulte de 4:1000 

• État-Unis: ~800 000 patients (environ 500 000 
pathologies complexes) 

• Canada: ~80 000 patients 

Brickner et al. Congenital heart disease in adults. N Engl J Med 342:1-12, 2000
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of major nonfatal morbidity constructed from multilevel 
Clinical Classifications Software diagnosis codes including 
pneumonia (8.1.1), acute respiratory failure (8.6.1), acute 
renal failure (10.1.2), deep venous thrombosis or pulmo-
nary embolism (7.5.1), stroke (four diagnosis codes: 6.3.1 
[“hemiplegia”], 6.6 [“coma, stupor, or brain damage”], 
7.3.1.1 [intracranial hemorrhage], 7.3.1.2 [occlusion of 
cerebral arteries]), myocardial infarction (7.2.3), and car-
diac arrest (7.2.10). For outcomes that could overlap with 
chronic comorbid conditions, no acute complication was 
recorded for patients with the corresponding chronic comor-
bid measure present (variable CM_NEURO or CM_PARA 
for stroke; variable CM_RENLFAIL for acute renal failure). 
This modification sacrificed the undercounting of some 
complications (e.g., acute or chronic renal failure) in order 
to reduce the likelihood of erroneously classifying a chronic 
condition as an acute perioperative complication. Length of 
stay (variable length of stay) and total hospital charges (vari-
able TOTCHG) also were compared between groups.

A conditional multivariate logistic regression model 
(using matching pairs as strata for conditional logistic regres-
sion) was constructed to further evaluate the comparative 
effect of an ACHD diagnosis on the primary outcome (in-
hospital mortality) while adjusting for demographic and 
procedural differences. All matching variables except for 
exact procedure code (age, sex, race, year, elective or non-
elective admission, and van Walraven comorbidity score) 
were included in the regression model to account for any 

residual differences after matching. In addition, payer type, 
surgical service, hospital size, and teaching hospital status 
were added to the model to adjust for any confounding by 
these parameters. Two- and three-way interactions between 
predictive variables were included for initial evaluation but 
retained in the final model only if statistically significant. 
The area under the receiver operating characteristic curve, 
deviance, and Pearson goodness-of-fit statistics were calcu-
lated for calibration of the model.

Continuous variables were compared using the Wilcoxon 
test. Discrete variables were compared using Fisher exact test 
or Pearson chi-square test, as appropriate. For outcome vari-
ables, odds ratios with 95% CIs also were calculated. Trends 
over time were examined using a Mann–Kendall test for 
trend (a nonparametric test to determine the presence and 
direction of a trend over time).20 A predetermined α of 0.05 
was used as the threshold of statistical significance for the 
primary outcome and the composite secondary outcome. 
For the purposes of evaluating the six individual outcome 
contributors to the composite endpoint, a Bonferroni-
adjusted significance level of 0.0083 was used to account for 
the increased possibility of type-I error. Analyses were per-
formed using SAS (SAS 9.3; SAS Institute).

Results
ACHD patients represent 0.11% of admissions involving 
noncardiac surgery, which is consistent with previous estimates 
that 0.1% of all NIS admissions represent ACHD patients.18 

Fig. 1. Adult congenital heart disease admission records with noncardiac surgery as a percentage of all admissions with non-
cardiac surgery, by year (2002–2009). Discharge sample weights were used to produce national estimates. Trend is increasing 
over time (P value for trend is <0.001).

Maxwell et al. Anesth. 2013; 119:762-9Nationwide Inpatient Sample database

Triple en 8 ans

ACHD pour Chirurgie Non-
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Centres Adultes Spécialisés

Aux État-Unis, seulement 10% patients ACHD 
complexes sont traités en centres adultes spécialisés

Webb G. The long road to better ACHD care. Congenit Heart Dis. 2010, 5: 206-7
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perioperative morbidity and mortality on this population 
may continue to increase as more ACHD patients undergo 
noncardiac surgery. As the majority of patients in this study 
were cared for in nonteaching hospitals, this is an issue that 
will confront perioperative providers in a broad range of set-
tings, not just tertiary care centers.

The major limitations of this analysis are the well-estab-
lished limitations of a retrospective administrative database 
analysis, principally that of classification error.23,24 Misclas-
sification may be a greater source of error in the current set-
ting than in other analyses that have used the NIS. When 
ACHD patients undergo noncardiac operations, noncardiac 
surgeons and other inpatient providers (e.g., hospitalists) 
may not be accurate or precise in their identification of the 
patient’s congenital cardiac lesion. Factors contributing to 

this inaccuracy include the time elapsed from initial repair, 
lack of familiarity with a rare condition, and an impression 
on the part of the patient and/or physician that their previ-
ous congenital heart lesion has been “fixed” and therefore 
no longer represents an active diagnosis. Care patterns may 
also contribute; the patient may not currently be under the 
care of a cardiologist, and current or past cardiology and 
cardiovascular surgical care may have occurred at a differ-
ent institution, such that records are incomplete or unavail-
able to current providers. Overall, administrative data likely 
underestimate the frequency of comorbid congenital heart 
disease in adult patients.18 Even when accurate codes for 
coexisting ACHD are present, this information does not 
reveal each patient’s specific underlying lesion, number or 
nature of previous surgical repairs or palliative procedures, or 

Table 1. Demographic and Baseline Characteristics of ACHD and Comparison Cohorts

ACHD Cohort Comparison Cohort

P Value

n = 10,004 n = 37,581

n (%) n (%)

