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Preface


The fourth edition of the Handbook for Stoelting’s Anesthesia and Co-Existing Disease is intended to provide a ready source of information about the impact of disease states on the management of patients in the perioperative period. The handbook uses an outline format that follows the chapters and headings that appear in the sixth edition of Stoelting’s Anesthesia and Co-Existing Disease so readers can refer to corresponding areas in the textbook for more detailed information. The handbook thus serves as a more portable counterpart to the textbook that can be reviewed on site in the operating room or at other anesthetizing locations. Much of the information in the handbook is presented in tables, illustrations, and algorithms. This format helps with rapid access to salient aspects of particular medical conditions.


We wish to thank Dr. Gail A. Van Norman for her invaluable help in redacting the text.




Roberta L. Hines







Katherine E. Marschall













Chapter 1 Ischemic Heart Disease


Ischemic heart disease affects approximately 30% of patients undergoing surgery in the United States. Angina pectoris, acute myocardial infarction (MI), and sudden death are often the first manifestations of this disease. Cardiac dysrhythmias are the major cause of sudden death. The two most important risk factors for the development of coronary artery atherosclerosis are male gender and increasing age (Table 1-1). Presentation of patients with ischemic heart disease can include chronic stable angina or an acute coronary syndrome (ACS). ACS can manifest as ST-elevation MI (STEMI) or unstable angina/non–ST-elevation MI (UA/NSTEMI).




I. ANGINA PECTORIS


TABLE 1-1 Risk Factors for Development of Ischemic Heart Disease






	Male gender






	Increasing age






	Hypercholesterolemia






	Hypertension






	Cigarette smoking






	Diabetes mellitus






	Obesity






	Sedentary lifestyle






	Genetic factors, family history







Angina pectoris occurs when there is a mismatch of oxygen delivered to the myocardium (supply) and myocardial oxygen consumption (demand). Stable angina typically develops in the setting of partial occlusion or significant (>70%) chronic narrowing of a segment of coronary artery. When the imbalance between myocardial oxygen supply and demand becomes critical, congestive heart failure (CHF), electrical instability with dysrhythmias, and MI can result.



A. Diagnosis.

The pain of angina pectoris is generally described as retrosternal chest discomfort, pain, pressure, or heaviness that often radiates to the neck, left shoulder, left arm, or jaw and occasionally to the back or down both arms. Angina may also cause epigastric discomfort resembling indigestion, chest tightness, or shortness of breath. Discomfort usually lasts several minutes and follows a crescendo-decrescendo pattern; a sharp pain lasting only a few seconds or a dull ache lasting for hours is rarely angina. Stable angina is unchanged in frequency or severity over 2 months or longer. Unstable angina (UA) is angina at rest, of new onset, or of increased severity or frequency compared with previously stable angina. Chest wall tenderness suggests a musculoskeletal origin of chest pain. Sharp retrosternal pain exacerbated by deep breathing, coughing, or change in body position suggests pericarditis. Esophageal spasm can produce discomfort similar to angina pectoris and may be similarly relieved by administration of nitroglycerin.





1. Electrocardiography




a. Standard Electrocardiography.

Subendocardial ischemia is associated with ST-segment depression during anginal pain. Variant angina (angina that results from coronary vasospasm) is characterized by ST elevation during anginal pain. T-wave inversion may be present. In patients with chronic T wave inversion, ischemia may be associated with “pseudonormalization” of T waves to the upright position during episodes of ischemia.





b. Exercise Electrocardiography.

Exercise electrocardiography can detect signs of myocardial ischemia in relationship to chest pain. A new murmur of mitral regurgitation or a decrease in blood pressure during exercise increases the diagnostic value of this test. Exercise testing may be contraindicated in some conditions (e.g., severe aortic stenosis, severe hypertension (HTN), acute myocarditis, uncontrolled CHF, infective endocarditis) and may not be possible in patients who cannot exercise or if other conditions interfere with interpretation of the exercise electrocardiogram (ECG) (e.g., paced rhythm, left ventricular hypertrophy, digitalis administration, or preexcitation syndrome). A minimum criterion for an abnormal ST-segment response is 1 mm or more of horizontal or down-sloping ST-segment depression during or within 4 minutes after exercise.








2. Noninvasive Imaging Tests.

Noninvasive imaging tests are recommended when exercise electrocardiography is not possible or interpretation of ST-segment changes would be difficult. Cardiac stress can be induced by administration of atropine, dobutamine, or by cardiac pacing to increase heart rate, or by administration of a coronary vasodilator such as adenosine or dipyridamole.





a. Echocardiography.

Wall motion analysis is performed immediately after stressing the heart. Ventricular wall motion abnormalities induced by stress correspond to the site of myocardial ischemia.





b. Nuclear Stress Imaging.

Nuclear stress imaging is more sensitive than exercise testing in detecting ischemia. Nuclear tracers (thallium, technetium) are injected into the bloodstream and detected over the myocardium by single-photon emission computed tomography (SPECT) techniques. Imaging is performed twice: immediately after exercise, and 4 hours later at rest. Areas of reduced tracer activity during cardiac stress that are not present at rest indicate regions of reversible ischemia.





c. Stress Cardiac Myocardial Imaging.

Pharmacologic stress imaging with stress cardiac magnetic resonance imaging (CMRI) compares favorably with other imaging modalities.





d. Electron Beam Computed Tomography.

Coronary artery calcifications can be detected by electron beam computed tomography. Sensitivity is high but specificity is low, and routine use is not recommended.








3. Invasive Methods




a. Coronary Angiography.

Coronary angiography provides the most information about the condition of the coronary arteries. It is indicated in patients who continue to have angina pectoris despite maximal medical therapy, in those who are being considered for coronary revascularization, and for the definitive diagnosis of coronary disease in individuals whose occupations could place others at risk (e.g., airline pilots).





i. The most important prognostic determinants are the extent of atheromatous coronary artery disease, the stability of coronary plaque, and left ventricular function (ejection fraction).



ii. Left main coronary artery disease is the most dangerous anatomic lesion (>50% stenosis is associated with an annual mortality of 15%).



iii. Plaques most likely to rupture and initiate ACS, vulnerable plaques, have a thin fibrous cap and large lipid core.



iv. Left ventricular ejection fraction of less than 40% is associated with poorer prognosis. 




B. Treatment




1. Lifestyle Modification.

Progression of atherosclerosis may be slowed by cessation of smoking; maintenance of an ideal body weight through a low-fat, low-cholesterol diet; regular aerobic exercise; and treatment of HTN. Lowering the low-density lipoprotein level to less than 100 mg/dL by diet and/or drugs such as statins reduces risk of cardiac death. Lowering blood pressure from hypertensive levels to normal levels decreases the risk of MI, CHF, and cerebrovascular accident.





2. Treatment of Associated Conditions.

Associated conditions may include those that increase myocardial oxygen demand (e.g., fever, infection, tachycardia, thyrotoxicosis, heart failure, cocaine use) or decrease myocardial oxygen delivery (e.g., anemia).





3. Medical Treatment of Myocardial Ischemia (Table 1-2)



4. Revascularization.



TABLE 1-2 Medical Treatment of Myocardial Ischemia






	Classification

	Drugs

	Comments






	Antiplatelet drugs

	


Low-dose aspirin



Adenosine diphosphate receptor blockers: clopidogrel (Plavix), ticlopidine (Ticlid)



Platelet glycoprotein IIb/IIIa receptor antagonists (abciximab, eptifibatide, tirofiban)




	Decrease risk of cardiac events in patients with stable or unstable angina. Particularly useful after intracoronary stent placement.


• Low-dose aspirin recommended in all patients with ischemic heart disease without contraindications.



• 10% to 20% of patients are hyporesponders to aspirin and clopidogrel.









	β-Blockers

	


β1-Blockers (atenolol, metoprolol, acebutolol, bisoprolol)



β2-Blockers (propranolol, nadolol)




	Principal drug treatment for angina. Long-term use decreases risks of death and repeat MI. Used even in patients with congestive heart failure and pulmonary disease.






	Calcium channel blockers (CCBs)

	


Long-acting: amlodipine, nicardipine, isradipine, felodipine, long-acting nifedipine



Short-acting: nifedipine, verapamil, diltiazem




	Long-acting CCBs are effective at relieving anginal pain; short-acting CCBs are not. Not as effective as β-blockers in reducing risk of MI. Contraindicated in CHF; use with caution in patients already taking β-blockers.






	Nitrates

	Sublingual nitroglycerin, isosorbide dinitrate

	Decrease frequency, duration, and severity of angina. Contraindicated in obstructive cardiomyopathy and severe aortic stenosis. Must not be used within 24 hours of sildenafil (Viagra), tadalafil (Cialis), or vardenafil (Levitra), due to potential hypotension.






	Angiotensin-converting enzyme inhibitors

	Captopril, enalapril

	Recommended for all patients with coronary artery disease, especially those with HTN, diabetes, or left ventricular dysfunction. Contraindicated in patients with renal failure and bilateral renal artery stenosis.







CHF, Congestive heart failure; HTN, hypertension; MI, myocardial infarction.


Revascularization by coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI) with or without placement of intracoronary stents is indicated when optimal medical therapy fails to control angina pectoris. Revascularization is also indicated for specific anatomic lesions (left main stenosis of more than 50%, combinations of two-vessel or three-vessel disease that include a proximal left anterior descending artery stenosis of more than 70%) and decreased left ventricular ejection fraction (ejection fraction < 40%). Operative mortality rates for CABG surgery are 1.5% to 2%.

II. ACUTE CORONARY SYNDROME


ACS is a hypercoagulable state caused by focal disruption of an atheromatous plaque, generation of thrombin, and partial or complete occlusion of the coronary artery. Patients with ischemic chest pain are categorized by ECG characteristics and the presence of cardiac-specific biomarkers. Patients with ST-segment elevation have STEMI. Those with ST-segment depression or nonspecific ECG changes and ischemic pain are classified as having NSTEMI when cardiac biomarkers are positive or as having UA if biomarkers are negative.



A. ST-Elevation Myocardial Infarction.

Short-term mortality of patients with STEMI who receive aggressive reperfusion therapy is approximately 6.5% versus 15% to 20% in patients who do not receive reperfusion therapy. Long-term prognosis is determined by left ventricular ejection fraction (determined 2 to 3 months after MI), the degree of any residual ischemia, and the potential for malignant ventricular dysrhythmias.





1. Pathophysiology.

Inflammation plays an important role in events leading to rupture of atherosclerotic plaque. Serum markers of inflammation are increased in those at greatest risk of development of coronary artery disease. STEMI occurs when coronary blood flow decreases abruptly because of acute thrombus formation after a plaque fissures, ruptures, or ulcerates.





a. Plaques with rich lipid cores and thin fibrous caps [vulnerable plaques] are most prone to rupture but are rarely large enough to cause coronary obstruction by themselves. Plaque rupture results in a thrombogenic environment; collagen, adenosine diphosphate (ADP), epinephrine, and serotonin stimulate platelet aggregation, vasoconstrictor thromboxane A2 is released, and activated platelets promote growth and stabilization of thrombus.



b. Flow-restrictive plaques that cause angina pectoris and stimulate growth of collateral circulation are less likely to rupture.



c. Rarely, STEMI is the result of acute coronary spasm or coronary artery embolization.



2. Signs and Symptoms of Acute Myocardial Infarction (Table 1-3)




3. Diagnosis.



TABLE 1-3 Signs and Symptoms of Acute Myocardial Infarction






	Anginal pain that does not resolve with rest






	Anxiety






	Pallor






	Diaphoresis






	Sinus tachycardia






	Hypotension






	Pulmonary rales






	New cardiac murmur






	Dysrhythmia






	Abnormal ECG






	Increased cardiac biomarkers (CPK, troponins)







CPK, Creatine phosphokinase; ECG, electrocardiogram.


Diagnosis of acute MI requires the rise and fall in plasma levels of biochemical markers of myocardial necrosis plus at least one of these three criteria: (1) ischemic symptoms, (2) development of pathologic Q waves on ECG, (3) ECG changes indicative of ischemia (ST-segment elevation or depression), or (4) imaging evidence of a new loss of viable myocardium or new regional wall motion abnormality. Two thirds of patients describe new-onset angina or change in anginal pattern during the 30 days preceding acute MI.


a. Laboratory Studies.

Cardiac troponins (troponin T or I) increase within 3 hours after myocardial injury and remain elevated for 7 to 10 days. They are more specific than creatine kinase–MB for determining myocardial injury (Table 1-4).





b. Imaging Studies.





TABLE 1-4 Biomarkers for Evaluation of Patients with ST-Elevation Myocardial Infarction


[image: image]




Echocardiography to look for regional wall motion abnormalities is useful in patients with left bundle branch block or an abnormal ECG (but without ST-segment elevation) in whom the diagnosis of acute MI is uncertain.


