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User’s Guide to the Book


Introductory pages:


• The introductory pages provide all relevant anatomical informations concerning the subject of the chapter. Important details and connections are explained easily to understand.


• The Dissection Link for each chapter comprises brief and concise tips essential for the dissection of the respective body region.


• Exam Check Lists provide all keywords for possible exam questions.





Atlas pages:


• The menu bar on top indicates the topics of each chapter, the bold print shows the subject of the respective pages.


• Important anatomical structures in the figures are highlighted in bold print.


• Small supplement sketches located next to complex views show visual angles and intersecting planes and, thus, facilitate orientation.


• Detailed figure captions explain the relationships of anatomical structures.


• Bulleted lists in figure captions as well as in tables help structuring complex facts and provide a better overview.


• Figures, tables, and text boxes are interconnected by cross-references.


• Cross-references link the figures to the separate Table Booklet with tables of muscles, joints, and nerves, thus providing a sufficient anatomical knowledge for the exam.


• Clinical Remarks boxes provide clinical background knowledge concerning the anatomical structures illustrated on the page.





Appendix:


• List of abbreviations, general terms of direction and position can be found at the end of the book.
















Perfect Orientation – the New Navigation System
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The following contents can be found in the other two volumes



Vol. 1 General Anatomy and Musculoskeletal System




1 General Anatomy


[image: image] Orientation on the Body → Surface Anatomy → Development → Muskuloskeletal System → Vessels and Nerves → Imaging Techniques → Integumentary System






2 Trunk


[image: image] Surface Anatomy → Development → Skeleton → Imaging → Muscles → Vessels and Nerves → Topography, Back → Female Breast → Topography, Abdomen and Abdominal Wall






3 Upper Extremity


[image: image] Surface Anatomy → Development → Skeleton → Imaging → Muscles → Topography → Sections






4 Lower Extremity


[image: image] Surface Anatomy → Skeleton → Imaging → Muscles → Topography → Sections








Vol. 3 Head, Neck, and Neuroanatomy




8 Head


[image: image] Overview → Skeleton and Joints → Muscles → Topography → Vessels and Nerves → Nose → Mouth and Oral Cavity → Salivary Glands






9 Eye


[image: image] Development → Skeleton → Eyelids → Lacrimal Apparatus → Muscles of the Eye → Topography → Eyeball → Visual Pathway






10 Ear


[image: image] Overview → Outer Ear → Middle Ear → Auditory Tube → Inner Ear → Hearing and Equilibrium






11 Neck


[image: image] Muscles → Pharynx → Larynx → Thyroid Gland → Topography






12 Brain and Spinal Cord


[image: image] General → Meninges and Blood Supply → Brain → Sections → Cranial Nerves → Spinal Cord
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Dissecting Courses for Students


In his teaching, Friedrich Paulsen puts great emphasis on the fact that students can actually dissect on cadavers of body donors. “The hands-on experience in dissection is extremely important not only for the three-dimensional understanding of anatomy and as the basis for virtually every medical profession, but for many students also clearly addresses the issue of death and dying for the first time. The members of the dissection team not only study anatomy but also learn to deal with this special issue. At no other time medical students will have such a close contact to their classmates and teachers again.”


Professor Friedrich Paulsen (born 1965 in Kiel) passed the ‘Abitur’ in Brunswick and trained successfully as a nurse. After studying human medicine in Kiel, he became scientific associate at the Institute of Anatomy, Department of Oral and Maxillofacial Surgery and the Department of Otolaryngology, Head and Neck Surgery of the Christian-Albrechts-Universität Kiel. In 2002, together with his colleagues, he was awarded the Teaching Award for outstanding teaching in the field of anatomy at the Medical Faculty of the University of Kiel. On several occasions he gained work experience abroad in the academic section of the Department of Ophthalmology, University of Bristol, UK, where he did research for several months.


From 2004 to 2010 as a University Professor, he was head of the Macroscopic Anatomy and Prosector Section at the Department of Anatomy and Cell Biology of the Martin-Luther-Universität HalleWittenberg. Starting in April 2010, Professor Paulsen became the Chairman at the Institute of Anatomy II of the Friedrich-Alexander-Universität Erlangen. Since 2006, Professor Paulsen is a board member of the Anatomical Society and 2009 he was elected the general secretary of the International Federation of Associations of Anatomy (IFAA).


His main research area concerns the innate immune system. Topics of special interest are antimicrobial peptides, trefoil factor peptides, surfactant proteins, mucins, corneal wound healing, as well as stem cells of the lacrimal gland and diseases such as eye infections, dry eye, or osteoarthritis.



[image: image]







Jens Waschke Prof. Dr.





More Clinical Relevance in Teaching


From March 2011 on, Professor Jens Waschke is Chairman of Department I at the Institute of Anatomy and Cell Biology at the Ludwig-Maximilians-Universität (LMU) Munich. “For me, teaching at the department of vegetative anatomy, which is responsible for the dissection courses of both Munich’s large universities LMU and TU, emphasizes the importance of teaching anatomy with clear clinical relevance”, says Jens Waschke.


“The clinical aspects in the Atlas introduce students to anatomy in the first semesters. At the same time, it indicates the importance of this subject for future clinical practice, as understanding human anatomy means more than just memorization of structures.”


Professor Jens Waschke (born in 1974) habilitated in 2007 after graduation from Medical School and completing a doctoral thesis in Anatomy at the University of Wuerzburg. From 2003 to 2004 he joined Professor Fitz-Roy Curry at the University of California in Davis for a nine months research visit. In 2006, Jens Waschke was awarded the Investigator Prize of the “Anatomische Gesellschaft” (Anatomical Society).


Starting in June 2008, he became the Chairman of the newly established department III at the Institute of Anatomy and Cell Biology at the University of Wuerzburg. In March 2011, Professor Jens Waschke changed to the Ludwig-Maximilians-Universität (LMU) in Munich to become Chairman of department I of the “Anatomische Anstalt” as the successor of Professor Reinhard Putz, the former editor of Sobotta Atlas.


