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GENERAL INTRODUCTION

During the past fifty years, cardiovascular surgery has become one of the pillars of surgery
in general. The search for a more effective treatment of an increasing number of cardiovascu-
lar diseases contributed to the relatively rapid development of surgical tactics and techniques,
instruments, vascular substitutes and other necessary tools. Its very important role has also
been played in the progress of diagnostic procedures, anesthesiology, prevention of infection
and other specialties. The substance of cardiovascular surgery was deeply affected during
the past twenty years by the development of intraluminal procedures performed mostly by
radiologists. However, these two approaches are not antagonistic, but symbiotic.

The trend of the recent past is to direct education to the qualification of the vascular inter-
ventionist who will be able to perform surgical as well as intraluminal procedures.

Cardiovascular surgery is an important part of the state examination in surgery.

In Czech universities, a substantial number of foreign students study medicine for which
the courses are presented in the English language. However, as far as cardiovascular surgery
is concerned, so far, no texts in this language have been available for study. This work deals
with all aspects of said field to acquire the necessary level of knowledge for the successful
coping with the demand of the state examination in surgery. The concept of this text tries not
only to furnish the necessary facts, but also offers an understanding of different facts from the
physiological, pathophysiological and anatomical point of view.

The authors wish students to use the text to their benefit, and also wish them good luck.

Last, but not least, the authors warmly thank their friends and backers, who by this or
other way, mostly as language consultants, did contribute to the quality of this work.

Milan Krajicek
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CARDIAC SURGERY






THE FUNDAMENTALS
OF CARDIAC SURGERY

1.1 PREOPERATIVE ASSESSMENT

The initial diagnosis of heart disease is usually determined by the cardiologist, and is
made by reviewing the medical history, a physical examination and different diagnostic tech-
niques to confirm the diagnosis. This is presented on referral to cardiac surgeons, and further
assessment can be proposed about the extent to which cardiac surgery may relieve symptoms.
On admission to hospital, the medical history and some degree of physical examination oc-
cur in an attempt to gain a baseline on the physical condition of the patient and to determine
whether the patient’s illness has deteriorated.

1.1.1 Patient History
Dyspnea

This is an abnormal sensation of breathlessness on effort or at rest. With increasing dis-
ability, orthopnea and paroxysmal nocturnal dyspnea (PND) occur. A dry nocturnal cough is
often a sign of impending PND. In acute pulmonary edema, pink frothy sputum and streaky
hemoptysis occur. With poor left ventricular function, Cheyne-Stokes ventilation makes the
patient feel dyspneic in the fast cycle phase. Effort tolerance is graded by the New York Heart
Association criteria (Table 1).

Table 1. New York Heart Association classification of dyspnea

Class | Classification

1. Patients with cardiac disease, but without resulting limitations of physical activity.
Ordinary physical activity does not cause breathlessness.

2. Patients with cardiac disease resulting in slight limitation of physical activity. They are
comfortable at rest. Ordinary physical activity results in dyspnea (e.g., walking up two
flights of stairs, carrying a shopping basket, making beds). By limiting physical activity,
patients can still lead a normal social life.
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3. Patients with cardiac disease resulting in marked limitation of physical activity. They are
comfortable at rest, but even mild physical activity causes dyspnea (e.g., walking around
the flat). The patient cannot do any shopping or housework.

4. Patients with cardiac disease who are unable to do any physical activity without
symptoms. Dyspnea may be present at rest. They are virtually confined to a bed or chair
and are totally incapacitated.

Palpitations

This is the undue awareness of heart action. The heart rate may be normal or increased,
and the rhythm regular or irregular. The sensations may be described as a heavy or pounding
heartbeat, a fluttering in the chest, a racing heart (regular or irregular), a missed beat; and
the heart turning over. The history of palpitations may range from a few hours to decades;
palpitations may occur daily or very infrequently, with intervals of months or even years. In
most patients, palpitations are not associated with primary heart disease. The patient is aware
of a normal heart beat or of simple sinus tachycardia associated with anxiety or extracardiac
disease (e.g., infection or thyrotoxicosis).

