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Preface


The first German language edition of this textbook was published in 1989. Today bookstores carry the 7th edition, which appeared in 2010. The first English edition was based on the 5th German edition, both of which were published in 2003. The present 3rd English edition is based on the current 7th German edition, but the text has been updated to include literature published up through 2011.


It is with deep sadness that we announce the passing of the editors Stefan Kubik and Roman Strößenreuther. Our guiding principle has remained the same since 1989:


The basic “pre-clinical” sciences are the indispensable foundation of all medical practice. Knowledge of anatomy is essential for an understanding of physiology; without it, molecular biology, which is so important today, would exist in a vacuum. The editors agree with the view expressed by A.R. Feinstein in his article, “Basic Biomedical Science and the Destruction of the Pathophysiologic Bridge from Bench to Bedside” published in the American Journal of Medicine (1999, 107: 461–467). The bridges between clinical practice and the fields of biology and biochemistry, which are advanced with every means possible, are in fact destroyed by the global and ever-increasing neglect of pathophysiology in particular. Medical histories, inspection, palpation, and percussion are increasingly neglected, and diagnoses are based on laboratory data. What is lost is an understanding of the interconnections. The great Roman poet Horace (born 65 b.c.) once wrote:


Crescit indulgens sibi dirus hydrops


Nec sitim pellit, nisi causa morbid


Fugerit venis...


(“Frightful dropsy will continue unabated, and thirst will not lessen until the cause of the illness has disappeared from the veins”)


Our textbook opposes this trend; it preserves the bridge between the basic sciences and clinical practice.


Particular thanks is again owed to the translation agency, Biotext, LLC, under the direction of Dr. Karl J. Kaussen, for their excellent translation services in connection with the 3rd English edition.


Likewise, we would like to thank the continuing education institute, Klose Training & Consulting, headed by Günter Klose, for its valuable advice concerning the manuscript.


Finally, we would also like to extend our thanks to our editor, Ms. Ingrid Stöger, for her extraordinarily pleasant professional support.


July 2011




Prof. Michael Földi, MD







Prof. Ethel Földi, MD
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Chapter 1 Anatomy of the lymphatic system and the terminal vascular bed




O. Kretz, S. Kubik, (†) with a contribution by M. Manestar
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1.1 Anatomy of the lymphatic system and the terminal vascular bed






1.1.1 Introduction


The cardiovascular system consists of two closed circulatory loops that meet at the heart: the systemic circulatory system and the pulmonary circulatory system. By definition, blood vessels that lead away from the heart are called arteries, while those that run toward the heart are called veins. We distinguish between the vessels of the macrocirculatory and microcirculatory systems. The macrocirculatory system begins with the aorta as it exits from the left ventricle, directing blood into the systemic circulatory system. Further on, the aorta subdivides into branches, which ramify further in the body’s periphery. In doing so, the lumen of individual vessels becomes ever smaller while the total diameter of all arteries becomes larger. In the part of the macrocirculation that is directed toward the heart, little veins collect the blood, unite to form larger veins and finally, as the vena cava superior and inferior, discharge into the right atrium of the heart. In the pulmonary circulation, the pulmonary trunk conducts blood away from the right ventricle, while the pulmonary veins return to the left atrium.


The microcirculatory system is interposed between the vessels of the macrocirculatory system in the body’s periphery. It starts with the smallest branches of the arteries, the arterioles. These are also called resistance vessels, because changes in their vessel diameter influence peripheral resistance and hence both blood pressure and perfusion of the capillary bed. The capillary bed is connected to the arterioles. There, substances and gases are exchanged between the blood vascular system and the tissues. In most tissues, blood capillaries are situated in close proximity to lymph capillaries, where lymph is formed. Blood from the blood capillaries is collected in the venules and conducted to the small veins.









1.1.2 Wall structure of blood vessels


With the exception of blood capillaries (see below), the walls of blood vessels are basically constructed in three layers (Fig. 1.1): The innermost layer is the tunica intima (or “intima”), which consists of a layer of endothelial cells, a basal membrane consisting of delicate connective tissue underneath that, and the internal elastic membrane. In veins, the intima forms special structures called venous valves. They are duplications of the endothelium. They take the form of semilunar valves and, in their capacity as valves, prevent the blood from flowing backwards in a distal direction. The intima is connected outwardly to the tunica media (or “media”). Depending on the vessel section, the intima contains smooth muscle cells predominantly arrranged in a circular manner, as well as collagen and elastic fibers. The thickness and composition of the media vary according to the vessel section, and thus also influence function. Therefore, the media in the aorta, as in other arteries close to the heart, contains many elastic fibers (Fig. 1.2a). Logically, those arteries are also called elastic-type arteries. This structure makes the aorta very elastic, thereby enabling what is referred to as its “windkessel effect,” where it acts as an elastic reservoir. The further away from the heart, the smaller the proportion of elastic fibers in the media and the greater the predominance of smooth muscle cells. Consequently, these vessels are called muscular-type arteries (Fig. 1.2b). Contraction of the smooth muscle fibers in the media affects the vessel lumen and, therefore, peripheral resistance. In contrast to the high-pressure system of the arteries, typically the media of the low-pressure system of the veins is thinner. The structural elements are the same, but there are appreciably fewer smooth muscle cells (Fig. 1.2b). The third layer of the vessel wall, the tunica adventitia (or “adventitia”), begins at the external elastic membrane and continues with collagen and elastic fibers of a predominantly longitudinal orientation. Also situated in the adventitia are the blood vessels’ autonomic nerves, the vasa vasorum, the blood vessels themselves and even lymph vessels that supply a blood vessel wall if the vessel is particularly dense (>2 mm diameter). The nerves of blood vessels are predominantly postganglionic sympathetic nerve fibers, which terminate mostly on the exterior side of the media and innervate the smooth muscle cells. Next to them are parasympathetic fibers and afferent fibers, which, for example, emanate from the vessel wall’s pressure receptors. The adventitia transitions into the surrounding connective tissue without a sharp border (Fig. 1.2).





[image: image]

Fig. 1.1 Schematic diagram of blood vessel walls, using a muscular-type artery as an example.
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Fig. 1.2 Histological images of the human aorta (a) and a muscular-type artery with an accompanying vein (b).


In (a) one can see the three-layered structure of the aortic wall with the intima (1), the media (2), and the adventitia (3). The vasa vasorum (4) that supply nutrients to the vessel wall are located in the adventitia. This stain provides a particularly clear view of the many elastic fibers (5) of the media, as well as the internal (6) and external (7) elastic membranes. In (b), one can see a distinct difference in the thickness of the arterial wall (8) and venous wall (9), which is mainly attributable to the different thickness of the media (2). The adventitia of the vessels smoothly transitions into the adjacent connective tissue (10).
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1.1.3 Microcirculation


Microcirculation starts at the arterioles, the smallest branches of the arteries. Because of their influence on peripheral (systemic) vascular resistance, these vessels are also called resistance vessels. Arterioles have a diameter of 20 to 100 μm and have one to two distinct muscle layers in the media. The adventitia is very thin, with sympathetic, noradrenergic nerve fibers approaching it from above. At the transition to the capillary bed, the media’s muscle layer breaks up. This area of “metarterioles” (arterial capillaries with a diameter of 8–10 μm) acts as a sphincter that regulates the perfusion of the downstream capillary bed. Arteriovenous anastomoses may be present between small arteries or arterioles on one side of the capillary bed and small veins or venules on the other. These vessels act as shortcuts that bypass the capillary bed in between.


The exchange of substances and gases between the blood circulatory system and tissues takes place inside the blood capillaries. These vessels form dense networks in the tissue as the result of anastomoses; consequently, the diffusion pathways between blood capillaries and cells are short. They are distinct from pre-capillaries (diameter: 8 μm), which correspond to the arterial end of the capillary bed ( Chap. 2). Mid-capillaries (true capillaries, diameter 7 μm) join together to form postcapillaries (diameter 8–9 μm), which constitute the venous end of the capillary bed. In contrast to the vessel wall in other vessel sections, the blood capillary wall consists solely of the tunica intima – in other words, an endothelial layer and a basal membrane beneath it. The entire blood capillary wall is only about 200 nm thick. Cells called pericytes may be positioned on the outside of the capillary wall. Processes of these contractile cells wrap around the capillaries and influence the blood capillary diffusion, among other things.


Based on the structure of blood capillaries, three types of capillaries can be distinguished (Fig. 1.3):




• Continuous capillaries are completely lined with endothelial cells, with no gaps or discontinuities between the endothelial cells. The endothelial cells are mechanically bound together by numerous adhesive junctions, and the intercellular clefts are sealed by tight junctions. This type of capillary is the most common.


• Fenestrated capillaries have pores, or “fenestrations,” 60–70 nm in width, in between the endothelial cells; these fenestrations are largely sealed by diaphragms of fine fibrillar material. Smaller organic compounds such as peptides, glucose, and amino acids can diffuse through these pores unhindered, as can ions. Fenestrated capillaries are found, for example, in endocrine glands, adipose tissue and intestinal mucosa.


• Discontinuous capillaries have open pores that are not sealed by diaphragms. In perforated endothelium, the individual endothelial cell has openings up to 0.5 μm in diameter, while the intercellular clefts are sealed by tight junctions. There is no basal membrane. Capillaries of that type are found in bone marrow and in the sinusoids of the liver. In the case of endothelial disjunction, the openings are not in, but between the endothelial cells, since intercellular junctions that provide seals are lacking in sections. The basal membrane is very poorly developed. Macromolecules can also freely diffuse through the openings of the discontinuous capillaries.








[image: image]

Fig. 1.3 Schematic diagram of the wall structure of the various types of blood capillaries


a Continuous endothelium b fenestrated endothelium c discontinuous endothelium, perforated d discontinuous endothelium; disjunction.
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Postcapillary venules (diameter 10–30 μm) are connected to the capillary bed. They are followed by collecting venules (30–50 μm diameter) and muscular venules (50–100 μm diameter).


Pericytes are attached to the postcapillary and collecting venules. A media with a layer of smooth muscle cells is already present in muscular venules, which smoothly transition into small veins with a multi-layered media. The endothelial lining of the postcapillary venule often corresponds to that of the upstream capillary, i.e., a fenestrated capillary, for example, is followed by fenestrated endothelium in the venule. Typically, gaps are found in the tight junctions of the postcapillary venules.









1.1.4 Interstitial connective tissue and the microscopic structure of lymph capillaries


The loose connective tissue situated in the interstitium (the spfaces in between cells) forms the stroma of many organs. Interstitial connective tissue consists of cellular components and the extracellular matrix, which, in turn, contains fibers and amorphous interfibrillar matrix. The loosely distributed connective tissue cells are called fibrocytes or fibroblasts. The latter exhibit a high level of metabolic activity and morphologically, they are distinguished by rather round cell nuclei, abundant rough endoplasmic reticulum, and a pronounced Golgi apparatus. Fibrocytes have rather long cell nuclei and long processes, which connect them to each other. They synthesize both the fibers and the interfibrillar matrix that are released in the broad intercellular spaces. Interstitial connective tissue contains various types of fibers: tough, relatively inflexible collagen that comes together to form fibrils or networks in the interstitial space. There are four types of collagen fibers, which are named Types I-IV. Type I is the most common. Type IV is found in the basal membrane, and Type III in locations such as the lymphatic organs. In the lymphatic organs, the fibers form netlike structures and are called reticular fibers (lattice fibers). Finally, the interstitial tissue also contains elastic fibers which, as the name indicates, are pliant and malleable. The amorphous interfibrillar matrix that surrounds the fibers has a high water content, as well as proteoglycans and glycoproteins. The latter are connected to each other, and also to fibrillar and cellular components of the connective tissue, via special binding sites. Glycoproteins include fibronectin, which establishes a connection between cellular components and collagen fibers.


In the watery, amorphous interfibrillar matrix, gases, metabolic products and nutrients are transported from the blood capillaries to the cells and back. In regard to the lymph capillaries, spaces that do contain fibers or cells and that are filled with interfibrillar matrix act as prelymphatic channels through which the interstitial fluid (tissue fluid) can flow toward the lymph capillaries. These prelymphatic channels are between 1 and 5 μm wide. Collagen or elastic fibers sometimes serve as structures that guide the stream of fluid inside the gaps.


In most organs, the lymphatic system begins in the area of the blood capillaries, separated from them by interstitial connective tissue, and takes the form of blind-beginning lymph capillaries. In tissues or organs without lymph vessels (e.g., in the central nervous system or cartilaginous tissue), interstitial pre-lymphatic channels serve as initial drainage pathways that lead to lymph vessels outside these organs or tissues. Lymph capillaries usually form a network, with the mesh size varying between 0.1 and 1 mm. In contrast to blood capillaries, lymph capillaries have a diameter ranging from 50 to 70 μm. Their walls are very thin and consist of just one layer of lymphatic endothelial cells and a subendothelial fiber felt underneath, consisting of collagen Types IV and VI, among other things. There is no basal lamina in the strict sense. Above the subendothelial fiber felt, the lymphatic endothelial cells are connected to the interstitial fiber network. Radially arranged fibrillin filaments, which extend from the processes of the lymphatic endothelial cells to the elastic, collagenous fibers of the interstitium, are called anchor filaments. Oak leaf-shaped lymphatic endothelial cells are bound together by tight junctions and adherent junctions. The processes of the neighboring lymph endothelial cells are shaped like the points of an oak leaf and overlap each other like roof shingles. At the base of these processes are cell-to-cell contacts in the form of adhesive junctions and tight junctions (fasciae occludentes) (Fig. 1.4). However, there are no such contacts at the tips of the cell processes; as a result, the cell processes can move freely and are therefore also called “swinging tips.” The anchor filaments (discussed above) are both affixed to the swinging tips and connected to the interstitial fibers – for example, through integrins. Elevated interstitial pressure causes the anchor filaments to transmit the tension of the network of interstitial fibers to the processes of the lymphatic endothelial cells, causing openings to appear between them. One lymphatic endothelial cell has about 15 such openings, which act as inlet valves in lymph formation. The diameter of these inlet valves is about 5 μm, which during lymph formation facilitates the inflow of fluid, macromolecules and even cells. In the past, definite identification of lymph capillaries in histological sections was difficult because of their wall structure and diameter. Today, with new immunohistochemical markers that are relatively specific for lymphatic endothelial cells (e.g., VEGF receptor 3 or LYVE 1), it is possible to differentiate them from small venules and from prelymphatic channels that lack an endothelium. For the structure of other sections of the lymph vessel system 1.2.4.
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Fig. 1.4 Cell-to-cell contacts and swinging tips of lymphatic endothelial cells. At the base of the swinging tips (red), there are adherent junctions and tight junctions that connect neighboring cells with each other. The swinging tips themselves do not have any such cell-to-cell contacts; as a result, they can move freely.
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1.2 Structural elements of the lymphatic system






1.2.1 Introduction


The lymphatic system consists of lymph vessels and lymphatic organs. Lymph vessels participate in the formation of lymph from the interstitial fluid and conduct lymph to the venous system (Chap. 4). The lymphatic organs are part of the body’s defense system, which can detect and combat pathogens, exogenous cells and proteins, as well as malignant, degenerative cells. A distinction is made between primary and secondary lymphatic organs (Table 1.1). Red, hematopoietic bone marrow and the thymus gland are classed as primary lymphatic organs. The cellular components of the lymphatic organs that are functionally essential – the lymphocytes – originate as the result of differentiation and maturation of proliferating stem cells. Like the stem cells of all blood cells, they are found in the red hematopoietic bone marrow. Lymphocytes are further classed as T-lymphocytes and B-lymphocytes: While the T-lymphocytes leave the marrow early on and mature in the thymus gland, the B-lymphocytes remain in the bone marrow longer and continue to develop there. The lymphocytes differentiate in the primary lymphatic organs, and in that way acquire their ability to react to certain antigens and to differentiate the body’s own antigens from foreign ones. B-lymphocytes can also acquire these characteristics in secondary lymphatic organs. Secondary lymphatic organs include lymph nodes, the spleen, and mucosa-associated lymphatic tissue (Table 1.1).


Table 1.1 Lymphatic organs






	Primary lymphatic organs

	Secondary lymphatic organs






	Bone marrow

	Spleen






	Thymus

	Lymph nodes






	 

	Mucosa-associated lymphatic tissue (MALT)
Peyer plaques
Tonsils
Bronchus-associated lymphatic tissue














1.2.2 Primary lymphatic organs






1.2.2.1 Bone marrow


Red, hematopoietic bone marrow is found amid the spongiosa of short, flat bones (e.g., vertebrae, sternum, pelvis). Its basic framework consists of reticular connective tissue. In the meshes of this tissue are pluripotent, undetermined stem cells, as well as numerous preliminary and intermediate stages of cells in the process of erythropoeisis (red blood cell differentiation) and leukopoesis (white blood cell differentiation). Lymphocytes are classed as white blood cells. They have a common progenitor cell (precursor cell) that is already partially differentiated and therefore predetermined to form T-lymphocytes, B-lymphocytes, and natural killer cells. These progenitor cells continue to divide and differentiate within the red bone marrow. T-lymphocytes exit the bone marrow at an early stage and settle in the margin of the thymus (see below). Throughout a person’s life, B-lymphocytes develop in the red bone marrow, exit the marrow in a differentiated stage as T-lymphocytes, and mature in the secondary lymphatic organs after encountering antigens.









1.2.2.2 Thymus


The thymus is located in the region of the upper thoracic aperture, behind the sternum. T-prolymphocytes settle in its cortex starting in the third embryonic month. They propagate and continue to differentiate in the thymus, become immune-competent T-lymphocytes, and then settle in the medulla of the thymus. From there, they can leave the thymus and circulate in the body. They are responsible for the specific cell-mediated immune response.









Histological structure


The thymus has an organ capsule made of connective tissue. Thin septa extend from this capsule into the center of the organ, giving rise to incomplete lobules. The basic framework of the thymus is formed by a network of epithelial cells. The epithelial cells and interdigitating dendritic cells surround groups of lymphocytes, secrete hormones (e.g., thymopoetin), and hence are significant for the development of T-lymphocytes. Within the thymus, a distinction is made between the cortex and the medulla. The cortex has more T-lymphocytes than the medulla, and therefore appears darker (Fig. 1.50a). The medulla contains mature T-lymphocytes, interdigitating dendritic cells, and epithelial cells. Here, the epithelial cells may come together to form spiral-shaped cell aggregates known as Hassall’s corpuscles (Fig. 1.5b). Starting at puberty, the thymus undergoes involution under the influence of increasing levels of sex hormones. As a result, only remnants of the medulla and cortex exist in the adult. At that point, what remains of the thymus corpus consists primarily of fat and connective tissue (Fig. 1.5c).
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Fig. 1.5 a Histological section of a human child’s thymus: 1 Connective tissue septa, 2 Cortex, 3 Medulla


b 1 Hassal’s corpuscles


c Thymus, adult human Remaining thymus tissue: 1 Medulla, 2 Cortex, 3 Hassall’s corpuscles, 4 Fat and connective tissue
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The “blood-thymus barrier,” which is especially pronounced in the region of the cortex, protects the lyphocytes that are dividing and maturing in the cortex from antigens circulating in the blood. When viewed from the perspective of the vascular lumen, the blood-thymus barrier consists of the following layers: the endothelium, its basal lamina, a muscle layer (in precapillaries), perivascular connective tissue, the basal lamina of the epithelium, and a single layer of thymus epithelial cells (Fig. 1.6b, c). Nevertheless, the endothelium of the blood vessels in the thymic medulla, particularly the endothelium of the postcapillary venules, is permeable to large molecules and to cells. For that reason, antigens from the blood may come into contact with thymocytes in that location (Fig. 1.6a).
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Fig. 1.6 Blood-thymus barrier: a Structure of the blood-thymus barrier b + c Cross-section of the layers of the blood-thymus barrier: b Capillary region c Arteriole region 1 Artery 2 Lobular connective tissue capsule of the lobule 3 Basal lamina 4 Epithelial boundary layer 5 Epithelial reticulum 6 Venules 7 Perivascular space 8 Blood capillary endothelium 9 Basal lamina 10 Perivascular connective tissue 11 Basal lamina of the epithelial boundary layer 12 Epithelial boundary layer 13 Endothelium of arterioles 14 Muscular layer
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T-cell differentiations


Lymphatic cells undergo a proliferation and maturation process in the thymus as they migrate from the subcapsular cortex into the medulla. On the way, they encounter various non-lymphatic cells that create the necessary “micro-environment” for maturation of T-cells. T-protolymphocytes settle in the subcapsular cortex, where they transform into large lymphoblasts (blastic transformation) that undergo rapid mitotic proliferation (clonic proliferation). Multiple generations of cortical thymocytes are generated in this manner, of which up to 90% die within a few days (apoptosis). These are phagocytized by macrophages (negative selection), while the remaining smaller portion migrates into the medulla. The population of small lymphocytes in the cortex changes every 3–4 days. The lymphocyte proliferation in the cortex is not conditioned by antigens. The thymocytes of the cortex do not yet display any detectible immunological behavior. It is only during their passage into the medulla, or within the medulla itself, or perhaps shortly after their exit from the thymus, that differentiation takes place, or imprinting as antigen-determined lymphocytes that are equipped with specific surface receptors. The surface molecules of the T-lymphocytes – receptors – are coded by a gene complex that is called the major histocompatibility complex (MHC). Through their specific surface receptors, the T-lymphocytes acquire certain immunological capabilities, e.g., immune tolerance, or the ability to distinguish between “self” and “non-self.” Autoreactive T-cells are destroyed and phagocytized as the result of negative selection. If the T-cell receptor binds to MHC molecules on the epithelial cells, the affected thymocyte avoids apoptosis. Positive selection takes place through recognition of the body’s own MHC molecules. Exiting the thymus, the T-lymphocytes disseminate throughout the body via the blood stream and settle in the T-cell regions (thymus-dependent zones or areas) of the lymph nodes, spleen, and other lymphatic tissue (see below). They can circulate in the blood, in the lymph, and in the lymphatic tissue for years. In doing so, they may re-enter the medulla of the thymus from the postcapillary venules, but they never return to the cortex.