His main research area concerns cellular mechanisms that control the adhesion between cells and the cellular junctions establishing the outer and inner barriers of the human body. The attention is focused on the regulations of the endothelial barrier in inflammation and the mechanisms, which lead to the formation of fatal epidermal blisters in pemphigus, an autoimmune skin disease. The goal is to gain a better understanding of cell adhesion as a basis for the development of new therapeutic strategies.
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Vorwort


In the preface to the first edition of his Atlas, Johannes Sobotta wrote in May 1904: “Many years of experience in anatomical dissection led the author to proceed with the presentation of the peripheral nervous system and the blood vessels such that the illustrations of the book are presented to the student exactly in the same manner as body parts are presented to them in the dissection laboratories, i.e. simultaneous presentation of blood vessels and nerves of the same region. Alternating descriptive and image materials are distinctive features of this atlas. The images are the core piece of the atlas. Apart from table legends, auxiliary and schematic drawings, the descriptive material includes short and concise text parts suitable for use of this book in the gross anatomy laboratory.”


As with fashions, reading and study habits of students change periodically. The multimedia presence and availability of information as well as stimuli are certainly the main reasons of ever changing study habits. These developments and changing demands of students to textbooks and atlases, which they utilise, as well as the availability of digital media of textbook contents, is accounted for by editors and publishers. Apart from interviews and systematic surveys of students, the textbook sector is occasionally an indicator enabling the evaluation of expectations of students. Detailed textbooks with the absolute claim of completeness are exchanged in favour of educational books that are tailored to the didactic needs of students and the contents of the study of human medicine, dentistry, and biomedical sciences, as well as the corresponding examinations. Similarly, illustrations in atlases such as the Sobotta, which contain exact naturalistic depiction of real anatomical specimens, fascinate doctors and associated medical professions for many generations throughout the world. However, students sometimes perceive them as too complicated and detailed. This awareness requires the consideration of how the strength of the atlas, which is known for its standards of accuracy and quality during its centennial existence featuring 14 editions, can be adapted to modern educational concepts without compromising the oeuvre’s unique characteristics and authenticity. Elsevier and the editors Professor Reinhard Putz and Professor Reinhard Pabst, who were in charge of the atlas up to its 14th edition, have concluded after due consideration that a new editorial team resembling the great enthusiasm for anatomy and anatomy lessons of colleagues Putz and Pabst, will meet the new/increased requirements best. Together with the Elsevier publishing house, we are extremely pleased to be charged with the new composition of the 15th edition of Sobotta. In redesigning, a very clear outline of contents and a didactic introduction to the pictures was taken into account. Not every fashion is accompanied with something entirely new. Under didactical aspects we have revisited the old concept of a three-volume atlas, as used in Sobotta’s first edition, with: General Anatomy and Musculoskeletal System (vol. 1), Internal Organs (vol. 2), and Head, Neck, and Neuroanatomy (vol. 3). Referring back to the approach mentioned in the preface of the first edition, which is devoted to an old trend of combining the image atlas with explanatory text, is currently en vogue, which we have adopted in a modified fashion. Each image is accompanied by a short explanatory text, which serves to introduce students to the image, explaining why the particular preparation and presentation of a region was selected. The individual chapters were systematically organised in terms of current subject matter and prevailing study habits; omitted and incomplete illustrations – particularly the systematics of the neurovascular pathways – were supplemented or replaced. The majority of these new figures are conceptualised to facilitate studying the relevant pathways of blood supply and innervation by didactical aspects. We have also reviewed many existing figures, reduced figure legends, and highlighted keywords by bold print to simplify access to the anatomical contents. Numerous clinical examples are used to enhance the “lifeless anatomy”, present the relevance of anatomy for the future career to the student, and provide a taste of what’s to come. Introductions to the individual chapters received a new conceptual design, covering in brief a summary of the content, the associated clinical aspects, and relevant dissection steps for the covered topic. It serves as a checklist for the requirements of the Institute of Medical and Pharmaceutical Examination Questions (IMPP) and is based on the German oral part of the preclinical medical examination (Physikum). Also new are brief introductions to each topic in embryology and the online connections of the atlas with the ability to download all images for reports, lectures, and presentations. We want to emphasize two points:


We want to emphasise two points:


1. The “new” Sobotta in the 15th edition is not a study atlas, claiming completeness of a comprehensive knowledge and, thus, does not try to convey the intention to replace an accompanying textbook.


2. No matter how good the didactic approach, it cannot relieve the students of studying, but aid in visualization. Anatomy is not difficult to study, but very time-consuming. Sacrificing this time is worthwhile, since physicians and patients will benefit from it.





The goal of the 15th edition of Sobotta is not only to facilitate learning, but also to make learning exciting and attracting, so that the atlas is consulted during the study period as well as in the course of professional practice.


Erlangen and Wuerzburg, summer 2010, exactly 106 years after the first edition.




Friedrich Paulsen und Jens Waschke
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The Thorax –Partly Intricate Organs

The thoracic cage contains the heart and the lungs. In ancient times, it was believed that life spirits along with the inhaled air reached the lungs, mixed with blood in the heart, which was at that time thought to be the seat of the soul, and distributed throughout the whole body by the blood vessels. Even today, the heart is still considered to be the engine of life and in colloquial terms it is also referred to as the center of emotions. Scientifically, the heart is defined as a hollow muscle which pumps blood through the lesser circulation of the lungs (pulmonary circulation) and the greater circulation of the body (systemic circulation): The left side of the heart pumps oxygenated blood into the systemic circulation which transports the blood to the organs via arteries (leaving the heart). Blood vessels of the microcirculation branch out to allow the nutrient and gas exchange at the capillary level. The veins return deoxygenated blood to the right side of the heart from where the blood is forwarded to the pulmonary circulation. Pulmonary arteries transport deoxygenated blood to the lungs. In a network of pulmonary capillaries the deoxygenated blood finally reaches the alveoli, is enriched with oxygen and transferred via pulmonary veins to the left atrium. This completes the blood circulation.