4. Acute Treatment (Table 1-5)



5. Adjunctive Medical Therapy for Acute Myocardial Infarction (Table 1-6)



B. Unstable Angina/Non–ST-Elevation Myocardial Infarction.



TABLE 1-5 Treatment of Acute Myocardial Infarction






	Immediate

	


Evaluate hemodynamic stability



Obtain 12-lead ECG



Supplemental oxygen



Pain relief: nitroglycerin, morphine



Aspirin (clopidogrel if aspirin intolerant)



β-Blockers for patients not in heart failure or low cardiac output state or with heart block









	Within 30-60 minutes of arrival and within 12 hours of symptom onset

	


Thrombolytic therapy (streptokinase, tissue plasminogen activator, reteplase, tenecteplase)



Note: Not recommended in patients with UA or NSTEMI









	Within 90 minutes of arrival and within 12 hours of symptom onset

	


Coronary angioplasty



Coronary stenting followed by treatment with glycoprotein IIb/IIIa inhibitor









	If coronary anatomy precludes a percutaneous intervention or angioplasty fails

	CABG (also indicated with acute mitral regurgitation or infarction-related ventricular septal defect)







CABG, Coronary artery bypass grafting; ECG, electrocardiogram; NSTEMI, non–ST-elevation myocardial infarction; UA, unstable angina.


TABLE 1-6 Adjunctive Medical Therapy in Acute Myocardial Infarction






	Drug

	Indication and Timing






	Heparin (unfractionated or low molecular weight)

	For 24-48 hours after thrombolytic therapy to reduce thrombin regeneration






	Bivalirudin, hirudin

	For 24-48 hours in patients with heparin-induced thrombocytopenia






	β-Blockers

	For all patients without specific contraindications, starting as early as possible and continued indefinitely






	ACEIs

	


Large anterior MI



Clinical evidence of left ventricular failure



EF lower than 40%



Diabetes mellitus









	Angiotensin II receptor blockers

	Patients with indications who are intolerant of ACEIs






	Calcium channel blockers

	Only in patients with persistent ischemia despite aspirin, β-blockers, nitrates, and intravenous heparin






	Hypoglycemic agents

	Glycemic control in patients with diabetes






	Magnesium

	Only in torsade de pointes ventricular tachycardia






	Statins

	Should be started as soon as possible after acute MI







ACEI, Angiotensin-converting enzyme inhibitor; EF, ejection fraction; MI, myocardial infarction.


UA/NSTEMI results from a reduction in myocardial oxygen supply caused by rupture or erosion of an atherosclerotic coronary plaque with thrombosis, inflammation, and vasoconstriction. Most affected arteries have less than 50% stenosis. Embolization of platelets or clot fragments into the coronary microcirculation leads to microcirculatory ischemia or infarction. Other causes can include dynamic obstruction from vasoconstriction; worsening coronary luminal narrowing from progressive atherosclerosis, in-stent restenosis, or stenosis of bypass grafts; vasculitis; and myocardial ischemia from increased oxygen demand (e.g., thyrotoxicosis).


1. Diagnosis.

UA/NSTEMI has three principal presentations: (1) angina at rest lasting for more than 20 minutes, (2) chronic angina pectoris that becomes more frequent and more easily provoked, and (3) new-onset angina that is severe, prolonged, or disabling. UA/NSTEMI can also manifest with hemodynamic instability or CHF. ECG findings can include ST-segment depression and T-wave inversions. Elevation of cardiac biomarkers, troponins, and/or CK-MB distinguishes NSTEMI from UA.





2. Treatment of Unstable Angina/Non–ST-Elevation Myocardial Infarction (Table 1-7)



III. COMPLICATIONS OF ACUTE MYOCARDIAL INFARCTION (TABLE 1-8)


IV. PERIOPERATIVE IMPLICATIONS OF PERCUTANEOUS CORONARY INTERVENTION


TABLE 1-7 Treatment of Unstable Angina/Non–ST-Elevation Myocardial Infarction






	Decrease oxygen demand and increase oxygen supply

	


Bed rest



Supplemental oxygen



Analgesia



β-Blockers



Sublingual or intravenous nitroglycerin



Treatment of severe anemia









	Reduce further thrombus formation

	


Aspirin or clopidogrel



Intravenous unfractionated heparin or subcutaneous low-molecular-weight heparin for 48 hours



Note: Thrombolytic therapy is not indicated and has been shown to increase mortality.









	For high-risk patients

	


Coronary angiography



Revascularization by PCI or CABG









	For lower-risk patients

	


Medical therapy



Later stress testing










CABG, Coronary artery bypass grafting; PCI, percutaneous coronary intervention.


TABLE 1-8 Complications of Acute Myocardial Infarction






	Complication

	Treatment






	Dysrhythmia

	


Ventricular fibrillation: rapid defibrillation followed by treatment with amiodarone and/or β-blockers, treatment of hypokalemia



Ventricular tachycardia: cardioversion if sustained, amiodarone and/or lidocaine; implanted defibrillator in patients with recurrent ventricular tachycardia or fibrillation despite adequate revascularization



Atrial fibrillation: cardioversion if hemodynamically unstable, β-blocker or calcium channel blocker to control rate



Sinus bradycardia: atropine, temporary cardiac pacing



Second- or third-degree heart block: temporary cardiac pacing









	Pericarditis—acute and delayed (Dressler’s syndrome)

	Aspirin or indomethacin, corticosteroids only for refractory symptoms and preferably deferred until 4 weeks after acute MI






	Severe mitral regurgitation

	


Intravenous nitroprusside or other therapies to decrease left ventricular afterload



IABP



Prompt surgical repair: 24-hr mortality is high in the setting of total papillary muscle rapture.









	Ventricular septal rupture

	


IABP



Prompt surgical repair









	Congestive heart failure and cardiogenic shock

	


Treat reversible causes



Support blood pressure



Decrease left ventricular overload



Treat pulmonary edema



Restore coronary blood flow via thrombolytic therapy, PCI, or CABG



Consider circulatory assist device (VAD) or IABP









	Myocardial rupture

	Emergency surgery






	Right ventricular infarction

	


Intravascular volume replacement



Inotropic support



Pulmonary artery vasodilation



Atrioventricular sequential pacing if needed









	Cerebrovascular accident

	Echocardiography and immediate initiation of anticoagulation for left ventricular thrombus if present, followed by 6 months of warfarin therapy







CABG, Coronary artery bypass grafting; IABP, intraaortic balloon pump; MI, myocardial infarction; PCI, percutaneous coronary intervention; VAD, ventricular assist device.


PCI includes percutaneous transluminal coronary angioplasty (PTCA) with and without placement of a coronary stent. PTCA alone is associated with restenosis of the coronary vessel in 15% to 60% of patients. Restenosis rates are significantly reduced by placement of a coronary stent at the time of PTCA. Two classes of stents are available: bare metal stents (BMSs) and drug-eluting stents (DESs). Two issues associated with stent placement are thrombosis at the stent site and increased risk of bleeding caused by dual antiplatelet therapy.



A. Thrombosis.

Endothelial injury associated with PTCA and stent placement increases risk of thrombosis within the vessel. Risk of thrombosis declines after reendothelialization of the vessel or stent (2 to 3 weeks after PTCA, 12 weeks after BMS, and ≥1 year after DES). During that vulnerable time, dual antiplatelet therapy is indicated.





1. Stent Thrombosis




a. Defined in relation to timing of stent placement as acute (≤24 hours), subacute (2 to 30 days), late (between 30 days and 1 year), and very late (≥1 year).



b. Risk of thrombosis is increased more than fourteenfold and 1-year mortality is increased tenfold if dual antiplatelet therapy (aspirin with clopidogrel) is stopped prematurely (<2 weeks for PTCA, <6 weeks for BMS, <1 year for DES).



2. Surgery and Stent Thrombosis




a. Bare Metal Stent.

Risk of death, MI, stent thrombosis, and need for urgent revascularization is increased 5% to 30% if surgery is performed within 6 weeks of placement. Emergency surgery triples the risk of adverse events compared with elective surgery.





b. Drug-Eluting Stent.

Risk of major adverse cardiac events is very significant if antiplatelet therapy is discontinued and noncardiac surgery performed within 1 year of placement. Emergency surgery is associated with a 3.5-fold increase in adverse events compared with elective surgery. 





B. Risks of Perioperative Bleeding with Antiplatelet Agents




1. Spontaneous Bleeding.

Aspirin therapy is associated with an increased risk that is about 1.5 times normal, but severity of bleeding episodes is not increased.





2. Bleeding after Noncardiac Surgery.

Risks of bleeding are increased about 50% in patients taking clopidogrel and aspirin (clopidogrel alone has not been well studied). However, mortality has been seen to increase only with intracranial surgery.





C. Bleeding versus Stent Thrombosis in the Perioperative Period




1. Premature discontinuation of antiplatelet therapy should be avoided when the risk of bleeding is low and the potential bleeding is manageable. 




2. For those in whom antiplatelet therapy should be discontinued (e.g., neurosurgery, spinal cord decompression, aortic aneurysm surgery, prostatectomy), clopidogrel should be stopped 5 to 7 days before surgery and resumed as quickly as possible postoperatively.



D. Management of Patients with Stents Undergoing Noncardiac Surgery: Five Factors to Consider




1. Interval between Percutaneous Coronary Intervention and Surgery.

Patients with a BMS should wait at least 6 weeks, and preferably 90 days, after stent placement to undergo elective surgery. Patients with a DES should wait at least 1 year.





2. Continuation of Dual Antiplatelet Therapy.

Platelets can be administered for bleeding but may have reduced efficacy if clopidogrel has been recently administered (<4 hours before). Platelet infusions will be most effective at least 14 hours after the last dose. If dual antiplatelet therapy must be stopped prematurely, then aspirin should be continued if possible. Patients who have had antiplatelet therapy prematurely discontinued should be monitored closely.





3. Perioperative Monitoring.

Urgent cardiac evaluation should be performed if perioperative angina occurs in a patient with a stent.





4. Anesthetic Technique.

Neuraxial blockade is not prudent in patients undergoing dual antiplatelet therapy. Times for withholding antiplatelet therapy before neuraxial puncture or placement or removal of a neuraxial catheter are summarized in Table 1-9.





5. Availability of Interventional Cardiology.



TABLE 1-9 Recommended Time Intervals for Withholding Antiplatelet Therapy Before and After Neuraxial Puncture or Catheter Removal






	Drug

	Time before Puncture or Catheter Manipulation or Removal

	Time after Puncture or Catheter Manipulation or Removal






	Clopidogrel

	7 days

	After catheter removal






	Ticlopidine

	10 days

	After catheter removal






	Prasugrel

	7-10 days

	6 hr after catheter removal






	Ticagrelor

	5 days

	6 hr after catheter removal







Data from recommendations of the European Society of Anaesthesiology.


Patients should be triaged to an interventional cardiologist within 90 minutes of a diagnosis or suspicion of acute MI or acute stent thrombosis.

V. PERIOPERATIVE MYOCARDIAL INFARCTION


Approximately 500,000 to 900,000 perioperative MIs occur annually worldwide. The incidence of perioperative MI in patients who undergo elective high-risk vascular surgery is 5% to 15%, and mortality of perioperative MIs approaches 20%.



A. Pathophysiology.

Most perioperative MIs occur within 24 to 48 hours after surgery. Two mechanisms appear to play a role in perioperative MI: (1) increased myocardial oxygen demand relative to supply and (2) thrombosis associated with vulnerable plaque rupture. These processes are not mutually exclusive. However, one process or the other can predominate in a particular patient.





B. Diagnosis of Perioperative Myocardial Infarction.

The diagnosis of acute MI traditionally requires the presence of at least two of the following three elements: (1) ischemic chest pain, (2) evolutionary changes on the ECG, and (3) increase and decrease in cardiac biomarker levels. In the perioperative period, ischemic episodes are often not associated with chest pain, and many postoperative ECGs are nondiagnostic. An acute increase in troponin levels should be considered an MI in the perioperative setting, requiring careful attention and referral to a cardiologist for further evaluation and management.




VI. PREOPERATIVE ASSESSMENT OF PATIENTS WITH KNOWN OR SUSPECTED ISCHEMIC HEART DISEASE



A. History (Table 1-10)



1. Silent Myocardial Ischemia.



TABLE 1-10 Clinical Predictors of Increased Perioperative Cardiovascular Risk






	Major






	Unstable coronary syndromes






	Acute or recent myocardial infarction (MI) with evidence of significant ischemic risk by clinical symptoms or noninvasive study






	Unstable or severe angina






	Decompensated heart failure






	Significant dysrhythmias






	High-grade atrioventricular block






	Symptomatic ventricular dysrhythmias in the presence of underlying heart disease






	Supraventricular dysrhythmias with uncontrolled ventricular rate






	Severe valvular heart disease






	Intermediate






	Mild angina pectoris






	Previous MI by history or Q waves on electrocardiogram (ECG)






	Compensated or previous heart failure






	Diabetes mellitus (particularly insulin dependent)






	Renal insufficiency






	Minor






	Advanced age (older than 70 years)






	Abnormal ECG (left ventricular hypertrophy, left bundle branch block, ST-T abnormalities)






	Rhythm other than sinus






	Low functional capacity






	History of stroke






	Uncontrolled systemic hypertension







Adapted from Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2006 guideline update on perioperative cardiovascular evaluation for noncardiac surgery: focused update on perioperative beta-blocker therapy: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 2006;113:2662-2674, with permission.