Lymph vessels


The initial lymph vessels form a circular network on the surface of the medulla, and a second network on the surface of the cortex. Radially organized, flexuous cortical capillaries connect the two networks (Fig. 1.7). Lymph drains from both networks through wide, sinusoid collectors. These collectors wind around the trabelcular veins and the interlobular septa veins in a mesh-like configuration as far as the organ surface, where they change into lymph vessels of the organ capsule (Fig. 1.7).
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Fig. 1.7 Lymph vessels of a thymus lobule


1 Perivenous lymph vessel network in the connective tissue septum


2 Thymic vein


3 Superficial network on the cortex


4 Radial cortical vessels


5 Perimedular circular network


6 Perivenous network in a trabecula


7 Pericellular spaces


8 Connective tissue septum
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T-lymphocytes leave the thymus through lymph vessels, as well as through venules and veins. Where they enter the lymph capillaries is unknown. The most likely sites of entry are the perimedullary capillary network and the radial capillaries of the cortex.


Efferent lymph vessels take three paths: The upper group of vessels (1–2 vessels from each lobe) ascends to the superior thymic lymph nodes. These nodes, located on the tips of the lobes, are situated at the level of the venous angle, adjacent to the uppermost nodes of the tracheobronchial chain. They also receive lymph from the thyroid gland. The efferent trunk flows into the subclavian vein on the right, and into the thoracic duct on the left (Fig. 1.8). The anterior group of vessels drains the middle section of thymus lobes. The vessels lead to 4–7 medial thymic lymph nodes located in a retrosternal position on the organ surface. These are connected to each other in a reticular fashion, and receive lymph not only from the thymus lymph vessels but also from the parasternal and retromanubrial lymph nodes. The efferent lymph vessels continue outward, turn at the margin of the thymus toward the posterior surface of the organ, and terminate in the retrothymic lymph nodes or superior prepericardiac lymph nodes (Fig. 1.8). The posterior group of vessels drains the back surface of the organ into the retrothymic lymph nodes (superior prepericardiac lymph nodes). There are two such nodes on each side. They are located on the pericardium, in line with the inferior prepericardiac lymph nodes, from which they receive afferent vessels. They also receive lymph from the medial thymic lymph nodes and from the parasternal nodes. The efferent trunks ascend behind the thymus. The right efferent trunk flows into the bronchomediastinal trunk, while the left trunk flows into the left subclavian vein.
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Fig. 1.8 Lymph vessels and regional lymph nodes of the thymus 1 Larynx 2 Thyroid gland 3 Internal jugular LNs 4 Recurrent chain 5 Pretracheal LNs 6 Efferent trunk of left superior thymic LNs 7 Thoracic duct 8 Left superior thymic LN 9 Efferent trunk of superior prepericardiac LNs 10 Internal thoracic artery and vein 11 Left anterior mediastinal LNs 12 Parasternal LNs 13 Retromanubrial LNs 14 Efferent trunks of 23 15 Efferent vessels of 17 16 Pericardium 17 Inferior prepericardiac LNs 18 Diaphragm 19 Lateropericardiac (juxtaphrenic) LNs 20 Superior prepericardiac (retrothymic) LNs 21 Right anterior mediastinal LNs 22 Tracheobronchial LNs 23 Median tymic LNs 24 Superior vena cava 25 Efferent trunk of 20 26 Right superior thymic LN 27 Uppermost node of the tracheobronchial LNs 28 Efferent trunk of 27 29 Right subclavian vein
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1.2.3 Secondary lymphatic organs






1.2.3.1 Spleen


The spleen is the largest lymphatic organ in the human body. It is situated inside the peritoneum in the left epigastric region. The spleen has a strong organ capsule of connective tissue. Trabecula extend from this capsule into the center of the spleen, subdividing the parenchyma, the splenic pulp. The basic framework of the spleen consists of reticular connective tissue (Fig. 1.9), which is why the spleen is described as a lymphoreticular organ.





[image: image]

Fig. 1.9 Histological section of an irrigated spleen. Reticular connective tissue of the stroma in the spleen.
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Red and white splenic pulp can be distinguished within the meshwork of reticulum cells (Fig. 1.11). The red pulp fills up roughly three-fourths of the spleen and is primarily responsible for the decomposition of erythrocytes and thrombocytes. Within the red pulp, blood flows in wide, irregularly delineated “capillaries” known as splenic sinuses. The splenic sinuses have a fenestrated endothelium, allowing old erythrocytes to come into contact with splenic macrophages, which are then able to break them down, while the healthy erythrocytes return to blood circulation (Fig. 1.10). During one phase of fetal development, the spleen also assists in hematopoiesis. The white pulp constitutes the remainder of the splenic parenchyma. It is made of periarterial lymphocyte sheaths (PALS) and lymph follicles (Fig. 1.11). Primarily T-lymphocytes are found in the PALS, whereas B-lymphocytes predominate in the splenic nodules. Both structures serve the immune defense system. After an encounter with antigens, lymph follicles display a lighter reaction center (primarily B-immunoblasts here) in the middle, and a darker marginal zone (thickly packed T- and B-lymphocytes).
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Fig. 1.10 Schematic illustration of a splenic sinus. Through the gaps in the fenestrated endothelium, intact erythrocytes migrate from the pulp strands back into the blood stream, while old erythrocytes may be broken down by macrophages.
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Fig. 1.11 Histologic image of the (1) red and white splenic pulp with (2) splenic nodes (malpighian corpuscles and (3) periarterial lymphocyte sheaths.
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Lymph vessels of the spleen (Fig. 1.85, Fig. 1.86) originate in the white pulp in the PALS. In the trabeculae, they follow the trabecular arteries. According to Rhodin, there are no lymph capillaries in the splenic pulp. Interstitial fluid and lymphocytes arrive in this location through openings in the splenic sinuses. The lymph collectors of the splenic parenchyma exit at the splenic hilus, where they unite with the collectors of the sparse, subserous network and drain into the splenic lymph nodes.









1.2.3.2 Mucosa-associated lymphatic tissue


Mucosa-associated lymphatic tissues are lymphoepithelial tissues that play an important functional role in the immune defense of various segments of the digestive and respiratory tracts. Tissues of this sort are found in the area of Waldeyer’s tonsillar ring, for example in the palatine, lingual and pharyngeal tonsils. The surface of the tonsils is coated with a non-keratinized squamous epithelium or respiratory epithelium (pharyngeal tonsils), and in part features deep troughs (crypts). Here, the surface epithelium is full of lymphocytes and other white blood corpuscles.


The lymphocytes are grouped in lymph follicles (B-lymphocytes) and parafollicular tissue (T-lymphocytes; Fig. 1.12). After the lymph follicles come into contact with antigens, they organize themselves into a light, central reaction center in which B-lymphocytes proliferate and differentiate, and into a canopy-shaped marginal wall of smaller lymphocytes, oriented towards the surface. They are then called secondary follicles.
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Fig. 1.12 Histological section of the palatine tonsils. The organ is surrounded by a connective tissue capsule (1). The surface epithelium (2) drops down into deep crypts (3). In this region, the lymphatic tissue is arranged in numerous secondary follicles with reaction centers (4) and marginal walls (5) directed towards the surface epithelium.
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One can find additional mucosa-associated lymphatic structures in the form of Peyer’s patches (aggregate follicles) in the terminal ileum Fig. 1.13 and in the vermiform appendix. Here as well, the lymphocytes are grouped in follicles and parafollicular tissue, and infiltrate the mucosa of the aforementioned intestinal segments. Smaller lymph follicles (solitary follicles) and groups of lymphocytes can also be found in the mucosa of other segments of the digestive tract and in the respiratory tract.
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Fig. 1.13 Histological cross-section of the ileum.


The lymphatic tissue is organized into Peyer’s patches (1) in the mucosa (2) and submucosa (3) of the ileum. Above a few Peyer’s patches, one can detect a dome-shaped swelling (1a) of surface epithelia (“epithelial dome”) and lymphocytes, which come into contact here with antigens from the intestinal lumen. (4) Muscular layer of the ileum.


[L 111]












1.2.3.3 Lymph nodes


Lymph nodes, which are intercalated in the lymph vascular system, appear in groups or as chains of nodes along the lymph vessels, and are typically embedded in adipose and connective tissue. They are secondary lymphatic organs with a broad array of functions.


Regarding nomenclature, two terms that are often incorrectly used in clinical practice need to be corrected: First, the expression “lymph gland” should be avoided altogether, since nodes do not secrete in the same sense as glands. Second, small lymph nodes are erroneously called “lymph nodules” even in technical publications. Such a designation is misleading, because nodules are considered to be the solitary and clustered follicles of mucosa-associated lymphatic tissue and the follicles of the lymph node margins.


Lymph nodes vary in their shape, size, and number. Their shape can be round, oval, spindle-like or kidney-shaped. Despite the great variability, certain node groups have more or less characteristic traits: Inguinal nodes are large and round; exterior iliac nodes are large and elongated; internal iliac nodes are small and round; right and left lumbar nodes are large and elongated; intermedial nodes are small and round.


Size is determined by inheritance, age, functional load and number of nodes. In adults, the size varies from 0.2 to 3 cm. A certain amount of lymphatic tissue is involved in the drainage of a region or an organ. In the course of development, this tissue may divide into many small nodes, or a few large nodes; hence, the number and size of the nodes are inversely proportional. Contrary to the general assumption, so-called giant nodes do not develop because of secondary fusing of individual nodes, but rather because the original unified system of an entire node group failed to subdivide. Conspicuously large nodes are most often indicative of pathological changes. The size of a node can also be influenced by the means used to visualize it (filling). For instance, a slight increase in volume has been observed after lymphography; this increase regressed within 1–3 weeks.


The total number of lymph nodes is estimated to be approximately 600–700 (of these, 100–200 are mesenterial nodes). As previously mentioned, the number is dependent on node size, and can also vary depending on the side of the body and the sex of the individual. Lymph nodes undergo involution in the course of aging. Age-related involution primarily affects the medullary substance, while the margin remains intact, like a shell. Thus, what is reduced is the volume of lymphatic tissue, not the number of nodes. Analysis of anatomic injection specimens has shown that almost as many nodes are found in older individuals as in children. During the age-related involution process, lymph nodes do not disappear, and indeed despite the reduction in lymphatic tissue, metastases can still develop within them. Node volume, measured with the fluid displacement method, on average equals 0.4 ml per lymph node.


Lymph is conducted to the nodes via afferent vessels, and from the nodes via efferent vessels. The afferent vessels can be either peripheral collectors leading from a collection area to the lymph nodes, or they can be internodal connective branches. The internodal collectors are either afferent or efferent vessels, depending on the position of the node that one is referring to. As Fig. 1.14 shows, the internodal collectors are efferent in relation to the peripheral nodes (a, b), but afferent in relation to the central nodes (c, d). Most afferent vessels are ramified; their entry sites are distributed over the entire surface of the node. Exclusively polar or marginal entry points appear only in small nodes. The efferent vessels, which are fewer in number than the afferent vessels, leave the node at the hilus. They are thicker, have more valves, and are more irregular in caliber than the afferent vessels.
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Fig. 1.14 Lymph node types. a, b Type I, c–e Type II


1 Afferent lymph vessels 2 Efferent vessels of nodes a and b, which are simultaneously afferent vessels of nodes c and d.


2a Efferent vessels of nodes c and d. 3 Bypass with connections to node c. 4 Bypass 5 Afferent vessel with intranodal bypass to 4.
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Histology


Lymph nodes have a capsule consisting of densely packed collagen fibers, a few elastic fibers, and some smooth muscle cells. Trabeculae made of connective tissue go out from the capsule, incompletely dividing the lymph node into compartments. The larger blood vessels of the lymph node also run within the trabeculae. The basic framework of the lymph node consists of reticular connective tissue. Lymphocytes are found within this meshwork. These are more tightly packed in the periphery and form the cortex. The medulla is more loosely structured than the cortex and is organized into medullary strands (Fig. 1.15a, Fig. 1.15b). There is not a clear border between the cortex and the medulla.
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Fig. 1.15 a Histological section of a human lymph node.


Capsule (1) and trabecula (2), cortex (3) with lymph follicles (4), medulla (5) with medullary strands (6), marginal sinus (7), radial sinus (8), hilus (9). [L 111]


1 Pulmonary artery 2 Pulmonary vein 3 Heart 4 Aorta/arteries 5 Blood capillary bed 6 Venous system 7 Lymph vessels and lymph nodes [L 134]


b Schematic depiction of a lymph node, divided into four sectors for explanatory purposes: I Lymphatic tissue with secondary follicles (B-cell regions), parafollicular zones (T-cell regions), and high endothelial venules; II Macrophages and antigen presenting cells (dendritic interdigitating cells); III Blood supply; IV Follicle and reticulum cells
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The afferent lymph vessels arrive at the lymph node on its convex side. From this location, they enter into the marginal sinus situated beneath the organ capsule. From there, the lymph proceeds through the radial sinus (intermediate sinus), which runs along the trabecula, and into the broad medullary sinus. The medullary sinus and the marginal sinus come together in the region of the hilus (sinoid confluence), forming the terminal sinus. The lymph node’s efferent vessels leave from here. Typically, the efferent vessels have more valves and a larger lumen than the afferent vessels, but in exchange are fewer in number (Fig. 1.15a, Fig. 1.15b). The blood vessels and efferent lymph vessels exit the organ at the lymph node hilus (Fig. 1.15a, Fig. 1.15b). The sinuses are lined with a layer of endothelial cells that lies on top of a basal membrane.


On the parenchyma side, the endothelial layer and the basal membrane have gaps that allow lymph to pass into the parenchyma of the lymph node. In the outer cortex there are primary and secondary follicles that are primarily constructed of B-lymphocytes. Secondary follicles have a lighter-colored reaction center and a marginal wall (see above). In the inner cortex (paracortex), the cells (primarily T-lymphocytes) are less densely packed. Special high-endothelial venules (HEV) are found in the paracortex. These HEV possess a high isoprismatic endothelium and, regarding their function, are considered an important site for lymphocyte recirculation.









Blood supply and innervation


The arteries and veins enter through the hilus and run inside the trabeculae. In the capsule there is a capillary network on the edge of the marginal sinus. A second network surrounds the medullary strands and borders the medullary sinus (Fig. 1.15b). In secondary follicles, arterial capillaries are found in a central location, while the venules are in a peripheral location, wrapped around the follicle like a wicker basket. In lymph nodes, lymph and blood flow parallel to each other, which makes it possible for cellular and non-cellular elements to be exchanged between the two fluids. The antibodies formed in the lymph nodes enter directly into the blood stream. Nerves in the lymph nodes consist of nonmyelinated nerve fibers, which run alongside the blood vessels.









Regional lymph nodes: tributary regions


The connections between the drainage regions and the lymph nodes are illustrated in Fig. 1.16: Nodes that are directly connected to a circumscribed drainage area (A, B) are called regional lymph nodes. Alternatively, since they form the initial filtering station, they are also known as primary nodes (1a, 1b). Their collection areas are called tributary regions. From the primary nodes, lymph passes through a chain of lymph nodes until it is received by the venous system. In relation to collection areas A and B, these stations or nodes are secondary (2a, 2b), tertiary (3a, 3b), etc. However, they do not function exclusively as second or third stations, because they are directly connected to certain tributary regions. Thus, for example, node 2a is a secondary node for regions A and B, but a primary node for region C.
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Fig. 1.16 Schematic diagram of lymph drainage through a chain of nodes (as described in the text)
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The lymph from the individual afferent vessels fills particular regions (lymph node compartments) within the node. These compartments are described as primary or secondary localization fields. The primary localization of the collection regions is extremely important in the diagnosis of metastases. However, it is not always easy to identify the primary stations. Anastomoses of the afferent vessels (Fig. 1.16, dotted line) and collateral vessels (dashed line) can result in transposition of the primary localization. Anastomoses of peripheral collectors make it possible for one organ to use the regional lymph nodes of another organ as supplemental primary nodes. Collaterals may skip over one (1b) or a number of nodes (connection between nodes 1a and 4). A bypass of this type is called a “segmental leap.” Internodal connections connect nodes to each other not only consecutively, but also in parallel. Thanks to the rope-ladder-like parallel connections (marked with *), which are often reciprocal links between the nodes (2a and 2b), the number of filtering stations is greater than with a simple chain, thereby enhancing immune defense capabilities. However, there is a disadvantage to these cross-connections: they also promote the spread of pathogenic processes. Rare retrograde connections between a centrally located node and a peripheral node (dotted line from 2a to 1) play a role in the development of retrograde metastases in particular. Despite the consistently present connections between the peripheral areas and the regional nodes, it can be seen from the course of the lymphatic pathways that primary localization cannot be viewed as a rigid model.









Lymph node types


In a classic lymph node (Type I), all afferent vessels flow into the marginal sinus (Fig. 1.14a). In Type II nodes, an afferent vessel goes through the node (Fig. 1.14d) or it runs next to and past the node, and is only connected with the marginal sinus through side branches (Fig. 1.14c, e). Type I nodes tend to appear more in the periphery, while Type II are more likely to be centrally located. Peripheral nodes (Type I) receive lymph through their afferent vessels, usually from multiple collection areas that are localized in sectors in the nodes. In the case of central nodes, only a portion of the lymph flowing through comes directly from a tributary region; the other portion, by contrast, comes from the preceding nodes in the pathway.









Manner of filling


The way in which a lymph node is filled is predominantly determined by the pressure relationships in its afferent vessels. Normally, the pressure in all afferent vessels is approximately equal. Therefore, lymph flows from the marginal sinus into the closest intermediate sinus. This results in individual sectors in the node that are not completely separated from one another (Fig. 1.17a). Experiments on laboratory animals have shown that certain peripheral regions drain into specific node sectors (Fig. 1.17b). The size of these sectors depends on whether or not the afferent vessels branch off before they pass through the capsule. Under low pressure, an injected dye will flow through the shortest pathway, and only fill one sector (Fig. 1.17c). At higher pressure, side branches of the collector fill up; these branches lead to other sectors of the same node.


Fig. 1.17 shows the filling of the lymph node by sectors. Certain conditions, such as fibrotic changes and adiposis of the nodes, can cause filling gaps in normal nodes (Fig. 1.17a). But a filling gap can also be interpreted as a physiological manifestation; in this case, it relates to the intranodal localization of the peripheral regions. As shown in Fig. 1.18b, the collectors of the ventromedial bundle fill the lower half of the central inguinal node. The filling gap in the upper half of the node represents the drainage segment of the afferent vessels from the thigh, which are not filled through the ventrolateral bundle.
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Fig. 1.17 a–c Filling of the lymph node by sectors


a Efferent lymph vessels and regional lymph nodes of the genital skin (India ink injection, human) b Vigorous outflow of India ink (lung, canine) c Diagram of node filling 1 Afferent lymph vessels 2 Sectors of the superomedial inguinal lymph nodes marked by India ink 3 Great saphenous vein 4 Central inguinal node 5 Members of the lateral node group 6 Segment of the cardiac lobe filled with India ink 7 Filled nodal sector in the bifurcation node 8 Tracheal bifurcation 9 Filling sector
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Fig. 1.18 Partial filling of the nodes; filling gaps. a Lymphogram of the inguinal lymph nodes b Injection specimen (human) 1 Afferent vessels 2 Efferent vessels 3 Filled area of the node 4 Filling gap
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Regeneration


Studies using laboratory animals have shown that excised nodes do not regenerate. Partial regeneration may occur after partial node resection, but the original volume will never be attained again. The increase in volume is proportional to the number and caliber of the afferent vessels, and it adapts to the changed mechanical conditions of lymph transport. Since the efferent vessels are absent, the inflowing lymph drains in a retrograde direction back through an afferent vessel until it comes to an anasotomotic branch, and then it flows through this branch over to an adjacent collector. A second outflow option is through a newly formed lymph vessel that connects an afferent vessel to the stump of the original efferent vessel. If the blood supply of the remaining part of the node is not assured, this remaining part will degenerate and lymph drainage will be accomplished by dilation of existing collateral pathways.


