History of Angina

The degree to which angina is suffered and its effect on the patient as an individual may
give an indication of the severity of the disease. The Canadian Cardiovascular Society pro-
duced a classification of angina, which is widely used as a measure (Table 2).

Table 2. Canadian classification of angina

Grade | Characteristics

I. Ordinary exercise does not cause angina (strenuous activity provokes angina)

1. Slight limitation of ordinary physical activity (climbing more than one flight of stairs
and walking uphill)

III. Marked limitation of ordinary physical activity (walking on the level or climbing one

flight of stairs provokes angina)

Iv. Inability to carry on any physical activity/angina may be present at rest

Syncope

This is the brief loss of consciousness as a result of inadequate blood supply to the brain.
The immediate cause is reduced cerebral artery perfusion pressure, which may be the conse-
quence of a fall in cardiac output, peripheral vascular resistance or both. Syncope can occur
for a variety of reasons as highlighted in Table 3.
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Table 3. Causes of syncope

Cause Contributing factors

Inappropriate vasodilatation Simple vasovagal faint

Malignant vasovagal syndrome

Hypersensitive carotid sinus syndrome

Micturition syncope

Orthostatic hypotension (diabetes /
Parkinson’s disease, age)

Hypotensive drugs

Impaired cardiac function Extreme bradycardia (heart block, sinoatrial
disorder)

Paroxysmal tachycardia

Myocardial ischemia

Obstruction to ventricular emptying Aortic stenosis

Hypertrophic obstructive cardiomyopathy

Pulmonary stenosis

Pulmonary hypertension

Reduced ventricular filling Cough syncope

Micturition syncope Atrial myxoma

Ball-valve thrombus of atrium

Pulmonary embolism

Hypovolemia Excessive diuretic therapy

Hemorrhage

Physical examination between attacks may reveal evidence of significant valvular heart
disease or cardiac arrhythmia, which gives a clue to the mechanism of syncope. The lying and
standing blood pressure should be checked as a matter of course, but the absence of a falling
blood pressure upon standing does not rule out the presence of orthostatic hypotension.

Cyanosis

Central cyanosis should be detectable when arterial saturation is less than 85% and when
there is more than 5g of reduced hemoglobin present. It is more difficult to detect if the pa-
tient is anemic. Cardiac cyanosis is the result of an inadequate uptake of oxygen in the lungs
secondary to pulmonary disease, or of right-to-left shunting, which results in deoxygenated
blood bypassing the lungs and passing directly into systemic circulation. It is characterized by
cyanosis, which affects the mouth and tongue as well as the extremities — these are warm to
the touch. Peripheral cyanosis in the absence of central cyanosis may be caused by peripheral
vasoconstriction and stagnation of the blood in the capillaries. It is best seen in the extremities
and the lips, and is often associated with coldness of the part. It may occur in heart failure or
be the result of local causes.
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Embolism

Both systemic and pulmonary embolisms are common in cardiac disease. The following
are some of the common factors: atrial fibrillation, aortic stenosis, mitral stenosis, infective
endocarditis, and left atrial myxoma.

Edema

Factors important in cardiac disease are elevated venous pressure (congestive cardiac
failure, pericardial constriction), increased extracellular volume (salt and water retention),
secondary hyperaldosteronism, hypoalbuminemia (liver congestion, anorexia and poor diet),
venous disease and secondary renal failure. Acute edema and ascites may develop in pericar-
dial constriction. Protein-losing enteropathy can occur with a prolonged high venous pressure
exacerbating edema. Patients presenting with pulmonary edema in the preoperative period
could be commenced on a short course of diuretics, but the identification of pulmonary edema
immediately preoperatively does not exclude the patient from surgery.

1.1.2 Physical Examination

The physical examination should start with the hands, because they can indicate the ex-
tent of the disease as well as the type of disease. Coldness of the extremities is the result of
vasoconstriction or obstruction of the superficial blood vessels, so that the blood supply to the
skin is reduced. In heart disease, it is often caused by peripheral vasoconstriction that follows
a fall in cardiac output. In conditions with a high cardiac output, the peripheral vessels are
dilated and the skin is very warm.