A history of ischemic heart disease or an abnormal ECG suggestive of a previous MI is associated with an increased incidence of silent myocardial ischemia. Treatment of silent myocardial ischemia is the same as that for classic angina pectoris.


2. Previous Myocardial Infarction.

Acute (1 to 7 days) and recent (8 to 30 days) MI and UA incur the highest risk of perioperative myocardial ischemia, MI, and cardiac death.





a. Elective surgery should be delayed for more than 30 days after acute MI.



b. Elective noncardiac surgery should be delayed for 4 to 6 weeks after coronary angioplasty.



c. Elective noncardiac surgery should be delayed for at least 6 weeks after PCI with BMS placement and as long as 12 months after DES placement. Elective noncardiac surgery should be delayed for 6 weeks after CABG surgery. 




3. Co-existing Noncardiac Diseases.

The history should elicit symptoms of relevant co-existing noncardiac diseases (peripheral vascular disease, syncope, cough, dyspnea, orthopnea, paroxysmal nocturnal dyspnea, history of cigarette smoking, renal insufficiency, and diabetes mellitus).





4. Current Medications.

The presence of effective β-blockade is suggested by a resting heart rate of 50 to 60 beats per minute. Many recommend withholding angiotensin-converting enzyme inhibitors (ACEIs) for 24 hours before surgical procedures involving significant fluid shifts or blood loss. A history of current use of clopidogrel and ticlopidine precludes neuraxial anesthesia. Both can also increase the risk of perioperative bleeding and necessitate platelet transfusion in urgent clinical situations.





B. Physical Examination.

The physical examination findings of patients with ischemic heart disease are often normal (Table 1-11).





C. Specialized Preoperative Testing (Table 1-12)


VII. MANAGEMENT OF ANESTHESIA IN PATIENTS WITH KNOWN OR SUSPECTED ISCHEMIC HEART DISEASE UNDERGOING NONCARDIAC SURGERY


TABLE 1-11 Possible Physical Examination Findings in Patients with Ischemic Heart Disease






	Left ventricular failure (S3 gallop, rales)






	Right ventricular failure (jugular venous distention, peripheral edema)






	Cerebrovascular disease (carotid bruit)






	Orthostatic hypotension (caused by antihypertensive medication)







TABLE 1-12 Specialized Preoperative Testing in Patients with Ischemic Heart Disease






	Preoperative stress test—usually not indicated in patients with stable coronary disease and acceptable exercise tolerance






	Echocardiography—can assess left ventricular EF and valve function






	Stress echocardiography—wall motion abnormalities during pharmacologic stress testing (atropine, dipyridamole, dobutamine) can indicate presence and extent of ischemic heart disease






	Radionuclide ventriculography—can evaluate left ventricular EF






	Thallium scintigraphy—“cold spots” show areas of possible ischemia or infarction






	Computed tomography—can visualize coronary artery calcifications






	Positron emission tomography—demonstrates regional myocardial blood flow and metabolism







EF, Ejection fraction.


The preoperative assessment of patients with ischemic heart disease or risk factors for ischemic heart disease is geared toward (1) determining the extent of ischemic heart disease and any previous interventions (CABG, PCI), (2) determining the severity and stability of the disease, and (3) reviewing medical therapy and noting drugs that can increase the risk of surgical bleeding or contraindicate a particular anesthetic technique.



A. Risk Stratification.

For stable patients undergoing elective major noncardiac surgery, six independent predictors of major cardiac complications have been described in Lee’s Revised Cardiac Risk Index (Table 1-13). The presence of several risk factors increases the incidence of postoperative cardiac complications. These risk factors have been incorporated into the American College of Cardiology/American Heart Association (ACC/AHA) guidelines for perioperative cardiovascular evaluation for noncardiac surgery. Preoperative intervention is rarely necessary just to lower the risk of surgery. Interventions are indicated or not indicated irrespective of the need for surgery. Preoperative testing should be performed only if it is likely to influence perioperative management. The need for perioperative cardiac evaluation is determined in several steps.





1. Assess the urgency of surgery. The need for emergency surgery takes precedence over the need for additional workup.



2. Assess whether the patient has undergone revascularization and whether and when the patient underwent invasive or noninvasive cardiac evaluation (Figure 1-1).



3. If no prior revascularization was performed, stratify risk according to clinical risk factors (Table 1-14), surgery-specific risk factors (Table 1-15), and functional capacity (≥4 metabolic equivalent tasks [METs]). Patients able to meet a 4-MET demand during normal daily activities without chest pain or dyspnea have good functional capacity. Patients with two of the following three factors—high-risk surgery, low exercise tolerance, and moderate clinical risk factors—could be considered for further cardiac evaluation. Patients who have low functional capacity or in whom it is difficult to assess functional capacity are good candidates for further evaluation (Figure 1-2).



B. Management after Risk Stratification.



TABLE 1-13 Cardiac Risk Factors in Patients Undergoing Elective Major Noncardiac Surgery






	


1. High-risk surgery


Abdominal aortic aneurysm



Peripheral vascular operation



Thoracotomy



Major abdominal operation






2. Ischemic heart disease


History of myocardial infarction



History of a positive exercise test result



Current complaints of angina pectoris



Use of nitrate therapy



Q waves on electrocardiogram






3. Congestive heart failure


History of congestive heart failure



History of pulmonary edema



History of paroxysmal nocturnal dyspnea



Physical examination showing rales or S3 gallop



Chest radiograph showing pulmonary vascular redistribution






4. Cerebrovascular disease


History of stroke



History of transient ischemic attack






5. Insulin-dependent diabetes mellitus



6. Preoperative serum creatinine concentration >2 mg/dL










Adapted from Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective validation of a simple index for prediction of cardiac risk of major noncardiac surgery. Circulation. 1999;100:1043-1049, with permission.
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FIGURE 1-1 Algorithm for preoperative assessment of patients with ischemic heart disease scheduled for elective intermediate- to high-risk surgery who are in stable clinical condition with moderate clinical risk factors. Determine whether previous coronary intervention was performed, and assess the stability of the cardiac condition. If no change in cardiac condition has occurred, proceed with surgery with medical management. For patients with intracoronary stents, determine the date of insertion and location of the stent(s), the kind of stent(s), and the status of current antiplatelet therapy. Patients receiving antiplatelet therapy may require consultation with the cardiologist and the surgeon. BMS, Bare metal stent; CABG, coronary artery bypass grafting; DES, drug-eluting stent; PCI, percutaneous coronary intervention.




TABLE 1-14 Clinical Risk Factors for Perioperative Cardiac Risk






	
Major risk factors: may require delay of elective surgery and cardiology evaluation

	Unstable coronary syndrome, decompensated heart failure, significant dysrhythmias, severe valvular heart disease






	
Intermediate risk factors: well-validated markers of increased cardiac risk

	Stable angina, previous myocardial infarction, compensated or previous heart failure, insulin-dependent diabetes mellitus, renal insufficiency






	
Minor risk factors: markers of coronary disease not demonstrated to increase perioperative risk

	Hypertension, left bundle branch block, nonspecific ST-T wave changes, history of stroke







TABLE 1-15 Surgery-Specific Risk Factors for Perioperative Cardiac Complications






	High-risk surgery

	Emergency major surgery, aortic or other major vascular surgery, peripheral vascular surgery, prolonged surgery involving large fluid shifts and/or blood loss






	Intermediate-risk surgery

	Carotid endarterectomy, head and neck surgery, intraperitoneal and intrathoracic surgery, orthopedic surgery, prostate surgery






	Low-risk surgery

	Endoscopic surgery, superficial surgery, cataract surgery, breast surgery
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FIGURE 1-2 Algorithm for preoperative assessment of patients scheduled for intermediate- to high-risk surgery who have moderate clinical risk factors and poor exercise tolerance (or in whom exercise tolerance cannot be established). Consider noninvasive stress testing to determine whether significant myocardium is at risk. If significant myocardium is at risk, consider coronary angiography. For patients with one or two clinical risk factors, consider noninvasive stress testing only if it will affect patient management; otherwise proceed to surgery with medical management. CAD, Coronary artery disease.




Three therapeutic options are available before elective noncardiac surgery: (1) revascularization by surgery, (2) revascularization by PCI, and (3) optimal medical management.


1. Coronary Artery Bypass Grafting.

The indications for preoperative coronary revascularization are the same as those in the nonoperative setting. 





2. Percutaneous Coronary Intervention.

There is no value in preoperative coronary intervention in patients with stable ischemic heart disease. Angioplasty is now often accompanied by stenting, which requires postprocedure antiplatelet therapy to prevent acute coronary thrombosis and maintain long-term vessel patency. Discontinuation of antiplatelet therapy predisposes to stent thrombosis with significant morbidity and mortality.





3. Pharmacologic Management




a. β-Blockers: Currently, the only class I recommendation is to continue them perioperatively in patients who are already receiving them. Other patients who may benefit from β-blockers include those undergoing vascular surgery who have multiple cardiac risk factors and those who show reversible cardiac ischemia on preoperative testing.



b. α2-Agonists have analgesic, sedative, and sympatholytic effects and may be useful in patients in whom β-blockers are contraindicated.



c. Statin therapy may be beneficial if started 1 to 4 weeks before high-risk surgery. Discontinuation of statins in the perioperative period is not recommended, due to a possible rebound effect.



d. Perioperative hyperglycemia must be controlled, with a goal of keeping perioperative glucose levels under 180 mg/dL.



e. Anxiety must be treated.



C. Intraoperative Management.

Goals are (1) to prevent myocardial ischemia by optimizing myocardial oxygen supply and reducing myocardial oxygen demand and (2) to monitor for and treat ischemia. Factors influencing the balance of myocardial oxygen demand and supply are summarized in Table 1-16. Avoid persistent and excessive changes in heart rate and systemic blood pressure. A common recommendation is to keep the heart rate and blood pressure within 20% of the normal awake value. Increased heart rate increases myocardial oxygen requirements while decreasing supply because of decreased diastolic coronary artery perfusion time. HTN results in increased myocardial oxygen demand that is only partially offset by increased coronary perfusion pressure. Maintenance of the balance between myocardial oxygen supply and demand is more important than the specific anesthetic technique or drugs selected to produce anesthesia and muscle relaxation. 





1. Induction of Anesthesia.



TABLE 1-16 Intraoperative Events that Influence the Balance Between Myocardial Oxygen Delivery and Myocardial Oxygen Requirements






	Decreased Oxygen Delivery






	Decreased coronary blood flow






	Tachycardia






	Diastolic hypotension






	Hypocapnia (coronary artery vasoconstriction)






	Coronary artery spasm






	Decreased oxygen content






	Anemia






	Arterial hypoxemia






	Shift of the oxyhemoglobin dissociation curve to the left






	Increased Oxygen Requirements






	Sympathetic nervous system stimulation






	Tachycardia






	Hypertension






	Increased myocardial contractility






	Increased afterload






	Increased preload







Many different induction drugs are appropriate. (Ketamine is an unlikely choice because it increases heart rate and systemic blood pressure.) Myocardial ischemia may accompany the sympathetic nervous system stimulation that results from direct laryngoscopy and tracheal intubation. Short-duration direct laryngoscopy (≤15 seconds) and/or administration of drugs to minimize the pressor response, such as laryngotracheal lidocaine, intravenous lidocaine, esmolol, and/or fentanyl, is indicated.


2. Maintenance of Anesthesia.

Drug selection for maintenance of anesthesia is based in part on the patient’s estimated left ventricular function.





a. In patients with normal left ventricular function, controlled myocardial depression with a volatile anesthetic (with or without nitrous oxide) may minimize sympathetic nervous system activity during intense stimulation. However, volatile agents can be detrimental if drug-induced hypotension leads to decreases in coronary perfusion pressure. Equally acceptable is use of a nitrous oxide–opioid technique with the addition of a volatile anesthetic to treat undesirable increases in blood pressure at critical points.



b. In patients with severely impaired left ventricular function, opioids may be selected for maintenance of anesthesia. The addition of nitrous oxide, a benzodiazepine, or a low-dose volatile anesthetic should be considered because total amnesia cannot be ensured with an opioid alone.



c. Regional anesthesia is acceptable in patients with ischemic heart disease, but decreases in blood pressure associated with epidural or spinal anesthesia must be controlled. Hypotension that exceeds 20% of the preblock blood pressure should be treated promptly. Despite presumed benefits of regional anesthesia, the postoperative cardiac morbidity and mortality are not significantly different between general and regional anesthesia.



3. Choice of Muscle Relaxant.

Muscle relaxants with minimal or no effect on heart rate and systemic blood pressure (vecuronium, rocuronium, cisatracurium) are preferred. Histamine release and the resulting decrease in blood pressure caused by atracurium are less desirable. Glycopyrrolate is preferred to atropine for the anticholinergic component in combination therapy to reverse neuromuscular blockade, because it is associated with less increase in heart rate.





4. Monitoring.

Intraoperative monitoring should aim for early detection of myocardial ischemia. However, most myocardial ischemia occurs in the absence of hemodynamic alterations, so one should be cautious when endorsing routine use of expensive or complex monitors to detect myocardial ischemia (Table 1-17).