1.2.4 Lymph vascular system


The lymph vascular system is a drainage system positioned parallel to the venous system (Fig. 1.19). Characteristics of the lymph vascular system are:




1. It begins with initial lymph vessels in the periphery.


2. The course of the collectors is interrupted by intervening lymph nodes.


3. The collector trunks flow into the venous system. Confluence sites are situated at the right and left venous angles (Fig. 1.20).
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Fig. 1.19 Blood vascular and lymph vascular systems. The blood vascular system with its systemic and pulmonary circulatory systems forms two closed circuits. By contrast, the lymph vascular system starts blindly at the lymph capillaries in the body’s periphery and thus forms a “half circuit.”
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Fig. 1.20 Lymph trunks and node groups of the body quadrants 1 Left internal jugular vein 2 Left subclavian vein 3 Thoracic duct 4 Parotid LNs 5 Submandibular LNs 6 Comitant LNs of the accessory nerve 7 Internal jugular LNs with jugular trunk 8 Supraclavicular LNs with left supraclavicular trunk 9 Axillary LNs with subclavian trunk 10 Intercostal LNs with left intercostal trunk 11 Parasternal LNs with left parasternal trunk 12 Anterior mediastinal LNs with left anterior mediastinal trunk 13 Tracheobronchial LNs with left tracheobrochial trunk 14 Cisterna chyli 15a Left lumbar trunk 15b Right lumbar trunk 16 Mesenteric LNs 17 Lumbar LNs 18 Left common iliac LNs 19 Right external iliac LNs 20 Internal iliac LNs 21 Right inguinal LNs 22 Right lymphatic duct
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The lymph vascular system can be divided into the following sections based on the histological structure of the vessel walls:




• Lymph capillaries (initial lymph vessels)


• Precollectors


• Collectors


• Lymph trunks





Topographically, three sections can be distinguished in the lymph vascular system:




• The superficial (subcutaneous, epifascial) system drains the skin and subcutis (Fig. 1.21).


• The deep (subfascial) system conducts the lymph from the muscles, joints, tendon sheaths, and nerves. The deep collectors follow the arteries and are enclosed along with the arteries and accompanying veins in a common vascular sheath. The superficial and deep systems are connected to each other by perforating vessels (Fig. 1.21). Most perforating vessels conduct lymph from the deep regions to the surface.


• The system of organ lymph vessels is adapted to the structure of the respective organs, and exhibits corresponding organ-specific features.
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Fig. 1.21 Organization of the lymphatic system.


a Layered structure: 2 and 3 correspond to the superficial lymphatic system and 5 to the deep lymphatic system. b Deep lymphatic system, vessel sheath. 1 Lymph capillaries of the skin 2 Precollector 3 Collector 4 Perforating vessel that connects the superficial and deep lymphatic systems 5 Deep lymph vessel 6 Artery 7 Vein 8 Vessel sheath 9 Cutis 10 Subcutis 11 Fascia 12 Bone 13 Muscle
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Fig. 1.22 Mural layers of the various lymph vessel sections K Capillaries Pk Precollector K Collector or lymph trunk 1 Endothelium 2 Anchor filaments 3 Basal membrane 4 Connective tissue layer 5 Longitudinal muscle layer 6 Circular muscle layer 7 Intima 8 Media 9 Adventitia
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1.2.4.1 Lymph capillaries


The lymph vascular system originates in the interstitial connective tissue, in a finely meshed, polygonal capillary network with blind-end, digitiform processes (Fig. 1.23). Lymph capillaries have a wider and more irregular lumen than blood capillaries. Depending on the filling status, they can be as wide as 70 μm (Fig. 1.24). Lymph capillaries are embedded in intercellular space (Fig. 1.25), which is formed by the meshwork of fibrocytes. Like blood vessels, all lymph vessels are lined with endothelium. In lymph capillaries, the endothelium is followed by an incomplete basal membrane and a subendothelial fiber felt (Fig. 1.22). The oak-leaf-shaped endothelial cells of the lymph capillaries may directly abut each other, or may dovetail with each other in one or more places. In some locations, the adjacent endothelial cells overlap each other like shingles on a roof. The overlapping edges of the endothelial cells are called swinging tips. They serve as inlet valves through which the interstitial fluids can enter the lymph capillaries. Anchoring filaments are inserted in the exterior surface of the lymph capillary wall around the swinging tips, and at the same time these filaments are also connected with the elastic and collagenous fiber felt of the interstitium. Capillaries have no valves (1.1.4).
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Fig. 1.23 Lymph capillary networks. a India ink injection b Mercox corrosion specimen, scale bar = 100 μm.
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Fig. 1.24 Histological specimen of the tongue with lymph capillaries (*)
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Fig. 1.25 Integration of the lymph capillaries in the interstitium


1 Arterial leg of the blood capillary 2 Venous leg of the blood capillary 3 Lymph capillary 4 Open intercellular cleft; swinging tip 5 Fibrocyte 6 Anchoring filaments 7 Intercellular space


Small arrows mark the direction of blood flow; large arrows indicate the flow of intracellular fluid
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1.2.4.2 Precollectors and collectors


The approximately 15 μm-wide precollectors collect lymph from defined areas of the capillary network and direct it into the collectors. They have valves and function as drains. However, it is important to note that different sections of the same vessel have differently structured walls. There are wall sections that are surrounded by an accessory membrane (consisting of collagenous connective tissue with isolated smooth muscle cells; Fig. 1.22), right next to wall sections with capillary features. Because of these latter sections, the precollectors can also act in a reabsorptive capacity.


Collectors are essentially musculoendothelial tubes with diameters that fluctuate between 100 and 600 μm. Histomorphologically, they have a three-layer structure similar to veins. The tunica intimaconsists of the endothelium and the basal membrane. One occasionally finds an incomplete internal elastic membrane in the larger collectors. The thickest section of the wall, the tunica media, consists of 2–3 layers of smooth muscle cells (Fig. 1.22) that are encased in fine collagen and elastic fibers. The vessel musculature of collectors is not of uniform thickness throughout the vessel. In between sections of the vessel with particularly well-developed muscle tissue, there are segments around the valve region that are weakly muscled or devoid of muscles (Fig. 1.26). In general it can be said that superficial collectors have a stronger muscular layer than deep collectors, and that the peripheral section of a collector has more muscle tissue than the central section. The tunica externa or adventitia (Fig. 1.22) consists of loose collagenous connective tissue. Larger collectors have a relatively thick vessel wall, with the result that the cells of the vessel wall cannot be nourished from the collector’s lumen. Accordingly, in the adventitia of large collectors and also lymph trunks, one finds blood vessels (vasa vasorum) that supply the lymph vessel wall with oxygen and nutrients, etc. The collection area of a collector is also referred to as a drainage region or tributary region





[image: image]

Fig. 1.26 Structure and function of the valve segment


a Arrangement of the musculature b Normal function c Dilated lymph vessel with valvular insufficiency and reflux.


1 Valve segment 2 Contracted segment (emptying) 3 Relaxed segment (filling phase)


Arrows indicate the direction of lymph flow
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Lymph vessel valves


Effective single or double-leafed valves first appear in the precollectors and are present in a central direction from there on. For the most part, the lymph vessel valves are paired semilunar valves (Fig. 1.27a). In certain locations (lungs, mesenterium), isolated, funnel-shaped bicuspid valves also appear (Fig. 1.27b). The valves are endothelial duplicatures, or folds. They are strengthened by a sheet of fine collagen and reticulum fibers, which lies between the two layers of endothelial cells.
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Fig. 1.27 Bicuspid semilunar valves (silver impregnation, mesenterial lymph vessels, cat). a General view b Oblique projection 1, 2 Anterior and posterior insertion point 3 Valve sinus (bulbous).
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Functionally, the collectors are divided into valve segments (lymphangions).


The teardrop-shaped segments begin with a distal, bulbous widening that tapers proximally until the next segment (Fig. 1.26a). The teardrop shape of the individual segments, and the resulting pearl necklace structure of the filled collectors, can be readily detected in injected tissue specimens and in lymphograms. The musculature is poorly developed in the valvular bulbous part. It consists of longitudinal fasciculi that extend across the segment boundaries (Fig. 1.26a). The tapered portion of the segment is surrounded by a powerful muscular cuff. The muscular cuff has an external and an internal longitudinal muscle layer, and a medial ring layer. This is a helical network in which spirals form the external and internal longitudinal layers, while the middle annular layer exhibits a flat angle of ascent. The spirals radiate from one layer into the other (Fig. 1.26a). The thickness of the musculature depends on its function. In segments that are contracted, the muscular cuff is thick and its layers are easily recognizable; in dilated segments filled almost to bursting, the musculature tapers without any distinguishable layer pattern (Fig. 1.26b). The length of the valve segments, i.e., the distance between two valves, is irregular. Length is dependent on the vascular lumen, and is about three to ten times the diameter of the vessel.


The interval between valves is 2–3 mm in precollectors, 6–20 mm in collectors, and 6–10 cm in the lower thoracic section of the thoracic duct. The number of valves is 60–80 in the superficial collectors of the arm, and 80–100 in the collectors of the leg. The intervals between valves are longer in deep lymph vessels than in superficial vessels.









Innervation


Findings regarding the innervation of lymph vessels in different species have only been obtained in a few regions of the body (or, in some cases, in just one region). To date, a thorough investigation of the innervation of human lymph vessels is not yet available. Based on those individual findings from various species, it can be said that the innervation of the walls of lymph collectors and lymph trunks is concentrated in the middle segment of the lymphangions. In the adventitia, myelinated and non-myelinated autonomic nerve fibers terminate in a plexiform fashion. Histochemical and immunohistochemical techniques have made it possible to distinguish adrenergic, cholinergic and peptidergic fibers in the autonomic neural plexus of lymph collectors. The transmitter noradrenalin, neuropeptide Y (NPY) and serotonin are found in postganglionic sympathetic fibers. The transmitter acetylcholin and vasoactive intestinal peptide (VIP) have been described as co-localized in postganglionic parasympathetic fibers. The latter enhances acetylcholine and has a relaxing effect on the smooth musculature. Sensory fibers have been identified by their content of CGRP (calcitonin gene-related peptide) and substance P. The nerve plexus of lymph collectors that is located in the adventitia is densest in zones around the region of the muscular cuff. The finely granulated axoplasma contains isolated mitochondria as well as synaptic vesicles grouped along the longitudinal axis. The axons enter the media individually or in groups, and branch off from there. They are only partially covered by Schwann cells, or are mostly “naked,” and form synaptic contacts with muscle cells. The characteristics of these neuromuscular contact points indicate that, unlike the myoneural junctions (motoric end plates) of the skeletal musculature, they cannot be a fixed connection between the nerves and the effector tissues. Here, as with blood vessels and hollow organs, remote adrenergic innervation is assumed. In addition to these efferent nerve fibers, which affect the frequency and strength of lymphangion contractions, afferent nerve fibers have also been described, which could act as pressure receptors. In the area of lymph capillaries, nerve endings are absent or only very sparse.


Topographically, one can distinguish between superficial, deep, and visceral collectors. While the superficial, or epifascial, collectors follow the directional course of the major veins of the skin, they are not grouped around them. They form wide bundles situated beneath the venous layer; the drainage region of these bundles roughly corresponds to that of the main veins. Superficial lymph collectors typically have the same diameter along their entire length and typically run in an almost straight line. Within the lymph vessel bundles of the extremities, one can distinguish long and short collectors, collaterals, and anastomotic branches.The individual vessel types are depicted schematically in Fig. 1.28. Anastomotic branches (marked by arrows) connect adjacent collectors with each other. Through these branches, lymph can be conveyed to collectors far to the side. The anastomotic branches have the same diameter as the collectors, but because of valves at their point of confluence, they can only be entered in an oblique ascending direction (Fig. 1.29a). Depending on whether the anastomotic branch is an afferent or efferent branch of a skin region, the branch can either relieve a congested region or, if there is valvular insufficiency, increase the burden (Fig. 1.29b). Island-forming collaterals (dotted lines), which run parallel to the collectors, connect the distal part of a collector with its proximal (central) portion, and can thereby relieve or replace the bypassed section. Long collectors lead from the dorsum of the foot to the regional (inguinal) lymph nodes. They are also called main collectors (Fig. 1.28A, B, C, D). Short collectors are found in the lower and upper thigh regions. They connect to the main collectors, but their drainage territory is separated from that of the main collectors by lymphatic drainage divides (drainage territory borders). Deep lymph vessels are the subfascial collectors of the extremities and the truncal wall, which drain the muscles, joints, and bones. They proceed along the vascular bundle consisting of an artery and its accompanying veins (Fig. 1.118), and are typically connected to each other in a way that resembles a rope-ladder. Deep collectors usually have a larger diameter than superficial collectors. The group of deep lymph vessels also includes the visceral collectors.) These mostly proceed along the organ blood vessels, and can be interrupted by small intercalated nodes.
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Fig. 1.28 Structural elements of a lymph vessel bundle (ventromedial bundle).


Collaterals: dotted lines; long main collectors: A, B, C, D


1 Short collectors 2 Regional nodes
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Fig. 1.29 Function of the anastomotic branches


a Normal circulation b Reversed circulation in dilated anastomotic branches with insufficient valves


a, b Lymph territories c Congested territory 1 Collectors with sufficient valves 2 Afferent anastomotic branch from Territory a 3 Efferent anastomotic branch from Territory b 4 Dilated collector with insufficient valves 5 Retrograde flow in dilated anastomotic branches with insufficient valves
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1.2.4.3 Lymph trunks


As shown in Fig. 1.20, lymph is conducted from three body quadrants into the left venous angle, and from the upper right quadrant into the right venous angle. The lower half of the body, which is far away from the venous angle, is drained by the thoracic duct, while regions surrounding the discharge point are drained by short, individual trunks. The latter may discharge individually (primary trunks) or jointly in various combinations with other trunks (secondary or tertiary trunks). The primary trunks are formed by the union of efferent vessels from separate lymph node groups. Downstream from the fine tissue structure, lymph trunks have stronger mural layers than the lymph collectors (Fig. 1.22).









Thoracic duct


The largest lymph trunk, the thoracic duct, conducts lymph from the lower half of the body, and on the left side from the deep layers of the back, the paravertebral pleural sections, and the lower mediastinum. The collection area can even extend to the entire upper left body quadrant, if the lymph trunks at the base of the neck and at the anterior mediastinum also discharge into the thoracic duct.


The thoracic duct originates between L2 and T9 (varying from person to person), ascends in the posterior mediastinum to the base of the neck, and usually discharges into the left venous angle (95% of cases). Less commonly, it discharges into the right venous angle (1%), or into both venous angles (4%). Complete duplication of the entire thoracic duct is less common (1.4%) than a Y-shaped bifurcation in the upper thoracic region. Duplication of part of the duct, manifested in island or plexus formations, most often affects the middle section of the thoracic duct (10–20%); by contrast, it affects the entire length of the thoracic duct only in very rare cases (1%) (Fig. 1.30b). These variations can be explained as follows: some or all of right thoracic duct anlage, which temporarily exists during embryonic development, fails to regress; consequently duplicate structures, or plexiform connections with the persisting left thoracic duct, remain.
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Fig. 1.30 a Topography of the thoracic duct. 1 Left lumbar trunk 2 Right lumbar trunk 3 Cisterna chili 4 Thoracic part of the thoracic duct 5 Cervical part of the thoracic duct 6 Esophagus 7 Trachea 8 Left venous angle 9 Right venous angle 10 Aorta 11 Azygos vein 12 Hemiazygos vein 12a Accessory hemiazygos vein 13 Diaphragm 14 Right lymphatic duct 15 Ascending cervical artery [L 134].


b Variations of the thoracic duct. 16 Thoracic duct (most common course) 17 Duplication of the upper part 18 Y-shaped bifurcation emptying into the right venous angle 19 Island formation 20 Plexus formation with connections to the prevertebral LNs 21 Intercostal LNs 22 Junction of the descending intercostal trunk 23 Plexiform origin 24 Intercalary nodes: Proper thoracic duct LNs
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The paired lumbar trunks and the gastrointestinal trunk are the roots of the thoracic duct. The right lumbar trunk conducts lymph from the right and intermediate lumbar lymph nodes, while the left lumbar trunk conducts lymph from the left lumbar lymph nodes (Fig. 1.31).
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Fig. 1.31 Roots of the thoracic duct and gastrointestinal trunk


1 Celiac LNs 2 Gastroceliac LN 3 Superior pancreatic LNs 4 Hepatic LN 5 Hepatic trunk 6 Pancreaticosplenic trunk 7 Gastric trunk 8 Lateroaortic LNs 9 Preaortic LNs 10 Inferior mesenteric LNs 11 Common iliac LNs 12 Laterocaval LNs 13 Precaval LNs 14 Interaorticocaval LNs 15 Superior mesenteric LNs 16 Right lumbar trunk 17 Left lumbar trunk 18 Gastrointestinal trunk 19 Cisterna chyli 20 Thoracic duct
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The efferent collectors of the superior mesenteric lymph nodes (one or a number of them) form the gastrointestinal trunk either by themselves or by uniting with the gastric, hepatic, and pancreaticosplenic trunk, which discharges either into the cisterna chyli or into the left lumbar trunk (Fig. 1.31). It should be said, however, that there is a broad range of anatomical variations.


Classifying by the height of origin, a distinction is made between a low origin (at the L2 level) and a high origin (between T9 and T10). A plexus formation is prevalent with a high (thoracic) origin (Fig. 1.30b), while a cistern formation is more prevalent with a low (abdominal) origin (Fig. 1.31).


In human beings, the cisterna chyli is neither consistently present (it is found in about 80% of cases), nor uniform in structure. In 50–60% of humans, the widening of the cisterna chyli is limited to the lymph trunks that form the roots; it can be located at the confluence of the left lumbar trunk and the intestinal trunk (45%), at the junction of the intestinal trunk and the thoracic duct (30%), or at the union of the right lumbar trunk and the intestinal trunk (20%). In 40–50% of cases, the widening extends to the thoracic duct. In relation to the spinal column, the cisterna chyli is situated at the level of the L1-L2 vertebrae (63%), at the transition from the thoracic to the lumbar spine (21%), in the area of the lower thoracic vertebrae (13%), and in rare cases even at the level of the T9-T10 vertebrae (3%). The initial portion of the thoracic duct, which may be widened like a sack, spindle, or beaded necklace, is a true cisterna chyli, which can be 3–8 cm long and 0.5–1.5 cm wide, depending on its shape.


Topographically, the thoracic duct is divided into an abdominal part, a thoracic part, and a cervical part. The abdominal part is in the retroperitoneal region behind or to the right of the aorta, and is covered by the right medial crus of the diaphragm. Usually, the thoracic duct enters the thoracic cavity through the aortic hiatus (Fig. 1.30a). In rare cases, it may be located between the medial crus and right intermediate crus of the diaphragm and may accompany the azygous vein.


The lower section of the thoracic duct, which ascends between the azygous vein and the aorta, is overlain by the esophagus and covered by the pleura. In this section, the esophagus is separated from the thoracic duct by the interacygoesophageal recess, where the duct can be easily found (Fig. 1.110). At the T4-T5 level, the thoracic duct crosses under the esophagus and the aortic arch, and ascends to the upper thoracic aperture at the left margin of the spine between the esophagus and the left subclavian artery (Fig. 1.30a). If the thoracic duct originates in the thorax, the initial section is often a wide or narrow-meshed network with small intercalated lymph nodes (proper thoracic duct lymph nodes). Afferent vessels of the thoracic duct come from the intercostal and lower mediastinal lymph nodes (Fig. 1.30b).


The ascending portion of the cervical part is situated between the esophagus and the left subclavian artery, and is covered by the left common carotid artery and the vagus nerve (Fig. 1.32). The arch section that ultimately leads to the left venous angle crosses over the vertebral artery, the cervicothoracic ganglion, the thyreocervical trunk, and the phrenic nerve on the anterior scalene muscle. In most cases, the arch is covered by the internal jugular vein (Fig. 1.30b); less frequently, it is situated in front of the vein. On the surface, the sternocleidomastoid muscle covers the cervical part of the thoracic duct. In a surgical setting, the left superficial cervical artery provides a landmark for locating the arch (Fig. 1.30, Fig. 1.32).
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Fig. 1.32 Topography of the cervical section of the thoracic duct. 1 Trachea 2 Esophagus 3 Left internal carotid artery 4 Vagus nerve 5 Left internal jugular vein 6 Ascending cervical artery 7 Phrenic nerve 8 Inferior thyroid artery 9 Anterior scalene muscle 10 Superficial cervical artery 11 Thoracic duct 12 Thyreocervical trunk 13 Left subclavian artery 14 Left subclavian vein 15 Brachial plexus 16 Left venous angle 17 Inferior cervical ganglion
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The end section of the thoracic duct is typically a single track (66%); however, it may also divide into 2–5 branches. In 7.5% of cases, the branches form a network in which there may be intercalated nodes. Individual side branches are also often connected with retroclavicular or supraclavicular nodes. In 30–40% of cases, the cervical part widens to an ampulla shape (Fig. 1.32) or winds in a spiral shape just before the junction.


The length of the thoracic duct ranges from 36 to 45 cm and the width from 1 to 5 mm, whereby the central section is usually the narrowest part.


The valves of the thoracic duct are paired semilunar valves; their number ranges from 1–8 to 20. Most of the valves are situated in the upper section of the duct, while the middle section has the fewest. Junction valves in the arch section are present in 80% of cases.