Age (yr, mean ± SE) 57.6 (±0.3) 58.1 (±0.2) 0.0192
Female 5,520 (55.2) 21,005 (56.0) 0.18
Race 0.06
  White 6,140 (81.8) 23,374 (82.7)
  Black 534 (7.1) 1,885 (6.7)
  Hispanic 469 (6.3) 1,547 (5.5)
  Asian 136 (1.8) 559 (2.0)
  Native American 39 (0.5) 150 (0.5)
  Others 185 (2.5) 754 (2.7)
Nonelective status 4,717 (47.2) 17,659 (46.8) 0.67
Payer <0.001
  Medicare 4,313 (43.2) 15,900 (42.4)
  Medicaid 781 (7.8) 2,988 (8.0)
  Private 4,296 (43.0) 15,527 (41.4)
  Self-Pay 254 (2.5) 1,384 (3.7)
  Others 342 (3.4) 1,728 (4.6)
Operation by surgical service <0.001
  ENT 225 (2.3) 969 (2.6)
  General surgery 3,514 (35.1) 13,329 (35.5)
  Gynecologic 770 (7.7) 3,078 (7.5)
  Neurosurgery 1,201 (12.0) 4,881 (13.0)
  Orthopedic 2,991 (29.9) 12,061 (29.2)
  Thoracic 1,596 (13.9) 4,563 (12.1)
  Urologic 597 (6.0) 2,445 (6.5)
Hospital size <0.001
  Small 6,812 (68.1) 24,916 (66.3)
  Medium 2,153 (21.5) 8,553 (22.8)
  Large 1,038 (10.4) 4,112 (10.9)
Hospital teaching status <0.001
  Nonteaching 5,901 (58.9) 19,493 (51.9)
  Teaching 4,103 (41.1) 18,088 (48.1)
van Walraven score (mean ± SE) 3.4 ± 0.8 3.1(±0.7) 0.68

Values are reported as number (percentage) unless otherwise denoted as mean ± SE.
ACHD = adult congenital heart disease; ENT = ear, nose, throat; SE = standard error.



Dans un Hôpital près de 
chez vous!

• Garde un samedi après-midi… 

• Patient de 25 ans nécessitant une 
appendicectomie par laparoscopie 

• Réparation pour une Tétralogie de Fallot à l’âge de 
3 mois



En Obstétrique aussi…

• Patiente de 25 ans se présentant pour un 
accouchement 

• Opération de Fontan à l’âge de 3 ans



Recette # 1
• Prémédication avec Versed et/ou Ketamine 
• Préoxygenation 
• 1 Syringe Remifentanil, titrer pour Pression et Rythme 
• 1 Syringe Propofol titrer pour effect 
• Ajouter les gaz inhalés comme nécessaire 
• Maintenir la précharge et la postcharge 
• Éviter l’Hypo et l’Hyperventilation 
• Éviter l’Hypertension et la Tachycardia 
• Éviter l’Hypotension et la Bradycardia 
• Monitoriser pour les arythmie



Approche pour l’Évaluation 
du Patient ACHD

• Anatomie de la pathologie cardiaque congénitale 

• Types de réparation 

• Facteurs de risque pré-réparation 

• Conséquences de la réparation 

• Considérations particulières



Approche pour l’Évaluation 
du Patient ACHD

• Anatomie de la pathologie cardiaque congénitale!

• Types de réparation 

• Facteurs de risque pré-réparation 

• Conséquences de la réparation 

• Considérations particulières





Incidence Chez l’Adulte

3 %3 %4 %
5 %

7 %

8 %

10 %

12 % 13 %

14 %

22 %

CIA/CIV
Tétralogie de Fallot
Lésions Complexes
Obstruction VG
d-TGA
Obstruction VD
Coarctation de l'aorte
Marfan
l-TGA
AVSD
Eisenmenger

Am J Cardiol 2009;103:1445–1450





Ratio entre la Circulation 
Pulmonaire et Systémique (Qp:Qs) 

• Qp = Débit Pulmonaire 

• Qs = Débit Systémique 

!

• Qp:Qs =1   Même Débit Systémique et Pulmonaire 

• Qp:Qs > 1   Shunt Net Gauche-Droit 

• Qp:Qs < 1   Shunt Net Droit-Gauche



Débit Pulmonaire Augmenté 
Sang Veineux Pulmonaire Retourne Artères Pulmonaires

CIA!
CIV!
CA!
Canal AV!
RAVP!

Qp:Qs > 1

Congestion 
Pulmonaire

HTN 
Pulmonaire

Hypoperfusion 
Systémique



Cyanotique 
Sang Veineux Central Retourne à l’Aorte

Mélange partiel!
(TGA,TOF, 

eisenmenger) 
Qp:Qs < 1

Saturation 
Veineuse 

Pulmonaire
Qp:Qs

Saturation 
Veineuse 

Systémique

Saturation

Mélange 
Complet (TAC, 

SHCG, TA) 
Qp:Qs variable



Obstruction  
débit!

ventriculaire

Mélange du 
débit 

pulmonaire et 
systémique

ACYANOTIQUE

Débit 
pulmonaire 
augmenté

CYANOTIQUE

CIA!
CIV!
CA!
Canal AV!
RVPA!

Coarctation de l’Aorte!
Sténose Aortique!
Sténose pulmonaire!