5. Intraoperative Management of Myocardial Ischemia.



TABLE 1-17 Intraoperative Monitoring for Myocardial Ischemia






	Electrocardiogram (ECG)

	


Ischemia is characterized by ST-segment elevation or depression of ≥1 mm.



The degree of ST change parallels the severity of ischemia.



Monitoring of three leads (either II, V4, and V5 or V3, V4, and V5) is recommended.









	Pulmonary artery catheter (PAC)

	


Increased pulmonary capillary wedge pressure may indicate ischemia.



V waves indicate mitral regurgitation and papillary muscle dysfunction.



PAC can guide treatment of myocardial dysfunction.









	Transesophageal echocardiography

	Development of regional wall motion abnormalities precedes ECG changes.







Treatment of myocardial ischemia should be instituted when there are 1-mm or greater ST-segment changes on the ECG. A persistent increase in heart rate can be treated by intravenous administration of a β-blocker (e.g., esmolol). Nitroglycerin is appropriate when myocardial ischemia is associated with a normal to modestly elevated blood pressure. Hypotension is treated with sympathomimetic drugs to restore coronary perfusion pressure. Fluid infusion can be useful to help restore blood pressure.


D. Postoperative Management




1. Prevent or treat events that increase myocardial oxygen demand, such as pain, shivering, hypercarbia, and sepsis.



2. Avoid or treat conditions that lead to decreased myocardial oxygen supply, such as anemia, hypoxemia, hypovolemia, and hypotension.



3. Continue treatments in the perioperative period, such as β-blockers, that reduce the risks of adverse cardiac events.



4. Manage the timing of weaning and tracheal extubation to avoid detrimental alterations in blood pressure and heart rate.



5. Continuous ECG monitoring is useful for detecting postoperative myocardial ischemia, which is often silent.


VIII. CARDIAC TRANSPLANTATION


Heart transplantation is most often considered in patients with end-stage heart failure caused by dilated cardiomyopathy or ischemic heart disease. Preoperatively, the ejection fraction is often less than 20%. Irreversible pulmonary HTN is a contraindication to cardiac transplantation.



A. Management of Anesthesia




1. Etomidate is a preferred induction agent because it has little effect on hemodynamics. Opioids are often chosen for maintenance of anesthesia. Volatile anesthetics may produce undesirable degrees of myocardial depression and peripheral vasodilation. Nitrous oxide is rarely used because of its additive effects on myocardial depression, detrimental effects on pulmonary artery pressure, and potential to enlarge air emboli.



2. After cardiopulmonary bypass, isoproterenol is commonly administered to support heart rate and lower pulmonary artery pressure. Additional treatments of pulmonary HTN may include a prostaglandin, nitric oxide, or a phosphodiesterase inhibitor.



3. The denervated transplanted heart initially assumes an intrinsic heart rate of about 110 beats per minute, which is not responsive to drugs that normally raise or lower the heart rate. After transplantation, about 25% of patients eventually develop bradycardia that necessitates the use of a permanent cardiac pacemaker. Cardiac transplant patients tolerate hypovolemia poorly because the heart is denervated, that is, it no longer has innervation from sympathetic or parasympathetic nerve fibers because these fibers are cut during the transplant surgery. The transplanted heart does respond to direct-acting catecholamines, but drugs such as ephedrine that act by indirect mechanisms have less effect. Vasopressin may be needed to treat severe hypotension unresponsive to catecholamines.



B. Postoperative Complications




1. Early postoperative morbidity after heart transplantation surgery is usually related to sepsis and rejection. The most common early cause of death after cardiac transplantation is opportunistic infection as a result of immunosuppressive therapy. CHF and development of dysrhythmias can be late signs of rejection. Nephrotoxicity is a potential complication of cyclosporine therapy. Long-term corticosteroid use can result in skeletal demineralization and glucose intolerance.



2. Late complications of cardiac transplantation include development of coronary artery disease in the allograft and an increased incidence of cancer.



C. Anesthetic Considerations in Heart Transplant Recipients




1. Cardiac Innervation




a. The transplanted heart has no sympathetic, parasympathetic, or sensory innervation, and the loss of vagal tone results in a higher-than-normal resting heart rate. Carotid sinus massage and the Valsalva maneuver have no effect on heart rate. There is no sympathetic response to direct laryngoscopy and tracheal intubation, and the denervated heart has a blunted heart rate response to light anesthesia or intense pain. The transplanted heart is unable to increase its heart rate immediately in response to hypovolemia or hypotension but responds instead with an increase in stroke volume (Frank-Starling mechanism).



b. Adrenergic receptors are intact on the transplanted heart, which will eventually respond to circulating catecholamines.



2. Responses to Drugs




a. Responses to direct-acting sympathomimetic drugs are intact. Epinephrine, isoproterenol, and dobutamine have similar effects in normal and denervated hearts.



b. Indirect-acting sympathomimetics such as ephedrine have a blunted effect on denervated hearts.



c. Vagolytic drugs such as atropine do not increase the heart rate. Pancuronium does not increase the heart rate, and neostigmine and other anticholinesterases do not slow the heart rate of transplanted hearts.



3. Preoperative Evaluation




a. Heart transplant recipients may have ongoing rejection manifesting as myocardial dysfunction, accelerated coronary atherosclerosis, or dysrhythmias.



b. All preoperative drug therapy must be continued, and proper functioning of a cardiac pacemaker, if in place, must be confirmed. Cyclosporine-induced HTN may require treatment with calcium channel–blocking drugs or ACEIs. Cyclosporine-induced nephrotoxicity may manifest as an increased creatinine concentration, and anesthetic drugs excreted mainly by renal clearance mechanisms should then be avoided.



c. Proper hydration is important and should be confirmed preoperatively because heart transplant patients are preload dependent.



4. Management of Anesthesia




a. Maintain intravascular volume. These patients are preload dependent, and the denervated heart is unable to respond to sudden shifts in blood volume with an increase in heart rate.



b. General anesthesia is often preferable to spinal or epidural anesthesia because of a potentially impaired response to vasodilation. Avoid significant vasodilation and acute reductions in preload. Volatile agents are usually well tolerated in heart transplant patients who do not have significant heart failure.



c. Pay careful attention to aseptic technique and antibiotic prophylaxis. Patients are immunosuppressed and have increased susceptibility to infection.







Chapter 2 Valvular Heart Disease


Management of the patient with valvular heart disease during the perioperative period requires an understanding of the hemodynamic alterations that accompany valvular dysfunction. The most commonly encountered cardiac valve lesions produce pressure overload (mitral stenosis [MS], aortic stenosis [AS]) or volume overload (mitral regurgitation [MR], aortic regurgitation [AR]) on the left atrium or left ventricle. Anesthetic management during the perioperative period is based on the likely effects of drug-induced changes in cardiac rhythm, heart rate, preload, afterload, myocardial contractility, systemic blood pressure, systemic vascular resistance, and pulmonary vascular resistance relative to the pathophysiology of the heart disease.




I. PREOPERATIVE EVALUATION


Preoperative evaluation of patients with valvular heart disease includes assessment of (1) the severity of the cardiac disease, (2) the degree of impaired myocardial contractility, and (3) the presence of associated major organ system disease. Recognition of compensatory mechanisms for maintaining cardiac output (increased sympathetic nervous system activity, cardiac hypertrophy) and knowledge of current drug therapy are important. The presence of prosthetic heart valves requires special consideration in the preoperative evaluation, especially if noncardiac surgery is planned.



A. History and Physical Examination.

Defining exercise tolerance is necessary to evaluate cardiac reserve in the presence of valvular heart disease and to provide a functional classification according to the criteria established by the New York Heart Association (Table 2-1). Congestive heart failure (CHF) is a common complication of chronic valvular heart disease. Elective surgery should be deferred until CHF can be treated and myocardial contractility optimized. The character, location, intensity, and direction of radiation of a heart murmur provide clues to the location and severity of the valvular lesion. Cardiac dysrhythmias, especially atrial fibrillation, are common. Valvular heart disease and ischemic heart disease often co-exist.





B. Drug Therapy.



TABLE 2-1 New York Heart Association Functional Classification of Patients with Heart Disease






	CLASS

	DESCRIPTION






	I

	Asymptomatic






	II

	Symptoms with ordinary activity but comfortable at rest






	III

	Symptoms with minimal activity but comfortable at rest






	IV

	Symptoms at rest







Modern drug therapy for valvular heart disease may include β-blockers, calcium channel blockers, and digitalis for heart rate control; angiotensin-converting enzyme inhibitors (ACEIs) and vasodilators to control blood pressure and afterload; and diuretics, inotropes, and vasodilators as needed to control heart failure. Antidysrhythmic therapy may also be necessary.





C. Laboratory Data




1. Electrocardiography.

The electrocardiogram (ECG) often exhibits broad and notched P waves (P mitrale), left and/or right axis deviation, and high voltage. Dysrhythmias, conduction abnormalities, and evidence of ischemia or previous infarction may be present.





2. Chest Radiography.

The chest radiograph may show cardiomegaly (heart size exceeds 50% of the internal width of the thoracic cage on a posteroanterior chest radiograph).





3. Echocardiography with Doppler Color Flow Imaging.

Doppler echocardiography is essential for noninvasive evaluation of valvular heart disease (Table 2-2). 





4. Cardiac Catheterization.



TABLE 2-2 Doppler Echocardiography in Evaluation of Valvular Heart Disease






	Determine significance of cardiac murmurs.






	Identify hemodynamic abnormalities associated with physical findings.






	Determine transvalvular pressure gradient.






	Determine valve area.






	Determine ventricular ejection fraction.






	Diagnose valvular regurgitation.






	Evaluate prosthetic valve function.







Cardiac catheterization can demonstrate the presence and severity of valvular stenosis and/or regurgitation, coronary artery disease, intracardiac shunting, transvalvular pressure gradients, the presence of pulmonary hypertension, and the presence of right-sided heart failure.





D. Presence of Prosthetic Heart Valves




1. Assessment of Prosthetic Heart Valve Function.

Prosthetic heart valve dysfunction is suggested by the appearance of a new murmur or a change in an existing murmur. Transesophageal echocardiography is indicated for evaluation of the mitral valve. Cardiac catheterization permits measurement of transvalvular pressure gradients.





2. Complications Associated with Prosthetic Heart Valves (Table 2-3).

TABLE 2-3 Complications Associated with Prosthetic Heart Valves






	


Valve thrombosis



Systemic embolization



Structural failure



Hemolysis



Paravalvular leak



Endocarditis










Patients with mechanical prosthetic heart valves require long-term anticoagulant therapy, whereas those with bioprosthetic valves may not. Antibiotic prophylaxis is necessary in certain situations to decrease the risk of endocarditis.





3. Management of Anticoagulation in Patients with Prosthetic Heart Valves




a. Anticoagulation can be continued for minor surgery in which blood loss is expected to be minimal. 




b. Discontinue warfarin 2 to 3 days preoperatively for surgery that may be associated with significant bleeding.



c. Substitute intravenous unfractionated heparin or subcutaneous low-molecular-weight (LMW) heparin for the warfarin. The day before surgery (LMW heparin) or 2 to 4 hours before surgery (intravenous unfractionated heparin) the heparin must be discontinued



d. Warfarin is contraindicated during pregnancy; administer subcutaneous unfractionated or LMW heparin. Low-dose aspirin may also be used in conjunction with heparin therapy.



E. Prevention of Bacterial Endocarditis




1. New American Heart Association (AHA) guidelines focus endocarditis prophylaxis only on patients with conditions listed in Table 2-4.



2. The recommendations regarding which antibiotic to use for endocarditis prophylaxis are not dissimilar from previous recommendations.



3. Antibiotic prophylaxis is recommended for the following procedures:


a. Dental procedures that involve manipulation of gingival tissues or the periapical regions of teeth or perforation of the oral mucosa. Recommended antibiotics are listed in Table 2-5.




b. Invasive procedures (i.e., those that involve incision or biopsy) on the respiratory tract or infected skin, skin structures, or musculoskeletal tissue. These infections are often polymicrobial laub only staphylococci and β-hemolytic streptococci are likely to cause infective endocarditis, A Therapeutic regimen consisting of an antistaphylococcal penicillin or a cephalosporin is commonly used. Vancomycin or clindamycin can be given to those allergic to penicillin or who have an infection with a methicillin-resistant strain of staphylococcus (MRSA).






4. Antibiotic prophylaxis is not recommended for genitourinary (GU) or gastrointestinal (GI) tract procedures.


II. MITRAL STENOSIS



A. Pathophysiology.



TABLE 2-4 Cardiac Conditions Associated with the Highest Risk of Adverse Outcomes from Endocarditis






	


1. Prosthetic cardiac valve or prosthetic material used for cardiac valve repair



2. Previous infective endocarditis



3. Congenital heart disease:


Unrepaired cyanotic congenital heart disease, including palliative shunts and conduits



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




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






4. Cardiac transplantation recipients who develop cardiac valve pathology










Except for the conditions listed above, antibiotic prophylaxis is no longer recommended for any other form of congenital heart disease.


