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Congenital heart disease (CHD) may be defined as a structural 

abnormality of the heart or intrathoracic great vessels that is present at 

birth and is, or may become, of functional significance. This definition 

excludes congenital cardiomyopathies and arrhythmias such as Wolff–

Parkinson–White syndrome even if they are due to abnormalities 

present at birth. 

 CHD affects around 7.6 in every 1000 live births in the UK amounting 

to 5000 babies each year. Of these, 60% are diagnosed in infancy, 30% in 

childhood, and 10% as adults 

 ( particularly secundum atrial septal defect, Ebstein’s anomaly, 

coarctation of the aorta, and congenitally corrected transposition). The 

majority of patients with CHD are amenable to treatment by either 

device closure or surgery, and 90% of these children now survive 

to adulthood.  
Current estimates suggest that there are 1.2 million adults in Europe and a further 

2 million in the USA with adult CHD (ACHD). A recent estimate from Canada 

reported 11.89 cases per 1,000 children and 4.09 cases per 1,000 adults with 

CHD.  



Epidemiology of CHD 

 About 25% of adults with CHD have a mild form of the disease that 
has allowed them to survive into adulthood without surgical or 
interventional cardiac catheterization. 

 The most common lesions in this category include 

     Mild aortic valve stenosis (usually in setting of bicuspid aortic valve) 

     Small restrictive ventricular septal defects, atrial septal defects 

    Mild pulmonary valve stenosis 

    Mitral valve prolapse and  

    Isolated congenitally corrected transposition of the great arteries .  

 

The vast majority of adults with CHD seen in the outpatient setting, 
however, are patients who have had previous surgical or catheter-
based intervention 



   CHD lesions can be functionally classified 

into 

  Those that produce left to right shunts 

(acyanotic) 

  And those that produce cyanosis (right 

to left shunting). 



Common CHD seen in adult 

congenital heart disease centers 



Distribution of diagnosis of grown up congenital 

heart disease (GUCH)patients in the Dutch 

national registry (CONCOR programme) 

    Diagnosis                                                        Percentage 
 ASD                                                                                       17 

 VSD                                                                                       14 

 Tetralogy of Fallot                                                                   11 

 Coarctation                                                                             10 

 Aortic stenosis                                                                         8 

 Pulmonary stenosis                                                                 7 

 Bicuspid aortic valve                                                                6 

 Marfan’s syndrome                                                                  5 

 Transposition of the great arteries                                           5 

 Pulmonary atresia                                                                    2 

 AVSD                                                                                        2 

 Ebstein’s anomaly                                                                     2 

 Other diagnosis                                                                        11 



Classification of ACHD according to complexity 



 Adult patients with CHD are now surviving longer than ever 
before, and it is becoming increasingly apparent that even the 
most simple lesions can be associated with long-term 
complications. 

 Adult patients with CHD requiring noncardiac surgery can be 
viewed on a continuum in which some patients have defects that  

have not been corrected, 

 some have received palliative repairs (e.g., partial or total 
cavopulmonary shunts), and 

others have undergone complete anatomic correction.  

    Some patients will present with mild disease and will require less 
aggressive management, whereas others with complex disease 
will require care from cardiologists and anesthesiologists with 
significant expertise in CHD. 

 In nearly all cases, CHD in adults should be viewed as a systemic 
condition with associated multiorgan dysfunction. 



Common medical concerns in patients with 

ACHD 



Pulmonary Hypertension 



Pulmonary Hypertension 

 A primary goal of anesthetic management in patients 
with pulmonary hypertension is to minimize 
increases in pulmonary vascular resistance and 
to maintain systemic vascular resistance. 

 Abrupt increases in pulmonary vascular resistance may 
precipitate either acute right ventricular failure and 
decreased cardiac output in patients without 
intracardiac shunting or oxygen desaturation followed 
by decreased cardiac output in patients with 
intracardiac shunting. In both cases, severe bradycardia 
may occur with progression to cardiac arrest. 



Pulmonary Hypertension 
Prevention and treatment of pulmonary hypertensive crisis includes 

 Moderate hyperventilation (with 1.0 fractional inspired oxygen concentration),  

 correction of acidosis, 

  avoidance of sympathetic nervous system stimulation,  

 maintenance of normothermia, 

  minimization of intrathoracic pressure,  

  use of inotropic support. 

 Consider inhaled prostanoid (iloprost) if available. 