Transposition (TGA)!
Tronc artériel commun!
Syndrome d’hypoplasie 
du coeur gauche!
Atrésie Tricuspide!
Tétralogie de Fallot!

Classification



Approche pour l’Évaluation 
du Patient ACHD

• Anatomie de la pathologie cardiaque congénitale 

• Types de réparation!

• Facteurs précédant la réparation 

• Conséquences de la réparation 

• Considérations particulières



Types de Réparation
1. Lésion Non-Opérée 

2. Réparation Complète (Anatomique) 

1. Simple  

2. Complexe 

3. Réparation Palliative (Physiologique) 

1. Biventriculaire  

2. Univentriculaire



Lésion Non-Opérée
• Communication Interauriculaire  

• Communication Interventriculaire 
Restrictive 

• Valve Aortique Bicuspide 

• Prolapsus de la Valve Mitrale 

• Transposition Corrigée des Gros 
Vaisseaux (L-TGA) 

• Rarement lésions sévères non 
réparées (immigrants…)



Réparation Complète 
(Anatomique)

• Reconstruction Simple!

• Patch pour CIA, CIV 

• Ligature CA 

• Dispositif Occlusif…. 

• Anastomose 
Coarctation de l’aorte



Réparation Complète 
(Anatomique)

• Reconstruction 
Complexe!

• Valves (réparation, 
remplacement) 

• Switch Artériel 
(Jatene)  d-TGA 

• Patch Trans-Annulaire 
+ CIV (TOF)



What is Transposition of the Great Arteries?
In transposition of the great arteries (TGA), the heart’s
two major arteries are reversed. The blue blood
entering the heart gets pumped directly out to the
body without going through the lungs. Blood coming
from the lungs gets sent back to the lungs rather than
out to the body. Babies born with TGA will die unless
there is a hole between the two sides of the heart to
allow some red blood to get out to the body. Many
people with TGA are born with a ventricular septal
defect (VSD) that allows this to happen. In others,
doctors make a hole to keep them alive. Babies born
with TGA almost always need surgery to help the heart
work more normally. Two of these surgeries are the
Mustard and the Senning repair (also called Mustard
or Senning procedures). The main other surgeries are
the arterial switch and Rastelli procedure.

What is a Mustard or Senning repair?
The Mustard and Senning repair are two similar
operations for TGA. Each is named for the surgeon
who first performed the operation. In both, the
surgeon creates a two-way baffle in the top part of
the heart. This baffle serves as a bridge between the
two sides of the heart. In a Senning procedure, the
surgeon uses the patient’s own tissue to create the
baffle. In the Mustard procedure, a synthetic material
is used. Both are called “atrial switch procedures”
because there is a baffle through the heart’s top
part, or atria, which allows the blood to reach the
ventricles.

When and where were Mustard and Senning
repairs first done?
Dr. Ake Senning of Sweden performed the first
Senning procedure in 1957. Dr. William Mustard, from
Canada, performed the first Mustard procedure in
1963. In general, the Senning was more common in
Europe and the Mustard was more common in the
United States and Canada.

Are the Mustard and Senning repairs still used?
Today’s children born with TGA usually have an
operation called an arterial switch. This operation
was first developed in the late 1980s. In the arterial
switch, the surgeon disconnects and reattaches the
heart’s arteries to create more normal blood flow.
This means that Mustard and Senning patients are
usually between 22 and 50 years old.

What kind of long-term problems do people with
a Mustard or Senning repair experience?
There are three kinds of problems that people with a
Mustard or Senning repair face: rhythm problems,
baffle problems, and pump problems:

• Rhythm problems: Many TGA patients have inborn
problems with the heart’s electrical system. The
scarring from previous surgery can also cause
electrical problems. Sometimes the heart’s “relay
box,” called the sinus node, is damaged. This can
cause sick sinus syndrome, which makes the heart
beat too slowly. Pacemakers are used to treat a
too-slow heart. Up to 25% of Mustard/Senning
patients have a pacemaker by adulthood. Other
TGA patients experience heart rates that are too fast
(tachycardia). This happens when a section of the
heart’s electrical system starts firing too quickly.
Heart rhythm doctors now often use ablation to treat
too-fast heart rates. The doctor first identifies the
area of the heart that is misfiring. Then, this area is
scarred to stop the fast heart rate. If the ablation is

A P U B L I C A T I O N O F T H E A D U L T C O N G E N I T A L H E A R T A S S O C I A T I O N

ACHA Q and A:
Transposition of the Great Arteries after Mustard/Senning Repair

In this illustration of a heart with TGA that has had a Mustard/
Senning repair, the blue blood flows through the two-way Systemic
Venous Baffle (SVB) to the left ventricle. The blue blood is pumped
to the lungs to get oxygen. The red oxygenated blood is directed
through the Pulmonary Venous (PV) baffle to the right atrium and
gets pumped by the right ventricle to the rest of the body.

KEY:
SVC – Superior Vena Cava
IVC – Inferior Vena Cava
SVB – Systemic Venous Baffle
LV – Left Ventricle
MPA – Main Pulmonary Artery

PV – Pulmonary Venous Baffle
RV – Right Ventricle
Ao – Aorta

©The Adult Congenital Heart Association.

Image courtesy of the Columbus Ohio Adult Congenital Heart Disease Program at
Nationwide Childrenʼs Hospital Heart Center, Columbus, Ohio.

www.achaheart.org • (888) 921-ACHA

Réparation Palliative 
(Physiologique)

• Réparation 
Biventriculaire!