The junction valves situated in the arch section of the thoracic duct prevent retrograde flow of blood into the duct. The thoracic duct is additionally closed off by its oblique course through the venous wall, which results in a valve-like protrusion (Fig. 1.33). In the emptying phase of the vein, this valve opens and lymph streams into the vein. At the beginning of the venous filling phase, blood enters the thoracic duct through the still-open aperture and fills the ampulla and the arch section as far as the first junction valve. At the end of the venous filling phase, the junction is closed by the tension exerted on the venous wall from the dilation. Because blood fills the ampulla and the arch section, the terminal section of the thoracic duct is often difficult to distinguish from the surrounding veins.
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Fig. 1.33 The oblique junction of the thoracic duct in the area of the left venous angle creates a type of valve, which is closed by the pressure in the vein. 1 Wall of the vein 2 Ampule 3 Valves in the thoracic duct
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The pulsation of the aorta helps to move the contents of the thoracic duct at the aortic hiatus and at the undercrossing of the aortic arch, where the thoracic duct rests upon a bony stratum.


Numerous investigators have identified variations in the shape and anatomical positioning of the thoracic part of the thoracic duct. Four positional variations have been found (Fig. 1.34).
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Fig. 1.34 Schematic drawings showing variations in the position of the thoracic duct. a Right position b Central position c Diagonal course d Left position 1 Aorta 2 Thoracic duct 3 Azygous vein
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Lymph trunks of the upper body quadrants


The jugular trunk originates from the union of the efferent lymph vessels of the internal jugular lymph nodes, while the supraclavicular trunk originates from the union of the efferent vessels of the supraclavicular lymph nodes. The subclavian trunk conducts lymph from the axillary lymph nodes. In 80% of cases, there are 2–3 such trunks. The following variations occur in the mediastinal trunks (parasternal trunk, anterior mediastinal trunk, tracheobronchial trunk, and intercostal trunk):




• Duplication


• Separate discharge into the veins


• Union of 2–3 trunks in various combinations





The union of all trunks, forming the bronchomediastinal trunk, rarely occurs.


The junction of lymph trunks with the veins (Fig. 1.35) is extraordinarily variable. All right-side trunks rarely unite to form the right lymphatic duct and all left-side trunks rarely discharge into the terminal section of the thoracic duct. In most cases, there are 2–7 trunks. The great variability results not only from the varying number of branches discharging into the venous angle, but also from the fact that these branches may alternately discharge into adjacent veins (Fig. 1.35a). We call this venous junction region the jugulosubclavian area, and denote it with a circle that has its midpoint situated in the venous angle, and a radius equal to 1.5–2 cm. In the region of the right jugulosubclavian area, there is typically a right lymphatic duct, formed by the union of the jugular, supraclavicular, parasternal and anterior mediastinal trunks; the remaining trunks empty separately (Fig. 1.35c).
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Fig. 1.35 Variations in the discharge sites of the thoracic duct and short lymph trunks


a Discharge site of the thoracic duct b Veins in proximity to the venous angle c Discharge sites of the lymph trunks in the right and left jugulosubclavian areas d Plexiform terminus of the thoracic duct (specimen courtesy of M. Manestar). The circle encloses the jugulosubclavian area. 1 Thoracic duct 2/2a Left/Right internal jugular vein 3 External jugular vein 4/4a Left/Right subclavian vein 5/5a Left/Right brachiocephalic vein 6 Anterior jugular vein 7 Vertebral vein 8 Deep cervical vein 9 Superficial cervical vein 10 Transverse cervical vein 11 Suprascapular vein 12/12a Left/Right jugular trunk 13/13a Left/Right superclavicular trunk 14/14a Left/Right subclavian trunk 15/15a Left/Right intercostal trunk 16/16a Tracheobronchial trunk 17/17a Left/Right anterior mediastinal trunk 18/18a Left/Right parasternal trunk 19 Left lymphatic duct
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The thoracic duct discharges into the left jugulosubclavian area. Its three most common discharge sites are the venous angle (about 27%), the internal jugular vein (about 21%) and the subclavian vein (25%). The thoracic duct discharges into the left brachiocephalic vein in 1.4% of cases, and into the left external jugular vein in 2.8% of cases (Fig. 1.35a). Of the short trunks, the jugular, parasternal and anterior mediastinal trunks are usually branches of the thoracic duct, whereas the others flow directly into the veins (Fig. 1.35c). In both venous angles, the number of trunks may increase as the result of duplication, or by contrast decrease as the result of unification. Because of the large number of possible variations, no authoritative diagram can be provided. Connections between adjacent node groups result in indirect anastomoses between the lymph trunks (Fig. 1.35d).





















1.3 Initial lymph vascular system of various tissues and organs






1.3.1 Epithelial tissue


Epithelial cells form continuous cell aggregates that cover the body’s external surfaces (skin) and internal surfaces (such as the intestinal tract) in the form of superficial epithelia. Depending on the organ, the epithelial cells form one or more layers, the lowest of which lies on top of a basal lamina. The next layer below the epithelial layer is connective tissue. The epithelial cell layer does not have any blood vessels itself, but is instead supplied by diffusion from deeper layers of tissue. In the skin and in all internal surfaces lined with mucosa, initial lymph vessels are similarly found in the connective tissue layer beneath the epithelium.


In the mucosa, the intial lymph vessels are a polygonal network structure with digitiform protrusions. The latter are particularly well developed in the small intestine, in the form of central capillary villi (Fig. 1.89a–c). The density and organization of the meshwork (longitudinal or transverse) varies according to the location. Although the network is not situated in the actual mucosa, but rather at the border between the mucosa and the submucosa, just underneath the blood vessel network, it is referred to as a mucosal plexus. Efferent precollectors and collectors run in the submucosa. The mucosal lymphatic plexus is generally characterized by the fact that it forms a continuous network on virtually the entire mucosal surface. In other words, the lymphatic networks of the various mucosal regions (e.g., mouth, nose, and throat mucosa) transition into each other without interruption. Because of the netlike vascular structure, lymph in the mucosa – as in the skin – can drain in all directions. At the body’s orifices (nose, mouth, anus), the mucosal network smoothly transitions into the lymphatic network of the skin.






1.3.1.1 Skin


Skin (cutis) covers the surface of the body. It can be divided into two layers: the epidermis and the dermis. The skin lies on top of the subcutis. This fat-rich layer is closely connected with the skin from a morphological and functional perspective. The epithelium of the epidermis is a multi-layer, keratinized squamous epithelium. It lies on top of a robust basal membrane. The epidermis itself does not have any lymph vessels. The dermis follows beneath the basal lamina. The dermis is the specialized connective tissue of the skin. It is organized into a deep reticular layer and a superficial papillary layer. The dermis contains nerves and vessels, in addition to cellular and intercellular components of connective tissue, such as fibrocytes, collagen and elastic fibers, and hyaluronic acid. The blood vessels of the dermis form a network. Capillary loops from this network extend upwards into the connective tissue papilla of the papillary layer and supply nutrients to the epidermis (Fig. 1.36).
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Fig. 1.36 Diagram of the layers of the skin, with blood and lymph vessels


1 Section of the epidermis 2 Epidermal ridges 3 Recesses of the dermal papillae 4 Dermal papillae with capillary loops 5 Papillary layer 6 Blood capillary loops 7 Mesh comprised of subpapillary arterioles and venules 8 Lymph capillary meshes 9 Precollectors of the fibrous layer of the dermis 10 Subcutis 11 Subcutaneous collector
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The initial lymph vessels (lymph capillaries) form a two-dimensional polygonal network (the superficial or “subpapillary” cutaneous network) at the border between the papillary and reticular layers. This lymphatic network is covered by a broad, flat network of precapillary arterioles and postcapillary venules, which in turn is covered by areas of epidermal ridges. The diameter of the initial lymph vessels ranges from 10 to 30 μm, while the width of the mesh ranges from 400 to 500 μm. The horizontal section in Fig. 1.37a shows the honeycomb-like structure of epidermal ridges and the blood capillaries that they surround. The blood capillary loops can be seen at the center of the papillae, surrounded by pericapillary spaces, which appear as bright rings (halos). These spaces are connected with the system of dermal intercellular spaces, and represent the beginning of the prelymphatic system (Fig. 1.37e). A central digitiform papillary lymph capillary is rare.
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Fig. 1.37 Human skin, dorsum of the foot. a Flat section b–e Cross-section f Drainage region of a lymph capillary section


1 Epidermal ridges


2 Dermal papillae


3 Capillary loops


4 Capillary loops, longitudinal section


5 Lymph capillaries


6 Precollector with valve


7 Precollector section with a capillary-like structure


8 System of intercellular spaces (black, negative image)


9 Links in the capillary network


10 Square = drainage territory of the capillary loop
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The initial lymph vessels situated beneath the papillary layer are in close proximity to blood vessels (Fig. 1.37b). The initial lymph vessels are a flat, broad, two-dimensional, avalvular capillary network (Fig. 1.36) that can be viewed as a reabsorption layer from a functional perspective.


In a network structure, a particular capillary segment will always drain the lymph from two adjacent links in the network. If we assume that one link in a chain has an average diameter of 500 μm, then this particular capillary segment will drain an area of tissue that is about 1 mm wide. This results in a drainage area of approximately 0.25 mm2 (Fig. 1.37f). Morphometric analyses have shown that the capillary network is dense and of small caliber where the skin is thick, but less dense and of large caliber where the skin is thin.


The deep group of lymph vessels located in the reticular layer (the deep cutaneous plexus) is a three-dimensional network (dermal network) (Fig. 1.36). Within this network, the diameter of the vessels progressively widens to a maximum of about 100 μm as the depth increases. The vessels of this layer, which contain valves in isolated instances (Fig. 1.37c), are precollectors that convey lymph from the capillary layer through the dermis and subcutis into the large epifascial collectors (Fig. 1.36). The valves protect the capillary layer from retrograde filling. In some segments, the precollector walls have a structure similar to capillary walls (Fig. 1.37d); for this reason, these precollectors can also reabsorb fluid to a limited extent. Because of their valves and their capillary structure in some areas, the precollectors can be viewed functionally as a conduction and reabsorption layer. The deep cutaneous layer is connected with the subcutaneous collectors by segmentally-organized vertical precollectors (Fig. 1.38). In skin areas with ridges (for example, on the fingers), the cutaneous lymphatic network is significantly denser than in areas of smooth, flat skin (such as the trunk region).
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Fig. 1.38 Drainage from a skin territory.


1 Efferent precollector 2 Subcutaneous collector 3 Skin 4 Superficial cutaneous network (capillary network) 5 Deep cutaneous network (precollectors) 6 Subcutis 7 Fascia 8 Subfascial layer 9 Artery 10 Deep perivascular lymph vessels 11 Connection between precollector and deep collector 12 Direct connection between precollectors and deep lymph vessels
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Lymphatic areas, zones, and territories on the skin can be distinguished from one another by their drainage pathways (precollectors, collectors, lymph vessel bundles). Vertical precollectors drain circular areas of skin that are about 1.5 cm in diameter on the surface of the hand and sole of the foot, and about 3–4 cm in diameter elsewhere. Each skin area can be drained in several directions, since its marginal zone overlaps with adjacent sectors (Fig. 1.38). Because the initial lymph vessels have no valves, theoretically the entire subpapillary network could be filled from one point, as still happens in the fetal stage. In practice, however, after birth only a certain skin area is filled, because less resistance in the direction of the vertical precollectors makes flow in that direction more favorable than lateral spreading. The precollectors of several skin areas typically drain into the superficial collectors through a common trunk. Therefore, in the event of valvular insufficiency, spots of skin (irregularly delineated regions of ever increasing size) are filled by retrograde flow (Fig. 1.38).


Areas of skin that are connected to a common collector together form strip-shaped skin zones (Fig. 1.38). The skin zones of all collectors of a lymph vessel bundle collectively form a territory. For this reason, the territories are named after their corresponding bundle: for example, radial bundle and radial territory, etc.


Skin zones anastomose with each other through the cutaneous lymphatic network and especially through the numerous connections between adjacent collectors. By contrast, the collectors on the margins of adjacent territories are only connected to each other through a few anastomotic branches. The poorly vascularized interterritorial zones are referred to as lymphatic drainage divides. Practically the only way that lymph can pass over the lymphatic drainage divide from one territory to the next is through the initial vessel network (Fig. 1.38). Drainage becomes easier only if the valve locations within the interterritorial anastomotic branches allow for it, or if retrograde drainage becomes possible because congestion has caused vessels to dilate and has caused the blocking valves to become insufficient.


The number of interterritorial anastomotic branches varies on an individual and regional basis.


In addition to the precollectors, which conduct lymph from the skin into the subcutaneous collectors, there are two additional collateral pathways for drainage of the skin. Both pathways conduct lymph to the deep lymph vessels, with one pathway conducting it from the deep cutaneous network, and the other conducting it from the precollectors (Fig. 1.38). Thus, the superficial system serves as the primary pathway in the drainage of lymph from the skin and subcutis, while the deep system serves as a relief pathway.


As previously discussed, main collectors, collateral vessels and anastomotic branches can be identified within the subcutaneous lymph vessel bundles.












1.3.2 Connective and supportive tissues


Connective and supportive tissues include collageneous tissue, elastic and reticular connective tissue, adipose tissue, cartilage, and bones. Connective and supportive tissues consist of cellular components and intercellular substance. Unlike epithelia, the cellular components do not form tightly packed cell aggregates. The intercellular substance is composed of fibers and amorphous interfibrillar matrix. The quantity and type of fibrous components, as well as the composition of the interfibrillar matrix, determine the characteristics of the connective and supportive tissues.






1.3.2.1 Loose connective tissue


Loose connective tissue consists of a loose network of collagen fibers and, more rarely, elastic fibers. Interfibrillar matrix is found within the broad meshes of this network. Loose connective tissue forms the stroma of many organs. As previously noted in the case of skin, there are many initial lymph vessels in loose connective tissue.









1.3.2.2 Firm connective tissue/tendon


In firm connective tissue, fiber components predominate. They are tightly packed and are either reticulated (as in organ capsules) or run in parallel to each other. Firm connective tissue with parallel fibers is found in tendons. In between the parallel fiber bundles are tendon cells (tendinocytes) that are in contact with each other via wing-shaped processes. Primary bundles of collagen fibers and secondary bundles (consisting of several primary bundles) are surrounded by the internal peritendineum (or, “endotendineum”). The external peritendineum surrounding the tendon gradually transitions into the perimysium of the associated skeletal muscle (see below). Interfascicular septa that originate in the external peritendineum extend into the tendons. Transverse anastomoses connect the longitudinally-oriented blood vessels (an artery and two acompanying veins) not only on the external suface of the tendons, but also in the interfascicular septa, thereby creating a uniform plexus. An intrafascicular capillary network originates from this network. Within the internal peritendineum, lymph capillaries run parallel to the tendon fiber bundles and are interconnected by transverse anastomoses. Precollectors and collectors accompany the blood vessels in the external peritendineum, and through their connections establish a network similar to the blood vessel network.









1.3.2.3 Adipose tissue


Adipose tissue is a special kind of connective tissue consisting of fat cells (adipocytes). Groups of adipocytes form lobules that are surrounded by a connective tissue capsule and subdivided by septa. Based on the location and structure of the cells, as well as the color, vascular supply and function, adipose tissue is classified as either univacuolar (white) or multivacuolar (brown) adipose tissue. In univacuolar adipose tissue, isolated cells are spherical, while cells in densely packed groups are polyhedral. Their diameter can exceed 100 μm. The centrally located fat droplet pushes the cytoplasm and cell nucleus to the cell margins, creating a signet ring formation. Each fat cell is surrounded by a basal lamina with an external zone that is strengthened by reticulated microfibrils. Univacuolar fat is richly vascularized. It is estimated that there is one capillary per cell. White adipose tissue appears almost everywhere, either as structural fat or as stored fat. Its distribution in the body is determined by age and sex, however. There are no lymph capillaries in fat lobules. The connective tissue septa contain precollectors that have capillary features in some places, and hence are capable of reabsorption.









1.3.2.4 Cartilage tissue


Cartilage tissue is a specialized connective tissue that has a supportive function. It can appear as elastic cartilage (as in the auricle), as hyaline cartilage (as in joints and airways), and as fibrocartilage in intervertebral discs, the menisci, and the discs of joints. Cartilage consists of cells (chondrocytes), varying proportions of fibers, and a special interfibrillar matrix (ground substance) that is rich in chondroitin sulfate. With the exception of the hyalin cartilage on joint surfaces, cartilage tissue is surrounded by a connective tissue layer, the perichondrium. Mature cartilage does not have any blood vessels or nerves. These are instead found in the perichondrium, as are the initial lymph vessels. However, examination of the fiber cartilage of intervertebral discs and the menisci of knee joints has revealed that lymph vessels are detectable in immature cartilage until adolescence.









1.3.2.5 Bones


Bone is a supporting tissue that forms the skeleton of the human body. Bone consists of cells, osteocytes, fibers, and a special matrix in which calcium salts are stored. A distinction is made between spongy bone and compact bone. Spongy bone is found as a trabecular network inside skeletal bones. Red or yellow bone marrow is located within this network. Compact bone surrounds bones on the outside. It is constructed of a system of specialized lamellae (osteons) and interstitial lamellae (Fig. 1.39). An internal circumferential lamella surrounds the bone marrow, and an external circumferential lamella surrounds the outer surface of the bone. Bones are covered by a connective tissue layer, the periosteum on the outside, and the endosteum on the inside. Nerves, blood vessels and initial lymph vessels are located in the periosteum. Blood vessels descend vertically from the periosteum to the bone surface, passing through Volkmann’s canals into deeper regions, and then run parallel to the bone surface in the Haversian canals that are located in the center of the osteons (Fig. 1.39). Even with modern immunohistochemical techniques, lymph vessels have not been identified in this canal system.
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Fig. 1.39 Blood vessels and lymph vessels of the bone and periosteum. 1 Periosteum 2 External general lamella 3 Osteon 4 Haversian canal 5 Volkmann’s canal 6 Artery 7 Vein 8 Lymph vessels
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1.3.2.6 Joints


True joints are characterized by a joint cavity and a joint capsule that encloses the two articulating bones. The joint capsule consists of a fibrous membrane of dense connective tissue and a synovial membrane that lines the joint cavity. The synovial membrane inserts at the border between the bones and the hyalin cartilage that covers the joint surfaces. Most of the synovial villi are located there (Fig. 1.40a). The inner cell layer, the synovial lining, consists of 1 to 4 layers of synovial cells (lining cells). These are modified connective tissue cells that do not form a continuous epitheloid layer. Their ramified processes interconnect like fingers, but do not have special contacts or a basal lamina (Fig. 1.40b).
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Fig. 1.40 Arteries and lymph vessels of the joint capsule


a Overview b Structure of the joint capsule 1 Bone 2 Periosteum 3 Muscle 4 Synovial membrane 5 Fibrous layer of the articular capsule 6 Synovial villus 7 Articular rete 8 Joint cavity 9 Joint cartilage 10 Deep artery with accompanying deep lymph vessels 11 Subsynovia 12 Synovial lining layer 13 Blood capillaries 14 Venules 15 Lymph capillaries 16 Fat cells 17 Nerve
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The blood supply to the joint capsule and to the articulating bone ends that are enclosed within it comes from several vessels in the vicinity. Anastomoses of those vessels form the articular rete. Blood vessels enter the synovial membrane at the bone-cartilage border. The subsynovia contains arterioles and venules. The blood capillary network, which lies below the synovial lining, consists of capillaries with fenestrated and unfenestrated endothelia. The synovial villi are more sparsely vascularized. Their capillaries form loops and convolutions. The cells of the synovial membrane produce and reabsorb synovial fluid. They are not a true diffusion barrier, because they lack specialized cell contacts. The synovial fluid reaches the deeper layers and the extracellular matrix through gaps between the synovial cells. For this reason, not only superficial synovial cells, but also deep synovial cells and free macrophages phagocytize substances that reach the joint cavity. Fenestrated capillaries in particular play an important role in the exchange of substances with the joint cavity. Even macro-molecular substances can reach these vessels and enter them through endothelial pores, or by means of vacuoles or micropinocytosis of endothelial cells. Certain substances preferentially enter lymph vessels and are transported to the regional lymph nodes.


Beneath the blood capillary network, lymph capillaries form a wide-meshed polygonal network with digitiform processes and lacunar dilations (Fig. 1.40b). Collectors are grouped around the blood vessels and exit mainly on the flexor side of the joint. They reach the periosteum first, receive lymph vessel branches issuing from it, and continue into the intermuscular connective tissue. There, they unite, forming larger trunks that discharge into the subfascial lymph system (Fig. 1.40a). All joints are drained by the subfascial lymph system. There are no lymph vessels in the villi and plicae of the synovial membrane. In the synovial lymph vessels, there are only a few isolated valves; valves are more numerous in the larger efferent trunks.