  Intravenous (IV) magnesium sulfate may provide temporary reductions in PVR 

 Inhaled nitric oxide 

 

 

            Regional anesthesia 

 

            General anesthesia 
 



Anesthetic and hemodynamic goals 

for pulmonary hypertension 

 1. Avoid elevations in PVR: Prevent hypoxemia, 
acidosis, hypercarbia, and pain. Provide supplemental 
oxygen at all times. 

   Consider inhaled nitric oxide (iNO) to acutely decrease 
PVR. 

 2. Maintain SVR: Decreased SVR dramatically 
reduces CO due to “fixed” PVR. 

 3. Avoid myocardial depressants and maintain 
myocardial contractility. 

 4. Maintain chronic prostaglandin therapy without 
altering dosage. 

 5. Utilize low-pressure mechanical ventilation when 
possible. 



Bleeding and Thrombosis Risk 

 Cyanotic patients are at high risk for both 
perioperative bleeding and thrombosis, even 
during minor surgery. Both are secondary to 
abnormalities in platelet number and function as 
well as complex abnormalities in the coagulation 
system. 

 Although patients with cyanosis have an increased 
risk for bleeding, this is not protective against 
thrombosis. The end result is decreased flow in 
the small arterioles and capillaries. This is further 
exacerbated in the setting of iron deficiency and 
dehydration. 



Bleeding and Thrombosis Risk 

 Adequate hydration with intravenous fluids must be 
maintained, particularly in fasting patients. Although 
euvolemic phlebotomy is no longer a routine practice, 
preoperative phlebotomyto improve surgical hemostasis  
may be useful when hematocrit levels exceed 65%. 

 Careful preoperative assessment of the coagulation 
system is essential, and replacement of coagulation 
factors and platelets should be considered in patients 
undergoing moderate or major surgery. 

   In addition, iron deficiency should be corrected 
preoperatively if the procedure is not urgent. 



Heart Failure 

 Right-sided and left-sided heart failure are common 
complications of both corrected and uncorrected 
CHD. 

 Management of left ventricular failure with diuretics, 
digoxin, angiotensin- converting enzyme inhibitors, 
and beta-blockers is similar to other forms of 
acquired heart failure, and treatment should be 
optimized in the perioperative period. 

 In contrast to left ventricular failure, there are no 
evidencebased guidelines for the management of 
heart failure in patients with a systemic right 
ventricle. 



Dysrhythmias 

 Atrial and ventricular dysrhythmias are 
common in adults with CHD. 

   Dysrhythmias arise in patients who have 
undergone previous curative or palliative 
surgery as a primary consequence of the 
underlying congenital defect or secondary to 
surgical repair. 

 The most common form of tachyarrhythmia 
observed is intraatrial reentrant tachycardia 
originating from the right atrium. 



Dysrhythmias 

 Ventricular dysrhythmias are most frequently encountered 
in patients who have significantly decreased right or left 
ventricular function. Other risk factors include previous 
ventriculotomy, earlier surgical era, or older age at initial 
surgery. 

 

 Patients who were repaired late are exposed to longer 
periods of cyanosis, volume overload, and pressure overload. 
As a result, they have increased myocardial fibrosis and 
associated slowing of conduction and an increased risk for 
dysrhythmias. 

  Acute hypoxemia can provoke ventricular dysrhythmias 
because subendocardial myocardial perfusion is already 
impaired in hypertrophied myocardium. 



Anesthetic Management Of 

ACHD 
 Preoperative Evaluation 

    The preoperative evaluation of patients with 
CHD undergoing noncardiac surgery should use a 
multidisciplinary approach that includes the 
participation of anesthesiologists, cardiologists, 
intensivists, and surgeons. 

 Guidelines of the task force for the organization 
of delivery systems for adults with CHD 
recommend that patients with moderate or 
complex CHD should be managed in a regional 
adult congenital heart disease center. 



Anesthetic Management Of 

ACHD 
Preoperative Evaluation 

 The risks to patients undergoing non-cardiac 
surgery can be greatly reduced by gaining an 
insight into the anatomical and functional 
implications of the individual lesion and any 
associated acquired heart disease or other co-
morbidity .  

 Those lesions associated with raised pulmonary 
vascular resistance represent the highest risk and 
should always be discussed with the specialist team 
before undertaking anaesthesia for routine non-
cardiac surgery. 