1. Switch Auriculaire 
(Procédure de 
Mustard ou 
Senning) 

2. Shunt, Cerclage 
de l’artère 
pulmonaire (TOF)



Réparation Palliative 
(Physiologique)

• Réparation 
Univentriculaire!

1. Shunt, Norwood, 
Hybrid Stage 1 

2. Glenn Bidirectionnel, 
Fontan



Approche pour l’Évaluation 
du Patient ACHD

• Anatomie de la pathologie cardiaque congénitale 

• Types de réparation 

• Facteurs de risque pré-réparation!

• Conséquences de la réparation 

• Considérations particulières



Facteurs de Risque 
Pré-Réparation

• Âge du patient au moment de la réparation!

• Cyanose et Érythrocytose 

• Insuffisance Cardiaque 

• Présence d’Arythmie 

• Hypertension Pulmonaire



Érythrocytose
• Syndrome d’Hyperviscosité: 

• Augmentation du risque de thrombose 

• Rhéologie sanguine anormale 

• Insuffisance coronarienne relative 

• Ischémie sous-endocardique 
asymptomatique 

• Fibrose endocardique



Insuffisance Cardiaque



Présence d’Arythmie
• Secondaire à la dilatation chronique auriculaire 

• Risque de récidive à long terme

	
 .	
 Walsh EP, Cecchin F (2007) Arrhythmias in adult patients with congenital heart disease. Circulation, 115, 534–545. 	
      
intervention involving the right atrial tissue. This ‘atypical’ atrial
flutter is more frequent in patients with previous Mustard and Senning
procedures, or classic Fontan operations (severe dilation and scarring
of the right atrium), but it can also occur even after simple ASD
closure. Atrial rates are usually between 150 and 250 min21, and 1:1
A:V conduction can lead to severe symptoms such as syncope and even
cardiac arrest. Therapeutic options include the following106:

1. Acute episode can be terminated with electrical cardioversion, anti-
arrhythmic drugs or overdrive pacing.

2. Long-term antiarrhythmic drug therapy: often ineffective.

3. Catheter ablation107: now often used as an early intervention. Good
short- to mid-term success reduces the frequency of episodes, but high
recurrence rates have been reported.

4. Pacemaker implantation: used for patients with tachy–brady syndrome;
decrease in IART frequency by correcting bradycardia and by atrial antita-
chycardia pacing capability.

5. Surgical ablation with a modified right atrial maze operation: low rates of
recurrence but associated with surgical risks. Usually performed in
patients who already need a cardiac surgery for other indications.

Re-entrant tachyarrhythmias secondary to accessory pathways

Wolff–Parkinson–White syndrome occurs in !20% of patients with
Ebstein’s anomaly. About half of them have multiple accessory path-
ways. Even if the success rate is lower than in the general population,
catheter ablation remains the procedure of choice for Wolff–
Parkinson–White syndrome in Ebstein’s patients.106

Atrial fibrillation

CHD conditions associated with left atrial pressure and/or volume
overload predispose to atrial fibrillation. Mitral valve abnormalities (or

Table 4 Most frequent arrhythmias in CHD lesions.

CHD/arrhythmia IART WPW Atrial fibrillation VT Sinus node dysfunction AV block

ASD x x x

AVSD x x

TOF x x x

Mustard/Senning x x x x

cc-TGA x x x x

Fontan x x x

AS/coarctation x

Ebstein x x x x

E. Bédard et al.

168 British Medical Bulletin 2008;85
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Hypertension Pulmonaire



Approche pour l’Évaluation 
du Patient ACHD

• Anatomie de la pathologie cardiaque congénitale 

• Types de réparation 

• Facteurs de risque pré-réparation 

• Conséquences de la réparation!

• Considérations particulières



Conséquences de la 
Réparation

• Complications 

• Blocs de conduction (CIV) 

• Dommages aux coronaires ou ventricules (TOF) 

• Lésions résiduelles 

• Anomalies non réparées lors de la chirurgie 

• Conséquences directes de la chirurgie 

• Physiologie ou anatomie anormale (Mustard, Senning, 
Fontan)



Conséquences à Long Terme des 
Pathologies Cardiaques Congénitales

indicators recorded in their computerised records (table 5).
However, because this was true for controls as well as cases,
odds ratios for having each of the clinical indicators recorded
were in fact higher in men than women. In both men and
women, levels of clinical indicator recording were higher in
complex or moderate cases of congenital heart disease than in
simple cases.

DISCUSSION
Principal findings
In this population-based study, we found that the overall crude
prevalence of diagnosed congenital heart disease is three people
in every 1000. Just over one-quarter of patients with congenital
heart disease have either moderately complex or complex lesions
of the type that would typically require follow-up in a specialist
centre. Unsurprisingly, we found that people with congenital
heart disease have an increased risk of cardiovascular comorbid-
ities and diabetes, yet they also have an increased risk of
epilepsy and chronic renal disease. We also found that levels of
healthcare use among people with congenital heart disease
are high, even among simple or uncomplicated cases.
Patients with congenital heart disease are more likely than

age- and sex-matched controls to have basic clinical indicators
recorded in their primary care computerised records, however,
the overall level of recording of each indicator is low compared
with those reported in previous studies of patients with diabetes
and coronary heart disease.21 22 26

Strengths and limitations
Our sample of patients with congenital heart disease is derived
from a large and nationally representative study population.
The age and sex composition of the QRESEARCH database
corresponds well to the national population (data not shown),
and previous studies have validated the QRESEARCH database
against other population and primary care data sources, and
found high levels of consistency and completeness.23

Consequently, our estimates of crude prevalence, prevalence
of comorbidities, patterns of healthcare use and process of care
measures have good generalisabilty.