The function of the heart as a pump is especially fascinating: On average the heart rate is 70 beats per minute and with every systolic contraction the heart forces 70 ml of blood into the circulation. Even without further stimulation of the heart in “excitement”, it beats more than 100,000 times per day and 36 million times per year. The volume of blood (206,000 m3), which is pumped by the heart in the course of 80 years, would be sufficient to fill 80 Olympic swimming pools. Conversely, no function of the body would be possible without the heart: in most cases cardiac arrest is an immediate cause of death.


In the dissection course, the opening of the thoracic cavity is perceived with mixed feelings of awe, excitement and interest by teaching professionals and students. The exposure of heart and lungs as well as the entitlement to touch and observe these vital organs is perceived as a great privilege during these training sessions.


The Mediastinum

A sagittal massive separation crosses the thorax from the rear aspect of the sternum to the ventral aspect of the thoracic vertebrae. It is called the mediastinum (from Latin “in medio stans” = “standing in the middle”). Cranially the mediastinum is continuous without sharp boundaries with the viscera of the neck through the superior thoracic aperture. Caudally it rests on the diaphragm and is sharply defined. The lungs are located within individual pleural cavities to both sides of the mediastinum.


In the mediastinum, several organs are intertwined. The thymus is located in the superior mediastinum just behind the sternum. It is an organ of the immune system but soon after puberty regresses to become an adipose body. The superior vena cava is displaced to the right from the median plane. Its tributaries – both brachiocephalic veins – cover the large arterial trunks to the neck and the arms that emerge from the aortic arch. The cane-like curved main artery (aorta) dominates on the left side of the mediastinum. Hidden beneath the veins and the arch of the aorta, the trachea descends in the superior mediastinum and branches into right and left main bronchi. The esophagus descends dorsal of the trachea and in front of the vertebrae. Between the esophagus and the vertebrae there is the delicate thoracic duct, which carries milky lymph (containing absorbed fats from meals) from the lower body.


The heart dominates in the inferior mediastinum which is directed towards the diaphragm. It is located in a separate, thin-walled serous cavity, the pericardial cavity, and extends the mediastinum towards the left side. The heart is only exposed after incision or removal of the cavity wall, the pericardium. A large area of the heart rests on the diaphragm with its apex (apex of heart) pointing to the lower left side towards the left fifth intercostal space. Holding the heart by the apex, it can be freely moved in the cavity. Its only attachments are the large vessels that emerge at the upper pole (aorta, pulmonary artery) and enter at the its rear surface (pulmonary veins, superior and inferior vena cava). The base of the heart with the origin of the blood vessels is opposite to the apex.


Immediately behind the pericardium – more exactly: behind the left atrium of the heart – the esophagus descends to the esophageal hiatus in the diaphragm. Slightly left to the esophagus, also behind the pericardium, the aorta and the thoracic duct descend and pass through the aortic hiatus in the diaphragm. The inferior vena cava traverses the diaphragm through a separate orifice (caval opening), located slightly to the right and dorsal side of the center of the diaphragm, and enters the pericardium and the base of the heart from inferior. Additionally, numerous other structures, such as the internal thoracic arteries, phrenic nerves, vagus nerves, azygos veins, and ganglia and nerves of the sympathetic trunk (part of the autonomic nervous system) descend in the mediastinum.




The Lungs and their Cavities

The larger trilobular right lung and the smaller bilobular left lung are located in separate serous cavities (pleural cavities) to the right and left side of the mediastinum, respectively. Both lungs are covered by a thin, transparent, serous membrane (visceral pleura), through which a black, net-like pigment pattern is visible. This anthracotic pigment consists mainly of soot, the carbon which emanates from exhaust fumes and cigarette smoke. Numerous lymph nodes near the hilum of the lungs (see below) show an abundance of this pigment.


The lungs are supposed to move freely in their pleural cavities. They are attached only at the hilum where the bronchi, the pulmonary arteries, and the pulmonary veins enter the lungs from the mediastinum. Often, as a result of inflammation, the pleura covering the lungs (visceral pleura) adheres to the serous pleura of the ribs (costal pleura), the mediastinum (mediastinal pleura), or the diaphragm (diaphragmatic pleura), all of which comprise the parietal pleura. In exhaled condition, the parietal pleura is more substantial than the visceral pleura and reaches beyond the margins of the lungs. The virtual spaces in which the lungs may expand during deep inspiration are called the pleural recesses of the pleura. During respiration, the lungs adapt to the shape of the thoracic wall and diaphragm. The lungs expand and retract as they slide in and out of the recesses. Therefore, adhesions of the parietal pleura to the visceral pleura restrain lung function.



Clinical Remarks


The electrocardiogram (ECG) is a standard diagnostic tool and provides information on the muscular function of the heart and on its size and position. The ECG may be indicative of a stenosis of certain coronary arteries. Conventional radiography, computed tomography (CT) and magnetic resonance tomographic imaging (MRI) of the thorax are essential diagnostic tools to identify diseases of the lung and the mediastinum and provide information on the size and function of the heart. Specific diagnostic procedures, such as cardiac catheterization, require detailed anatomical knowledge. The cardiac catheter is used to inject a contrast agent into the coronary arteries (coronary angiogram) to visualize and potentially dilate stenoses. The echocardiography enables visualization of the cardiac valves and their function. These diagnostic methods are carried out by specialists in internal medicine or radiologists. Cardiothoracic surgery is performed for lung resection (or parts of the lung), treatment of defects of the great vessels, transplantation of the heart or lungs, or other indications.
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→ Dissection Link


The internal thoracic vessels, which are descending parallel to the sternum, are presented by fenestration of the intercostal spaces to avoid damage during opening of the thoracic cavity. After removal of the sternum with the anterior portions of the ribs, the lungs are separated at the hilum and removed. Now, the mediastinum is dissected: First the pericardium and the adjacent phrenic nerves are exposed. The pericardium is opened ventrally. The heart can be dissected in situ or after separation from the great vessels. The removal of epicardial adipose tissue serves the purpose of tracing the branches of the coronary arteries. Using scissors, the ventricles are opened from the direction of the aorta and the pulmonary trunk, respectively, and the right atrium is opened from the direction of both caval veins. After removal of the pericardium, the esophagus and the course of the thoracic aorta, the azygos and hemi-azygos veins, the vagus nerve, and the thoracic duct are presented in the posterior mediastinum. The parietal pleura is removed to facilitate the dissection of the sympathetic trunk with the corresponding splanchnic nerves as well as intercostal neurovascular structures. Finally, the preparation of the superior mediastinum exposes the residual thymus and the passageways to the neck are traced.