Facial and General Appearance

¢ Down’s syndrome: an atrioventricular canal defect
* Elf-like faces: supravalvular aortic stenosis
e Turner’s syndrome: coarctation, aortic stenosis
*  Moon-like plump faces: pulmonary stenosis
¢ Noonan’s syndrome: pulmonary stenosis, peripheral pulmonary artery stenosis
¢ Mitral facies with pulmonary hypertension
¢ Central cyanosis
* Differential cyanosis in patent ductus arteriosus (PDA) with pulmonary hypertension or
interrupted aortic arch
¢ Xanthelasma
Teeth must be checked as part of the general cardiovascular examination. The condition
of the mouth and teeth is particularly important in patients prone to bacterial endocarditis and
under review for valvular surgery. In most cases, valve surgery will not occur until the patient
has undergone a full dental screening for tooth decay. In many cases, this results in patients
having a dental extraction before surgery. It is also important to note the presence of dentures,
caps and crowns. Although this has no impact on surgery, it is important for anesthesia and
placement of the endotracheal tube.

20



	Cover
	Copyright
	Contents
	General Introduction
	CARDIAC SURGERY
	1 The Fundamentals of Cardiac Surgery
	1.1 Preoperative Assessment
	1.1.1 Patient History
	1.1.2 Physical Examination
	1.1.3 Investigations

	1.2 Patient Preparation
	1.2.1 Preoperative Blood Tests
	1.2.2 Assessment of Risks
	1.2.3 Skin Cleansing and Shaving
	1.2.4 Discontinuation of Medication
	1.2.5 Consent

	1.3 Intraoperative Care
	1.3.1 Induction of Anesthesia
	1.3.2 Surgical Preparation of the Patient
	1.3.3 Draping
	1.3.4 Cardiopulmonary Bypass
	1.3.5 Myocardial Protection

	1.4 Postoperative Care
	1.4.1 Respiratory Care
	1.4.2 Hemodynamic Management
	1.4.3 Heart Rate and Rhythm Management
	1.4.4 Postoperative Ischemia and Infarction
	1.4.5 Right Ventricular Failure and Pulmonary Hypertension
	1.4.6 Bleeding
	1.4.7 Renal Dysfunction
	1.4.8 Neurologic Events
	1.4.9 Gastrointestinal Events
	1.4.10 Infections


	2 Congenital Heart Disease
	2.1 Atrial Septal Defect
	2.1.1 Pathophysiology
	2.1.2 Epidemiology
	2.1.3 Types of Atrial Septal Defects
	2.1.4 Diagnosis
	2.1.5 Treatment
	2.1.6 Decompression Sickness
	2.1.7 Paradoxical Emboli
	2.1.8 Migraine
	2.1.9 Prognosis

	2.2 Ventricular Septal Defect
	2.2.1 Causes, Incidence, and Risk Factors
	2.2.2 Pathophysiology
	2.2.3 Symptoms and Signs
	2.2.4 Treatment
	2.2.5 Prognosis

	2.3 Patent Ductus Arteriosus
	2.3.1 Physiology
	2.3.2 Causes, Incidence, and Symptoms
	2.3.3 Diagnosis
	2.3.4 Treatment
	2.3.5 Prognosis

	2.4 Pulmonary Valve Stenosis
	2.4.1 Evaluation
	2.4.2 Treatment

	2.5 Coarctation of the Aorta
	2.5.1 Incidence, Signs, and Symptoms
	2.5.2 Imaging and Diagnosis
	2.5.3 Treatment
	2.5.4 Prognosis

	2.6 Atrioventricular Septal Defect
	2.6.1 Pathophysiology
	2.6.2 Treatment

	2.7 Tetralogy of Fallot
	2.7.1 Causes, Incidence, and Symptoms
	2.7.2 Palliative Surgery
	2.7.3 Total Surgical Repair
	2.7.4 Prognosis

	2.8 Transposition of the Great Vessels
	2.8.1 Dextro-Transposition of the Great Arteries
	2.8.2 Levo-Transposition of the Great Arteries
	2.8.3 Causes, Incidence, and Symptoms
	2.8.4 Treatment
	2.8.5 Prognosis