 



The key anesthetic 

considerations in ACHD 
 History: Obtaining a thorough and 

accurate surgical and medical history is 

critical, however challenging, as only half of 

patients with ACHD are able to correctly 

describe their diagnosis. 

 Patients with ACHD have varying functional 

capacities which may make evaluation of true 

cardiac capacity more challenging. 



The key anesthetic 

considerations in ACHD 
          Signs and symptoms of ACHD 

   Some generalized exam findings that may indicate ACHD 
include the following : 

 1. Continuous heart murmurs: There are 
relatively few acquired cardiac diseases 
producing a continuous type of murmur. 

 2. Right bundle branch block (RBBB): This can 
occur in the general population; however, if found 
in conjunction with a continuous murmur, this may 
indicate a congenital defect. 

 3. Evidence of cyanosis without existing 
pulmonary disease 

 4. The above findings should trigger an 
echocardiographic study prior to surgical care. 



The key anesthetic 

considerations in ACHD 
   Assessment of the perioperative risk for ACHD 

patients 

 Anesthetic evaluation should focus on predicting risk of 
surgery in this patient population.Some key prognostic 
indicators for outcomes in ACHD surgery (both cardiac 
and noncardiac) include the presence of the below-listed 
factors : 

 1. Pulmonary arterial hypertension (PAH) 

 2. Cyanosis or residual VSD 

 3. Need for reoperation (cardiac surgery) 

 4. Arrhythmias 

 5. Ventricular dysfunction 

 6. Single ventricle physiology or a systemic right 
ventricle 



Factors to consider before undertaking 

anaesthesia in a patient with ACHD 

 A clear understanding of the anatomical configuration of 
the heart and great vessels and its associated 
pathophysiology is essential 

 A clear understanding of any associated non-cardiac disease 
and the often fragile emotional state of these patients when 
they discover they need to undergo anaesthesia and 
surgery 

 The risk of associated cardiac arrhythmias, including the 
management of pacemakers and implanted defibrillators 

 The possible negative inotropic, vasodilatory effects of 
anaesthesia, or both, particularly in the presence of heart 
failure 



Factors to consider before undertaking 

anaesthesia in a patient with ACHD 

 The impact of the chosen ventilatory strategy on the 
distribution of blood flow  

 Awareness of possible residual defects in patients 
who have undergone previous repair (paradoxical 
embolism, air embolism, pulmonary hypertension, 
Eisenmenger’s syndrome) 

 The need for antibiotic and thromboprophylaxis 

 The risk of bleeding 

 In older patients, additional co-morbid disease should 
be considered, e.g. Coronary artery disease, heart 
failure, diabetes mellitus, renal impairment 

 



Pre-operative Evaluation 

A) Multidisciplinary APPROACH- anesthesiologists, 
cardiologists, intensivists, and surgeons 

 

B) Look for echocardiogram and cardiac catheterisation to 
become familiar with patient’s anatomy and physiology 
ANTICIPATE intraoperative events 

 

C) ASSESS perioperative risk- Increased with 

 Poor functional class 

 Pulmonary HTN 

 CHF 

 Cyanosis 

 Major surgery ( OLV, changes in position 
eg.prone,trendelenberg) 



Premedication 

 Psychological preparation of patients for surgery 

 Premedication with anxiolytics and hypnotics must 
be undertaken very cautiously because 
hypoventilation and hypercapnia may produce 
deleterious increases in pulmonary vascular 
resistance, particularly, in patients with underlying 
pulmonary hypertension or systemic to pulmonary 
shunts. 

 However, patients with chronic hypoxemia retain a 
normal ventilatory response to hypercarbia as well 
as to opioid analgesics. 





Endocarditis Prophylaxis 
    Only patients with cardiac conditions associated with the 

highest risk for adverse outcomes should continue following 
antibiotic prophylaxis before surgery: 

 

  Patients with previous endocarditis,  

 Unrepaired cyanotic CHD, including palliative shunts and 
conduits; 

  Completely repaired congenital heart defects with prosthetic 
material or device, whether placed by surgery or by catheter 
intervention, during the first 6 months after the procedure;  

 Repaired CHD with residual defects at the site or adjacent to 
the site of a prosthetic patch or prosthetic device (which inhibit 
endothelialization). 

 Except for the conditions listed above, antibiotic prophylaxis is 
no longer recommended for other forms of CHD. 