EXAM CHECK LIST


• Development: cardiac chambers and septation, fetal circulation, malformations • heart: situs with projections in radiology and auscultation of the valves, pericardial cavity and phrenic nerve, organization (inner relief and valves, conducting system), coronary arteries including important branches and autonomic innervation • lungs: pleural cavities with recesses, projections of pulmonary borders, organization in lobes and segments, lymph nodes • organization and content of the mediastinum: branches of the aorta, esophagus with parts, constrictions and blood vessels, trachea with bifurcation, thoracic duct with dependent lymphatic drainage, organization of the autonomic nervous system including the courses of the sympathetic trunk and vagus nerve [X]










Heart



Projection of the heart
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Fig. 5.1 Contours of the heart, cardiac valves and auscultation areas projected onto the ventral thoracic wall.
The right heart contour projects from the third to the sixth costal cartilage onto a line 2 cm lateral of the right sternal border.
The contour of the left heart projects onto a connecting line between the lower border of rib III (2–3 cm parasternal) and the left midclavicular line.
On each side, the heart contains an atrioventricular valve between the atrium and the ventricle and a semilunar valve between the ventricle and the respective artery.
The projection of the four cardiac valves forms a cross which is slightly deviating to the left side from the median axis.
The projection of the cardiac valves is of minor importance in clinical practice since the heart sounds and potential murmurs travel with the blood flow and are auscultated at the points of maximal intensity (circles).







	
	Surface Projection of Cardiac Valves
	Auscultation Sites of Cardiac Valves




	Pulmonary valve
	Left (!) sternal border, 3rd costal cartilage
	Parasternal left 2nd ICS



	Aortic valve
	Left sternal border, 3rd ICS
	Parasternal right 2nd ICS



	Mitral valve
	Left 4th to 5th costal cartilages
	In the midclavicular line 5th ICS



	Tricuspid valve
	Retrosternal 5th costal cartilage
	Parasternal right 5th ICS





ICS = intercostal space
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Fig. 5.2 Projection of the heart onto the thorax; ventral view (according to [2])
We distinguish four surfaces of the heart: The ventrally oriented sternocostal surface predominantly represents the right ventricle. The diaphragmatic surface points inferiorly and consists of parts of both ventricles. The pulmonary surface is formed by the right atrium on the right side and by the left ventricle on the left side. Thus, the right ventricle does not contribute to any of the cardiac borders.
The major part of the sternocostal surface is covered by the pleura. These areas represent the costomediastinal recesses of the pleural cavity. The pleural borders separate from each other inferior to rib IV and form the boundary of the pericardiac trigone where the pericardium is directly adjacent to the ventral wall of the thorax.





Clinical Remarks


During auscultation of the heart using a stethoscope heart sounds are detected at several locations. These sounds are the result of the normal heart action:


• The first heart sound (S1) is generated at the beginning of the systole due to ventricular contraction and closure of the atrioventricular valves.

• The second heart sound (S2) is generated at the beginning of the diastole due to the closure of the semilunar valves.




In contrast, heart murmurs are always pathological phenomena and are generated by malfunction of heart valves. Narrowing (stenosis) as well as insufficient closure (insufficiency) of the valves may cause heart murmurs. The time point and the location of the murmur provide information about the nature of the dysfunction of the affected valve. The percussion of the heart is used to assess its size.


The projection of the heart contours, which are covered by the costomediastinal recess, equals the relative cardiac dullness since the percussion sound is less absorbed. If this area extends to the left side beyond the midclavicular line, left ventricular hypertrophy is likely. The pericardiac trigone is the area in which the heart is directly adjacent to the ventral thoracic wall. This is referred to as the area of the absolute cardiac dullness since the percussion sound is maximally absorbed. Although the pericardiac trigone has only minor diagnostic value, it may be relevant to determine the position of the right ventricle for emergency intracardiac injections. Here, the risk of injuring the pleura and thus inducing a pneumothorax is minimal. Intracardiac injections are performed in the fourth or fifth intercostal space approximately 2 cm left parasternal. However, this procedure is hazardous and not recommended anymore.
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Fig. 5.3 Thoracic cage with thoracic viscera; radiograph in postero-anterior (PA) beam projection.
The radiograph can be used to assess the size of the heart. In addition to the absolute size, knowledge of the structures contributing to the heart contours is of importance.
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Fig. 5.4 Schematic drawing of the heart contours in the radiograph.



From cranial to caudal, the right border of the heart is formed by the following structures:


• superior vena cava

• right atrium





From cranial to caudal, the left border of the heart is formed by the following structures:


• aortic arch

• pulmonary trunk

• left auricle

• left ventricle





Thus, the right ventricle does not contribute to any of the cardiac borders!
M = median axis of the body





Clinical Remarks


The conventional radiograph of the thorax provides information on the size of the heart. The transverse diameter of the heart shows individual differences. However, if it is larger than half of the diameter of the thorax, an enlargement of the heart is present which may be caused by hypertrophy of the cardiac muscle or by dilation of the cardiac wall. Frequently, the heart is enlarged to the left side (left pulmonary surface) indicative of left ventricular pathologies. Arterial hypertension, stenosis, or insufficiency of the aortic or mitral valves, respectively, may be causally involved. In contrast, an enlargement of the right ventricle, as in pulmonary hypertension, chronic obstructive pulmonary disease (COPD), or pulmonary emboli are not recognized with a sagittal radiograph of the thorax. This is explained by the fact that the right ventricle does not contribute to any of the cardiac contours. In this case, lateral radiographic projections or tomographic methods such as computed tomography (CT) or magnetic resonance tomographic imaging (MRI) are required.