Our case definition was based on diagnostic codes for
congenital heart disease, and procedure codes specifically
relating to congenital heart disease. The diagnosis of congenital
heart disease has not been specifically validated in the
QRESEARCH database, or in similar general practice research

Table 2 Prevalence and odds ratios for ‘‘ever diagnosed’’ selected comorbidities for 9952 cases and 29 837
controls

Comorbidity
Cases
No (%)

Controls
No (%)

OR (unadjusted)
(95% CI)

OR (adjusted)*
(95% CI)

Atrial fibrillation 425 (4.3) 206 (0.7) 8.4 (6.9 to 10.2) 7.6 (6.1 to 9.3)

Chronic renal disease 80 (0.8) 61 (0.2) 4.2 (3.0 to 5.9) 3.4 (2.3 to 5.1)

Diabetes 256 (2.6) 562 (1.9) 1.4 (1.2 to 1.6) 1.3 (1.1 to 1.5)

Depression 285 (2.9) 767 (2.6) 1.1 (1.0 to 1.3) 1.1 (0.9 to 1.2)

Epilepsy 241 (2.4) 283 (0.9) 2.6 (2.2 to 3.1) 2.4 (1.9 to 3.0)

Erythrocytosis 28 (0.3) 3 (0.01) 28.0 (8.5 to 92.1) 23.5 (7.1 to 77.8)

Heart failure 257 (2.6) 136 (0.5) 10.3 (8.2 to 12.9) 6.7 (5.2 to 8.5)

Hypertension 929 (9.3) 2008 (6.7) 1.6 (1.5 to 1.8) 1.4 (1.3 to 1.5)

Stroke and transient ischaemic
attack

257 (2.6) 283 (0.9) 3.0 (2.5 to 3.6) 2.6 (2.2 to 3.2)

*Adjusted for quintile of deprivation and smoking status.

Table 3 Odds ratios for selected measures of healthcare utilisation between 2002 and 2004 for cases and
controls

Cases

Controls
(n = 29 837)

Complex or
moderate CHD
vs no CHD
(adjusted OR*
(95% CI))

Simple CHD
vs no CHD
(adjusted OR*
(95% CI))

Complex
or moderate
(n = 2247)

Simple
(n = 7250)

Specialist referrals, 2002–4

0 1457 4880 22 744 1.0 1.0

1–3 726 2205 6495 1.8 (1.5 to 2.2) 1.7 (1.5 to 1.9)

>4 64 165 598 1.6 (1.0 to 2.6) 1.3 (1.0 to 1.8)

Prescriptions, 2002–4

0 190 812 5612 1.0 1.0

1–9 685 2976 11 264 1.6 (1.1 to 2.1) 1.5 (1.3 to 1.8)

10–19 345 1175 4125 2.3 (1.7 to 3.3) 1.8 (1.5 to 2.1)

>20 1027 2287 8836 4.0 (2.9 to 5.4) 1.9 (1.6 to 2.2)

GP consultations 2002–4

0 171 661 4773 1.0 1.0

1–9 1130 4092 15 982 1.9 (1.4 to 2.7) 1.7 (1.4 to 2.0)

10–19 579 1677 5853 2.8 (2.0 to 4.0) 2.0 (1.7 to 2.4)

>20 367 820 3229 4.3 (3.0 to 6.1) 2.1 (1.7 to 2.6)

*Adjusted for deprivation and smoking.
CHD, congenital heart disease.

Congenital heart disease

Heart 2008;94:1194–1199. doi:10.1136/hrt.2007.122671 1197

 group.bmj.com on March 30, 2014 - Published by heart.bmj.comDownloaded from 

Heart 2008;94:1194–1199.



Approche pour l’Évaluation 
du Patient ACHD

• Anatomie de la pathologie cardiaque congénitale 

• Types de réparation 

• Facteurs de risque pré-réparation 

• Conséquences de la réparation 

• Considérations particulières



Syndromes



Considérations Particulières

• Accès veineux et artériel potentiellement anormaux 

• Anticoagulation: ASA, Plavix, Coumadin…. 

• Risque de thrombose 

• Considérations psychosociales 

• Multiples hospitalisations



Prophylaxie de l’Endocardite 
Bactérienne

Cardiac conditions associated with the highest risk  
of adverse outcome from Endocarditis  

for which prophylaxis with dental procedures is reasonable

• Prosthetic cardiac valve or prosthetic material used for cardiac valve repair 
• Previous Endocarditis 
• Congenital Heart Disease (CHD) * 

– unrepaired cyanotic CHD, including palliative shunts and conduits 
– completely repaired CHD with prosthetic material or device, whether placed by surgery or catheter intervention, 
during first 6 months after the repair 
– Repaired CHD with residual defects in the site or adjacent to a site if a prosthetic patch or prosthetic device 
(which inhibit endothelialization) # 

•Cardiac transplantation recipients who develop cardiac valvulopathy

(*): Except for conditions listed above, antibiotic prophylaxis is no longer recommended for any other form of CHD 
(#): prophylaxis is reasonable because endothelialization of prosthetic material occurs within first 6 months

http://www.americanheart.org  or Circulation 2007, 116; 1736-1754

http://www.americanheart.org/


Chirurgie Urgente Non-
Cardiaque chez ACHD

• Prédicteurs de haut risque: 