∗ Prophylaxis is reasonable because endothelialization of prosthetic material occurs within 6 months after the procedure.


From Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective endocarditis. Guidelines from the American Heart Association. Circulation. 2007;116:1736-1754, with permission.




TABLE 2-5 Antibiotic Prophylaxis for Dental Procedures
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The normal mitral orifice is 4 to 6 cm2. Symptoms usually develop when the valve orifice is less than 1.5 cm2. MS causes progressive mechanical obstruction to left ventricular diastolic filling, with resulting increase in left atrial volume and pressure. Stroke volume decreases during stress-induced tachycardia or when atrial contraction is lost, as in atrial fibrillation. Pulmonary venous pressure increases with the increase in left atrial pressure.  Transudation of fluid into the pulmonary interstitial space results in decreased pulmonary compliance, increased work of breathing, and dyspnea on exertion. Overt pulmonary edema occurs when the pulmonary venous pressure exceeds the oncotic pressure of plasma proteins.


B. Diagnosis.

Echocardiography is used to assess the severity of MS and to calculate valve area. Pulmonary hypertension is likely if the left atrial pressure is chronically above 25 mm Hg, which is common when the mitral valve area is less than 1 cm2. Clinically, MS is recognized by the characteristic opening snap that occurs early in diastole and by a rumbling diastolic heart murmur best heard at the apex or in the axilla. Owing to stasis of blood in the left atrium, patients are at a higher risk of systemic thromboembolism. Decreased activity predisposes them to venous thromboembolism as well.





C. Treatment (Table 2-6)




D. Management of Anesthesia (Table 2-7)




1. Preoperative Medication.



TABLE 2-6 Treatment of Mitral Stenosis






	1.

	Diuretics to reduce left atrial pressure






	2.

	Heart rate control (β-blockers, digoxin, calcium channel blockers)






	3.

	Anticoagulation therapy






	4.

	Surgical correction (commissurotomy, valvuloplasty, valve reconstruction, valve replacement) when symptoms increase or evidence of pulmonary hypertension appears







TABLE 2-7 Anesthetic Considerations for Patients with Mitral Stenosis






	PROBLEM

	MANAGEMENT






	Sinus tachycardia or rapid ventricular response to atrial fibrillation decreases cardiac output and can cause pulmonary edema

	Administer intravenous β-blocker, calcium channel blocker, or digoxin. Cardioversion may be helpful if the atrial fibrillation is of new onset.






	Congestive heart failure caused by central blood volume changes

	Avoid excessive fluid administration, do not place patient in Trendelenburg’s position






	Sudden decrease in systemic vascular resistance with hypotension and increased heart rate decreases cardiac output

	Administer sympathomimetic amines. Ephedrine may increase cardiac output but also increase heart rate; phenylephrine may be preferable because it avoids increases in heart rate.






	Pulmonary hypertension and
right-sided heart failure

	Avoid hypercarbia, hypoxemia, lung hyperinflation. Right-sided heart failure may require inotropic support and pulmonary artery vasodilators.







Preoperative medication is used to decrease anxiety-induced tachycardia. Drugs used for heart rate control should be continued. Diuretic-induced hypokalemia should be treated preoperatively. Anticoagulation should be discontinued for major surgery with anticipated significant blood loss. Neuraxial anesthesia may be acceptable in the absence of anticoagulation. 


2. Induction of Anesthesia.

Avoid drugs likely to increase heart rate (e.g., ketamine) or to precipitate hypotension from histamine release.





3. Maintenance of Anesthesia.

Anesthesia should be designed to minimize sustained changes in heart rate, myocardial contractility, and systemic and pulmonary vascular resistance. A nitrous-narcotic anesthetic or a balanced anesthetic with low concentrations of a volatile anesthetic usually achieves this goal. Nitrous oxide may cause pulmonary vasoconstriction, particularly if pulmonary hypertension is present.





4. Monitoring.

Use of invasive monitoring depends on the complexity of the procedure and the severity of MS. Asymptomatic patients without evidence of pulmonary congestion do not generally require special monitoring. In patients with symptomatic MS, transesophageal echocardiography and/or continuous monitoring of intraarterial pressure, pulmonary artery pressure, and left atrial pressure should be considered.





5. Postoperative Management.

In patients with MS, the risk of pulmonary edema and right-sided heart failure continues into the postoperative period. Pain and hypoventilation can cause increased heart rate and increased pulmonary vascular resistance. Patients may require continued mechanical ventilation, particularly after major thoracic or abdominal surgery. Anticoagulation should be resumed as soon as possible.




III. MITRAL REGURGITATION



A. Pathophysiology.

MR is characterized by decreases in forward left ventricular stroke volume and cardiac output associated with increased left atrial pressure. Volume and pressure overload of the left atrium are especially increased in patients with combined MS and MR.





B. Diagnosis.

MR is recognized clinically by the presence of a holosystolic apical murmur with radiation to the axilla. The ECG and chest radiograph may indicate left ventricular hypertrophy. Echocardiography documents the presence, severity, and sometimes the cause of MR. The presence of a V wave in a pulmonary artery occlusion pressure waveform reflects regurgitant flow through the mitral valve.





C. Treatment.

Surgical repair or replacement is indicated when the ejection fraction is less than 0.6 or before the left ventricle end-systolic dimension is 45 mm or greater. Symptomatic patients should undergo mitral valve surgery even if ejection fraction is normal. Although vasodilators are useful in the treatment of acute MR, there is no apparent benefit to long-term use of vasodilator drugs in asymptomatic patients with chronic MR.  ACEIs or β-blockers and biventricular pacing have been shown to decrease functional MR (usually due to a dilated cardiomyopathy) and improve symptoms and exercise tolerance in symptomatic patients.





D. Management of Anesthesia (Table 2-8).

TABLE 2-8 Anesthetic Considerations for Patients with Mitral Regurgitation






	


Prevent bradycardia.



Prevent increases in systemic vascular resistance.



Minimize drug-induced myocardial depression.



Monitor the magnitude of regurgitant flow with a pulmonary artery catheter (size of the V wave) and/or echocardiography.










Modest increases in heart rate and reduction in left ventricular afterload (e.g., with nitroprusside) with or without inotropic drugs improve left ventricular output. The decrease in systemic vascular resistance caused by regional anesthesia may be beneficial in some patients.





1. Induction of Anesthesia.

Avoid increases in systemic vascular resistance or decreases in heart rate. Pancuronium may be a useful muscle relaxant due to a modest increase in heart rate.





2. Maintenance of Anesthesia.

The increase in heart rate and decrease in systemic vascular resistance plus the minimal negative inotropic effects of isoflurane, desflurane, and sevoflurane make them all acceptable choices for maintenance of anesthesia. When myocardial function is severely compromised, opioid-based anesthesia may be considered, although caution is advised because narcotics can produce significant bradycardia that is very deleterious in severe MR.





3. Monitoring.

Invasive monitoring is not needed for minor surgery in asymptomatic patients. In patients with severe MR, pulmonary artery occlusion pressure monitoring may be helpful.




IV. MITRAL VALVE PROLAPSE


Mitral valve prolapse (MVP) is defined as the prolapse of one or both mitral leaflets into the left atrium during systole with or without MR. It is usually a benign condition, affecting 1% to 2.5% of the population; however, MVP can have devastating complications, such as cerebral embolic events, infective endocarditis, severe MR requiring surgery, dysrhythmias, and sudden death.



A. Diagnosis.

The diagnosis of MVP is based on echocardiographic findings of valve prolapse of 2 mm or more above the mitral annulus. Cardiac dysrhythmias associated with MVP include both supraventricular and ventricular dysrhythmias and respond well to β-blocker therapy. Cardiac conduction abnormalities are not uncommon.





B. Management of Anesthesia.

Management of anesthesia in patients with MVP follows the same principles outlined earlier for patients with MR (see Table 2-8). The degree of MVP is adversely affected by increased ventricular emptying, decreased left ventricular filling, and smaller ventricular dimensions, such as occur with increased myocardial contractility, decreased systemic vascular resistance, upright posture, and hypovolemia.





1. Preoperative Evaluation.

Preoperative evaluation should focus on distinguishing patients with purely functional disease (often women younger than 45 years treated with β-blockers) from patients with significant MR (older men with symptoms of mild to moderate CHF). Patients taking β-blockers should continue taking them perioperatively. Anxiolytic medications should be used to avoid tachycardia. Antithrombotic medications such as aspirin or warfarin may be continued in patients undergoing minor surgery when significant blood loss is not expected.





2. Selection of Anesthetic Technique.

Most patients with MVP have normal left ventricular function; volatile agents are well tolerated. The decrease in systemic vascular resistance associated with regional anesthesia should be offset by fluid administration to avoid changes in left ventricular volume that could adversely affect MVP and the degree of mitral regurgitation.





3. Induction of Anesthesia.

Avoid sudden decreases in systemic vascular resistance. Etomidate is an attractive choice for induction in patients with significant MVP, because it causes minimal myocardial depression or alterations in sympathetic nervous system activity. Ketamine stimulates the sympathetic nervous system and enhances the degree of prolapse and regurgitation.





4. Maintenance of Anesthesia.

Minimize sympathetic nervous system activation resulting from surgical stimuli (volatile anesthetics with or without nitrous oxide and/or opioids). Unexpected ventricular dysrhythmias can occur, especially during operations performed in the head-up or sitting position, presumably because of increased left ventricular emptying and accentuation of MVP. Generous intravenous fluid therapy and prompt replacement of intraoperative blood loss is indicated. If vasopressors are needed, an α-agonist such as phenylephrine is more desirable than inotropes, which may enhance MVP and MR.





5. Monitoring.

Routine monitoring is all that is necessary in the majority of patients with MVP. An intraarterial catheter and pulmonary artery catheter are needed only in patients with significant MR and left ventricular dysfunction.




V. AORTIC STENOSIS



A. Pathophysiology.

The normal aortic valve area is 2.5 to 3.5 cm2. Obstruction to ejection of blood into the aorta caused by decreases in the aortic valve area necessitates an increase in left ventricular pressure to maintain forward stroke volume. Angina pectoris may occur in patients with AS despite the absence of coronary disease. Severe AS is defined as transvalvular pressure gradients greater than 50 mm Hg and/or a valve area of less than 0.8 cm2.





B. Diagnosis.

The classic symptoms of critical AS are angina pectoris, syncope, and CHF. Physical examination reveals a characteristic systolic murmur heard best in the aortic area, often radiating to the neck. Because many patients with AS are asymptomatic, it is important to listen for the systolic murmur of AS in older patients scheduled for surgery. The ECG may demonstrate left ventricular hypertrophy.





1. Echocardiography with Doppler examination of the aortic valve provides a more accurate assessment of the severity of AS (Table 2-9) than does clinical evaluation.



2. Cardiac catheterization and coronary angiography may be necessary when the severity of AS cannot be determined by echocardiography.



3. Exercise stress testing may be useful in risk-stratifying asymptomatic patients with moderate to severe AS. Patients with exercise-induced symptoms may benefit from aortic valve replacement.



C. Treatment.





TABLE 2-9 Severity of Aortic Stenosis Measured by Echocardiography


[image: image]




In asymptomatic patients with AS, it appears to be safe to continue medical management and delay valve replacement surgery until symptoms develop. Surgical and procedural interventions include balloon valvotomy and valve replacement by traditional open heart surgery or by transcatheter techniques. 


D. Management of Anesthesia.

Management of anesthesia in patients with AS includes the prevention of hypotension and any hemodynamic change that will decrease cardiac output (Table 2-10). Cardiopulmonary resuscitation is unlikely to be effective in patients with AS because it is difficult, if not impossible, to create an adequate stroke volume across a stenotic aortic valve with cardiac compressions.





1. Induction of Anesthesia.



TABLE 2-10 Anesthetic Considerations in Patients with Aortic Stenosis






	


Maintain normal sinus rhythm.



Avoid bradycardia or tachycardia.



Avoid hypotension.



Optimize intravascular fluid volume to maintain venous return and left ventricular filling.










General anesthesia is usually preferable to epidural or spinal anesthesia, which can decrease systemic vascular resistance and precipitate significant hypotension. Induction of anesthesia can be accomplished with an intravenous induction drug that does not decrease systemic vascular resistance.


2. Maintenance of Anesthesia.

Management of anesthesia can be accomplished with a combination of nitrous oxide and volatile anesthetic and opioids or by opioids alone. Decreases in systemic vascular resistance are undesirable. Intravascular fluid volume should be maintained at normal levels. The onset of junctional rhythm or bradycardia requires prompt treatment with glycopyrrolate, atropine, or ephedrine. Persistent tachycardia can be treated with β-antagonists such as esmolol. Supraventricular tachycardia should be promptly terminated with electrical cardioversion. Lidocaine and a defibrillator should be kept available, as these patients have a propensity to develop ventricular dysrhythmias.





3. Monitoring.

The use of invasive monitoring is determined by the complexity of the surgery and severity of AS and may include continuous arterial blood pressure monitoring, a pulmonary artery catheter, and/or transesophageal echocardiography.