Development
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Fig. 5.5 Stages of cardiac development during weeks 3 to 5. (according to [2])
At week 3, the initially horseshoe-shaped endocardial tube develops from a vascular plexus in the cardiogenic mesoderm. Several gaps around the endocardial tube merge to establish the pericardial cavity which connects with the general body cavity. The inner layer of the pericardial cavity condenses to form the myocardium. The epicardium develops from cells which migrate from the septum transversum and the liver primordium. The lateral crus of the endocardial tube fuse to build the cardiac tube which contracts rhythmically from the end of week 3 onwards. The cardiac tube initially comprises a paired atrium with the sinus venosus collecting incoming blood, one ventricle, and the conus arteriosus as the outflow segment. Caused by differential longitudinal growth and reorganization of the respective segments, during weeks 4 – 5 the cardiac tube develops into the S-shaped heart loop. The transition between atrium and ventricle is constricted to form the unpaired atrioventricular canal. The latter originally opens into the left part of the ventricle, but is later shifted to the midline and partitioned into a right and left atrioventricular opening through endocardial cushions. These endocardial cushions later form the atrioventricular valves.
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Fig. 5.6 Stages of cardiac development during weeks 5 to 7. (according to [2])
During weeks 5–7, the interventricular septum develops (muscular part), which incompletely separates the two ventricles. The latter communicate until the end of week 7 when the formation of the membranous part of the septum completes the ventricular separation. The conus arteriosus of the outflow tract is separated spirally and, together with the adjacent saccus aorticus, forms the pulmonary trunk and the aorta.
The primitive aortic arches (arteries of the pharyngeal arches) derive from the aortic sac. From the original six aortic aches, only the third, fourth and sixth contribute to the development of the great vessels. The common carotid artery derives from the third aortic arch. Parts of the subclavian artery and the aortic arch develop from the fourth aortic arches on the right and left side, respectively. The proximal parts of the right and left pulmonary artery and the ductus arteriosus develop from the right and left sixth aortic arches, respectively.
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Figs. 5.7a to f Developmental steps in septum formation during weeks 5 (a, b), 6 (c, e), 7 and 8 (d, f); view from the opened right atrium (a–d) and in the four-chamber plane (e and f). (according to [2])



a. Septum formation in the atria occurs during weeks 5–7 and begins with the growth of the septum primum from dorsal and cranial until the ostium primum is formed.

b. Within the upper part of the septum primum, the ostium secundum is created through programmed cell death (apoptosis).

c, e. On the right side of the septum primum, the septum secundum develops. Both septa lie adjacent to each other and outline the foramen ovale.


d, f. The septum primum forms the valve of foramen ovale which facilitates the directional blood flow from the right into the left atrium (→ Fig. 5.8). After birth, the valve of foramen ovale closes the foramen ovale due to the increased blood pressure in the left atrium (→ Fig. 5.10).


* sectional plane in e, f









Clinical remarks


Congenital cardiac defects are detected in 0.75% of all newborns and thus represent the most common developmental defects. Luckily, not all cardiac defects have functional relevance and require therapeutic intervention. To understand the cause and the symptoms of heart defects in children and adolescents, one has to be familiar with the basic steps in cardiac development. Because of their clinical significance and the relevance for exams in different disciplines, the most important developmental cardiac defects are briefly explained. They are divided in three pathophysiological groups:


• The most frequent defects are those with resulting left-to-right shunt (ventricular septal defect 25%, atrial septal defect 12%, patent ductus arteriosus [→ p. 9] 12%). Due to the higher blood pressure in the systemic circulation, the blood shunts from the left heart to the right heart and into the pulmonary circulation. If this shunt is not corrected surgically the developing pulmonary hypertension may cause a secondary right ventricular insufficiency.


• Defects with a right-to-left shunt (FALLOT’s tetralogy 9%, transposition of the great vessels 5%) are characterized by a bluish tinge of the skin and mucous membranes (cyanosis) because deoxygenated blood enters the systemic circulation.


• defects causing obstruction (pulmonary valve stenosis, aortic valve stenosis, aortic coarctation [→ p. 9] 6% each) result in the hypertrophy of the affected ventricle.





The FALLOT’s tetralogy comprises a combination of a ventricular septal defect, pulmonary stenosis, right ventricular hypertrophy, and “overriding“aorta. Due to asymmetric septation of the conus arteriosus, the pulmonary valve is too narrow and the aorta is too wide and shifted to the right side above the septum (“overriding“). Untreated, the pulmonary stenosis causes hypertrophy of the right ventricle with subsequent right-to-left shunt via the ventricular septal defect and cyanosis.










Prenatal circulation
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Fig. 5.8 Prenatal circulation (fetal circulation); schematic illustration.
This illustration distinguishes the different oxygen contents of the blood by color codings: oxygenated blood (red), deoxygenated blood (blue), mixed blood (purple). The arrows mark the direction of blood flow.
The following aspects distinguish the fetal circulation from the postnatal circulation: umbilical blood vessels, ductus venosus, ductus arteriosus, foramen ovale (→ Fig. 5.10).
Deoxygenated blood from the fetus is conveyed to the placenta by the umbilical arteries which derive from the internal iliac arteries. After oxygenation the blood from the placenta reaches the fetus via the umbilical vein and bypasses the liver through the ductus venosus due to the high flow resistance of the fetal liver. A valve at the opening of the inferior vena cava (valve of the inferior vena cava) directs the incoming blood predominantly through the foramen ovale to the left atrium. This way, the oxygenated blood takes the shortest way to reach the fetal organs. Blood from the superior vena cava enters the right atrium and right ventricle. From the right ventricle it reaches the pulmonary trunk and is shunted through the ductus arteriosus directly into the aorta, thus bypassing the non-functional lung circulation.
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Fig. 5.9 Fetal liver; dorsal view.
Arrows mark the direction of blood flow. The ductus venosus obliterates postnatally and remains as ligamentum venosum at the hilum of the liver.