• NYHA classe IV ou insuffisance cardiaque 
évoluant rapidement 

• Arythmies significatives 

• Pathologie valvulaire obstructive sévère 

• Syndrome coronarien instable 

• Laparoscopie peut augmenter le risque



En Obstétrique aussi…

• Patiente de 25 ans se présentant pour un 
accouchement 

• Opération de Fontan à l’âge de 3 ans



Obstétrique

Pre-conception planning should also include optimi-
sation of the cardiovascular system in preparation for
pregnancy. For example, balloon valvotomy may im-
prove stenotic valvular lesions, and in some cases even
open surgery may be indicated. Drug regimens may also
be altered at this stage, for example swapping drugs with
adverse fetal effects, such as angiotensin converting en-
zyme inhibitors, for others with better safety profiles.
Women taking anticoagulants need counselling regard-
ing the relative merits of heparin and warfarin.9 Finally,
advice on general fitness, good dental care and nutrition
(including regular folate) can also be given.

ANTEPARTUM

Problems

The first twenty weeks of gestation represent a major
challenge to women with significant cardiac disease.
Cardiac output increases to !40% above normal levels
by 20 weeks, and blood volume increases by !50%.
These changes place great strains on an already over-
worked heart. Systemic vascular resistance (SVR) falls,
encouraging right-to-left shunting if conditions allow
(e.g. a ventricular septal defect with increased pulmon-
ary artery pressure). Maternal and fetal oxygen require-
ments increase whilst maternal functional respiratory
capacity decreases, exacerbating hypoxaemia.

Systemic ventricular failure may be heralded by
increasing fatigue, inability to cope with normal life
activities, and shortness of breath – symptoms that
may be difficult to distinguish from the normal tiredness
associated with pregnancy. Arrhythmias are common in
pregnancy but they too may signify cardiac decompen-
sation. Palpitations, !funny turns" and documented
arrhythmias may be early warning signs that the balance
of myocardial oxygen supply and demand is failing and
should be taken very seriously. Other cardiac complica-
tions such as thromboembolism and bacterial endocardi-
tis should also be remembered.

Finally, women with cardiac disease may also suffer
the usual complications of pregnancy, in particular pre-
eclampsia, which may have destabilising effects on an
already compromised cardiovascular system.

Management

At all stages it is important to consider the nature of
the lesion and the potential problems associated with it

Table 1. Risk of death or severe morbidity resulting from certain cardiac lesions in pregnancy7

Low risk (mortality 0.1-1.0%) " Most repaired lesions
" Uncomplicated left-to-right shunts
" Mitral valve prolapse; bicuspid aortic valve; aortic regurgitation; mitral regurgitation;

pulmonary stenosis; pulmonary regurgitation

Intermediate risk (mortality 1-5%) " Metal valves
" Single ventricles
" Systemic right ventricle; switch procedure
" Unrepaired cyanotic lesions
" Mitral stenosis; mild/moderate aortic stenosis; severe pulmonary stenosis

High risk (mortality 5-30%) " NYHA* III or IV
" Severe systemic ventricular dysfunction
" Severe aortic stenosis
" Marfan"s syndrome with aortic valve lesion or aortic dilatation
" Pulmonary hypertension (NB: mortality 30-50%)

*New York Heart Association Classification of cardiac disease.

Table 2. Risk factors for cardiac events (pulmonary oedema,
arrhythmias requiring treatment, stroke, cardiac arrest or death)
derived from a Canadian series8

Risk factors " Prior cardiac event or arrhythmia
" NYHA* III/IV or cyanosis
" Left heart obstruction
" Left ventricular dysfunction

Probability of cardiac event " 0 risk factors: 5%
" 1 risk factor: 27%
" 2 risk factors: 75%

*New York Heart Association Classification of cardiac disease.

Table 3. Risk of neonatal cardiac lesions when at least one parent
has congenital heart disease7

Tetralogy of Fallot 2-3%
Persistent ductus arteriosus; aortic coarctation 4%
Atrial septal defect 5-11%
Pulmonary stenosis 6-7%
Ventricular or atrioventricular septal defect 10-16%
Aortic stenosis 15-18%
Marfan"s/Di George"s syndrome 50%
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Contre-Indications à la 
Grossesse

• NYHA III ou IV  

• Dysfonction ventriculaire sévère 

• Sténose Aortique Sévère 

• HTP sévère (mortalité 30-50%)  

• Marfan avec dilatation de l’aorte > 40 mm



Risques Périnataux
• Edème pulmonaire 

• Perte sanguine et thromboses 

• Arythmie  

• Crises d’hypertension pulmonaire 

• Diminution des résistances systémiques peut 
augmenter le shunt droit-gauche et la cyanose



Régionale ou Générale ?
• Minimiser l’impact sur la physiologie 

• Analgésie pour le travail 

• Épidurales préférable aux spinales (mais aucune 
évidence) 

• Permet d’éviter les valsalvas 

• Risque d’hémorragie épidurale plus élevé (Fontan, 
anticoagulation) 

• Risque de vasodilatation excessive 

• Oxytocin



Lésions Spécifiques
• CIA 

• CIV 

• Tétralogie de Fallot 

• Transposition des Gros Vaisseaux 

• Étapes de la réparation pour un syndrome 
d’hypoplasie du coeur gauche (SHCG)