1.3.3 Muscle tissue


The skeletal musculature consists of bundles of polynucleated muscle fibers that have a diameter of 10–100 μm and a length of up to 20 cm. Individual muscle fibers are surrounded by a delicate sheath composed of reticulum fibers (endomysium). Groups of muscle fibers form primary bundles, which are surrounded by the internal perimysium. Groups of primary bundles are held together by the external perimysium and form secondary bundles. The muscle as a whole is covered by a layer of loose connective tissue, the epimysium. The epmysium is inside the dense muscle fascia (Fig. 1.41). Blood vessels enter the muscle through the neurovascular hilus and branch out in the epimysium, external perimysium and internal perimysium. Their terminal branches enter the endomysium and form capillary vessels around individual fibers. Each muscle fiber is surrounded by 3 to 4 capillaries on average.
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Fig. 1.41 Blood and lymph vessels of the skeletal musculature 1 Muscle fiber 2 Endomysium 3 Internal perimysium 4 External perimysium 5 Epimysium 6 Fascia 7 Muscle hilus 8 Primary bundle 9 Secondary bundle
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The initial lymph vessels that are located in the internal perimysium, external perimysium, and endomysium surround the primary and secondary bundles like a plexus, but do not enter the endoymysium. Collectors, which form rope-ladder-shaped anastomoses with each other, accompany blood vessels and exit the muscle through the hilus along with them (Fig. 1.41).


The lymph vessels of the cardiac muscles are described in 1.5.2.7.









1.3.4 Nerve tissue


The central and peripheral nervous systems are constructed of nerve tissue. Nerve tissue essentially consists of two different cell types: neurons (nerve cells) and glia cells. The central nervous system includes the brain and spinal cord. The peripheral nervous system includes all neural structures outside the central nervous system.






1.3.4.1 The central nervous system and its relationship with the lymph vascular system


The central nervous system is one of the few organs that do not contain lymph vessels. Nonetheless, numerous studies – which began as early as the late 19th century – 8 have shown that both the interstitial fluid of the central nervous system and the cerebrospinal fluid are drained to a considerable extent via lymph vessels outside the central nervous system.









Cerebrospinal fluid and the lymph vascular system


Cerebrospinal fluid is constantly being formed within the richly vascularized chorioid plexus of the four ventricles of the brain (inner CFS space). From the ventricles, the cerebrospinal fluid enters the subarachnoid space (outer CSF space) through the lateral foramina (foramina of Luschka) and medial foramen (foramen of Magendi) in the region of the fourth ventricle. The subarachnoid space is bordered by pia-arachnoid tissue (leptomeninx): The external part of the border consists of the arachnoid mater’s three to four-layer neurothelium, which is next to the dura mater, and the inside part consists of meningeal cells of the pia mater, which cover the brain and spinal cord surfaces. The subarachnoid space is laced with a fine trabecular structure that is likewise coated in meningeal cells of the arachnoid mater. Over a 3 to 4 hour period, approximately 150 ml of fluid forms in the chorioid plexus. This roughly corresponds to the entire volume of the ventricles of the brain, from which one can conclude that the fluid is exchanged several times each day. Since the fluid is continually formed, the question arises: where is it reabsorbed? In anatomy and physiology textbooks the arachnoid villi (also known as arachnoid granulations and Pacchioni’s granulations, Fig. 1.42a) are named as the most important site for CSF reabsorption. The arachnoid villi are neurothelial protrusions of the arachnoid mater that jut into the venous sinuses of the dura mater. The interstitium of the spongy connective tissue of the arachnoid villi is connected with the subarachnoid space. The cell-to-cell contacts of neurothelial cells are looser in the region of the arachnoid villi than in other locations. Hence it is possible for the fluid from the subarachnoid space to cross over the interstitium of the villi into the venous sinus of the dura mater. Similarly structured neurothelial protrusions are also found in the area around the exit sites of the cranial and spinal nerves. They are connected there with veins of the epidural space.
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Fig. 1.42 a Pia-arachnoid tissue (leptomeninx) and subarachnoid space in the region of the arachnoid villi b + c Subarachnoid space in the region of the spinal nerve roots, with neurothelial protrusions and their relationship to epidural lymph vessels and veins d Detailed overview of the pia-arachnoid tissue in the region of the spinal nerve roots. The neurothelium of the arachnoid mater (1), where the dura mater (2) forms neurothelial protrusions (3), and where the cell-to-cell contacts are loose. In this manner, cerebrospinal fluid can pass from the subarachnoid space (4) to the lymph capillaries (5) of the epidural space. (6) Cross sections of nerve fibers of the spinal nerve
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Fluid reabsorption, however, cannot be limited to the pathway described above, for these reasons:




• Sufficient reabsorption is present even during prenatal development, when the arachnoid villi are not yet fully developed.


• Numerous investigators have been able to show that, after various dyes or radiocactive tracers are injected into the subarachnoid space, most of these substances appear within a short period of time in the cervical and prevertebral lymph nodes, and the path across the arachnoid villi becomes significant only with increased CSF pressure.





Connections between the subarachnoid space and the lymphatic system are found primarily around the exit points of the cerebral and spinal nerves.


Around the exit points of the spinal nerves, the dura mater continues for a short distance on the exiting nerve, in the form of a dural pocket. It then transitions into the epineurium of the spinal nerve. The arachnoid mater, and hence the subarachnoid space, also extend into the dural pockets. As discussed above, neurothelial protrusions of the arachnoid mater are found here as well (Fig. 1.42b). Because of the loose cell-to-cell contacts of the neurothelial cells in this region, cerebrospinal fluid from the subarachnoid space can pass into the numerous lymph vessels of the dura matter via the protrusions. The absence of a basal membrane between the neurothelium of the arachnoid mater and dura mater facilitates the passage of fluid (Fig. 1.42c). Depending on the body region, the lymph vessels of the dura mater drain into deep cervical, paraaortal, paracaval, or lumbar lymph nodes, which explains the aforementioned findings after injection of dye into the subarachnoid space. These experiments have also shown that when the sections of the spine are compared, the pathway described here is most distinct in the cervical region.




• The transition from the neurothelium of the arachnoid membrance to the perineural epithelium of the spinal nerves is a second connection in the area of the spinal nerve exit sites. Here as well, the intercellular connections of the neurothelium are loose, thereby allowing fluid from the subarachnoid space to enter into the endoneural and perineural space of the spinal nerves. In fact, experiments using subarachnoidal injections have shown that dye from the cerebrospinal fluid space initially arrives in the peripheral nerves, is taken up there by the numerous lymph vessels of the epineurium (see below), and ultimately drains into the deep cervical lymph nodes.





Table 1.2 Cerebrospinal fluid






	Formation site: Chorioid plexus






	Sites of reabsorption from the subarachnoid space






	Under normal CSF pressure

	Under elevated CSF pressure






	↓

	↓






	Neural sites

	Arachnoid villi






	↓

	↓

	↓






	Leptomeningeal cuff at the exit points of the cerebral and spinal nerves

	Endoneurium, perineurium↓Lymph vessels of the epineurium

	Venous vessels of the dura mater, epidural veins






	↓

	↓






	Epidural lymph vessels






	Orbita and nasal mucosa, perilymphatic spaces of the inner ear






	↓

	↓






	Lymph vascular system







There is also a connection between the cerebrospinal fluid space and the lymphatic system in the area around the exit points of cranial nerves. The best-documented pathways are along the olfactory nerves of the first cranial nerve, along the optic nerve, and along the vestibulocochlear nerve to the inner ear:




• The first cranial nerve, the olfactory nerve is a protuberance of the forebrain. Its thickened terminus, the olfactory bulb, is situated in the anterior cranial fossa on the sieve-like, perforated cribriform plate of the ethmoid bone. The olfactory nerve that exits the olfactory bulb passes initially through the subarachnoid space and then through the perforations of the cribriform plate to the olfactory receptor cells of the nasal mucosa (Fig. 1.43). Both the dura mater of the cranial base and the arachnoid mater accompany the olfactory nerve along this path before transitioning, respectively, into the epineurium and perineurium of the olfactory nerves. Thus, the subarachnoid space continues through the perforations of the cribriform plate up to the nasal mucosa on the lower surface of the cribriform plate. In this location, the fluid can be taken up by the lymphatic network of the nasal mucosa either directly from this protuberance of the subarachnoidal space or from the endoneural and perineural space of the olfactory nerves (Fig. 1.43). Most of this lymphatic network drains in a dorsal direction into deep parapharyngeal lymph nodes, while a small part of the network drains in a rostral direction into the submental lymph nodes (Fig. 1.51).


• The second cranial nerve, the optic nerve, is a protrusion of the diencephalon, which extends into the orbital cavity as far as the retina. The optic nerve is surrounded by a sleeve of dura mater, arachnoid mater, and pia mater as far as the ocular bulb (eyeball). Hence, the subarachnoid space also extends along the optic nerve up to the optic nerve papilla in the retina. Electron microscope studies have shown that the neurothelium layer of the arachnoid mater is significantly thinner in the distal region of the optic nerve near the eyeball than in other locations; in some parts, it consists only of a single layer of cells. Numerous pore-shaped openings are also found here between the neurothelial cells and the protrusions of the subarachnoid space. Fluid can pass through these openings and protrusions, primarily at the distal part of the optic nerve, into the connective tissue of the orbital cavity. In this location, initial lymph vessels are found in the dural sleeve of the optic nerve, particularly in the retrobulbous section, and also in the connective tissue of the orbital cavity (Fig. 1.44). These vessels drain the fluid either in the direction of the conjunctival lymph vessels and superficial cervical lymph nodes, or in a dorso-caudal direction into the deep cervical lymph nodes.


• Injection studies in which dyes were injected into the subarachnoid space have demonstrated that within a few minutes, some of the injected dye appears in the perilymphatic space of the inner ear. A brief description of the anatomy of the inner ear is necessary for an understanding of this fluid reabsorption pathway: The inner ear is a labyrinth that is located in the temporal bone and that is comprised of the vestibular apparatus (semicircular canals, utricle, saccule) and the hearing organ (cochlea). The labyrinth of the auditory/equilibrium organ is connected with the middle ear in the region of the round (cochlear) and oval windows, and in this location is only separated from the middle ear by loose connective tissue and a thin layer of middle ear mucosa. Two fluid-filled spaces can be distinguished in the labyrinth of the inner ear: the perilymphatic space and the endolymphatic space. Both terms are misleading, since the fluid in lymph vessels is typically described as lymph. The term “endolymph” is doubly misleading, since “endolymph” has a completely different composition than lymph. From an evolutionary perspective, the perilymphatic space is an extreme broadening of interstitial space. It is in proximity to the interstitium, and is connected with the endolymphatic space and the subarachnoid space. The latter connection occurs through the perilymphatic duct and via the endoneural and perineural tissue of the vestibulocochlear nerve (8th cranial nerve, the auditory and vestibular nerve), which reaches the inner ear via the internal acoustic meatus. The reabsorption of cerebrospinal fluid via perilymph into the lymph vessels essentially takes place in the region of the round (cochlear) window. In this location, particles and fluids can enter through the loose network of the membrane of the cochlear window. They are drained through the mucosal lymph vessels on the middle ear side.
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Fig. 1.43 Subarachnoid space around the olfactory nerves (1). Connection to the lymph vessels (2) of the nasal mucosa. 3 Olfactory bulb 4 Dura mater
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Fig. 1.44 Subarachnoid space (1) in the optic nerve region (2). Connection to the lymph vessels (3) of the dura mater (4) in the retrobulbous segment of the optic nerve. 5 Sclera, 6 Central retinal vein + artery, 7 Retina, 8 Choroid
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Interstitial fluid of the brain and lymph vascular system


In the central nervous system, there is a special barrier between the blood vascular system on the one side, and the interstitial space on the other. This barrier is referred to as the blood-brain barrier. It selectively prevents blood-borne substances from entering the interstitium of the central nervous system. When viewed from the lumen of the blood capillaries, the components of the blood-brain barrier include: the endothelium of the blood capillaries, the basal membrane underneath it, and the perivascular glial membrane. In addition, the blood capillaries are surrounded by a continous layer of astrocyte processes. The latter induce a specific differentiation of capillary endothelial cells, which are then characterized by well-developed tight junctions and, in extensive areas, absence of transcellular vesicular transport.


Extracellular space comprises approximately 18% of the entire volume of the central nervous system. Since the central nervous system does not have any lymph vessels, how is the interstitial fluid transported out of the central nervous system? What are the pathways? Investigations with dyes injected into the gray matter, and also findings in patients with cerebral hemorrhagia or Alzheimer’s disease, have shown that after a certain period of time, dyes, blood decomposition by-products, and pathological proteins appear in the cervical lymph nodes. This drainage occurs along the prelymphatic channels of the brain that are situated in the adventitia of the cerebral arteries. They correspond to the intraadventitial Virchow-Robin spaces, which extend along the intracranial and extracranial cerebral arteries in the adventitia, spiraling around them.


The following detailed discussion of the architecture of the cerebral arteries, and their relationship to the pia-arachnoid tissue, is intended to shed light on the transport pathway of the interstitial fluid of the central nervous system into the cervical lymph nodes: The cerebral arteries reach the interior of the cranium through formina at the base of the skull. In order to enter into the brain, they must first traverse the subarachnoid space to the surface of the brain. In the area where they traverse the subarachnoid space, they are surrounded by a continous layer of neurothelial cells of the arachnoid mater and meningeal cells of the pia mater. The subarachnoid space is thus separated from the periadventitial and intraadventitial spaces of the cerebral arteries. Where the cerebral arteries enter the gray matter, the pia mater follows the vessel walls into the deeper layers. As the cerebral arteries increasingly branch out, this pia mater covering gradually diminishes, becomes incomplete and, in the region of the cerebral capillaries, is entirely absent (Fig. 1.45). Thus at this location, there is a connection between the vessel wall and the interstitial space of the central nervous system, through the basal membrane of the capillaries and the perivascular glial membrane. The cleft in the capillary wall continues in a longitudinal direction along the arterial vessel walls as intraadventitial (Virchow-Robin) space. In the larger cerebral arteries, this space is separated from the interstitium by the pia mater covering, as described above. The Virchow-Robin spaces continue in a helical manner in the adventitia, and thereby reach the extracranial sections of the cranial arteries. This is where the initial lymphatic vessels of the cerebral arteries are found. These lymphatic vessels drain the fluid from the intraadventitial compartments toward the deep cervical lymph nodes (Table 1.3).
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Fig. 1.45 Intraadventitial space of the cerebral arteries, and its connection to the extracranial lymph vessels. Entering through the bones of the skull (1), cerebral arteries (2) pass through the subarachnoid space (3) and enter the brain. There, they are first surrounded by the pia mater (4) and the perivascular glial membrane (5). With increasing branching of the cranial arteries, the pia mater covering gradually disappears and the perivascular glial membrane becomes fragmentary in the area of the capillaries. In this way, the brain’s interstitial fluid enters the intraadventitial spaces (6), spreads out inside them in a longitudinal direction (arrows), and ultimately reaches the extracranial lymph vessels (7). (8) Dura mater
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Table 1.3 Drainage pathways of the interstitional components of the central nervous system






	Cells, cerebral by-products, normal and pathological proteins

	Cerebral tissue fluid






	↓

	↓






	Intraadventitial prelymphatic channels in the wall of the cerebral arteries (intracranial and extracranial)






	↓

	↓






	Lymphatic vasa vasorum (extracranial)






	↓

	↓






	Lymph vascular system/cervical lymph nodes




















1.3.4.2 Lymph vessels of the peripheral nervous system


The nerves of the peripheral nervous system consist of bundles of unmyelinated and myelinated nerve fibers that are coated with special glial cells (Schwann cells). In addition to these neural components, peripheral nerves also have an ordered system of connective tissue sheaths that are referred to (from inside to out) as the endoneurium, perineurium and epineurium. The endoneurium is delicate reticulated connective tissue that surrounds individual nerve fibers. The perineurium, a two-layer covering, bundles many nerve fibers together. The inner layer is called the epithelial part, while the external layer is the fibrous part. As mentioned above, the perineurium smoothly transitions into pia-arachnoid tissue in the regions where the cerebral or spinal nerves exit the central nervous system. The endoneural and perineural spaces have a connection to the subarachnoid space of the central nervous system, and hence represent a possible reabsorption pathway of the cerebrospinal fluid (see above). A stream of fluid, flowing in a proximal to distal direction, is detectable in the endoneural space. The epineurium, a dense connective tissue, encases several to many nerve fiber bundles, each of which is surrounded by perineurium. Lymph vessels have been conclusively demonstrated in the region of the epineurium. The existence of lymph vessels in the perineurium and in the endoneurium is disputed. Without suitable markers, investigations to date have not been able to clarify unequivocally if the fluid-filled cavities in the endoneural and perineural space are lymph capillaries or prelymphatic channels. However, it is certain that these cavities, particularly the ones in the area around blood vessels, extend into the perineurium, and that they become capillaries in the endoneural space. These capillaries are directly connected with the lymph vessels of the epineurium and thus facilitate drainage of peripheral nerves (Fig. 1.46).
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Fig. 1.46 Lymph vessels of the peripheral nerves, cross-section 1 Spinal cord 2 Dura mater 3 Epidural veins 4 Epidural lymph vessels 5 Perineurium 6 Endoneurium 7 Nerve fiber bundle 8 Intraneural lymph vessels
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1.3.5 Lymph vessels of the sensory organs


The lymph vessels in the olfactory region of the nasal mucosa, and their relationship to the olfactory nerves, have already been discussed above. Details regarding the lymph vascular system of the gustatory (taste) organs are provided in 1.4 in connection with the discussion of the tongue.












Lymph vessels of the eye


The lymph vessels of the eyelids originate partly in the cutaneous network and partly in the conjunctival network. The structure of the superficial cutaneous network is similar to that of other areas of the skin. The deep conjunctival network consists of mesh that is irregular in the region of the palpebral conjunctiva, and transverse in the fornix region. At the margin of the cornea, the initial lymphatics of the bulbar conjunctiva form a dense looped network approximately 1 mm wide. Its continuation forms a broad radial network across the sclera and a circular network in the fornix area. The circular network communicates with the plexus of the palpebral conjunctiva.


The areas where the cutaneous collectors, the mucosal collectors, the cutaneous plexus, and the conjunctival plexus originate are closely interconnected at the margin of the eyelids and between the palpebral glands, and also by perforating branches that go through the tarsal plate. Valves in the perforating vessels of the tarsal plates direct the lymph flow from the deep cutaneous network into the conjunctival network. The orbicular muscle of the eye separates the cutaneous collectors from the conjunctival collectors only in the eyelid area; lateral to the eyelid area, these collectors run side by side, forming two drainage pathways:


The 6–7 collectors of the lateral drainage pathway drain lymph from the following areas:




• from the skin of the upper eyelid and the lateral two-thirds of the lower lid


• from the corresponding parts of the palpebral conjunctiva, and


• from the bulbar conjunctiva.


• They follow the transverse facial artery and terminate in the preauricular nodes. One vessel from the lower lid may lead to the infraauricular nodes (Fig. 1.47, Fig. 1.48).
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Fig. 1.47 Regional lymph nodes of the head and neck region – superficial layer 1 Superficial occipital LNs 2 Deep occipital LN 3 Retroauricular LN 4 Preauricular LNs 5 Infraauricular LNs 6 Deep parotid LNs 7 Zygomatic LN 8 Nasolabial LN 9 Buccinator LNs 10 Mandibular LNs 11 Submandibular LNs 12 Submental LNs 13 Jugulodigastric LNs 14 Juguloomohyoid LNs 15 Inferior juguloomohyoid LN 16 Anterior jugular LNs 17 Internal jugular LNs 18 Substernocleidomastoid LNs 19 External jugular LN 20 LNs accompanying the accessory nerve 21 Cervical subtrapezoid LNs 22 Supraclavicular LNs 23 Scalene node 24 Deltoideopectoral LN 25 Central axillary LNs 26 Infraclavicular LNs 27 Subclavian trunk 28 Jugular trunk 29 Supraclavicular trunk 30 Thoracic duct 31 Tracheobronchial trunk 32 Accessory nerve 33 Right venous angle 34 Parotid gland
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Fig. 1.48 Afferent and efferent lymph vessels of the retroauricular, parotid, submandibular, and submental nodes with intercalated lymph nodes in the facial region 1 Superficial temporal artery and vein 2 Preauricular LNs 3 Retroauricular LNs 4 Posterior auricular muscle 5 Deep parotid LNs 6 Infraauricular LNs 7 Retromandibular vein 8 Retroglandular LN 9 Jugulodigastric LNs 10 External jugular vein 11 Internal jugular vein 12 Facial vein 13 Juguloomohyoid LN 14 Common carotid artery 15 Facial artery 16 Retrovascular LN 17 Prevascular LN 18 Submandibular gland 19 Submental LNs 20 Preglandular LNs 21 Digastric muscle 22 Submental vein 23 Mandibular LN 24 Masseter muscle 25 Facial artery 26 Buccinator LNs 27 Nasolabial LN 28 Lacrymal gland 29 Zygomatic LN 30 Parotid gland
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The collectors of the medial drainage pathway conduct lymph along the facial vein from the skin and conjunctiva of the medial third of the lower eyelid to the submandibular nodes. Some collectors of the medial third of the upper eyelid follow the medial pathway. Therefore, this part of the eyelid drains not only into the parotid nodes, but also into the submandibular nodes (Fig. 1.47, Fig. 1.48).


Two lymphatic networks can be distinguished in the eyelids: a superficial network that drains the skin and the orbicular muscle of the eye, and a deep network that drains the tarsus and the tarsal conjunctiva. The two plexuses are connected with each other. From the medial half of the eyelids, two lymph collectors run along the facial vein to the submandibular lymph nodes. The lateral half drains into the superficial and deep parotid lymph nodes via two collectors.