Postnatal circulation
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Fig. 5.10 Schematic illustration of the postnatal circulation.
After birth the placental circulation is interrupted. Inflation of the lungs due to breathing opens the pulmonary circulation and causes an increase in blood pressure in the left atrium. The switch from prenatal to postnatal circulation includes the following changes: The valve-like opening of the foramen ovale between the right and left atrium is closed passively due to the increased blood pressure in the left atrium. Later, the valve of foramen ovale fuses with the septum secundum leaving the persistent fossa ovalis in the right atrium.
The ductus arteriosus functionally closes within a few days and later obliterates to the ligamentum arteriosum (→ Fig. 5.13).
The ductus venosus obliterates postnatally and remains as ligamentum venosum at the hilum of the liver.
The umbilical vein obliterates and remains as the round ligament of the liver between liver and ventral abdominal wall.
The distal parts of the umbilical arteries form the medial umbilical ligament on the right and left side, which contribute to the formation of the respective medial umbilical fold at the internal relief of the ventral abdominal wall.





Clinical Remarks


Patent ductus arteriosus: Since prostaglandin E2 dilates the ductus, prostaglandin synthesis inhibitors may be successfully applied to close this vessel and prevent surgical intervention. However, their use as anti-inflammatory agents in pregnant women may result in premature closure of the ductus arteriosus in the fetus.


Patent foramen ovale: Approximately 20% of the adult population have a remaining opening in the area of the foramen ovale. Usually, this has no functional relevance. In some cases, however, this opening may facilitate ascending emboli dislodged from crural thrombi to reach the systemic circulation and cause an organ infarction or stroke.


Aortic coarctation: If the closure of the ductus arteriosus extends to the adjacent parts of the aortic arch this may cause an aortic coarctation. As a result, a left ventricular hypertrophy develops with concomitant arterial hypertension in the upper body and low arterial blood pressure in the lower body. Physical examination reveals a systolic heart murmur between both scapulae. Radiological findings may include notching of the ribs due to a strong collateral circulation from the internal thoracic artery via the intercostal arteries. The stenosis is treated surgically or with dilation to prevent heart failure or strokes which occur already at a young age.








Heart in-situ
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Fig. 5.11 Position of the heart within the thorax; ventral view; after opening of the pericardium.
The heart is positioned within the pericardial cavity in the inferior middle mediastinum. The broad base of the heart is oriented in an oblique direction towards the superior right side and corresponds to the valvular plane at the base of the great vessels. The apex of the heart points to the inferior left side and ventrally. Base and apex are connected by the longitudinal axis (12 cm) which shows an oblique course in the thorax directed from the dorsal right side to the ventral left side. Thus, the longitudinal axis of the heart forms an angle of 45° with all three anatominal planes. The heart has four surfaces (→ Fig. 5.2). The anterior surface (sternocostal surface) is predominantly formed by the right ventricles. The inferior surface is adjacent to the diaphragm and consists of parts of the right and left ventricles. The inferior surface clinically represents the “posterior wall” in the diagnostic electrocardiogram (ECG) when referred to as posterior myocardial infarction. The pulmonary surface is determined by the right atrium on the right side and by the left ventricle on the left side.










Pericardium
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Fig. 5.12 Pericardium; ventral view; after removal of the anterior part of the pericardium and the heart.
The pericardium surrounds the heart, stabilizes its position and enables the heart to contract without friction. The outer layer of dense connective tissue is the fibrous pericardium. Adjacent to the fibrous pericardium on the inner side is the serous pericardium which comprises the parietal layer of the serous pericardium. This parietal layer is a continuation of the visceral layer of the pericardium (= epicardium) folding back at the ventral side of the roots of the great cardiac vessels. At the posterior side of the atria, the reflection between the epicardium and the parietal pericardium forms a vertical fold between the inferior and superior vena cava and a horizontal fold between the upper pulmonary veins of the right and left side. These folds of the pericardium create two sinuses of the pericardial cavity at the posterior side (pericardial sinuses, arrows):


• transverse pericardial sinus: above the horizontal fold between the superior vena cava (posterior) and the aorta and pulmonary trunk (anterior)

• oblique pericardial sinus: below the horizontal fold between the pulmonary veins on both sides





The fibrous pericardium is connected to:


• the central tendon of the diaphragm

• the posterior aspect of the sternum (sternopericardial ligaments)

• the tracheal bifurcation (bronchopericardial membrane)





At the outer side, the fibrous pericardium is covered by the mediastinal part of the parietal pleura. The phrenic nerve and the pericardiacophrenic vessels course between these two layers.
The epicardium is the visceral layer of the serous pericardium.





Clinical Remarks


The pericardial cavity usually contains 15–35 ml of serous fluid. The pericardium has a total volume of 700–1100 ml, including the heart. With diseases accompanied by inflammatory reactions of the pericardium (pericarditis) or with insufficiency of the heart, additional fluid may accumulate (pericardial effusion) which may even impede the cardiac function.


Following rupture of the cardiac wall due to myocardial infarction or injury (stab wounds), blood may rapidly accumulate in the pericardial cavity and inhibit the cardiac functions resulting in death (pericardial tamponade).








Heart
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Fig. 5.13 Heart; ventral view.
The heart weighs 250–300 g and has approximately the size of the fist of the respective person. The apex of the heart is directed to the inferior left side. The base of the heart represents the position of the coronary sulcus which harbors, among other structures, the right coronary artery. The heart consists of a ventricular chamber (ventricle) and an atrial chamber (atrium) on the right and left side, respectively. At the anterior surface (sternocostal surface), the anterior interventricular sulcus is visible. It depicts the position of the interventricular septum and contains the anterior interventricular branch of the left coronary artery. At the inferior surface (diaphragmatic surface), the border between the two ventricles is marked by the posterior interventricular sulcus (→ Fig. 5.14). Prior to the transition into the pulmonary trunk, the right ventricle is dilated as conus arteriosus. The origin of the aorta from the left ventricle is not visible from the outer surface due to the spiral course of the aorta behind the pulmonary trunk. Therefore, the aorta appears at the right side of the pulmonary trunk. The aortic arch is connected with the pulmonary trunk through the ligamentum arteriosum, a developmental relict of the ductus arteriosus of the fetal circulation (→ Fig. 5.8). Both atria have an anterior pouch which is referred to as left and right auricle, respectively. The superior and inferior vena cava enter the right atrium, the four pulmonary veins enter the left atrium.
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Fig. 5.14 Heart; dorsal view (explanation → Fig. 5.13).