	2.9 Tricuspid Atresia
	2.9.1 Treatment
	2.9.2 Prognosis

	2.10 Total Anomalous Pulmonary Venous Return
	2.10.1 Variations
	2.10.2 Pathophysiology
	2.10.3 Treatment

	2.11 Truncus Arteriosus
	2.11.1 Treatment

	2.12 Hypoplastic Left Heart Syndrome
	2.12.1 Symptoms
	2.12.2 Treatment
	2.12.3 Prognosis

	2.13 Pulmonary Atresia
	2.13.1 Treatment
	2.13.2 Prognosis

	2.14 Ebstein’s Anomaly
	2.14.1 Symptoms
	2.14.2 Treatment
	2.14.3 Prognosis

	2.15 Vascular Rings 
	2.15.1 Incidence and Causes
	2.15.2 Symptoms
	2.15.3 Treatment


	3 Valvular Heart Disease
	3.1 Aortic Valve Disease
	3.1.1 Anatomy
	3.1.2 Aortic Stenosis 
	3.1.3 Aortic Regurgitation 
	3.1.4 Prosthesis Selection
	3.1.5 Technique of Operation 
	3.1.6 Operative Mortality 
	3.1.7 Long-Term Survival 
	3.1.8 Valve-Related Complications 

	3.2 Mitral Valve Disease
	3.2.1 Anatomy
	3.2.2 Mitral Stenosis
	3.2.3 Mitral Regurgitation

	3.3 Tricuspid Valve Disease
	3.3.1 Anatomy
	3.3.2 Etiology
	3.3.3 Tricuspid Regurgitation
	3.3.4 Tricuspid Stenosis 
	3.3.5 Surgery
	3.3.6 Results

	3.4 Infective Endocarditis 

	4 Ischemic Heart Disease
	4.1 Pathogenesis 
	4.1.1 Role of Fixed Coronary Obstructions 
	4.1.2 Role of Acute Plaque Change 

	4.2 Chronic Coronary Artery Disease
	4.2.1 Symptoms
	4.2.2 Preoperative Evaluation
	4.2.3 Indication for Surgery
	4.2.4 Surgical Procedure
	4.2.5 Outcomes

	4.3 Unstable Angina
	4.4 Ischemic Myocardial Injury 
	4.4.1 Progression of Damage 
	4.4.2 Effects of Reperfusion 
	4.4.3 Revascularization in Acute Myocardial Infarction 

	4.5 Mechanical Complications of Myocardial Infarction 
	4.5.1 Free-Wall Rupture
	4.5.2 Post-Infarction Ventricular Septal Defect
	4.5.3 Papillary Muscle Rupture
	4.5.4 Aneurysmal Formation
	4.5.5 Ventricular Remodeling


	5 Pericardial Disease 
	5.1 Pericarditis
	5.1.1 Etiology
	5.1.2 Classification
	5.1.3 Signs and Symptoms
	5.1.4 Physical Examinations
	5.1.5 Cardiac Tamponade 
	5.1.6 Diagnosis
	5.1.7 Treatment

	5.2 Constrictive Pericarditis
	5.2.1 Etiology
	5.2.2 Pathophysiology
	5.2.3 Diagnosis
	5.2.4 Clinical Features
	5.2.5 Treatment

	5.3 Acute Cardiac Tamponade
	5.3.1 Clinical Findings
	5.3.2 Investigations
	5.3.3 Variant Forms of Cardiac Tamponade
	5.3.4 Management of Acute Cardiac Tamponade


	6 Cardiac Tumors
	6.1 Primary Benign Tumors
	6.1.1 Myxoma 
	6.1.2 Lipoma 
	6.1.3 Papillary Fibroelastoma 
	6.1.4 Rhabdomyoma 
	6.1.5 Fibroma 
	6.1.6 Mesothelioma of the Atrioventricular Node 
	6.1.7 Pheochromocytoma 
	6.1.8 Paraganglioma 
	6.1.9 Hemangioma 
	6.1.10 Teratoma 
	6.1.11 Castleman Tumor 