VI. AORTIC REGURGITATION



A. Pathophysiology.

Regurgitation of some of the ejected stroke volume from the aorta back into the right ventricle during diastole results in a combined pressure and volume overload on the left ventricle. The magnitude of the regurgitant volume depends on (1) the duration of diastole, which is determined by heart rate, and (2) the pressure gradient across the aortic valve, which is dependent on systemic vascular resistance. The magnitude of AR is decreased by tachycardia and peripheral vasodilation. Patients with acute AR experience severe left ventricular volume overload before compensation can occur and therefore may have presenting signs of coronary ischemia, rapid deterioration in left ventricular function, and heart failure.





B. Diagnosis.

AR is recognized clinically by a characteristic diastolic murmur heard best along the right sternal border, and peripheral signs of a hyperdynamic circulation (widened pulse pressure, decreased diastolic blood pressure, bounding pulses). Signs of left ventricular hypertrophy may be seen on the chest radiograph and ECG. Echocardiography with Doppler examination identifies the presence and severity of AR.





C. Treatment.

Surgical replacement of a diseased aortic valve is recommended before the onset of permanent left ventricular dysfunction, even in asymptomatic patients. Medical therapy of AR is directed at decreasing systolic hypertension and ventricular wall stress and improving left ventricular function.





D. Management of Anesthesia (Table 2-11).

TABLE 2-11 Anesthetic Considerations in Patients with Aortic Regurgitation






	


Avoid bradycardia.



Avoid increases in systemic vascular resistance.



Minimize myocardial depression.










Management of anesthesia in patients with AR is directed toward maintaining forward left ventricular stroke volume. The heart rate should be kept at greater than 80 beats per minute because bradycardia increases the amount of backward blood flow; leading to left ventricular volume overload. Abrupt increases in systemic vascular resistance can precipitate left ventricular failure, requiring treatment with a vasodilator for afterload reduction and an inotrope to increase contractility. Overall, modest increases in heart rate and modest decreases in systemic vascular resistance are reasonable hemodynamic goals.





1. Induction of Anesthesia.

Induction of anesthesia in the presence of AR can be achieved with any intravenous induction drug with or without inhalation anesthesia that ideally does not decrease heart rate or increase systemic vascular resistance.





2. Maintenance of Anesthesia.

Maintenance of anesthesia is often provided with nitrous oxide plus a volatile anesthetic and/or opioid. Intravascular fluid volume should be maintained at normal levels to provide for adequate cardiac preload. Bradycardia and junctional rhythm require prompt treatment.





3. Monitoring.

Minor surgery in patients with asymptomatic AR does not require invasive monitoring. For severe AR, monitoring with a pulmonary artery catheter or transesophageal echocardiography is helpful to monitor myocardial depression, facilitate intravascular volume replacement, and measure the response to vasodilating drugs.




VII. TRICUSPID REGURGITATION



A. Pathophysiology.

Tricuspid regurgitation (TR) is usually functional, caused by tricuspid annular dilations secondary to right ventricular enlargement or pulmonary hypertension. Right atrial volume overload results in only a minimal increase in right atrial pressure even in the presence of a large regurgitant volume, owing to high compliance of the right atrium and vena cavae. Clinical signs include jugular venous distention, hepatomegaly, ascites, and peripheral edema.





B. Management of Anesthesia.

Intravascular fluid volume and central venous pressure should be maintained in the high-normal range to facilitate adequate right ventricular preload and left ventricular filling. Events known to increase pulmonary artery pressure (e.g., hypoxemia, hypercarbia) should be avoided. Nitrous oxide can be a weak pulmonary artery vasoconstrictor and could increase the degree of TR, so it is best avoided. Right atrial pressure monitoring may help to guide intravenous fluid replacement and to detect changes in the amount of TR during anesthesia.




VIII. TRICUSPID STENOSIS


Tricuspid stenosis (TS) is rare in the adult population and may be associated with a history of rheumatic fever, carcinoid syndrome, and endomyocardial fibrosis. TS increases right atrial pressure and the pressure gradient between the right atrium and right ventricle.


IX. PULMONIC VALVE REGURGITATION


Pulmonic valve regurgitation results from pulmonary hypertension and annular dilation of the pulmonic valve. Other causes include connective tissue diseases, carcinoid syndrome, infective endocarditis, and rheumatic heart disease. It is rarely symptomatic. 


X. PULMONIC STENOSIS


Pulmonic stenosis (PS) is usually congenital and detected and corrected in childhood. An acquired form can be caused by rheumatic fever, carcinoid syndrome, or infective endocarditis. Significant obstruction can cause syncope, angina, right ventricular hypertrophy, and right ventricular failure. Surgical valvotomy can be used to relieve the obstruction.


XI. New Frontiers in Treatment of Valvular Heart Disease


New interventions are being developed to allow for treatment of valvular heart disease without the need for open heart surgery or cardiopulmonary bypass. Transcatheter aortic valve implantation (TAVI) is a relatively new technique that can be performed percutaneously via the femoral artery or via puncture of the apex of the left ventricle. General anesthesia is required in most instances, particularly with the transapical approach. This treatment is associated with a lower 30-day and 1-year mortality, better improvement in symptoms, and reduced number of repeat hospitalizations than medical therapy or balloon valvuloplasty. However, stroke and cognitive impairment are increased compared with aortic valve replacement by open heart surgery. Transcatheter pulmonic valve placement has also been successfully performed.







Chapter 3 Congenital Heart Disease


Congenital anomalies of the heart and cardiovascular system occur in 7 to 10 per 1000 live births (Table 3-1). Signs and symptoms of congenital heart disease in infants and children (Table 3-2) are apparent during the first week of life in approximately 50% of affected neonates and before 5 years of age in virtually all remaining patients. Echocardiography is the initial diagnostic step. Certain complications are likely to accompany the presence of congenital heart disease (Table 3-3). Cardiac dysrhythmias are not usually a prominent feature.




I. ACYANOTIC CONGENITAL HEART DISEASE


TABLE 3-1 Classification and Incidence of Congenital Heart Disease






	DISEASE

	INCIDENCE (%)






	ACYANOTIC DEFECTS






	Ventricular septal defect

	35






	Atrial septal defect

	9






	Patent ductus arteriosus

	8






	Pulmonary stenosis

	8






	Aortic stenosis

	6






	Coarctation of the aorta

	6






	Atrioventricular septal defect

	3






	CYANOTIC DEFECTS






	Tetralogy of Fallot

	5






	Transposition of the great vessels

	4







TABLE 3-2 Signs and Symptoms of Congenital Heart Disease






	INFANTS






	Tachypnea






	Failure to gain weight






	Heart rate >200 beats/min






	Heart murmur






	Congestive heart failure






	Cyanosis






	CHILDREN






	Dyspnea






	Slow physical development






	Decreased exercise tolerance






	Heart murmur






	Congestive heart failure






	Cyanosis






	Clubbing of digits






	Squatting






	Hypertension







TABLE 3-3 Common Problems Associated with Congenital Heart Disease






	


Infective endocarditis



Cardiac dysrhythmias



Complete heart block



Hypertension (systemic or pulmonary)



Erythrocytosis



Thromboembolism



Coagulopathy



Brain abscess



Increased plasma uric acid concentration



Sudden death










Acyanotic congenital heart disease is characterized by a left-to-right intracardiac shunt (Table 3-4). Such shunts, regardless of their locations, often result in increased pulmonary blood flow with pulmonary hypertension, right ventricular hypertrophy, and eventually congestive heart failure (CHF). The onset and severity of clinical symptoms vary with the site and magnitude of the vascular shunt.



A. Atrial Septal Defect.



TABLE 3-4 Congenital Heart Defects Resulting in a Left-to-Right Intracardiac Shunt or Its Equivalent






	


Secundum atrial septal defect



Primum atrial septal defect (endocardial cushion defect)



Ventricular septal defect



Aorticopulmonary fenestration










Atrial septal defect (ASD) accounts for about one third of the congenital heart disease detected in adults and is two to three times more common in females than in males. The physiologic consequences of ASDs reflect the shunting of blood from one atrium to the other; the direction and magnitude of the shunt are determined by the size of the defect and the relative compliance of the ventricles. When the diameter of the ASD approaches 2 cm, it is likely that left-to-right shunt has led to increased pulmonary blood flow. A systolic ejection murmur audible in the second left intercostal space may be mistaken for an innocent flow murmur. Transesophageal echocardiography and Doppler color flow echocardiography are both useful for detecting and determining the location and size of ASDs.





1. Signs and Symptoms.

ASDs initially produce no symptoms or signs and may remain undetected for years. Symptoms resulting from large ASDs include dyspnea on exertion, supraventricular dysrhythmias, right-sided heart failure, paradoxical embolism, and recurrent pulmonary infections. When pulmonary blood flow is 1.5 times the systemic blood flow, closure of the ASD is indicated to prevent right ventricular dysfunction and irreversible pulmonary hypertension. Prophylaxis against infective endocarditis is not indicated for ASD.





2. Management of Anesthesia (Table 3-5)




B. Ventricular Septal Defect.



TABLE 3-5 Anesthetic Considerations in Patients with Left-to-Right Intracardiac Shunts






	


Pharmacology of inhaled anesthetics is not altered as long as systemic blood flow remains normal.



Avoid increases in systemic vascular resistance; this increases left-to-right shunting.



Avoid measures that decrease pulmonary vascular resistance (e.g., high FIO2, pulmonary vasodilators); this increases left-to-right shunt.



Decreased systemic vascular resistance and increased pulmonary vascular resistance decrease left-to-right shunt.



Positive-pressure ventilation is well tolerated.



Antibiotic prophylaxis is indicated for ASD only when a valvular abnormality is also present. Antibiotic prophylaxis is indicated for VSD and PDA.



Avoid introducing air into the circulation, such as through IV solutions.



Transient supraventricular dysrhythmias and atrioventricular conduction changes are common after closure of the ASD.










ASD, Atrial septal defect; IV, intravenous; PDA, patent ductus arteriosus; VSD, ventricular septal defect.


Ventricular septal defect (VSD) is the most common congenital cardiac abnormality in infants and children, and many close spontaneously by 2 years of age. Echocardiography with Doppler flow ultrasonography confirms the presence and location of the VSD, and color-flow mapping provides information about the magnitude and direction of the intracardiac shunt.





1. Signs and Symptoms.

The physiologic significance of a VSD depends on the size of the defect and the relative resistance in the systemic and pulmonary circulations. If the defect is large, over time the pulmonary vascular resistance increases; the direction of the shunt may reverse, resulting in cyanosis. Adults with small defects and normal pulmonary arterial pressures are generally asymptomatic, and pulmonary hypertension is unlikely. The murmur of a VSD is holosystolic and loudest at the lower left sternal border. Closure of the defect is recommended in patients with large VSDs in whom the magnitude of the pulmonary hypertension is not prohibitive (pulmonary/systemic vascular resistance ratio <0.7).





2. Management of Anesthesia.

Management of anesthesia for VSD is similar to management for ASD in most respects (see Table 3-5). Right ventricular infundibular hypertrophy may be present in patients with VSDs and increased myocardial contractility, or hypovolemia may exaggerate right ventricular obstruction. Third-degree atrioventricular heart block may follow surgical closure if the cardiac conduction system is near the VSD. 





C. Patent Ductus Arteriosus.

Patent ductus arteriosus (PDA) is present when the ductus arteriosus (which arises just distal to the left subclavian artery and connects the descending aorta to the left pulmonary artery) fails to close spontaneously shortly after birth, resulting in continuous flow of blood from the aorta to the pulmonary artery. The PDA can usually be visualized on echocardiography, with Doppler studies confirming the continuous flow into the pulmonary circulation.





1. Signs and Symptoms.

Most patients are asymptomatic, and most PDAs are recognized by the presence of a characteristic continuous systolic and diastolic murmur. If severe pulmonary hypertension develops, closure of the PDA is contraindicated.





2. Treatment.

The PDA is treated by either medical management (cyclooxygenase inhibitors such as indomethacin) or surgical closure. 





3. Management of Anesthesia.

Management of anesthesia includes the same considerations as for other patients with left-to-right cardiac shunts (see Table 3-5). Ligation of the PDA is often associated with significant systemic hypertension during the postoperative period, which can be managed with vasodilator drugs such as nitroprusside. Long-acting antihypertensive drugs can be gradually substituted for nitroprusside if systemic hypertension persists. Antibiotic prophylaxis for protection against endocarditis is recommended for patients with PDAs who undergo noncardiac surgery.





D. Aorticopulmonary Fenestration.

Aorticopulmonary fenestration is characterized by a communication between the ascending aorta and the main pulmonary artery. The physiologic consequences and anesthesia management are similar to those associated with a large PDA.





E. Aortic Stenosis.

Bicuspid aortic valves occur in 2% to 3% of the U.S. population, and about 20% of these patients have other cardiovascular abnormalities, such as PDA or coarctation of the aorta. Transthoracic echocardiography with Doppler flow studies permits assessment of the severity of the aortic stenosis and of left ventricular function.