The initial lymph vessels of the lacrymal gland are situated partially in the interlobular septa, and partially in the glandular capsule. One or two collectors exit the gland at the lateral margin of its orbital section, penetrate the orbital septum, turn at the lateral border of the orbital cavity and proceed outward. They continue, initially covered by the orbicular muscle of the eye, then in the subcutaneous tissue, and terminate either in the preauricular lymph nodes or the deep parotid lymph nodes (Fig. 1.48). A rarely occurring variant pathway runs through the orbital cavity, inferior orbital fissure, and infratemporal fossa to the deep parotid lymph nodes. After perforating the orbital septum, the 1 to 2 collectors of the palpebral part join the collectors from the upper eyelid.


Lymph vessels may also be found in the cornea, but only under pathological conditions that are associated with ramification of blood vessels into this area. If the cervical lymphatics are blocked, however, dye injected into the cornea is reabsorbed after a delay; thus, it can be concluded that there is a connection between the corneal interstitium and the lymph vessels of the conjunctiva. The corneal interstitial fluid is probably drained through prelymphatic channels between the corneal cells.


To date, the presence of lymph vessels in the region of the ocular chambers and the iris has yet to be demonstrated. However, injection of dye into the ocular chambers has revealed that some of the dye appears in the prelymphatic channels of the iris, the ciliary body, and in sections adjacent to the optic nerve, the choroid and sclera. Other investigations have detected pathological dilation of the prelymphatic channels of the iris and an increase in internal ocular pressure after blockage of the cervical lymphatics. Thus, prelymphatic-lymphatic drainage of the iris, the iridocorneal angle, and of aqueous fluid as well is very probable, although the exact anatomical connections to the lymphatic network have not yet been clarified.


Lymph capillaries have not been demonstrated in the retina, choroid, sclera or vitreous body either. However, after cervical lymphatic blockage there are greatly dilated prelymphatic channels in the aforementioned structures. These bulbus sections drain through the intraadventitial spaces of the central retinal vein. The intraadventitial spaces are connected, in turn, with the lymph capillaries of the orbital cavity, especially with those of the dural sheath of the optic nerve, and hence are connected with the deep cervical lymph nodes.


In the orbital cavity, lymph vessels can be found not only in the dura mater that encases the optic nerve (see above), but also in the external eye muscles and in connective and adipose tissues. In the latter areas, the density of lymph vessels is greatest in the area by the point of the pyramid-shaped orbital cavity. Lymph from the structures of the orbital cavity drains toward the deep cervical lymph nodes. The connection between the orbital lymph vessels and the reabsorption of cerebrospinal fluid is described in detail above.









Lymph vessels of the ear


Outer ear, external acoustic meatus, tympanic cavity. The thick, finely meshed initial cutaneous lymphatic network of the auricle is connected with the acoustic meatus and the tympanum.


Three lymph territories can be distinguished on the auricle (Fig. 1.49). The inferior territory (ear lobule, antitragus, lower part of the auricle) drains into the infraauricular nodes, while the anterior territory (tragus, anterior part of the auricle and helix, and the triangular fossa) drains into the preauricular and deep parotid nodes. The lymph vessels of the posterior territory (posterior part of the helix and auricle, antihelix) and the entire medial surface lead to the retroauricular, infraauricular and internal jugular nodes. Because the efferent lymphatics of the parotid and retroauricular nodes discharge into the internal jugular nodes, lymph from the auricle ultimately goes to the internal jugular nodes, either directly or indirectly The lymph vessels of the anterior wall of the external acoustic meatus lead to the preauricular nodes. Its inferior wall drains into the infraauricular and deep parotid nodes, while the posterior wall drains into the internal jugular nodes.
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Fig. 1.49 Lymph drainage of the skin of the neck, the auricle, the cheek, the chin region and the parotid gland a Posterior territory of the auricle b Anterior territory of the auricle c Caudal territory of the auricle 1 Parotid gland 2 Buccinator muscle 3 Preauricular LNs 4 Deep parotid LN 5 Facial LN 6 Collectors of the cheek 7 Submandibular LNs 8 Submental LNs 9 External jugular LNs 10 Anterior jugular pathway 11 Internal jugular chain 12 Supraclavicular LNs 13 Accessory pathway to the axillary LNs 14 Cervical subtrapezoid LNs 15 Accesssory chain 16 Infraauricular LNs 17 Occipital LN 18 Retroauricular LN
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On one side of the tympanic membrane, the external subcutaneous and the internal submucosal lymph vessels of the tympanic membrane anastomose with each other through the lamina propria; on the other side, they anastomose with the initial lymphatic plexuses of the auditory meatus or tympanic cavity. The three drainage territories (anterior, posterior, inferior) drain into the same lymph nodes as the corresponding territories of the external acoustic meatus.


Eustachian tube – Tympanic cavity. The initial lymphatic network, constructed of longitudinal meshes, is thicker in the fibrocartilagenous part than in the bony part. The efferent lymph vessels proceed along one posterior and two anterior pathways. The posterior pathway leads to the ipsilateral substernocleidomastoidal lymph nodes, either directly or via the lateral retropharyngeal lymph nodes. One anterior pathway ascends through the retrostyloid space, while the other ascends through the prestyloid space, proceeds along the ascending palatine and facial arteries to the internal jugular chain, and then downward to the jugulodigastric lymph nodes. In 25% of cases, lymph flows via lymph vessels of the tympanum into the parotid and internal jugular lymph nodes.


The lymph vessels of the tympanic cavity are difficult to visualize on radiological images because because the mucosa is so thin and the lymph capillaries are so rare; hence, not much is known about them. Most likely, the efferent vessels are close to blood vessels and lead to the preauricular, infraauricular, internal jugular and retropharyngeal lymph nodes (Fig. 1.57).


The connections of the tympanic cavity lymphatics with the perilymphatic spaces of the inner ear, and with the cerebrospinal fluid space, were described above.


























1.4 Lymph nodes and lymph vascular system of the head and neck region






1.4.1 Regional lymph nodes and lymph vessels of the head and neck


Most of the regional lymph nodes of the head (occipital, mastoid, parotid, submandibular and submental lymph nodes) are located at the boundary of the head and the cervical region, and thus constitute the pericervical lymphatic circle (Fig. 1.47). The facial lymph nodes are located above these nodes in the facial region. The lingual and retropharyngeal lymph nodes are located inside the circle. The latter groups, which are located in deep regions, may also be viewed as visceral groups.






1.4.1.1 Lymph node groups on the border between the head and neck


The 1–2 (less often, 4–6) superficial occipital lymph nodes are flat nodes the size of a lentil. They are usually located above the insertion of the semispinalis capitis muscle (the superior nuchal line) on the occipital squama, where they are embedded in compact connective tissue together with the occipital artery and greater occipital nerve, and are covered by the epicranial aponeurosis (Fig. 1.47).


The drainage territory of the superficial occipital lymph nodes includes the skin on the occipital part of the head and on the upper half of the nape of the neck. Most of the efferent lymph vessels of these nodes lead directly to the uppermost nodes of the accessory chain, while a few are indirectly connected to those nodes via the deep occipital nodes.


The 1 to 3 deep occipital nodes are the size of a grain of wheat and are located next to the occipital artery on the obliquus capitis superior muscle, and beneath the splenius capitus muscle (Fig. 1.47). Their drainage territory includes the muscles at the nape of the neck. Sometimes they also receive lymph from the superficial occipital nodes, or directly from the skin areas associated with these nodes. Their efferent lymph vessels run parallel to the occipital artery and vein and lead to the uppermost nodes (substernocleidomastoid nodes) of the accessory chain (Fig. 1.47).


The 1–2 (less often, 3–4) retroauricular nodes are located in the region of the mastoid process and are therefore also called “mastoid lymph nodes” (Fig. 1.47). They are covered by the auricularis posterior muscle. Their drainage area includes the parietal territory of the scalp and the posterior main part of the auricle. Some of their efferent lymph vessels lead to the infraauricular lymph nodes, and some to the substernocleidomastoid nodes, and emerge from the deep regions at the lower margin of the posterior auricular muscle. The collectors that exit the aforementioned drainage territories are present even when there are no lymph nodes (50% of cases).


The parotid lymph nodes include a superficial (extraglandular) group and a deep (intraglandular) group (Fig. 1.47). The superficial parotid nodes consist of preauricular and infraauricular nodes.


The preauricular nodes include an epifascial and a subfascial group. The 1–4 epifascial nodes are located in the subcutaneous tissue, while the 1–4 subfascial nodes are adjacent to the superficial temporal artery and vein in the area between the parotid fascia and the glandular surface at the upper posterior margin of the parotid gland (Fig. 1.47). They extend downward as far as the tragus.


The 1–3 infraauricular nodes (inferior parotid nodes) are located beneath the fascia of the parotid pole (Fig. 1.47). They are adjacent to the retromandibular vein and can extend along the posterior border of the parotid gland as far as the tragus. In newborns, they extend behind the auricle, like the parotid gland. If they extend along the branch of the retromandibular vein that connects with the external jugular vein and then onto the latter vein, some authors classify them as external jugular nodes.


Some subfascial preauricular and infraauricular nodes may be located in dimples on the surface of the parotid gland or may be covered by a thin layer of parotid tissue. Since some nodes (usually epifascial nodes) can only be seen with a microscope, there is extreme variation in the data regarding the total number of nodes in this group. Anatomical literature lists 11 superficial nodes (8 preauricular, 3 infraauricular).


The number of dissectable deep parotid nodes (intraglandular nodes, Fig. 1.47) ranges from 4 to 10 according to anatomical data. However, according to clinical studies, there are 33 nodes. The deep nodes are adjacent to the facial nerve and the retromandibular vein. Most are located in the preauricular area of the superficial parotid lobe, lateral to the facial nerve in the vicinity of the retromandibular vein, embedded in the glandular tissue. Within the deep lobe, there are only a few (1–3) nodes. Their location is usually medial to the facial nerve. Less often, they are next to the external carotid artery, or behind the retromandibular vein on the retromandibular surface of the parotid gland. The deep parotid nodes are most likely to be embedded in a connective tissue layer that separates the superficial lobes from the deep lobes and that contains the branches of the facial nerve. Typically this border between lobes is only indicated by the plane in which the facial nerve is located; however, the lobes are fused in between the branches of the nerve. The lymph nodes are difficult to distinguish from the glandular lobules. Histologically, the parotid nodes are characterized by the fact that they often contain invaginations or island-like areas of embedded parotid tissue and sometimes contain remnants of embryonic secretory ducts.


The drainage region of the preauricular node group includes: the frontal and parietal territory of the scalp, the root of the nose, the upper eyelids, the lateral half of the lower eyelids, the auricles, and the external auditory meatus. In addition, in some cases these nodes drain the skin of the nose, the upper lip, the cheek, and the Eustachian tube (Fig. 1.47).


The infraauricular lymph nodes receive lymph from the parotid gland, outer ear, upper lip, nose and gingiva, and from the retroauricular, preauricular and deep parotid nodes (Fig. 1.47).


The deep parotid nodes drain the parotid gland, the skin on the frontal and parietal part of the skull, the root of the nose, lateral parts of the eyelids, the lachrymal gland, the external auditory meatus, the eardrum, the tympanic cavity, the eustachian tube, and the mucous membranes of the oral cavity and maxillary sinus. They additionally receive efferent lymph vessels from the preauricular lymph nodes.


Most of the efferent lymph vessels of the parotid lymph nodes lead to the internal jugular nodes either directly or via the infraauricular lymph nodes. In about 56% of cases, a collateral pathway runs along the external jugular vein to the supraclavicular nodes. In about 38% of cases, a different collateral pathway runs along the retromandibular vein to the submandibular nodes. Short efferent vessels interconnect the individual parotid nodes (Fig. 1.48)


The 3–6 submandibular nodes are located in the fascial compartment of the submandibular gland, which is formed by two layers of the superficial cervical fascia. They form 5 groups (Fig. 1.48): The 1–2 preglandular lymph nodes are located on the mylohyoid muscle, in a triangle formed by the mandibular margin, the anterior venter of the digastric muscle, and the anterior margin of the gland. They are next to the submental vein and the marginal mandibular branch of the facial nerve. A large prevascular node is located on the facial artery, while 1–2 retrovascular nodes are behind the facial vein. Sometimes there are 1–2 retroglandular nodes behind and below the mandibular angle. The 1–2 intracapsular nodes are on the surface of the gland, beneath the glandular capsule.


The afferent lymph vessels of the submandibular nodes (Fig. 1.47, Fig. 1.48) receive lymph from the submandibular gland, the sublingual gland, the bottom of the oral cavity, the tongue, the palate, the gingiva, the teeth, the anterior part of the nasal cavity, the medial part of the eyelids, the skin of the nose, the upper and lower lips, and the lateral part of the chin. The collectors originating in the facial region may have intercalated facial nodes. The efferent lymph vessels of the superficial nodes accompany the facial vein, while the efferent vessels of the deep nodes accompany the arteries. Both pathways lead to the jugulodigigastric nodes (Fig. 1.47, Fig 1.48).


The submental lymph nodes are located in the submental triangle, in the subfascial fat on the mylohyoid muscle or, less often, in the subcutaneous fat (Fig. 1.47, Fig. 1.48). Their number ranges from 1 to 8. Usually there are only 2–3 nodes, which are close together.


The afferent lymph vessels of the submental lymph nodes come from the chin, the middle part of the lower lip, and the cheeks (Fig. 1.49). Deep vessels come from the gingiva (in the area of the incisors), the tip of the tongue, and the anterior part of the bottom of the oral cavity (Fig. 1.50, Fig. 1.51, Fig. 1.52).
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Fig. 1.50 Efferent lymph pathways of the lateral wall of the nasal cavity, the paranasal sinus, the roof of the oral cavity, the lingual surface of the superior and inferior gingiva, the palatine tonsil, and the submandibular and sublingual glands 1 Collectors of the frontal sinus 2 Collectors of the ethmoid cells 3 Superior nasal meatus 4 Sphenoid sinus 5 Collectors of the maxillary sinus 6 Pretubal plexus 7 Lateral retropharyngeal LNs 8 Palatine tonsil 9 Collectors of the palatine tonsil and palatine arch 10 Subdigastric LN 11 Internal jugular chain 12 Juguloomohyoid LN 13 Submandibular gland 14 Submandibular LNs 15 Mylohyoid muscle 16 Sublingual gland 17 Inferior gingiva 18 Palate, superior gingiva 19 Nasal vestibule 20 Nasolacrimal duct
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Fig. 1.51 Efferent lymph vessels of the nasal septum, tongue, and submandibular and sublingual glands 1 Olfactory region 2 Sphenoid sinus 3 Upper collectors of the nasal septum and lateral nasal wall 4 Lower collectors of the lateral nasal wall 5 Pretubal plexus 6 Lateral retropharyngeal LNs 7 Pharyngeal opening of the Eustachian tube 8 Subdigastric LN 9 Internal jugular LNs 10 Juguloomohyoid LN 11 Submandibular LNs 12 Submental LN 13 Drainage pathway to the cutaneous collectors of the face 14 Nasal septum 15 Capillary layer in the mucosa of the nasal septum 16 Lateral lingual LN
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Fig. 1.52 a Lymph drainage in the mucosal plexus of the tongue b Deep collectors of the medial central zone c Deep collectors of the tip of the tongue a Apical zone b1 Middle lateral zone b2 Middle central zone c Dorsal zone 1 Mucosal plexus 2 Lingual septum 3 Central collectors 4 Buccal mucous membrane 5 Marginal collectors 6 Genioglossus muscle 7 Inferior gingiva (buccal side) 8 Inferior gingiva (lingual side) 9 Sublingual gland 10 Mandibular LN 11 Submandibular LN 12 Digastric muscle 13 Geniohyoid muscle 14 Mylohyoid muscle 15 Submental LNs 16 Median lingual LN
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The efferent vessels consistently lead to the juguloomyohyoid lymph nodes and sometimes lead to the submandibular nodes (Fig. 1.47). The submental nodes are connected not only with the ipsilateral nodes, but also with the contralateral submandibular or jugular nodes (Fig. 1.47, Fig. 1.52 c).


The facial lymph nodes are a group of small intercalated lymph nodes that are not consistently present. They are located in the subcutaneous fat, usually along the facial vein, and are divided into four groups:


The inconsistently present nasolabial lymph node is located in the upper half of the nasolabial sulcus, intercalated in the lymph vessels of the nose or eyelid (Fig. 1.47). The small zygomatic node is located to the side of and below the lateral corner of the eye, intercalated in the lymph vessels of the upper eyelid (Fig. 1.47).


Buccinator nodes are present in 20% to 30% of cases. They are located on a horizontal line drawn between the earlobe and the corner of the mouth, and form two groups consisting of 1 to 2 nodes each. The anterior nodes are located between the facial vein and the facial artery, while the posterior nodes are often covered by the buccal fat pad (Fig. 1.47).


In 10% of cases, there is a mandibular node (or, less often, 2–3 nodes) above the mandible on the anterior margin of the masseter muscle adjacent to the facial artery. It can receive lymph from any region of the face (Fig. 1.47).


The efferent lymph vessels of the facial nodes lead to the submandibular nodes, while the efferent vessels of the zygomatic node lead to the superficial parotid (preauricular) nodes (Fig. 1.47).









Visceral nodes


The lingual or sublingual LNs are intercalated in the lymph vessels of the tongue. The lateral lingual lymph nodes are located on the genioglossus or hyoglossus muscle, intercalated in the marginal lymph vessels of the tongue (Fig. 1.51). The medial lingual (or “intralingual”) nodes, which are located between the genioglossal muscles, are intercalated in central collectors that drain the dorsum of the tongue (Fig. 1.52 b).


The efferent lymph vessels of the lateral nodes lead to the jugulodigastric nodes, while the medial nodes go to the submandibular and submental lymph nodes (Fig. 1.52 b, c).


The retropharyngeal nodes are divided into a lateral and a medial group. The 1–3 lateral retropharyngeal nodes, which are often only present unilaterally, are located in front of the lateral mass of atlas, in the prevertebral space bordered by the deep cervical fascia and the alar fascia (Fig. 1.53) The nodes are separated laterally by the sagittal septum of the cervical neurovascular cord. In an anterior direction, they extend onto the soft palate, where they receive afferent vessels from the nasal and oral-pharyngeal region (nasal sinuses, paranasal sinuses, soft palate, palatine arch, eustachian tube, middle ear), and from the medial retropharyngeal lymph nodes (Fig. 1.50, Fig. 1.51). The efferent vessels cross over the neurovascular cord (internal carotid artery, internal jugular vein, accessory, vagus and hypoglossus nerves, and the superior cervical ganglion) and terminate in the uppermost members of the lateral internal jugular chain, which extend as far as the facial vein (Fig. 1.54).
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Fig. 1.53 Horizontal section at the level of the 5th cervical vertebra


1 Larynx 2 Pharynx 3 Prevertebral musculature 4 autochthonous musculature of the back 5 5th cervical vertebra 6 Sternocleidomastoid muscle 7 Internal carotid artery 8 Internal jugular vein 9 Vagus nerve 10 Phrenic nerve 11 Vertebral artery 12 Spinal nerve 13 Lateropharyngeal LN 14 Medial retropharyngeal LN 15 Lateral cervical LNs


[L 134]








[image: image]

Fig. 1.54 Retropharyngeal lymph nodes. Afferent and efferent lymph vessels. 1 Medial retropharyngeal LNs 2 Hypoglossal nerve 3 Sympathetic trunk 4 Accessory nerve 5 Vagus nerve 6 Superior pharyngeal constrictor muscle 7 Superior cervical ganglion 8 Lateral internal jugular LNs 9 Sternocleidomastoid muscle 10 Internal jugular vein 11 Inferior pharyngeal constrictor muscle 12 Right common carotid artery 13 Medial retropharyngeal LNs 14 Laterotracheal LNs 15 Inferior thyroid artery 16 Jugular trunk 17 Right lymphatic duct 18 Thyrocervical trunk 19 Right recurrent nerve 20 Right anterior mediastinal LN 21 Aortic arch 22 Thoracic duct 23 Superior vena cava 24 Left recurrent nerve 25 Left anterior mediastinal LN 26 Esophagus 27 Retroesophageal LN 28 Left subclavian artery 29 Left subclavian vein 30 Thyroid gland 31 Medial pharyngeal constrictor muscle
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Small, medial retropharyngeal nodes (present in approximately 20% of cases) are located in the retropharyngeal space at the posterior wall of the pharynx, close to the midline. They are located mostly at the base of the skull, or at the height of the greater horn of the hyoid bone. The efferent vessels of the upper medial nodes lead to the lateral retropharyngeal nodes, while those of the middle and inferior nodes connect with the recurrent chain (Fig. 1.54).















1.4.1.2 Lymph nodes of the neck


The lymph nodes of the neck consist of an anterior and a lateral group: the anterior cervical lymph nodes and the lateral cervical lymph nodes.









Anterior cervical lymph nodes


The anterior lymph nodes of the neck, situated in the infrahyoid region (bordered by the hyoid and the manubrium sterni, and laterally by the neurovascular cord) consist of two groups: superficial and deep anterior cervical lymph nodes.