	6.2 Primary Malignant Tumors
	6.2.1 Angiosarcoma 
	6.2.2 Malignant Fibrous Histiocytoma 
	6.2.3 Rhabdomyosarcoma 
	6.2.4 Other Sarcomas and Mesenchymal-Origin Tumors 
	6.2.5 Lymphomas 
	6.2.6 Pulmonary Artery Sarcomas 
	6.2.7 Heart Transplantation 

	6.3 Secondary Metastatic Tumors
	6.4 Right Atrial Extension of Subdiaphragmatic Tumors
	6.5 Carcinoid Heart Disease
	6.5.1 Clinical Presentation
	6.5.2 Diagnosis
	6.5.3 Treatment
	6.5.4 Surgical and Interventional Treatment


	7 Traumatic Heart Disease
	7.1 Penetrating Cardiac Trauma
	7.1.1 Prehospital Management
	7.1.2 Initial Assessment
	7.1.3 Cardiac Tamponade
	7.1.4 Perioperative Management
	7.1.5 Postoperative Complications

	7.2 Blunt Cardiac Trauma
	7.2.1 Mechanisms and Types of Injury
	7.2.2 Natural History
	7.2.3 Diagnosis
	7.2.4 Assessment and Management

	7.3 Thoracic Aorta and Arch Vessel Blunt Trauma
	7.3.1 Diagnosis
	7.3.2 Assessment and Management

	7.4 Commotio Cordis
	7.4.1 Epidemiology
	7.4.2 Outcome
	7.4.3 Preventive Strategies 


	8 Pulmonary Embolism
	8.1 Signs and Symptoms 
	8.2 Diagnosis
	8.2.1 Blood Tests
	8.2.2 Non-Invasive Imaging
	8.2.3 Other Tests

	8.3 Treatment
	8.3.1 Anticoagulation
	8.3.2 Thrombolysis
	8.3.3 Surgery
	8.3.4 Inferior Vena Cava Filter
	8.3.5 Prognosis

	8.4 Pulmonary Thromboendarterectomy

	9 Surgery of Arrhythmias
	9.1 Conduction System Anatomy
	9.1.1 Sinus Node and Atrium 
	9.1.2 Atrioventricular Node 
	9.1.3 His-Purkinje System and Ventricles 
	9.1.4 Abnormal Connections 

	9.2 Pathophysiology
	9.2.1 Abnormal Pulse Formation
	9.2.2 Abnormal Pulse Conduction
	9.2.3 Arrhythmias 

	9.3 Noninvasive Diagnostic Methods 
	9.4 Invasive Diagnostic Methods 
	9.4.1 Electrophysiologic Study
	9.4.2 Endocardial Mapping

	9.5 Therapeutic Choices
	9.5.1 Pharmacologic 
	9.5.2 Pacemakers 
	9.5.3 Catheter Ablation 
	9.5.4 Implantable Defibrillators 
	9.5.5 Surgery 

	9.6 Atrial Fibrillation 
	9.6.1 Surgical Indications
	9.6.2 Surgical Technique


	10 The Heart Transplantation 
	10.1 History
	10.2 The Cardiac Recipient
	10.2.1 Etiology of End-Stage Cardiac Failure
	10.2.2 Indications for Cardiac Transplantation
	10.2.3 Contraindications for Cardiac Transplantation
	10.2.4 Management of Recipient

	10.3 The Cardiac Donor
	10.3.1 Donor Heart Procurement
	10.3.2 Donor-Recipient Matching

	10.4 Surgery
	10.4.1 Orthotopic Heart Transplantation
	10.4.2 Heterotopic Heart Transplantation

	10.5 Postoperative Management
	10.5.1 Intermediate Care Unit and Convalescent Ward 
	10.5.2 Outpatient Follow-up

	10.6 Immunosuppressive Therapy
	10.6.1 Immunosuppressive Strategies 

	10.7 Complications
	10.7.1 Acute Rejection
	10.7.2 Infectious Complications
	10.7.3 Allograft Coronary Artery Disease
	10.7.4 Renal Dysfunction
	10.7.5 Hypertension
	10.7.6 Malignancy
	10.7.7 Other Chronic Complications
	10.7.8 Retransplantation