Clinical Remarks


Most hearts seen in the gross anatomy dissection course are enlarged. This clearly shows how frequently diseases occur that present with either hypertrophy (e.g. arterial hypertension) or dilation (alcohol abuse, viral infections) of the heart.


The weight of the heart in professional athletes (training, anabolic substances) may reach 500 g. This is considered the critical heart weight since sufficient blood supply is not warranted above this weight with resulting risk of myocardial infarction. Some pathologic conditions may cause the heart to weigh up to 1100 g, a condition referred to as cor bovinum (bovine heart).










Cardiac wall
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Fig. 5.15 Structure of the cardiac wall; microscopic detail from the right atrium. (according to [2])
The wall of the heart is composed of three layers:


• endocardium: inner surface consisting of endothelium and connective tissue

• myocardium: cardiac muscle with cardiomyocytes

• epicardium: serous layer and subserous connective tissue at the outer surface of the heart, representing the visceral layer of the serous pericardium. In the human, the subserous layer contains plenty of white adipose tissue in which the coronary blood vessels and nerves are embedded.











Cardiac muscle
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Fig. 5.16 to Fig. 5.18 Cardiac muscle, myocardium; ventral view (→ Fig. 5.16), view from the apex (→ Fig. 5.17), and dorsocaudal view (→ Fig. 5.18).
The cardiac muscle fibers consist of cardiomyocytes and have a spiral arrangement within the cardiac wall. In the wall of the atria and the right ventricle they form two layers, in the wall of the left ventricle they even form three layers. Thus, the myocardium and the cardiac wall are much thicker in the region of the left ventricle. In comparison to the right ventricle, this arrangement reflects the much higher pressure required in the left ventricle to pump the blood into the systemic circulation. The right ventricular wall is 3–5 cm thick, the left ventricular wall is 8–12 cm thick.





Clinical remarks


If the thickness of the left ventricular wall exceeds 15 mm, the term hypertrophy is used. A left ventricular hypertrophy may be caused for example by stenosis of the aortic valve or arterial hypertension. In the right ventricle, a hypertrophy is already diagnosed if the wall thickness exceeds 5 mm. This may be caused by a stenosis of the pulmonary valve or by pulmonary hypertension, resulting from chronic obstructive pulmonary diseases (COPD; e.g. asthma) or recurrent pulmonary emboli.








Heart valves and skeleton of the heart
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Fig. 5.19 Heart valves; cranial view; after removal of the atria, aorta and pulmonary trunk.
The heart has two atrioventricular valves (cuspid valves) between the atria and the ventricles of each side. The right atrioventricular valve consists of three cusps (tricuspid valve). The left atrioventricular valve has two cusps (bicuspid valve, mitral valve). The cusps are anchored to the papillary muscles by tendinous cords (chordae tendineae) to prevent a prolapse of the valves during ventricular contraction. In addition, between the ventricles and the great arteries lie the aortic valve on the left side and the pulmonary valve on the right side, both of which consist of three semilunar cusps (semilunar valves). When blood is ejected from the ventricles into the great arteries during the systole the semilunar valves are open and the atrioventricular valves are closed. When the ventricles are filled with blood from the atria during the diastole the atrioventricular valves are open and the semilunar valves are closed.
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Fig. 5.20 Fibrous skeleton of the heart; cranial view, schematic illustration. (according to [2])
The valves are anchored to the cardiac skeleton. The latter consists of connective tissue forming a ring (right and left fibrous ring) around the atrioventricular valves and a fibrous ring around the semilunar valves. Between the fibrous rings lies the right fibrous trigone. Here, the atrioventricular bundle (AV bundle of HIS) belonging to the conducting system of the heart passes over from the right atrium to the interventricular septum. In addition to the stabilization of the valves, the fibrous skeleton of the heart serves as an electrical insulator between the atria and the ventricles because all cardiomyocytes are attached to the cardiac skeleton. Since there is no connection between atria and ventricles via cardiomyocytes, the electrical impulse reaches the ventricles exclusively through the atrioventricular bundle of HIS.





Clinical Remarks


If the valves are constricted (stenosis) or do not close properly (insufficiency), heart murmurs develop. These are most noticeable at the auscultation sites of the respective valves (→ Fig. 5.1). If a murmur is detected during systole (between the first and second heart sounds) in the area of one of the atrioventricular (AV) valves, an insufficiency of the respective valve is likely, since AV valves are normally closed during systole. If the murmur is detected in this area during diastole, a stenosis of the respective valve can be suspected since the AV valves are fully opened during diastole. The opposite is true for the semilunar valves. Valvular stenoses are either congenital or acquired (rheumatic diseases, bacterial endocarditis). Valvular insufficiencies are mostly acquired and may also be the result of a myocardial infarction if one or more of the papillary muscles are affected by the infarction.










Chambers of the heart
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Fig. 5.21 Right atrium and right ventricle; ventral view.
The right atrium consists of a part with a smooth inner surface, the sinus of venae cavae, and of a muscular part with a rough inner surface consisting of the pectinate muscles. Both parts are separated by the crista teminalis, which serves as important landmark for the localization of the sinu-atrial node (SA node) of the cardiac conducting system (→ pp. 20–22). The SA node is positioned at the outside (subepicardial) of this demarcation line between the entry of the superior vena cava and the right auricle. The interatrial septum shows a remnant of the former foramen ovale, the fossa ovalis with its rim, the limbus fossae ovalis. The opening of the coronary sinus, which represents the largest cardiac vein, has a valve (valve of coronary sinus) and the opening of the inferior vena cava is also demarcated by a valve (valve of inferior vena cava). Both valves, however, are not able to close the respective lumen. Smaller cardiac veins enter the right atrium directly. An extension of the valve of the inferior vena cava is the TODARO’s tendon. It serves as a landmark and, together with the opening of the coronary sinus and the tricuspid valve (right atrioventricular valve), it forms the KOCH’s triangle which harbors the AV node (→ Figs. 5.25 to 5.27). In the right ventricle, the three cusps are attached via tendinous cords (chordae tendineae) to the three papillary muscles (anterior, posterior and septal papillary muscles). Of the interventricular septum only the muscular part is visible in this illustration. Starting from the interventricular septum, specific fibers of the cardiac conducting system (moderator band described by LEONARDO DA VINCI, not visible here) course to the anterior papillary muscle. This connection is referred to as the septomarginal trabecula (→ Fig. 5.27).