The superficial anterior cervical nodes are intercalated in the anterior jugular pathway. The collectors that comprise this pathway run along anterior jugular vein on both sides of the body and are situated between the superficial and middle cervical fascia. There is only a single pathway if the two anterior jugular veins are conjoined, forming an intermediate cervical vein. The anterior jugular pathway receives lymph from vessels originating in the skin of the infrahyoid region, the infrahyoid muscles, the isthmus of the thyroid gland and the infraglottal part of the larynx. The vertically descending section of the pathway turns in a lateral direction at the insertion of the sternocleidomastoid muscle and terminates either in the lowest node of the internal jugular chain or in a supraclavicular node. Sometimes there is a small node intercalated in the vertical section of the pathway, and another one in the transverse section (Fig. 1.46).


The deep anterior cervical nodes (also called juxtavisceral nodes) are located anterior and lateral to the larynx, thyroid gland, and trachea. They are divided into three groups according to their topographic position:




• The small, inconsistently present prelaryngeal and preglandular nodes form a node chain (Fig. 1.55, Fig. 1.56). The upper prelaryngeal node lies on the thyrohyoid membrane, the middle node on the thyroid cartilage, and the lower 1 or 2 cricothyroid nodes on the cricothyroid membrane. The 1 or 2 preglandular nodes are situated on the upper or lower margin of the isthmus of the thyroid gland (Fig. 1.56). The afferent lymph vessels of the upper and middle prelaryngeal nodes receive lymph from the epiglottis, piriform recess, aryepiglottic fold, and supraglottic part of the larynx. The cricothyroid and preglandular nodes receive lymph from the infraglottic section of the larynx, the anteromedial part of the thyroid gland, and the pyramidal process. On one side, the efferent vessels of the prelaryngeal and preglandular nodes go to the internal jugular nodes either directly or, less often, indirectly via the anterior jugular nodes. On the other side they go to the pretracheal nodes (Fig. 1.55, Fig. 1.56).


• The 2–12 (usually 6–8) small pretracheal nodes are located on the anterior and lateral surfaces of the trachea, between the thyroid gland and the left brachiocephalic vein, and are covered by the thymus (Fig. 1.56). Their afferent vessels originate in the thyroid gland, trachea, and prelaryngeal and preglandular lymph nodes. Their efferent vessels go to the nearby recurrent chain.


• The laterotracheal cervical nodes (also called the recurrent chain) form a chain along the trachea or along the recurrent laryngeal nerve (Fig. 1.55, Fig. 1.56, Fig. 1.57). Each of these bilateral chains consists of 4–10 small nodes. They form the continuation of the thoracic laterotracheal chain. Because the esophagus is to the left of the trachea, the recurrent nerve runs along the margin of the esophagus on the left side of the body, whereas it runs in the groove between the trachea and esophagus on the right side of the body. The lymph nodes on the left side are located in front of the nerve, while on the right side they are behind the nerve (Fig. 1.54). If they are further back or closer to the midline, they are considered part of the retropharyngeal or,


respectively, retroesophageal node group. The recurrent chain receives afferent lymph vessels from the thyroid gland, parathyroid glands, trachea, esophagus, infraglottic part of the larynx, and from the pretracheal and medial retropharyngeal lymph nodes. On both sides of the body, some efferent vessels go to the internal jugular nodes. Other efferent vessels behave differently on the right and left sides of the body. The left chain may go to the thoracic duct, jugular trunk or may be connected to an anterior mediastinal node and/or it may discharge directly into the venous angle. The efferent lymph vessels of the right recurrent chain may discharge into the jugular trunk or may lead to the uppermost laterotracheal thoracic nodes or to the right anterior mediastinal nodes.
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Fig. 1.55 Lymph vessels and regional nodes of the larynx and the cervical part of the trachea 1 Digastric muscle 2 Superior laryngeal artery 3 Thyrohyoid membrane 4 Anterior jugular pathway 5 Prelaryngeal LNs 6 Thyroid cartilage 7 Cricothyroid LN 8 Ring cartilage 9 Pretracheal LNs 10 Brachiocephalic angle LN 11 Recurrent chain 12 Right lymphatic duct 13 Supraclavicular LNs 14 Omohyoid muscle 15 Internal jugular chain 16 Juguloomohyoid LN 17 Common carotid artery 18 Subdigastric LNs.
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Fig. 1.56 Lymph vessels and regional lymph nodes of the thyroid gland


a Upper lateral collectors b Upper medial collectors c Main medial pathway d Lower lateral collectors e Lower medial collectors 1 Digastric muscle 2 Anterior jugular pathway 3 Thyrohyoid membrane 4 Prelaryngeal LNs 5 Thyroid cartilage 6 Cricothyroid LN 7 Pyramidal process 8 Preglandular LNs 9 Pretracheal LNs 10 Anterior mediastinal LNs 11 Bracheocephalic angle LNs 12 Recurrent chain 13 Right lymphatic duct 14 Supraclavicular LNs 15 Omohyoid muscle 16 Internal jugular chain 17 Medial retropharyngeal LN 18 Subdigastric LNs 19 Thyroid LN
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Fig. 1.57 Lymph vessels of the pharynx, larynx and cervical part of the esophagus 1 Posterior nares 2 Nasal septum 3 Internal carotid artery 4 Pretubal plexus 5 Substernocleidomastoid LN 6 Lateral retropharyngeal LN 7 Digastric muscle 8 Jugulodigastric LN 9 Palatine tonsil 10 Palatine arch 11 Subdigastric LN 12 Internal jugular chain 13 Juguloomohyoid LN 14 Recurrent chain 15 Esophagus 16 Thyroid gland 17 Lower pole of the thyroid gland 18 Piriform recess 19 Upper pole of the thyroid gland 20 Superglottic region of the larynx 21 Root of the tongue 22 Soft palate 23 Medial retropharyngeal LN
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Lateral cervical lymph nodes


The nodes in the lateral cervical triangle form a superficial and a deep group.




• The superficial external jugular lymph nodes are intercalated in a lymph pathway that originates in the parotid gland or infraauricular lymph nodes and runs along the external jugular vein either to the supraclavicular nodes or to the lowermost internal jugular nodes (Fig. 1.47, Fig. 1.49).


• The deep lymph node group embedded in the supraclavicular adipose body (the deep lateral cervical nodes) consists of three chains: the lymph nodes accompanying the accessory nerve, the internal jugular nodes, and the supraclavicular nodes. “Rouvière’s triangle,” which is framed by these chains, primarily contains cross-connections between the chains, which sometimes have a very few small intercalated lymph nodes (Fig. 1.47). Larger groups of lymph nodes are only found in the corners of the triangle. The lymph node chain accompanying the accessory nerve forms the dorsolateral side of Rouvière’s triangle (Fig. 1.47, Fig. 1.49). The number of nodes ranges from 5 to 20. Most of the nodes are grouped in flat arrays at the upper and lower ends of the chain. The upper nodes, situated at the meeting point between the accessory and jugular chains, are located beneath the sternocleidomastoid muscle and are therefore called substernocleidomastoid nodes (Fig. 1.47, Fig. 1.49). The lower nodes, situated at the meeting point of the accessory and supraclavicular chains, are beneath the trapezius muscle and are called the cervical subtrapezoid nodes (Fig. 1.47, Fig. 1.49). These nodes form the transition to the dorsal subtrapezoid nodes, which are located next to the terminal branches of the accessory nerve and transverse cervical artery. The afferent lymph vessels of the accessory chain collect lymph from the parietal and occipital drainage territories of the scalp (substernocleidomastoid nodes), from the nape of the neck, the shoulder, the skin on the lateral area of the neck (Fig. 1.49), and from the occipital, retroauricular, and suprascapular lymph nodes. Their efferent vessels go to the supraclavicular nodes.





The 4–12 supraclavicular nodes are situated along the transverse cervical artery and form the supraclavicular (or, “transverse”) cervical chain (Fig. 1.47). Near the venous angle, this chain comes up against the jugular chain. The nodes that are located here near the venous angle on the anterior scalene muscle are called scalene nodes. One of these is called Virchow’s node or Troisier’s node (Fig. 1.47).


Laterally, the supraclavicular chain is connected with the accessory chain, and serves as the accessory chain’s main drainage pathway. The supraclavicular chain also receives afferent vessels from the skin of the anterolateral areas of the neck, from the chest wall, most particularly from the mammary gland, and in occasional cases from the upper extremity and the infraclavicular nodes (Fig. 1.47). The scalene nodes are often connected with the thoracic duct (or right lymphatic duct), the subclavian trunk or the mediastinal trunks. The efferent vessels of the transverse chain (2–3 vessels in 80% of cases) form the supraclavicular trunk, which enters the venous angle either directly or via the thoracic (or right lymphatic) duct (Fig. 1.35).


The internal jugular nodes form the internal jugular chain. They consist of an anterior and a lateral group:




• The anterior group (the anterior internal jugular lymph nodes) is located in front of the internal jugular vein in the carotid triangle. It consists of the jugulodigastric nodes and the juguloomohyoid node. The chain of jugulodigastric nodes extends from the posterior belly of the digastric muscle to the débouchment of the facial vein (Fig. 1.47). The number of subdigastric nodes can range from 2 to 10. In most cases, there are 2–3 flat oval nodes. The largest is the uppermost node, the so-called principal node, which is partially covered by the digastric muscle. The elongated juguloomohyoid node is located below the débouchment of the facial vein, between this vein and the omohyoid muscle (Fig. 1.47). The jugulodigastric nodes are connected with each other, but not with the juguloomohyoid node. The efferent lymph vessels of all anterior jugular nodes lead to the lateral jugular chain.


• By contrast to the anterior nodes, the lateral nodes (lateral internal jugular nodes) are situated along the whole length of the internal jugular vein. The lowest members of the chain, which consists of 10–20 nodes, are behind the vein, on the anterior scalene muscle.





The afferent lymph vessels of the internal jugular chain receive lymph from the nasal cavity, the hard and soft palates, the tongue, the palatine tonsils, the outer and middle ear, the eustachian tube, the pharynx, and the larynx up to and including the vocal cords. Occasionally, lymph vessels of the salivary, thyroid, and parathyroid glands may discharge directly into the jugular chain. In addition, the internal jugular chain receives lymph from the regional lymph nodes of the organs of the head and neck, i.e., from all lymph nodes mentioned in this section except for the facial nodes (Fig. 1.47). The nodes of the lateral jugular chain are interconnected in a plexiform manner by numerous lymph vessels. In a caudal direction, the nodes become smaller, while the connecting branches become wider. The efferent vessels of the lowest nodes unite to form the jugular trunk. In 30% of cases, they form multiple trunks. The jugular trunk discharges into the thoracic duct (or right lymphatic duct), or directly into the venous angle (or surrounding venous trunks) Fig. 1.35, Fig. 1.47).















1.4.1.3 Lymph drainage areas of the organs of the head and neck









Scalp


The flexuous lymph vessels of the scalp, connected to each other by anastomoses, are situated in the subcutaneous layer. They never cross over the midline. Contralateral connections are only possible via the dense cutaneous capillary network (Fig. 1.47)


There are three lymph territories on the scalp: a frontal, a parietal, and an occipital territory (Fig. 1.47). The borders of the lymph territories do not coincide with the borders of the arterial perfusion areas (areas associated with the frontal, temporal superficial, posterior auricular, and occipital arteries).


The 2 to 3 vessels of the frontal territory curve in a posterior direction at the margin of the orbicular muscle of the eye and usually terminate in the preauricular nodes; less frequently, they terminate in the infraauricular nodes or deep parotid nodes. The 2 to 5 posterior vessels directly descend to the preauricular nodes (Fig. 1.47).


The lymph vessels of the parietal territory curve around the parietal tuber in an anterior direction and unite behind the ear, forming 2–5 collector trunks. Usually, only some of the trunks terminate in the retroauricular nodes; others go to the internal jugular nodes or to the infraauricular lymph nodes (Fig. 1.47, Fig. 1.48).


The medial group of 3–10 collector trunks of the occipital territory most frequently terminates in the superficial occipital nodes, while the lateral group terminates in the substernocleidomastoid nodes via the deep occipital node (Fig. 1.47).









Skin of the neck


Lymph from the upper part of the nape of the neck goes to the accessory chain, usually directly, but sometimes via an interposed superficial occipital node. Vessels originating in the lower part of the region perforate the trapezius muscle and terminate in the cervical subtrapezoid nodes (Fig. 1.49).


Lymph from the triangular area of skin next to the lateral cervical region (bordered by the trapezius and sternocleidomastoid muscles and the clavicle) drains into the three adjacent node chains (accessory, internal jugular, and supraclavicular chains). Collectors from the upper part of the triangle ascend to the infraauricular nodes. In rare cases, a vessel will descend over the anterior chest wall to the central group of axillary nodes, or will cross over the sternocleidomastoid muscle horizontally and terminate in an anterior jugular node (Fig. 1.49).


The cutaneous lymph collectors of the suprahyoid regions (submental and submandibular regions) ascend to the submental and infraauricular nodes. The submandibular nodes do not receive lymph from the skin.


In contrast to the suprahyoid area, lymph from the infrahyoid (prelaryngeal) skin area is conducted downwards into the anterior jugular and internal jugular nodes (Fig. 1.49).









Facial region


The lymph vessels of the chin and nose drain lymph from the skin, muscles, perichondrium, and periosteum, while the lymph vessels of the lips, cheek and eyelids drain lymph from the mucous membranes. A common feature of all regions is that they are not clearly separated from each other.









Chin region


Lymph vessels from the middle third of the chin region (Fig. 1.49) descend to the submental nodes. The collectors of the lateral third terminate in the submandibular nodes. Because of anastomoses and collectors that cross over the midline, lymph from the chin region drains into the submental nodes and into the ipsilateral and contralateral submandibular nodes.









Nose


The external lymph vessels of the nose (Fig. 1.47, Fig. 1.48) drain lymph from the cutaneous network, muscles, perichondrium, and periosteum. The 5 to 8 collectors run along the facial vein to the submandibular lymph nodes. A collector originating in the root of the nose may run across the upper eyelid to the preauricular lymph nodes. Collectors from the nasal vestibule emerge at the margin of the nasal wing and between sections of cartilage, and join with the superficial lymph vessels.









Lower lip


Both the skin and the mucous membrane of the lower lip (Fig. 1.58) have a medial drainage area and two lateral drainage areas. In most cases, two cutaneous and two mucosal collectors drain the lymph from each area. In the region of the lips, the collectors are separated from each other by the orbicularis oris muscle; lateral to the lips, they run alongside each other. The collectors of the middle third of the lip go to the submental nodes, while those of the lateral third follow the facial vein and terminate in the submandibular nodes. As in the chin region, the drainage areas are not clearly separated and are not associated with a specific node group. In other words, lymph from the medial region can flow into the submandibular nodes, and lymph from the lateral region can flow into the submental nodes.
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Fig. 1.58 Drainage pathways and regional lymph nodes of the upper and lower lip 1 Cutaneous collectors 2 Mucosal collectors 3 Cutaneous and mucosal collectors of the lower lip 4 Infraauricular LN 5 Submandibular LNs 6 Submental LNs 7 Mandibular LN 8 Parotid gland
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Upper lip


In contrast to the lower lip, the upper lip does not have separate drainage areas (Fig. 1.48, Fig. 1.58), and only the cutaneous collectors cross the midline. Normally, 2–3 mucosal collectors follow the facial veins to the submandibular nodes, going there either directly or through a mandibular node (in 15% of cases). In 20% of cases, 1 to 2 lymph vessels go to the infraauricular nodes, and in 15% of cases, a collector descends to the submandibular and submental nodes. The lymph vessels of the skin follow along the facial veins and terminate in the submandibular nodes. Occasionally, a vessel may branch off and go to the infraauricular or submental lymph nodes. Cutaneous collectors can cross the midline and conduct lymph into the contralateral submandibular nodes.


Because of anastomoses of the mucousal and cutaneous networks, as well as the crossing of the midline by the collectors, lymph from the lower lip can drain into the submental and submandibular nodes on either side. Crossing of the midline is normal for the cutaneous collectors, but has only been observed in the medial mucosal collectors.


A drainage pathway from the upper lip to the submandibular nodes is consistently present; one to the infraauricular nodes is sometimes present. Occasionally, mucosal collectors may terminate in the submental and preauricular nodes. Only cutaneous collectors are connected with nodes on both sides. Collectors from the corner of the mouth drain lymph from both lips.









Cheek


Cutaneous lymph vessels: Flexuous collectors descend from the infraorbital cutaneous region to the subcutaneous layer and reach the submandibular nodes along the facial veins. The anterior part of the skin territory near the chin drains into the submental nodes, the posterior part into the infraauricular nodes (Fig. 1.49).


The 6–12 mucosal collectors pass through the buccinator muscle and the buccal fat pad, follow the facial veins and terminate in the submandibular nodes. Alternatively, a collector from the mucosal region of the cheek can go to the preauricular or infraauricular lymph nodes. Unlike the skin, the mucous membrane is never directly connected with the submental nodes (Fig. 1.49).


The skin and mucous membranes of the cheek are not associated with particular lymph nodes. Because of the extensive initial network, lymph from the anterior area can reach the parotid nodes and lymph from the posterior area can reach the submental nodes.









Lymph vessels of the palate, gingiva and teeth


The initial lymphatic network of the palate is dense and fine-meshed. The collectors originate in the front, in the area of the incisors, run in a posterior direction along the dental arch as far as the retromolar region, and from there follow three drainage pathways (Fig. 1.50). The consistently present collectors of the middle pathway pass through the origin of the buccinator muscle and descend on the anterior margin of the mandible to the upper and middle members of the internal jugular chain (jugulodigastric node). Less commonly, they descend to a lateral internal jugular node. Both drainage pathways are found in nearly 50% of cases. In 10% of cases there is both an anterior and a posterior pathway. The collectors of the anterior pathway originate in the hard palate, perforate the buccinator muscle and descend to the submandibular lymph nodes. The collectors of the posterior pathway follow the palatopharyngeal arch, perforate the superior pharyngeal constrictor muscle and terminate in a lateral retropharyngeal lymph node (Fig. 1.50).


Collectors crossing the midline can be found all over the oral cavity, but they are found most frequently in areas that contain salivary glands.









Gingiva, periodontium, teeth


The initial lymphatics of the gingiva form a fine-meshed papillary plexus and a wider-meshed subpapillary plexus. The external collectors of the superior and inferior gingiva have the same origin, course and destination. In both areas, 3–4 collectors form a plexus along the gingivo-buccal reflection. This plexus communicates with the contralateral plexus at the labial frenula. The 3 to 4 (up to 9) efferent vessels of this plexus pass through the buccinator muscle at its origin, descend along the facial vein, and terminate in the submandibular nodes (Fig. 1.52 b). In approximately 33% of cases, collectors originating in the region of the incisors of the inferior gingiva terminate in the submental nodes, while in 8% of cases, collectors from the molar region terminate in the infraauricular nodes. The internal collectors of the superior gingiva join the collectors of the palate and, like them, continue via three pathways to the lateral retropharyngeal, interal jugular, and submandibular nodes (Fig. 1.50). The internal collectors of the inferior gingiva form two groups (Fig. 1.50). The anterior collectors descend on the inner side of the mandible to the submandibular nodes. The posterior collectors lead to the anterior superior and medial nodes of the internal jugular chain (i.e., the jugulodigastric and juguloomohyoid nodes). A mandibular node may be interposed in the internal collectors of the inferior gingiva that lead to the submandibular nodes, and in the external collectors of both gingivae (Fig. 1.52b).


The lymph vessels of the tooth pulp are connected to collectors of the gingiva by the long-meshed periodontal plexus. Therefore, their drainage pathways and regional nodes are identical with those of the gingiva. However, certain gingival drainage areas cannot be precisely associated with specific lymph nodes.









Tongue


The lymph vessels of the tongue originate partly in the mucosal plexus and partly in the muscular plexus. The initial mucosal network covers the entire dorsum of the tongue and its inferior surface. Laterally, the intial mucosal network of the tongue is connected with the lymph vessel network of the floor of the mouth; the posterior part is connected with the mucosal network of the pharynx and larynx.


The muscular plexus forms a dense network around the blood vessels in between the muscle bundles. With increasing depth, the vessel caliber increases, and valves appear in the vessels. The deep network can drain lymph from the superficial network via anastomoses. The superficial and deep networks use the same efferent collectors, which can be divided into 4 groups:




• Two apical collectors originate in the apex of the tongue on both sides of the frenulum, and descend to the floor of the mouth. From this point, the primary pathway, which is always present, descends to the juguloomohyoid lymph node. Sometimes there is a pathway to the submental lymph nodes (Fig. 1.51).


• The dorsum of the tongue is drained by marginal and central collectors. There is no sharply defined border between the collection areas of two groups of collectors.


• The marginal collectors drain lymph from the lateral thirds of the dorsum of the tongue, and from the margin and inferior surface of the tongue. They form three groups (Fig. 1.51):



– The 3 to 4 external collectors descend lateral to the sublingual gland and terminate in the submandibular lymph nodes.