Intraoperative monitoring 

 In addition to direct examination of the patient, 
standard conventional noninvasive monitoring 
including pulse oximetry, electrocardiogram, 
arterial blood pressure, capnography and 
temperature are used in all patients. 

 The capnogram is altered, and end tidal carbon 
dioxide concentrations underestimate PaCO2 in 
the case of right to left shunting. 



Intraoperative monitoring 
                          Pulse oximetry 

  Signify increase in Pulmonary vascular 
resistance 

  Increase Right to left shunt 

  Decrease pulmonary blood flow through 
shunts 

  Increase in left to right shunt may not be 
detected by pulse oximetry and oxygen 
saturation may be maintained even if systemic 
cardiac output is severely compromised. 



Intraoperative monitoring 
 Knowledge of the Anatomy and Physiology of  specific 

palliative repairs is important for choosing appropriate 
monitoring. 

 In patients with a classic Blalock-Taussig shunt (end to side 
anastomosis of the subclavian and pulmonary arteries) 
arterial pressure and SpO2 cannot be measured on the 
ipsilateral side. 

 Alterations in intracardiac anatomy complicate the 
placement of central venous catheters in palliated 
adults, and the anatomical variations must be considered 
when interpreting values obtained from central venous 
monitoring. For example, in patients with a Fontan 
circulation, central venous pressure reflects mean 
pulmonary artery pressure. 

 





Intraoperative monitoring 
 Alterations in intracardiac anatomy complicate the placement of central 

venous catheters in palliated adults. 

 CVP values interpretation will be different. Eg. In Fontan; CVP ~ mean 
PAP 

  In Intraatrial Buffle(Mustard or Senning procedure) ; PAC placement is 
difficult or impossible. 

  Vascular access --- may be difficult --- previous catheterization 

  Invasive arterial pressure monitoring – Essential – sensitive to sudden 
changes in preload, SVR and PVR 

  TEE – might be useful – monitor intravascular volume status and 
ventricular function 

 Near-infrared spectroscopy (NIRS) has been suggested as a tool to 
monitor both cerebral and peripheral oxygenation. The concept is that 
this technology helps identify changes in oxygen delivery and may be 
more sensitive to changes in cardiac output. 



Anesthetic Technique 
 There are no evidence-based recommendations to guide the anesthetic 

management of patients with CHD undergoing noncardiac surgery. 
Given the large scope of abnormalities encompassed by CHD, it is also 
impossible to propose a single approach for anesthetic management 
that would address every possible defect. 

  However, a major objective of intraoperative management is to 

  

 Promote tissue oxygen delivery by preventing arterial 
desaturation, 

 

  Maintaining a balance between pulmonary and 
systemic flows,and by optimizing hematocrit. 



Anesthetic Technique 



Anesthetic Agents 

 Most intravenous agents depress myocardial 
contractility and decrease systemic vascular 
resistance, and these actions could have an 
adverse effect on tissue oxygen delivery during 
induction of anesthesia. 

 Alternatively,some evidence suggests that 
etomidate may provide hemodynamic stability 
in the setting of CHD similarly to other 
settings of impaired cardiac function. 



Anesthetic Agents 

 Ketamine has been suggested to increase pulmonary 
vascular resistance in adults without CHD. However, 
this agent produces beneficial effects in children with 
CHD and severe pulmonary hypertension undergoing 
sevoflurane anesthesia by maintaining systemic vascular 
resistance and ventricular performance, without 
increasing pulmonary vascular resistance. 

 As in the case of intravenous anesthetic agents, the 
choice of a specific volatile anesthetic agent to be used 
should be based on the patient’s physiology and the 
overall goal of balancing pulmonary and systemic blood 
flow. 





Specific intraoperative considerations 

with shunts 
 All IV lines must be meticulously DEAIRED to decrease the risk of 

systemic air embolization. Epidural catheter placement should use 
saline for loss of resistance 

  Hemodynamic effects of ventilation strategies, positioning, 
pharmacological agents, and blood loss must all appropriately 
BALANCE pulmonary and systemic blood flow. 

  Ventilation with High Airway Pressure can COMPROMISE venous 
return, increase PVR and exacerbate Right to Left shunt. 

  Inadequate anesthesia and sympathetic nervous system 
STIMULATION might increase SVR and exacerbate Left to Right 
shunting, reducing systemic cardiac output. 

  TRENDELENBURG position– Increase CVP– Cerebral 
hypoperfusion in a patient with Glenn or Fontan. 

