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During your rotation in pediatric cardiac anesthesia, you will be exposed to many ideas, techniques, procedures, and technologies that may be somewhat new to you.   These cases ideally serve as illustrations of the particular facets of congenital heart disease, its diagnosis, and management.  Hopefully you can use this time to begin to understand the diseases and their treatments.  You have many opportunities during your training to debate the merits of sevoflurane versus halothane, but this will be your best chance to understand the physiology of the transitional circulation, the mixing patterns of single ventricle with transposition of the great vessels, or the determinants of cyanosis in Tetralogy of Fallot. 

There are numerous approaches in anesthesia texts to understanding congenital heart disease.  A useful starting point is to broadly classify physiologic abnormalities related to congenital heart disease and then place specific anomalies in those classifications.  The physiology follows from the anatomy, so beyond the usefulness of understanding the physiology in planning patient management, there is no substitute for understanding the anatomy.  Sometimes the anatomy is better understood by considering the embryologic development of the heart.  At first, try to understand the implications of these general components of cardiac malformation:

Example:

I. Acyanotic heart disease associated with 

A. Intracardiac left to right shunting

B. Systemic ventricle inflow obstruction

C. Systemic ventricle outflow obstruction

D. Myocardial dysfunction

II. Cyanotic heart disease associated with 

               A.   Decreased pulmonary blood flow

               B.   Mixing of venous and arterialized (pulmonary venous) blood

On your rotation you will have the opportunity to correlate your didactic learning with the clinical care of a wide variety of congenital cardiac lesions in many different settings.  Pediatric anesthesiologists should understand the anatomy and physiology of the following:     

                     PDA

                     ASD

                     VSD

                     Tetralogy of Fallot

                     Vascular ring

                     Shone’s Syndrome and its variants (HLHS)                                                                                                                                          

                     Pulmonary atresia

                     Endocardial cushion defects

                     Total and partial pulmonary venous connections

                     Coarctation and interruption of the aorta

                     Truncus Arteriosus

                     Aortic stenosis and insufficiency

                     Tricuspid atresia

                     Single ventricle physiology and the anatomic variants which undergo Fontan palliation

                     Transposition of the great arteries

                     Anomalous coronary artery syndromes

Even for the pediatric anesthesiologist whose practice does not include cardiac anesthesia, there are natural history issues related to congenital heart disease that arise either as an acquired condition, congenital condition, or a sequalae of the previous surgical repair or palliation. Some of those are

III. Aortic Stenosis/Aortic Insufficiency.

IV. Hypertension secondary to coarctation of the aorta.

V. Re-coarctation of the aorta or a pulmonary artery.

VI. Pulmonary insufficiency/stenosis or right ventricular outflow tract obstruction following repair of Tetralogy of Fallot.

VII. Mitral insufficiency or stenosis.

VIII. Pulmonary vascular obstructive disease.

IX. Impact of the transitional circulation on cyanotic and acyanotic lesions.

For the pediatric cardiac anesthesiologist, it is important to know the particulars of the surgical procedure, procedures of implementing and discontinuing cardiopulmonary bypass, and the potential complications of surgical correction and palliation of the above anomalies.  Some of your goals during your rotation will include understanding                            

X.      Sites and rationale for cannulation in cardiopulmonary bypass.

XI.     Post-repair troubleshooting by echocardiography.

XII.    Pacemaker introduction: basic lead analysis, generator programming, and modes.

My premise is that you are currently as well-versed in general anesthesia information as you will ever be, and in preparing for your Board Exams are reviewing material you learned during your residency.  As you learn about congenital heart disease, integrate what you know about anesthesia techniques and medications with what you are learning regarding the physiology of various cardiac anomalies.  Consider and understand

XIII.    The effects of premeditation and sedation on patients with congenital heart disease: age factors and physiology factors.

XIV. The effects of various anesthesia techniques on the patient’s physiology, i.e. what is an acceptable physiologic trespass for this patient?  What might be unacceptable and why?   These are the essential considerations in planning anesthesia management.  Some anesthesia texts categorize congenital heart disease and anesthesia drugs into tables referencing the desirability of the effects of agents on SVR, PVR, and myocardial contractility for each particular cardiac anomaly.  Rather than memorizing these tables, if you can “layer” an understanding of congenital heart disease onto your knowledge base in anesthesiology, you may conclude appropriately that there many correct approaches to anesthetizing the patient with congenital heart disease.  The important issue is whether the anesthesia technique AS PERFORMED BY YOU intrudes beyond a safe physiologic environment for the patient, with consideration for their cardiac (and other) conditions.  The skill and finesse in administration of an anesthetic plan is more important than choosing the “correct” drugs (as recommended by Authoritative author, et al). 

XV. The management challenges related to the physiology of cardiopulmonary bypass in the pediatric patient differs in many ways from the experience you may have had caring for adult patients. Issues relating to cardiopulmonary bypass in pediatric patients of all ages include

1) Flow and Pressure, alpha and pH stat blood gas management

2) Q10

3) Circuit size, oxygenators, etc.

4) Cannulation issues

5) Cold agglutinins

6) Heparinization and protamine

7) Coagulopathies

8) Anti-inflammatory therapies including antifibrinolytic medications and ultrafiltration on CPB.

9) Myocardial protection, temperature, cardioplegia

10) Pharmacologic myocardial protection

11) Cerebral blood flow and protection during CPB

12) Renal protection

13) Effects of CPB on the pharmacodynamics and pharmacokinetics of pertinent drugs

14) Basics of ECMO:  the circuit, cannulation and venting, arteriovenous versus venovenous ECMO, cardiac and respiratory indications for ECMO, hemofiltration.

XVI. It is assumed that you already are knowledgeable regarding basic issues of cardiovascular physiology in the normal heart,  ischemic heart disease, and valvular diseases seen in adults, eg, the failing heart, the concentrically hypertrophic heart, the eccentrically hypertrophic heart, etc.  To these “adult” issues you should add the concepts of the differences in cardiovascular physiology that are developmental, eg, maturational issues of receptor function and myocardial contractility, and an in-depth understanding of pulmonary vascular resistance in the normal and abnormal heart.

XVII. Nitric Oxide therapy in the OR and CTICU in patients with congenital heart disease is routine management on this service.  You will learn the basics of this important therapy as well as the special considerations required to administer NO vial an anesthesia machine.
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