CIA
• 5-10%  

• Plusieurs types 

• Fermeture spontanée  

• 40% premier 4 ans  

• 80 % pour les petites CIA 

• Embolie paradoxale 

• Fermeture Cathé Cardiaque



CIA
• Hypertension pulmonaire (réparation tardive, Von Willebrand, 

Trisomie 21) 

• Arythmie 7-20%  

• Risque augmenté avec arythmie pré-réparation 

• Suivi long terme: FA/flutter 4 % < 11 ans, 59% > 41ans 

• Dysfonction du node sinusal dans 7.5% 

• Dilatation persistante du VD 

• CXR: jusqu’à 2 ans  ECHO: jusqu’à 5 ans



CIV
•  20-25% 

• Plusieurs Types 

• Fermeture Spontanée 

• 30-40% avant 2 ans 

• Options chirurgicales 

• Cerclage palliatif des AP 

• Fermeture avec patch



CIV
• Hypertension pulmonaire (réparation > de 2 ans) 

• Arythmie et problèmes de conduction 

• Bloc du 3 degré < 2% 

• BBD: ventriculotomie 62% vs atriotomie 33% 

• Mort soudaine:  Ventriculotomie droite 1-2%  

• Dysfonction ventriculaire (réparation tardive)



Transposition des Gros 
Vaisseaux

• 5%, M/F: 3:1!

• Circulation Parallèle !

• Mélange par CIA, CIV et 
CA!

• CIV 40%, Sténose 
pulmonaire 30-35%!

• Switch Auriculaire, 
Ventriculaire ou Artériel



What is Transposition of the Great Arteries?
In transposition of the great arteries (TGA), the heart’s
two major arteries are reversed. The blue blood
entering the heart gets pumped directly out to the
body without going through the lungs. Blood coming
from the lungs gets sent back to the lungs rather than
out to the body. Babies born with TGA will die unless
there is a hole between the two sides of the heart to
allow some red blood to get out to the body. Many
people with TGA are born with a ventricular septal
defect (VSD) that allows this to happen. In others,
doctors make a hole to keep them alive. Babies born
with TGA almost always need surgery to help the heart
work more normally. Two of these surgeries are the
Mustard and the Senning repair (also called Mustard
or Senning procedures). The main other surgeries are
the arterial switch and Rastelli procedure.

What is a Mustard or Senning repair?
The Mustard and Senning repair are two similar
operations for TGA. Each is named for the surgeon
who first performed the operation. In both, the
surgeon creates a two-way baffle in the top part of
the heart. This baffle serves as a bridge between the
two sides of the heart. In a Senning procedure, the
surgeon uses the patient’s own tissue to create the
baffle. In the Mustard procedure, a synthetic material
is used. Both are called “atrial switch procedures”
because there is a baffle through the heart’s top
part, or atria, which allows the blood to reach the
ventricles.

When and where were Mustard and Senning
repairs first done?
Dr. Ake Senning of Sweden performed the first
Senning procedure in 1957. Dr. William Mustard, from
Canada, performed the first Mustard procedure in
1963. In general, the Senning was more common in
Europe and the Mustard was more common in the
United States and Canada.

Are the Mustard and Senning repairs still used?
Today’s children born with TGA usually have an
operation called an arterial switch. This operation
was first developed in the late 1980s. In the arterial
switch, the surgeon disconnects and reattaches the
heart’s arteries to create more normal blood flow.
This means that Mustard and Senning patients are
usually between 22 and 50 years old.

What kind of long-term problems do people with
a Mustard or Senning repair experience?
There are three kinds of problems that people with a
Mustard or Senning repair face: rhythm problems,
baffle problems, and pump problems:

• Rhythm problems: Many TGA patients have inborn
problems with the heart’s electrical system. The
scarring from previous surgery can also cause
electrical problems. Sometimes the heart’s “relay
box,” called the sinus node, is damaged. This can
cause sick sinus syndrome, which makes the heart
beat too slowly. Pacemakers are used to treat a
too-slow heart. Up to 25% of Mustard/Senning
patients have a pacemaker by adulthood. Other
TGA patients experience heart rates that are too fast
(tachycardia). This happens when a section of the
heart’s electrical system starts firing too quickly.
Heart rhythm doctors now often use ablation to treat
too-fast heart rates. The doctor first identifies the
area of the heart that is misfiring. Then, this area is
scarred to stop the fast heart rate. If the ablation is

A P U B L I C A T I O N O F T H E A D U L T C O N G E N I T A L H E A R T A S S O C I A T I O N

ACHA Q and A:
Transposition of the Great Arteries after Mustard/Senning Repair

In this illustration of a heart with TGA that has had a Mustard/
Senning repair, the blue blood flows through the two-way Systemic
Venous Baffle (SVB) to the left ventricle. The blue blood is pumped
to the lungs to get oxygen. The red oxygenated blood is directed
through the Pulmonary Venous (PV) baffle to the right atrium and
gets pumped by the right ventricle to the rest of the body.

KEY:
SVC – Superior Vena Cava
IVC – Inferior Vena Cava
SVB – Systemic Venous Baffle
LV – Left Ventricle
MPA – Main Pulmonary Artery

PV – Pulmonary Venous Baffle
RV – Right Ventricle
Ao – Aorta

©The Adult Congenital Heart Association.