  Systemic HYPOTENSION– decrease PBF– Arterial Desaturation, in a 
patient with a systemic to pulmonary artery shunt. 



Specific intraoperative considerations with 

UNIVENTRICULAR HEART 

 Single ventricle anatomy and physiology is probably, along with 
Eisenmenger syndrome, the most challenging CHD for the 
anesthesiologist to manage. 

  eg. Fontan – bypasses right ventricle, leaving passive non pulsatile flow 
from both SVC and IVC to PA 

  Any factor that increases PVR – decreases PBF – Arterial desaturation. 

  Fontan patients frequently present with complications – 
supraventricular dysrhythmias, restrictive lung disease, thromboembolic 
complications and hepatic dysfunction. 

  Both procoagulant and anticoagulant effects are observed with Fontan 
as a result of liver dysfunction, factor loss in patients with protein 
losing enteropathy – Increased Risk of Bleeding. 

  Patients with a Fontan circulation should maintain an arterial 
saturation above 90%.  If <90%, further evaluation for venovenous 
collaterals, AVM or residual shunt. 



Cardiac lesions conferring greatest mortality and 

morbidity risk with anesthesia 



Proposed Management Strategies for Specific 

Defects :A 



Proposed Management Strategies for Specific 

Defects:B 



Proposed Management Strategies for Specific 

Defects:C 



Proposed Management Strategies for Specific Defects:D 



Anesthetic and hemodynamic goals 

for patients with Fontan physiology 

 1. Maintain preload. Avoid aortocaval 

compression. 

 2. Avoid elevation in PVR by preventing 

acidosis, hypoxemia, and hypercarbia. 

 3. Maintain sinus rhythm. 

 4. Maintain spontaneous respiration when 

possible. 

 5. Avoid myocardial depressants. 



Anesthetic and Hemodynamic 

goals in ToF 
 1. Avoid changes (especially decreases) in SVR to 

prevent altering existing shunt. 

 2. Avoid increases in PVR by preventing hypoxia, 
hypercarbia, acidosis,  and providingsupplemental 
oxygen. 

 3. Maintain normal to elevated cardiac filling 
pressures, especially in patients with right ventricular 
impairment. Avoid aortocaval compression. 

 4. Continuous EKG monitoring is advisable due to 
high incidence of both atrial and ventricular 
arrhythmias. 

 5. Tachycardia and increases in myocardial 
contractility should be avoided in situations where 
there is residual RVOTO, as this may exacerbate the 
obstruction and  cause right-to-left shunting. 



The key anesthetic management concerns for 

patients with PS 

 1. Relative bradycardia (heart rate in the 60 to 
80 range) is preferred to allow time for complete 
ventricular ejection. Slower heart rates will also allow 
for increased coronary perfusion time. 

 2. PS represents a fixed obstruction to outflow, 
so alterations in PVR will not change the obstruction. 
Preload should be maintained to promote forward flow. 

 3. SVR should be maintained in the patient’s 
normal range, as reductions in diastolic pressure will 
decrease coronary perfusion pressure, leading to RV 
ischemia. Normally, the RV receives blood flow during 
both diastole and systole; however, with RV hypertrophy 
this is shifted primarily to the diastolic phase. 



Anesthetic and hemodynamic 

goals for TGV 
 1. Consider an arterial catheter and/or 

CVP catheter and avoid excessive fluids 

in patients with evidence of heart failure. 

 2. Avoid negative inotropic agents. 

 3. Monitor for arrhythmias and treat as 

indicated. 



Post operative management 

 Managed in ICU experienced with caring for 
adults with CHD 

  Major RISKS include : 

   Bleeding 

   Dysrhythmias 

   Thromboembolic  events 

 

 In case of pulmonary HTN, oral PULMONARY 
VASODILATORS such as sildenafil and inhaled 
nitric oxide may be beneficial. 



ACHD in which pregnancy is very high risk 

 Pulmonary hypertension (maternal mortality 
30–50%) 

 Arterial oxygen saturation below 85% (risk of 
fetal loss 88%) 

 Ejection fraction below 40% (NYHA III–IV) 
(maternal mortality 5–30%) 

 Aortic stenosis with an aortic valve area 
below 1.5 cm2 or a gradient across the valve 
30 mm Hg (maternal mortality 5–30%) 

 Dilated aortic root in Marfan’s syndrome 
(maternal mortality 5–30%) 