1. Signs and Symptoms.

AS is associated with a systolic murmur that is audible over the aortic area (second right intercostal space) and often radiates into the neck. Most patients are asymptomatic until adulthood. Infants with severe AS may have CHF. The electrocardiogram (ECG) may show left ventricular hypertrophy. Angina in the absence of coronary artery disease reflects the inability of coronary blood flow to meet increased myocardial oxygen requirements of the hypertrophied left ventricle. Syncope can occur when the pressure gradient across the aortic valve exceeds 50 mm Hg. In patients with supravalvular AS, associated findings can include prominent facial bones, rounded forehead, pursed upper lip, strabismus, inguinal hernias, dental abnormalities, and developmental delay. Supravalvular aortic stenosis (SVAS) may be associated with a characteristic appearance of prominent facial bones, rounded forehead, and pursed upper lip. Nonsyndromic SVAS is less common but has been implicated in cases of sudden death in conjunction with anesthesia or sedation.





2. Treatment.

Treatment of symptomatic congenital AS is valve replacement, and considerations for anesthesia management are similar to those for acquired AS.





F. Pulmonic Stenosis.

Pulmonic stenosis (PS) producing obstruction to right ventricular outflow is valvular in 90% of patients and supravalvular or subvalvular in the remainder. Supravalvular PS often co-exists with other congenital cardiac abnormalities (e.g., ASD, VSD, PDA, tetralogy of Fallot [TOF]). Valvular PS is typically an isolated abnormality, but it may occur in association with a VSD. Echocardiography and Doppler flow studies can determine the site of the obstruction and the severity of the stenosis. Treatment of PS is with percutaneous balloon valvuloplasty.





1. Signs and Symptoms.

In asymptomatic patients, the presence of PS is identified by the presence of a loud systolic ejection murmur, best heard at the second left intercostal space. Dyspnea may occur on exertion, and eventually right ventricular failure with peripheral edema and ascites develops.





2. Treatment.

Treatment is percutaneous balloon valvuloplasty.





3. Management of Anesthesia.

Management of anesthesia is designed to avoid increases in right ventricular oxygen requirements (tachycardia, increased myocardial contractility). Decreases in systemic blood pressure should be promptly treated with sympathomimetic drugs.





G. Coarctation of the Aorta.

Coarctation of the aorta is usually a result of a discrete, diaphragm-like ridge extending into the aortic lumen just distal to the left subclavian artery (postductal coarctation).





1. Signs and Symptoms.

Most adults are asymptomatic, and the diagnosis is made when systemic hypertension is detected in the arms in association with diminished or absent femoral arterial pulses. The ECG shows left ventricular hypertrophy. Clinical symptoms include headache, dizziness, epistaxis, and palpitations. 





2. Treatment.

Surgical resection of the coarctation of the aorta is indicated for patients with a transcoarctation pressure gradient of more than 30 mm Hg. Balloon dilation is a therapeutic alternative.





3. Management of Anesthesia (Table 3-6)




4. Postoperative Management.



TABLE 3-6 Anesthetic Considerations for Patients with Coarctation of the Aorta






	


Maintain adequate perfusion to the lower body during aortic cross-clamping (mean arterial pressure ≥40 mm Hg); consider partial circulatory bypass if pressure cannot be maintained.



Continuously monitor systemic pressure above and below the coarctation (right radial and femoral artery catheterization).



Upper-body systemic hypertension during cross-clamping can cause increased workload to the heart and make surgical repair more difficult (consider nitroprusside).



Consider somatosensory evoked potentials to monitor spinal cord function and adequacy of blood flow to the spinal cord during cross-clamping of the aorta.










Immediate postoperative complications include paradoxical hypertension, aortic regurgitation, and paraplegia. Administration of intravenous (IV) nitroprusside with or without esmolol usually controls systemic blood pressure during the early postoperative period. Paraplegia may result from ischemic damage to the spinal cord during the aortic cross-clamping. Abdominal pain may occur, presumably because of sudden increases in blood flow to the gastrointestinal tract.

II. CYANOTIC CONGENITAL HEART DISEASE


Cyanotic congenital heart disease is characterized by a right-to-left intracardiac shunt (Table 3-7) with associated decreases in pulmonary blood flow and the development of arterial hypoxemia.



A. Tetralogy of Fallot.



TABLE 3-7 Congenital Heart Defects Resulting in a Right-to-Left Intracardiac Shunt






	


Tetralogy of Fallot



Eisenmenger’s syndrome



Ebstein’s anomaly (malformation of the tricuspid valve)



Tricuspid atresia



Foramen ovale










TOF, the most common cyanotic congenital heart defect, is characterized by a large single VSD, an aorta that overrides the right and left ventricles, obstruction to right ventricular outflow, and right ventricular hypertrophy. The resistance to flow across the right ventricular outflow tract is relatively fixed; changes in systemic vascular resistance may affect the magnitude of the shunt. Decreases in systemic vascular resistance increase right-to-left shunt and arterial hypoxemia, whereas increases in systemic vascular resistance (e.g., by squatting) decrease left-to-right shunt and increase pulmonary blood flow.


1. Diagnosis.

Echocardiography is used to establish the diagnosis and assess the presence of associated abnormalities. Cardiac catheterization further confirms the diagnosis and permits confirmation of anatomic and hemodynamic data.





2. Signs and Symptoms (Table 3-8)




3. Treatment.



TABLE 3-8 Signs and Symptoms of Tetralogy of Fallot






	


Cyanosis



Systolic ejection murmur along the left sternal border



Squatting (particularly in children; increases systemic vascular resistance)



Right axis deviation and right ventricular hypertrophy on electrocardiogram



Compensatory erythropoiesis



Hypercyanotic attacks (sudden episode of arterial hypoxemia, tachypnea, syncope, seizures, often precipitated by crying or exercise; treatment is esmolol and/or phenylephrine)



Cerebrovascular accident caused by cerebrovascular thrombosis or arterial hypoxemia



Cerebral abscess



Infective endocarditis










Treatment of TOF is complete surgical correction (closure of the VSD with a Dacron patch and relief of right ventricular outflow obstruction by placing a synthetic graft) when patients are extremely young. Three palliative operations in infancy include Waterston’s operation (side-to-side anastomosis of the ascending aorta to the right pulmonary artery), Pott’s operation (side-to-side anastomosis of the descending aorta to the left pulmonary artery), and the Blalock-Taussig operation (end-to-side anastomosis of the subclavian artery to the pulmonary artery).


4. Management of Anesthesia.

For patients with TOF, management of anesthesia aims to avoid events that acutely increase the magnitude of the right-to-left shunt (Table 3-9).





a. Preoperative preparation includes avoiding dehydration by maintaining oral feedings in extremely young patients or by providing IV fluids before the patient’s arrival in the operating room. Crying associated with intramuscular administration of drugs used for preoperative medication can lead to hypercyanotic attacks. Continue β-adrenergic antagonists in patients receiving these drugs for prophylaxis against hypercyanotic attacks.



b. Induction of anesthesia is often with ketamine, which preserves systemic vascular resistance. Induction of anesthesia with a volatile anesthetic such as sevoflurane is acceptable but must be accomplished with caution and careful monitoring of systemic oxygenation.



c. Maintenance of anesthesia is often achieved with nitrous oxide combined with ketamine. The principal disadvantage of using nitrous oxide is the associated decrease in the inspired oxygen concentration. Ventilation of the patient’s lungs should be controlled, but excessive positive airway pressure may increase the resistance to blood flow through the lungs. Intravascular fluid volume must be maintained because acute hypovolemia increases right-to-left intracardiac shunt. Meticulous care must be taken to avoid infusion of air through IV tubing because of the risk of systemic air embolization. α-Adrenergic agonist drugs (phenylephrine) are used to treat decreases in systemic vascular resistance.



5. Patient Characteristics after Repair of Tetralogy of Fallot.



TABLE 3-9 Events that Increase Right-to-Left Intracardiac Shunting






	Decreased systemic vascular resistance

	Volatile anesthetic agents
Histamine release
Ganglionic blockade
β-Adrenergic blockade






	Increased pulmonary vascular resistance

	Intermittent positive airway pressure
Positive end-expiratory pressure
Negative intrapleural pressure






	Increased myocardial contractility (accentuates infundibular obstruction to right ventricular ejection)

	Surgical stimulation
Inotropic agents







Ventricular cardiac dysrhythmias and atrial fibrillation or flutter are common. Right bundle branch block is common, but third-degree atrioventricular heart block is uncommon.


B. Eisenmenger’s Syndrome.

Eisenmenger’s syndrome is a condition in which a left-to-right intracardiac shunt is reversed when pulmonary vascular resistance increases to a level that equals or exceeds the systemic vascular resistance. It occurs in approximately 50% of patients with an untreated VSD and approximately 10% of patients with an untreated ASD. The murmur associated with these cardiac defects disappears when Eisenmenger’s syndrome develops.





1. Signs and Symptoms (Table 3-10)




2. Treatment.



TABLE 3-10 Signs and Symptoms of Eisenmenger’s Syndrome






	


Arterial hypoxemia


• Cyanosis



• Erythrocytosis



• Increased blood viscosity






Decreased exercise tolerance



Atrial fibrillation



Hemoptysis (pulmonary infarction)



Thrombosis



Cerebrovascular accident



Brain abscess



Syncope



Sudden death










Epoprostenol may help decreased pulmonary vascular resistance. Hyperviscosity can be treated with phlebotomy and isovolemic replacement. Pregnancy is discouraged in women with Eisenmenger’s syndrome. Lung transplantation with repair of the cardiac defect or combined heart-lung transplantation may be an option. Surgical correction of the underlying heart defect is contraindicated in the presence of irreversible pulmonary hypertension.


3. Management of Anesthesia.

Management of anesthesia is based on maintenance of preoperative levels of systemic vascular resistance, recognizing that increases in right-to-left shunt are likely if sudden vasodilation occurs. Continuous IV infusions of norepinephrine may be useful, but β-adrenergic agonists that may decrease systemic vascular resistance should be avoided. Minimizing blood loss and hypovolemia and the prevention of iatrogenic paradoxical embolization are important considerations. If epidural anesthesia is selected, it seems prudent to avoid epinephrine in the local anesthetic solution owing to its peripheral β-agonist effects.





C. Ebstein’s Anomaly.

Ebstein’s anomaly is an abnormality of the tricuspid valve in which the valve leaflets are malformed or displaced downward into the right ventricle.





1. Signs and Symptoms (Table 3-11).




The severity of the hemodynamic derangements depends on the degree of displacement and the functional status of the tricuspid valve leaflets and can vary from CHF in neonates to asymptomatic adults. Echocardiography is used to assess right atrial dilation, distortion of the tricuspid valve leaflets, and the severity of the tricuspid regurgitation or stenosis.



2. Treatment.



TABLE 3-11 Signs and Symptoms of Ebstein’s Anomaly






	


Cyanosis



Congestive heart failure



Paradoxical embolization



Hepatomegaly (caused by passive hepatic congestion secondary to increased right atrial pressure)



Massive enlargement of the right atrium



First-degree atrioventricular block



Paroxysmal arrhythmias, both supraventricular and ventricular



Brain abscess



Sudden death










Treatment of Ebstein’s anomaly is based on preventing associated complications. It includes antibiotic prophylaxis against infective endocarditis, diuretics and digoxin to manage CHF, pharmacologic treatment of arrhythmias, and catheter ablation if accessory pathways are present. Surgical treatment by systemic-to-pulmonary shunt, Glenn’s shunt, or Fontan’s procedure may be considered. 


3. Management of Anesthesia.

Hazards during anesthesia in patients with Ebstein’s anomaly include accentuation of arterial hypoxemia as a result of increases in the magnitude of the right-to-left intracardiac shunt and the development of supraventricular tachydysrhythmias.





D. Tricuspid Atresia.

Tricuspid atresia is characterized by arterial hypoxemia, a small right ventricle, a large left ventricle, and marked decreases in pulmonary blood flow.





1. Treatment.

Treatment is anastomosis of the right atrial appendage to the right pulmonary artery to bypass the right ventricle and provide direct atriopulmonary communication (Fontan’s procedure).





2. Management of Anesthesia.

For patients undergoing Fontan’s procedure, management of anesthesia has been successfully achieved with opioids or volatile anesthetics. Immediately after cardiopulmonary bypass and continuing into the early postoperative period, it is important to maintain increased right atrial pressures (16 to 20 mm Hg) to facilitate pulmonary blood flow and avoid increases in pulmonary vascular resistance (acidosis, hypothermia, peak airway pressures higher than 15 cm H2O, or reactions to the tracheal tube), which may cause right-sided heart failure. Early tracheal extubation and spontaneous ventilation are desirable. Subsequent management of anesthesia in patients who have undergone Fontan’s procedure is facilitated by monitoring the central venous pressure (which equals the pulmonary artery pressure in these patients) to assess the intravascular fluid volume and to detect sudden impairment of left ventricular function and increased pulmonary vascular resistance.





E. Transposition of the Great Arteries.

Transposition of the great arteries results in complete separation of the pulmonary and systemic circulations. Survival is possible only if there is communication between the two circulations (VSD, ASD, or PDA).





1. Signs and Symptoms.

Persistent cyanosis and tachypnea at birth may be the first clues, and CHF is often present.