[image: image]


Fig. 5.22 Left and right ventricles; cross-section, cranial view.
Because of the substantially stronger muscle layer, the wall of the left ventricle is thicker than the wall of the right ventricle.
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Fig. 5.23 Left atrium and left ventricle; lateral view.
The left auricle represents the muscular part of the left atrium. The four pulmonary veins enter the smooth-walled part of the left atrium. The septal wall shows the crescent-shaped valve of the foramen ovale, a remnant of the septum primum during the development of the heart (→ Fig. 5.7). The left atrioventricular orifice is the junction to the left ventricle and contains the mitral valve. The wall of the left ventricle is not smooth but structured by trabeculae of the ventricular myocardium (trabeculae carneae).
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Fig. 5.24 Left ventricle; lateral view.
The mitral valve (left atrioventricular valve) only consists of two cusps. Thus, only two papillary muscles are required (anterior and posterior papillary muscles). Beneath the mitral valve, the approximately 1 cm2 large area of the membranous part of the interventricular septum is located. However, the major part of the interventricular septum consists of cardiac muscle fibers (muscular part). Blood from the left ventricle is pumped through the aortic valve into the dilated part of the aorta (aortic bulb). The aortic valve consists of three semilunar valves which cover the aortic sinuses from which the right and left coronary arteries originate.










Electrical stimulation and conducting system of the heart
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Fig. 5.25 Electrical stimulation and conducting system along the axis of the sectioned heart.
The heart harbors an electrical stimulation and conducting system which consists of modified cardiomyocytes instead of nerve fibers. This system is divided into the following parts:


• sinu-atrial node (SA-node; node of KEITH-FLACK)

• atrioventricular node (AV-node, node of TAWARA)

• atrioventricular bundle (bundle of HIS)

• right and left bundle branch (right and left bundle of node of TAWARA)





The electrical stimulation is initiated independently within the sinu-atrial node by spontaneous depolarization in the specialized myocardial cells and has a frequency of approximately 70/min. The SA-node has a size of approximately 3 × 10 mm and is located within the wall of the right atrium in a groove (sulcus terminalis cordis) between the entry of the superior vena cava and the right auricle. This groove corresponds to the crista terminalis at the inner surface of the right atrium. The SA node is occasionally covered by an area of subepicardial adipose tissue making it visible from outside. The SA node is supplied by the sinu-atrial nodal branch which derives from the right coronary artery in most cases. The electrical signal spreads from the SA node through the myocardium of both atria (myogenic conduction) and reaches the AV node. The latter slows down the frequency of the electrical signal to allow a sufficient filling of the ventricles.
The AV node, approximately 5 × 3 mm in size, is embedded within the myocardium of the atrioventricular septum at KOCH’s triangle. The KOCH’s triangle is confined by the TODARO’s tendon, the entry of the coronary sinus, and the septal cusp of the tricuspid valve (→ Fig. 5.21). The AV node is also supplied by a separate branch (atrioventricular nodal branch) which usually derives from the dominant coronary artery (in most cases the right coronary artery) near the branching of the posterior interventricular branch.
From the AV node the electrical signal is conveyed by the atrioventricular bundle (bundle of HIS; approx. 4 × 20 mm) through the right fibrous trigone to the interventricular septum.
In the membranous part of the interventricular septum the bundle of HIS divides into the right and left bundle branch. The left bundle branch splits into the anterior, septal and posterior subendocardial fascicles to the respective parts of the myocardium including the papillary muscles and the apex of the heart. The right bundle branch descends subendocardially in the septum to the apex of the heart and reaches the anterior papillary muscle via the septomarginal trabecula (→ Fig. 5.27).
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Fig. 5.26 Electrical stimulating and conducting system of the heart; schematic illustration.
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Fig. 5.27 Electrical stimulation and conducting system of the heart.
The electrical stimulation and conducting system is organized in four parts (→ Fig. 5.25).
The illustration demonstrates how a part of the right bundle branch reaches the right anterior papillary muscle via the septomarginal trabecula.
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Fig. 5.28 Anatomical principles of the electrocardiogram (ECG). (according to [2])
The electrical signal spreads from the sinu-atrial node to the AV node which causes a delay in electrical conduction before reaching the interventricular septum via the bundle of HIS. The right and left bundle branches then divide and stimulate the ventricular myocardium. This conduction of electrical impulses within the heart can be detected by electrodes on the surface of the body. If the electrical signal travels towards the electrode at the surface of the body, it results in a positive upward amplitude of the baseline voltage. Because of the small volume of the sinu-atrial node, the SA excitation is not detectable in the ECG. The depolarization of the atria is represented by the P wave. The depolarization delay by the AV node occurs during the PQ segment. The latter depicts the lack of polarization changes during the depolarization of the entire atrial myocardium. The rapid retrograde direction of the depolarization of the interventricular septum is illustrated by the Q wave. Depolarization of the ventricular myocardium towards the apex of the heart is represented by the ascending limb of the R wave, whereas the propagation of the depolarization away from the apex results in the descending limb of the R wave and in the short S wave. During the ST segment the entire ventricular myocardium is depolarized. Since the repolarization of the ventricular myocardium occurs in the same direction as the depolarization, the T wave also shows a positive (upward) amplitude. Usually, three limb leads are recorded to determine the electrical axis of the heart according to the largest amplitude of the R wave. However, this electrical axis is influenced by the thickness of the myocardium in both ventricles and by the excitability of the tissue and is therefore not identical with the anatomical axis of the heart.
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