	10.8 Results

	11 The Extracorporeal Circulation and Cardiac Support
	11.1 Cardiopulmonary Bypass
	11.1.1 Components
	11.1.2 Conduct of Cardiopulmonary Bypass
	11.1.3 Stopping Cardiopulmonary Bypass 
	11.1.4 Complications
	11.1.5 Results

	11.2 Cardiac Support Devices
	11.2.1 Short-Term Mechanical Support 
	11.2.2 Long-Term Mechanical Support 
	11.2.3 Complications 
	11.2.4 Clinical Results



	VASCULAR SURGERY
	1 The Principles of Vascular Surgery
	1.1 Medical Examination
	1.2 Objective Methods
	1.3 Technical Survey 
	1.3.1 Suturing
	1.3.2 Anastomoses 

	1.4 Vascular Substitutes
	1.4.1 Biological Vascular Substitutes
	1.4.2 Artificial Vascular Substitutes – Vascular Prostheses

	1.5 Basic Rules of Vascular Surgery
	1.6 Complications
	1.6.1 Early Complications
	1.6.2 Nonvascular Complications
	1.6.3 Late Complications


	2 The Occlussive Arterial Diseases
	2.1 Branches of Arcus Aortae
	2.1.1 The Arteries Supplying the Brain
	2.1.2 Ischemic Disease of the Brain

	2.2 Abdominal Aorta
	2.2.1 Embolism
	2.2.2 Coarctation of the Abdominal Aorta
	2.2.3 Hypoplasia of the Abdominal Aorta
	2.2.4 Arteriosclerosis of the Aortoiliac Segment

	2.3 Iliac Arteries
	2.4 Infrainguinal Arteries
	2.4.1 Reconstruction of the Common and Deep Femoral Artery
	2.4.2 Infrainguinal Bypass
	2.4.3 Femoropopliteal Proximal Bypass
	2.4.4 Femoropopliteal Distal Bypass
	2.4.5 Femorocrural Bypass
	2.4.6 Critical Limb Ischemia
	2.4.7 Diabetic Foot

	2.5 Visceral Arteries
	2.5.1 Occlusions of the Splanchnic Arteries
	2.5.2 Renal Arteries

	2.6 The Arteries of the Upper Extremity
	2.6.1 Sudden Occlusion
	2.6.2 Gradual Ischemia


	3 Aneurysms
	3.1 Abdominal Aortic Aneurysms
	3.2 Thoracic Aortic Aneurysm
	3.3 Thoracoabdominal Aortic Aneurysm
	3.4 Thoracic Aortic Dissection, Acute Aortic Syndrome
	3.5 Iliac, Femoral and Popliteal Artery Aneurysms
	3.6 Conclusions

	4 Disorders of the Venous System
	4.1 The Veins of the Lower Extremities
	4.2 Thrombosis of the Deep Veins 
	4.3 The Disorders of the Connecting Veins (Perforators)
	4.4 The Insufficiency of the Deep Veins of the Lower Extremities
	4.5 Varicose veins
	4.5.1 Primary Varicose Veins
	4.5.2 Secondary Varicose Veins

	4.6 The Syndrome of the Vena Cava Superior
	4.7 Axillosubclavian Thrombosis
	4.8 Inferior Vena Cava 

	5 The Arteriovenous Fistulas
	5.1 Congenital Arteriovenous Fistulas
	5.2 Acquired Arteriovenous Fistulas

	6 Vascular Injury
	6.1 Specific Considerations According to the Anatomical Location of Vessel Injury 
	6.1.1 Cervical Vascular Injuries
	6.1.2 Thoracic Vascular Injuries
	6.1.3 Abdominal Vascular Injuries
	6.1.4 Extremity Vascular Trauma
	6.1.5 Iatrogenic Injuries

	6.2 Conclusions

	7 The Vascular Access Procedures for Hemodialysis 
	7.1 The Types of Permanent Vascular Access
	7.2 Complications


	Abbreviations