2. Treatment.

Immediate management involves creating intracardiac mixing such as using prostaglandin E to maintain patency of the ductus arteriosus and/or balloon atrial septostomy (Rashkind’s procedure). Ultimately, correction involves an “arterial switch” operation in which the pulmonary artery and ascending aorta are reanastomosed with the “correct” ventricles, and coronary arteries are reimplanted, so that the aorta is connected to the left ventricle and the pulmonary artery is connected to the right ventricle.





3. Management of Anesthesia.

Anesthesia is often managed with ketamine combined with or without opioids or benzodiazepines for maintenance of anesthesia. The use of nitrous oxide is limited, as it is important to administer high inspired oxygen concentrations. Dehydration must be avoided during the perioperative period because these patients may have hematocrits in excess of 70%, predisposing them to cerebral venous thrombosis.





F. Mixing of Blood between the Pulmonary and Systemic Circulations.

Rare congenital heart defects that result in mixing of blood from the pulmonary and systemic circulations manifest as cyanosis and arterial hypoxemia of varying severity depending on the magnitude of the pulmonary blood flow (Table 3-12).




III. MECHANICAL OBSTRUCTION OF THE TRACHEA


TABLE 3-12 Congenital Heart Defects Resulting in Mixing of Blood from the Pulmonary and Systemic Circulations






	DEFECT

	CONSIDERATIONS






	Truncus arteriosus (single arterial trunk is the origin of both the aorta and pulmonary artery)

	Manifests as cyanosis, arterial hypoxemia, failure to thrive, and CHF.
Surgical treatment consists of banding of the right and left pulmonary arteries to decrease pulmonary blood flow.
PEEP may decrease pulmonary blood flow and decrease symptoms of CHF.






	Partial anomalous pulmonary venous return (pulmonary vein empties into the right atrium instead of the left)

	Manifests as fatigue, exertional dyspnea, CHF.
Angiography is useful for diagnosis.






	Total anomalous pulmonary venous return (all four veins drain into the systemic venous circulation)

	Manifests as CHF.
PEEP may decrease pulmonary blood flow.
IV infusions can increase right atrial pressure and cause pulmonary edema.
Surgical manipulation of the right atrium can cause obstruction.






	Hypoplastic left-sided heart syndrome

	Treatment is initial reconstruction of the ascending aorta using the proximal pulmonary artery, followed by Fontan’s procedure.
Coronary blood flow is compromised, and ventricular fibrillation is a high risk.
Anesthetic management is with high-dose opioids and muscle relaxation.
High PaO2 implies excessive pulmonary blood flow at the expense of systemic blood flow—treatments are maneuvers to increase pulmonary vascular resistance.







CHF, Congestive heart failure; IV, intravenous; PEEP, positive end-expiratory pressure.


The trachea can be obstructed by circulatory anomalies that produce a vascular ring or by dilation of the pulmonary artery secondary to absence of the pulmonic valve and can present as stridor or other upper airway obstruction (Table 3-13).


IV. THE ADULT PATIENT WITH CONGENITAL HEART DISEASE UNDERGOING NONCARDIAC SURGERY


TABLE 3-13 Mechanical Obstruction of the Trachea






	DEFECT

	CONSIDERATIONS






	Double aortic arch

	Vascular ring presses on the trachea and esophagus.
Manifests as inspiratory stridor, difficulty managing secretions, and dysphagia.
Treatment is surgical resection.
Endotracheal tube should be inserted beyond the level of tracheal compression if possible.
Gastric tube can cause occlusion of the trachea if the endotracheal tube is above the level of compression.






	Aberrant left pulmonary artery

	Manifests as expiratory stridor or wheezing.
Esophageal obstruction is rare.
Surgical division of the aberrant pulmonary artery is the treatment of choice.






	Absent pulmonary valve

	Results in dilation of the pulmonary artery, which can compress the trachea and left main bronchus.
Tracheal intubation and continuous airway pressure of 4-6 mm Hg can keep the trachea distended.
Treatment is surgical insertion of a tubular graft with artificial pulmonic valve.







The prevalence of congenital heart disease in adult patients is increasing as increasing numbers of children with congenital heart disease survive to adulthood. Hospitalization rates in this population are twice that of the general population, and adults with congenital heart disease often have chronic comorbidities, such as chronic heart failure, pulmonary hypertension, dysrhythmias, cardiac conduction system disease, residual shunts, valvular lesions, hypertension, and aneurysms. Noncardiac issues include developmental abnormalities, central nervous system disease, erythrocytosis, nephrolithiasis, hearing or visual impairments, and lung disease. The most common lesions seen in adult patients are conotruncal abnormalities after repair (TOF, truncus arteriosus, double outlet right ventricle), coarctation after repair, transposition of the great vessels after arterial switch operation, complex single ventricle after Fontan’s procedure, pulmonary valve stenosis, congenital aortic valve stenosis, atrioventricular canal defects, secundum ASDs, and sinus venosus ASDs.



A. Common Issues




1. Premedication must be undertaken cautiously, because hypercapnia can increase pulmonary vascular resistance.



2. Endocarditis prophylaxis is important in some lesions.



3. Dysrhythmias are common, with 20% to 45% of adult patients having atrial dilatation. The most common tachyarrhythmia is intraatrial reentrant tachycardia.



4. Pulmonary hypertension is common.



5. Heart failure is common in both corrected and uncorrected congenital heart disease.



6. Congenital bleeding abnormalities can occur owing to low circulating levels of vitamin K clotting factors.



B. Intraoperative Management.

Intraoperative management will depend the combination of residual congenital heart disease and comorbidities present. There are no evidence-based recommendations for anesthetic management strategies. Regional anesthesia may be appropriate but must be considered in the context of potential bleeding disorders and the risks of reduction in systemic vascular resistance in patients with unrestricted intracardiac shunts.





C. Postoperative Management.

Postoperative management relies first on stratifying the patient to the appropriate postoperative environment based on the severity of disease, type of procedure and perioperative course.




V. INFECTIVE ENDOCARDITIS ANTIBIOTIC PROPHYLAXIS IN REPAIRED AND UNREPAIRED CONGENITAL HEART DISEASE


Patients for whom antibiotic prophylaxis should be considered include those with prosthetic valves or prosthetic material used in valve repair, palliative shunts and conduits, completely repaired congenital heart disease with prosthetic material or a device placed during surgery or by catheter intervention within 6 months of the placement procedure, and repaired congenital heart disease with residual defects at or adjacent to the site of a prosthetic patch or prosthetic device, patients with previous endocarditis, unrepaired congenital heart disease, cyanotic heart disease, or cardiac transplantation with valvulopathy. Except for patients with the above mentioned conditions, antibiotic prophylaxis is no longer recommended. Patients who have the previously listed conditions who are having gingival tissue manipulation or surgery in the periapical region of the teeth or perforation of the oral mucosa are at particular risk and should receive prophylaxis. However, antibiotic prophylaxis for genitourinary or gastrointestinal tract operations is not recommended for these patients.







Chapter 4 Abnormalities of Cardiac Conduction and Cardiac Rhythm


The clinical significance of cardiac dysrhythmias for the anesthesiologist depends on the effect they have on vital signs and the potential for deterioration into a life-threatening rhythm. The electrical impulse in the heart moves along the cardiac conduction system, propagating a wave of depolarization and causing progressive contraction of cardiac muscle cells. The depolarization and repolarization events correspond to electrical waves recorded on an electrocardiogram (ECG) (Figure 4-1).




I. ANATOMY OF INTRINSIC CARDIAC PACEMAKERS AND THE CONDUCTION SYSTEM



A. Sinoatrial Node.






[image: image]

FIGURE 4-1 Transmembrane action potential generated by an automatic cardiac cell and the relationship of this action potential to events depicted on the electrocardiogram.




The sinoatrial (SA) node is the primary site for impulse initiation. It is located at the junction of the superior vena cava and the right atrium. In 60% of individuals, arterial blood supply is via the right coronary artery. The SA node normally discharges at 60 to 100 beats per minute. Any rhythm resulting from accelerated firing of a pacemaker other than the SA node is called an ectopic rhythm.





B. Atrioventricular Node.

Located in the septal wall of the right atrium, anterior to the coronary sinus, above the septal leaf of the tricuspid valve, the atrioventricular (AV) node has a long refractory period to prevent overstimulation of the ventricles during abnormally rapid atrial impulses. In 85% to 90% of people, the blood supply is the right coronary artery. In the AV node, atrial conduction is briefly slowed.





C. Bundle of His.

The bundle of His divides into two branches in the intraventricular septum. Both branches receive blood supply from the left anterior descending coronary artery (LAD).





1. The right bundle branch (RBB) courses down the right ventricle (RV) and divides near the RV apex. The RBB is more susceptible than the left bundle branch (LBB) to interruption because of its late branching.



2. The LBB divides early into the left anterior fascicle (LAF) and left posterior fascicle (LPF). The LPF receives additional blood supply from the posterior descending coronary artery (PDA) and is less vulnerable to damage by an anterior myocardial infarction.


II. ELECTROPHYSIOLOGY OF THE CONDUCTION SYSTEM


The resting cardiac cell is negative inside relative to the outside (−80 to −90 mV) owing to the active concentration of potassium internally and the extrusion of sodium externally. Electrical impulses cause opening of ion channels, and membrane potential rises, reaching +20 mV to initiate an action potential (AP). After cell depolarization, it is refractory to subsequent APs during phase 4 of the depolarization.



A. Electrocardiography.

The normal ECG tracing is made of up three parts: P wave, QRS complex, and T wave. 





1. PR interval: from atrial depolarization to ventricular depolarization. Normally 0.12 to 0.20 second.



2. QRS complex: during depolarization of the right and left ventricles. Normally 0.05 to 0.10 second.



3. ST segment: between the S portion of the QRS complex and the T wave. Normally isoelectric. May be elevated up to 1 mm. Is never normally depressed.



4. T wave: normally in the same direction as the QRS, and ≤5 mm in amplitude in standard leads or ≤10 mm in precordial leads.



5. QT interval: from the Q wave to the end of the T wave. Varies with heart rate; generally the QT is less than half the R-R interval.


III. MECHANISMS OF TACHYDYSRHYTHMIAS


Tachydysrhythmia is defined as a cardiac rhythm of more than 100 beats per minute.



A. Automaticity.

Automaticity is affected by the slope of phase 4 depolarization and/or the resting membrane potential. Sympathetic stimulation increases heart rate by increasing the slope of phase 4 depolarization and decreasing the resting membrane potential. Parasympathetic stimulation decreases heart rate by decreasing the slope of phase 4 depolarization and increasing the resting membrane potential. Dysrhythmias caused by enhanced automaticity can involve almost any cell in the heart and are not limited to secondary pacemakers within the conduction system.





B. Reentry Pathway Dysrhythmias.

Reentry pathways account for most premature beats and tachydysrhythmias. Reentry requires two pathways over which electrical impulses can be conducted at different velocities. In a reentry circuit, anterograde conduction occurs over the slower normal conduction pathways, and retrograde conduction occurs over a second, accessory pathway. Pharmacologic or physiologic events (hypoxemia, electrolyte disturbance, acid-base changes, autonomic nervous system changes, myocardial ischemia, drugs) may alter the balance between conduction velocities and refractory periods of the dual pathways, resulting in the initiation or termination of reentrant dysrhythmias.





C. Afterdepolarizations.

Afterdepolarizations are oscillations in membrane potential that occur during or after repolarization. Under special circumstances these afterdepolarizations can trigger a complete depolarization that can be self-sustaining and result in a triggered dysrhythmia.




IV. SUPRAVENTRICULAR DYSRHYTHMIAS



A. Sinus Dysrhythmia.

Sinus dysrhythmia is a normal variation in sinus rhythm caused by changes in intrathoracic pressure during inspiration and expiration (Bainbridge reflex).





B. Sinus Tachycardia (Table 4-1).



TABLE 4-1 Perioperative Causes of Sinus Tachycardia






	PHYSIOLOGIC INCREASE IN SYMPATHETIC TONE






	


Pain



Anxiety, fear



Light anesthesia



Hypovolemia, anemia



Arterial hypoxemia



Hypotension



Hypoglycemia



Fever, infection









	PATHOLOGIC INCREASE IN SYMPATHETIC TONE






	


Myocardial ischemia, infarction



Congestive heart failure



Pulmonary embolism



Hyperthyroidism



Pericarditis



Pericardial tamponade



Malignant hyperthermia



Ethanol withdrawal









	DRUG-INDUCED INCREASE IN HEART RATE






	


Atropine, glycopyrrolate



Sympathomimetic drugs



Caffeine



Nicotine



Cocaine, amphetamines










Sinus tachycardia is characterized by a gradual change of heart rate to 100 to 160 beats per minute. The ECG shows a normal P wave before each QRS complex and normal PR unless a co-existing conduction block is present. Treatment is correction of the underlying cause (e.g., hypovolemia, pain, anxiety, hypoxemia, hypotension, fever, heart failure). Administration of a β-blocker may lower the heart rate and decrease myocardial oxygen demand. Prognosis is related to the physiologic or pathologic process causing the acceleration of sinus node activity.
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