Image courtesy of the Columbus Ohio Adult Congenital Heart Disease Program at
Nationwide Childrenʼs Hospital Heart Center, Columbus, Ohio.

www.achaheart.org • (888) 921-ACHA

Switch Auriculaire (Mustard, Senning) 

• Résultat Long term 

• Arythmies 

• Auriculaire, Maladie du 
noeud sinusal (> 30%) 

• Obstruction de la cloison 

• Insuffisance ventriculaire (10%) 

• Diminution capacité à l’effort



Switch Artériel (Jatene)
• En une ou deux étapes (depuis 1984)  

• Sténose pulmonaire supravalvaire 

• Re-intervention dans 5-30%,  6 mois 
d’age 

• Coronaires anormales 

• 1-3% occlusions asymptomatiques 

• Arythmie rare 

• Function cardiaque excellente

Shunts et procédures

• Jatene



• Sténose voie d’éjection 
du VD 

• CIV 

• Hypertrophie du VD 

• Dextroposition de 
l’aorte

Tétralogie de Fallot



• Options chirurgicales 

• Une ou deux étapes  

• Patch trans-annulaire 

• Patch CIV 

• Coronaires anormales 5-8%

Tétralogie de Fallot



• CIV résiduelle (jusqu’à 20%) 

• Obstruction de la chambre de chasse 
droite résiduelle 

• 10% sévere (VDP > 75% P systémique) 

• Régurgitation pulmonaire sévère 

• Ventriculotomie droite 

• Dysfonction du VG  

• Collatérales Aorto-Pulmonaires

Tétralogie de Fallot



Tétralogie de Fallot
• Arythmies 

• Ventriculaires 10% au repos, 30% avec l’exercise 

• Problèmes de conduction: 25% (BBD…) 

• Mort soudaine: 0.3% / patient par année post op 

• Dysfonction du ventricule droit 

• Surcharge volumique (CIV résiduel et/ou Régurgitation 
Pulmonaire) 

• Surcharge de pression (Obstruction chambre de chasse 
droite résiduelle) 

• Asymptomatique mais tolérance à l’exercice diminuée



Syndrome d’Hypoplasie du 
Coeur Gauche

• Hypoplasie du coeur gauche 

• Atrésie de la valve mitrale 

• Atrésie de la valve aortique 

• Hypoplasie de l’aorte 
ascendante 

• CIA et CA nécessaire



Syndrome d’Hypoplasie du 
Coeur Gauche

• Circulation Parallèle 

• Réparation en étape 

• Norwood dans la première 
semaine de vie 

• Glenn Bidirectionnel à 3-6 
mois 

• Fontan Modifié à 18-36 
mois



Circulation Parallèle
• Groupe 1: Qp:Qs = 1!

• Circulation balancée!

• Groupe 2:  Qp:Qs > 1!

• Surcharge volumique pulmonaire!

• Hypoperfusion systémique!

• Groupe 3: Qp:Qs < 1!

• Hypoxémie!

• Perfusion systémique adéquate



Procédure de Norwood
• Création de la Néoaorte 

• Septectomie auriculaire 

• Blalock-Taussig Shunt modifié 

• Objectifs:  
• Permettre une perfusion 

systémique indépendante du 
CA 

• Maintenir la fonction du 
ventricule unique 

• Permettre une maturation 
normale du système vasculaire 
pulmonaire



Glenn Bidirectionnel
• Débit pulmonaire 

provenant de la VCS 

• Débit provenant de la VCI 
non-oxygéné 

• Saturation 80-85% 

• Diminution de la 
surcharge volumique 

• Permet préservation de la 
fonction ventriculaire



Fontan Modifié
• Connection Cavo-pulmonaire 

• Circulation en série 

• Débit pulmonaire passif 
dépendant du gradient 
transpulmonaire (RVP) 

• Plusieurs modifications 

• Tunnel latéral 
• Fontan extracardiaque 
• Fénestration



Hémodynamie du Fontan
• Pression veineuse centrale = Pression artère pulmonaire 

• Maintenir ou augmenter la précharge 

• Maintenir des pressions intrathoracique basse (ventilation 
spontanée préférable) 

• Circulation Pulmonaire 

• Éviter l’augmentation de la résistance vasculaire pulmonaire 

• Sensible à la pression élevée de l’oreillette 

• Dysfonction systolique ou diastolique du VD, insuffisance 
tricuspide, FA 

• Maintenir le débit cardiaque (tachycardie légère, inotropes)



Considérations Particulière 
du Fontan

• Arythmie:  20% après 10 ans (FA, Blocs de conduction) 

• Thromboembolismes (2.6%) 

• Entéropathie par perte de protéines (3-14%) 

• Diminution de la capacité à l’exercice 

• Moniteurs 

• Ligne centrale augmente risque de thrombose 

• Aucun Swan-ganz



Conclusion
• Évaluation 

• Anatomie de la pathologie cardiaque congénitale 

• Types de réparation 

• Facteurs de risque pré-réparation 

• Conséquences de la réparation 

• Considérations particulières



Conclusion
• Préparation 

• Moniteurs 

• Lignes: Où, Quand, Combien ? 

• Prophylaxie de l’Endocardite Bactérienne 

• Risque de l’Arythmie (Antiarythmique, Cardioversion) 

• Risque de dysfonction ventriculaire (ETO, Inotropes) 

• Risque d’Hypertension Pulmonaire (Stratégie de 
Ventilation, iNO)