– 5–6 internal collectors originate in the anterior half of the lateral area. A few of these run on the exterior side of the hyoglossus muscle, alongside the hypoglossal nerve and sublingal vein, while others are located medial to the hyoglossus muscle and accompany the lingual artery. The two pathways converge at the posterior margin of the muscle and enter the carotid triangle below the digastric and stylohyoid muscles. From this point, some of the vessels continue in a posterior direction to the subdigastric (principal) node; others turn downwards, traverse the horn of the hyoid bone, and terminate in an anterior internal jugular lymph node beneath the convergence of the facial vein. It is noteworthy that the collectors of the anterior half of the tongue terminate in lymph nodes that lie caudally in relation to the terminal lymph nodes of collectors from the root of the tongue.



– The posterior half of the lateral area is drained by 3 to 4 posterior collectors. Most of them go to the subdigastric lymph nodes. A few lateral collectors which belong to the floor of the mouth turn outward and foreward at the mylohyoidal margin, and terminate in a submandibular lymph node (Fig. 1.51).


• The 5–6 central collectors drain the middle third of the tongue. They descend along the lingual septum between the bilateral genioglossus muscles. The vessels on the right and left sides do not anastomose, but may cross through the septum to the other side (Fig. 1.52b, c). At the lower margin of the genioglossus muscle, the right and left-sided vessels diverge and enter the right and left sublingual regions, respectively, between the genioglossus and geniohyoid muscles. From there, one vessel passes through the mylohyoid muscle to the submandibular lymph node (Fig. 1.52). The other vessels run in a posterior direction on top of the hyoglossus muscle and terminate in the jugulodigastric node.





Lateral lingual or medial lingual lymph nodes are sometimes interposed in the marginal and central collectors, respectively (Fig. 1.52b).


The root of the tongue is drained by 8 to 10 basal or posterior collectors. Intertwined medial collectors (4–5) run from the tip of the terminal sulcus to the medial glossoepiglottic fold. From there, one bundle runs to the right and the other to the left, with each side going to the inferior pole of the palatine tonsil, where they join the lateral collectors (Fig. 1.57). The latter (typically 2 on each side) run in a straight line from front to back and drain the lateral part of the root of the tongue. The basal collectors pass through the pharyngeal wall in a staggered manner and terminate in different nodes. The superior collectors pass through the superior pharyngeal constrictor muscle to the principal node, while the medial collectors pass through the medial pharyngeal constrictor muscle to a subdigastric node, and the inferior collectors go through the thyrohyoid membrane to an anterior internal jugular node beneath the facial vein (Fig. 1.51, Fig. 1.57).


Contralateral connections. Lymph from one side of the tongue can reach the contralateral lymph nodes by the following 4 pathways:




• via the mucosal plexus (Fig. 1.52a, b)


• via the central collectors, which cross through the septum to the contralateral side (Fig. 1.52b)


• via communicating bilateral basal collectors


• via apical collectors, because these can cross the midline and because the efferent pathways of their regional nodes always have bilateral connections (Fig. 1.52c).












Lymph vessels of the salivary glands


The initial lymphatic network of the salivary glands forms an interlobular plexus around the lobules. Collectors that originate in this network and anastomose with each other twine around blood vessel branches and secretory ducts, and exit the gland along these vessels and ducts. Both small and large interlobular aggregations of lymphocytes are part of the normal histological pattern of these glands. Lymph follicles are also occasionally found in the parotid gland.









Sublingual gland


Usually, two collectors run from the anterior half of the gland to the submandibular lymph nodes (Fig. 1.50, Fig. 1.51). The 2 to 3 collectors of the posterior half have a course similar to that of the interior and posterior marginal collectors of the tongue and terminate, together with these collectors, in the subdigastric and juguloomohyoid nodes.









Submandibular gland


The efferent lymph vessels from the upper lateral part of the gland lead to the submandibular lymph nodes. The posterior part of the gland is drained by 1 or 2 collectors that follow the facial artery to the subdigastric or principal lymph nodes (Fig. 1.50, Fig. 1.51).









Parotid gland


The regional lymph nodes of the parotid gland are the deep and superficial parotid lymph nodes, some of which are located inside the gland, and some of which are located outside. Sometimes a collector from the anterior part of the gland’s lower pole may cross over the masseter muscle to a submandibular node, and sometimes a collector from the posterior part of the gland may go to the accessory chain (Fig. 1.46, Fig. 1.49).









Lymph vessels of the nasal cavity mucosa


Both the respiratory region and the olfactory region have an initial lymphatic network in the lamina propria. In the olfactory region, a polygonal network is found throughout the entire depth of the mucous membrane. By contrast, the network of the respiratory region has a longer, wider mesh. At the border between the two regions, their capillary networks transition into each via a very fine-meshed network.


All collectors of the respiratory region, including collectors from the inferior part of the nasolacrimal duct, run in a posterior direction. Only the nasal vestibule drains in an exterior direction towards the cutaneous network (Fig. 1.50, Fig. 1.51). The collectors of the lateral nasal wall enter the nasal pharynx and form the pretubal plexus in front of the opening to the Eustachian tube. Only 1 or 2 collectors from the superior nasal meatus and the splenoethmoid recess continue across the pharyngeal fornix and terminate in a lateral retropharyngeal lymph node (Fig. 1.50). The superior collectors of the nasal septum, situated at the border of the respiratory and olfactory regions, drain both regions. Some of the collectors accompany the superior vessels of the lateral wall under the roof of the throat to the lateral retropharyngeal lymph nodes. The other collectors descend at the posterior margin of the septum, unite with the inferior collectors of the septum and the collectors from the bottom of the nasal cavity and discharge into the pretubal plexus (Fig. 1.51). The pretubal plexus extends laterally between the levator muscle and the tensor muscle of the soft palate; occasionally it contains an intercalated node. The efferent lymph vessels of the plexus follow two pathways (Fig. 1.50, Fig. 1.51). The 3–4 lateral collectors terminate in a subdigastric node of the internal jugular chain (principle node). The 2–4 posterior collectors of the pretubal plexus pass through the pharyngeal wall and terminate in the lateral retropharyngeal lymph nodes.


Injection specimens indicate that the lateral retropharyngeal lymph nodes are consistently present primary nodes of the nasal mucosa, while internal jugular nodes are inconsistently present primary nodes.









Paranasal sinuses


The efferent lymph vessels of all paranasal sinuses exit the sinuses through their natural openings, join the collectors of the nasal passages, and terminate accordingly in the lateral retropharyngeal and superior jugular (subdigastric) lymph nodes (Fig. 1.50).









Pharynx


The initial lymph vessels form a continuous network (mucosal plexus) that extends over the entire wall of the pharynx and is connected with the mucosal networks of the nasal and oral cavities, larynx, esophagus, and Eustachian tube. The network is especially dense in the region of Waldeyer’s ring and in the piriform recess. The space between the tonsils and the nasal pharynx often contains abundant lymphatic tissue. This tissue sometimes extends to the dorsal inferior pharyngeal wall and to the opening of the Eustachian tube.


The entire dorsal pharyngeal wall is drained by the posterior collectors. They pass through the pharyngeal wall on both sides of the pharyngeal raphe and then turn in a lateral direction. Most of these collectors lead to the lateral retropharyngeal lymph nodes; only a few terminate in the upper group of the internal jugular nodes, which extends from the base of the skull to the confluence of the facial vein (Fig. 1.57). The posterior collectors do not cross the midline. Hence lymph can only pass to the contralateral side through the mucosal network.


Lateral collectors come from the anterior half of the nasopharynx and oropharynx, while anterior collectors come from the anterior part of the hypopharynx. The lateral collectors of the nasopharynx originate in the pretubal plexus and terminate in the same node group as the posterior vessels (Fig. 1.57). The 4–6 lateral oropharyngeal collectors drain the palatine arches and tonsils (Fig. 1.57). They descend along the ascending palatine artery. While some terminate in the subdigastric node, most terminate in the principal lymph nodes. The 3–5 anterior collectors of the hypopharynx run beneath the mucous membrane of the piriform recess and pass through the thyrohyoid membrane together with the supraglottic laryngeal collectors and the superior laryngeal artery (Fig. 1.57). On the outer surface of the membrane, they diverge from each other. Some lead directly to the subdigastric and lateral internal jugular nodes at the same level, while others descend to the juguloomohyoid node. Prelaryngeal lymph nodes may be interposed in the latter pathway (Fig. 1.55).


The primary lymph nodes of the pharynx are the lateral retropharyngeal nodes and the upper members of the internal jugular chain. The tonsils are consistently drained into the subdigastric (or, principal) lymph nodes.


Regarding the cervical part of the esophagus, see 1.5.2.8, Fig. 1.57.









Larynx


The densely-meshed intital network of the mucous membrane is divided by the sparsely vascularized glottis region (mucosal lining of the vocal ligament, thyroepiglottic ligament and the stalk of epiglottis) into two sections: the supraglottic and infraglottic regions. The capillary network of the vocal cords consists of a very fine longitudinal mesh from which lymph typically flows into the supraglottic network, and is only rarely drained in both directions. Since the glottis region has very few capillaries, it acts as a barrier between the supraglottic and the infraglottic regions, which communicate only on the posterior surface of the laryngeal lumen.


On both sides of the body, the 4–6 efferent lymph vessels of the supraglottic region converge as they approach the upper part of the aryepiglottic fold and pass through it into the piriform recess (Fig. 1.57). There, they join the anterior hypopharyngeal collectors and, together with them and with the superior laryngeal artery, pass through the thyrohyoid membrane and subsequently proceed in three directions (Fig. 1.55): A few collectors ascend to the subdigastric lymph nodes, while others continue diagonally to the interal jugular nodes at the level of the fascial vein. The third group of collectors descends to the juguloomohyoid lymph node. Prelaryngeal nodes are interposed only in vessels that receive lymph from the epiglottis, aryepiglottal fold and piriform recess. The collectors in the rest of the epiglottal network do not have any intercalated nodes.


The collectors of the infraglottic region form one anterior and two posterior lateral bundles: The anterior bundle drains the anterior half of the region. Its 3–6 collectors pass through the criocothyroid membrane (Fig. 1.55). In 50% of cases, these collectors lead directly to nodes of the internal jugular chain, which are situated between the facial vein and the omohyoid muscle. In the other 50%, the collectors of the anterior bundle (sometimes all, sometimes just a few) terminate in the prelaryngeal nodes. From this location, there are the following possible drainage pathways:




• to the lower nodes of the internal jugular chain, either directly or via the anterior jugular pathway,


• to the pretracheal nodes


• to some of the aforementioned node groups, or


• to all of the aforementioned node groups (Fig. 1.53).





The 3–6 posterior lateral collectors pass through the criocotracheal membrane, turn in a lateral and anterior direction, and terminate in the upper nodes of the recurrent chain (Fig. 1.55, Fig. 1.57).


The laryngeal collectors do not cross the midline.


Primary nodes of the larynx. The internal jugular nodes and the prelaryngeal nodes receive lymph from the entire laryngeal region, while the pretracheal lymph nodes and the recurrent chain receive lymph only from the infraglottic region. A contralateral drainage pathway is only possible from the paramedial regions.


Regarding the cervical part of the trachea, see 1.5.2.5, Fig. 1.55.









Thyroid gland


The efferent lymph vessels originate in the subcapsular network and form three drainage pathways on each side of the body: an upper, a middle, and a lower pathway.




• The upper main pathway consists of three bundles of collectors. The upper lateral collectors conduct lymph along the superior thyroid artery and vein into the subdigastric nodes of the jugular chain. The node at the confluence of the superior thyroid vein is called the thyroid lymph node (Fig. 1.56). The upper medial collectors drain the upper part of the isthmus. Lymph from the adjacent medial parts of the lobes and the pyramidal process initially drains into prelaryngeal nodes. Through secondary connections of these nodes, the lymph then drains into the subdigastric jugular nodes, the pretracheal nodes, and (via the anterior jugular pathway) into the lower nodes of the internal jugular chain and to the supraclavicular lymph nodes (Fig. 1.56). In 20% of cases, the upper posterior collectors conduct lymph from the posterior surface of the upper part of the lobe to the medial retropharyngeal nodes (Fig. 1.57).


• The middle pathway conducts lymph from the middle portion of the thyroid lobes (anterior, lateral, and posterior surfaces) along the middle thyroid vein to the anterior and lateral nodes of the internal jugular chain (Fig. 1.56, Fig. 1.57).


• The lower main pathway includes three collector bundles: The lower lateral collectors originate in the lower anterior portion of the lobe and follow the inferior thyroid artery to the internal jugular nodes (Fig. 1.56). The lower posterior collectors drain the inferior posterior part of the lobe and terminate in the recurrent chain (Fig. 1.57). The lower medial collectors drain the lower part of the isthmus and the adjacent medial parts of the lobes into the pretracheal nodes, some directly and others via intercalated nodes. Sometimes some collectors bypass the pretracheal nodes and terminate in the transverse chain of the anterior mediastinal nodes, most commonly in the brachiocephalic angle nodes (Fig. 1.56).





In summary, it can be said that the most important regional nodes of the thyroid gland are the internal jugular chain nodes that are situated between the digastric muscle and the subclavian vein. The prelaryngeal and pretracheal nodes, and the recurrent chain, are interposed primary stations. There are secondary connections with the anterior mediastinal and supraclavicular nodes. Less common are secondary connections with the large lymph trunks and direct connections with the internal jugular vein or, on the other side, the venous angle.





















1.5 Lymph nodes and lymph vascular system of the thoracic organs


The lymph nodes of the thoracic cavity are divided into a parietal and a visceral group. The parietal nodes are on the posterior, anterior and inferior thoracic walls, while the visceral nodes are in the mediastinum.






1.5.1 Parietal node groups


The intercostal and juxtavertebral lymph nodes are on the posterior thoracic wall. In the paravertebral part of each intercostal space there are up to 6 (usually 1–3) pea-sized intercostal nodes (Fig. 1.59, Fig. 1.60). Their afferent vessels originate in the intercostal and deep back muscles, the parietal pleura and the vertebral column. The intercostal nodes have anastomotic branches and efferent vessels. Ascending and descending anastomotic branches interconnect the intercostal nodes (Fig. 1.59).
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Fig. 1.59 Lymph nodes of the posterior thoracic wall


1 Right intercostal LNs 2 Left intercostal LNs 3 Laterovertebral (juxtavertebral) LNs 4 Prevertebral LNs 5 Cisterna chyli 6 Thoracic duct 7 Right lymphatic duct 8 Right intercostal trunk 9 Left intercostal trunk
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Fig. 1.60 Lymph nodes of the thoracic wall and mediastinum 1 Prepericardiac LNs 2 Lateropericardiac LNs 3 Parasternal LNs 4 Left anterior mediastinal LNs 5 Botallo’s lymph node 6 Right anterior mediastinal LNs 7 Intermediate anterior mediastinal LNs 8 Pulmonary root LNs 9 Superior tracheobronchial and right laterotracheal LNs 10 Bifurcation LNs 11 Superior tracheobronchial and left lateralotracheal LNs 12 Juxtaesophageal LNs 13 Juxtaaortic LNs 14 Thoracic duct 15 Intercostal LNs 16 Axillary LNs 17 Subclavian trunk 18 Tracheobronchial trunk 19 Right lymphatic duct 20 Right anterior mediastinal trunk 21 Parasternal trunks 22 Left anterior mediastinal trunk 23 Recurrent chain 24 Pretracheal LN 25 Juxtacardiac LNs 26 Inferior diaphragmatic LNs 27 Lumbar LNs 28 Cisterna chyli 29 Internal jugular LNs 30 Supraclavicular LNs 31 Brachiocephalic angle LN 32 Cardiac LN 33 Retromanubrial LNs
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The efferent vessels of the first 1–2 intercostal nodes form the intercostal trunk. This trunk ascends behind the subclavian artery into the supraclavicular region and joins the venous system either directly or after joining one of the short lymph trunks of the upper trunk quadrants. The efferent vessels of the remaining 3–6 intercostal nodes run medially and connect to the thoracic duct either directly or via common trunks (Fig. 1.30b, Fig. 1.59). Lymph from the inferior intercostal space is directed into a common descending trunk, which forms a U-shaped loop at the level of the T11 vertebra and terminates in the thoracic duct (Fig. 1.30b, Fig. 1.59). Anastomoses of the efferent vessels of the individual intercostal nodes and anastomoses between trunks on the two sides of the body form a plexus on the ventral side of the vertebral column, in which numerous small nodes are intercalated. These laterovertebral and prevertebral nodes (Fig. 1.30b, Fig. 1.59) comprise the juxtavertebral node group. A plexus with intercalated juxtavertebral nodes is most commonly found between T8 and T12.


The superior diaphragmatic lymph nodes, which are located on the lower thoracic wall, include an anterior and a lateral group. The anterior group, the inferior prepericardiac lymph nodes, are located between the pericardium and the xiphoid process of the sternum. This group receives lymph from the pericardium, diaphragm, diaphragmatic pleura, the anterior upper section of the liver (via the falciform ligament), the upper part of the rectus abdominis muscle and its sheath, and from the adjacent lower internal sector of the mammary glands and passes it on to the parasternal lymph nodes (Fig. 1.60). The drainage area of the lateral node group, the lateral pericardiac (or, “juxtaphrenic”) lymph nodes (Fig. 1.60) is the same as that of the anterior group. Four drainage pathways are available to this group:




• Along the phrenic nerve to the anterior mediastinal lymph nodes


• Lateral to the inferior vena cava, to the posterior mediastinal lymph nodes


• Through the prepericardiac nodes to the parasternal lymph nodes


• Through the diaphragm to the lumbar or juxtacardiac lymph nodes (Fig. 1.60).





On the right side, the first drainage pathway is connected to hilar nodes of the lungs.


The parasternal lymph nodes (internal mammary nodes) form a node chain on the inner surface of the anterior thoracic wall. Normally they are situated lateral to the internal thoracic vein, less often medial to it or on both sides of it (Fig. 1.60, Fig. 1.61). Their distance from the margin of the sternum is usually not more than 3 cm; however, individual small nodes can be situated considerably farther away in a lateral direction. The chain of nodes is covered by the transverse thoracic muscle and the endothoracic fascia.
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Fig. 1.61 Lymph nodes in the drainage areas of the thoracic duct; intrathoracic collateral pathways 1 Intercostal LNs 2 Juxtavertebral LNs 3 Juxtaesophageal LNs 4 Juxtaaortic LNs 5 Pulmonary root LNs 6 Bifurcation LNs 7 Superior tracheobronchial LNs 8 Right and left laterotracheal chain 9 Anterior mediastinal LNs 10 Intermediate anterior mediastinal LNs 11 Pretracheal LNs 12 Recurrent chain 13 Internal jugular LNs 14 Supraclavicular LNs 15 Axillary LNs
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There are usually 9 nodes in all: one in each of the upper three intercostal spaces on the right and the left, and one in the 6th intercostal space on the right and left. The extra 9th node is usually located in one of the upper intercostal spaces (Fig. 1.60, Fig. 1.61). In occasional cases, there can be as many as 18 nodes. The size of the nodes varies from 1 mm to 1 cm. Ascending collectors (2–3) situated along the internal thoracic vein connect the individual nodes with each other and with the prepericardiac lymph nodes. This lymph pathway, which extends from the prepericardiac nodes up to the uppermost parasternal nodes, is called the parasternal lymph bundle. As a variant, an efferent vessel of the prepericardiac node can ascend in the midline to the first ipsilateral parasternal node or to the contralateral parasternal bundle. Alternatively, there can be connections between the parasternal bundles on both sides, with 6–7 intercalated retromanubrial nodes (Fig. 1.60). Finally, because the parasternal nodes receive lymph from the bone marrow of the sternum, there is also an intrasternal connection between the bilateral parasternal bundles.


The drainage area of the parasternal nodes includes the anterior half of the costal and mediastinal pleura, the muscles of the anterior lateral chest wall, the sternum, the mammary gland, and the upper part of the anterior abdominal wall (Fig. 1.62). Since they receive efferent vessels from the prepericardiac lymph nodes, they also serve as the second filter station for the lymph flowing from the diaphragm, pericardium, diaphragmatic pleura, liver, upper part of the rectus abdominis muscle, sheath of the rectus abdominis muscle, and lower internal sector of the mammary gland.
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Fig. 1.62 Lymph drainage from the pleura


a Costal pleura b Mediastinal pleura 1 Parasternal LNs 2 Axillary LNs 3 Supraclavicular LNs 4 Thoracic duct 5 Right lymphatic duct 6 Lymph vessels leading to the intercostal LNs
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The right and left parasternal trunks are the efferent lymph trunks from the parasternal nodes or parasternal bundles, respectively. The left trunk discharges into the thoracic duct, while the right trunk discharges into the right lymphatic duct (Fig. 1.60).









1.5.2 Visceral nodes


The visceral (mediastinal) lymph nodes include two groups: the anterior and posterior mediastinal lymph nodes.






1.5.2.1 Lymph nodes of the anterior mediastinum


The anterior mediastinal lymph nodes form three chains in the anterior upper mediastinum.




• The right anterior mediastinal chain, which contains 2–5 nodes, is situated in front of the right brachiocephalic vein and the superior vena cava. The uppermost member of the chain lies in the angle of the brachiocephalic veins, and the next node down is in the angle of the right brachiocephalic vein and the superior vena cava, medial to the right phrenic nerve. The former is called the brachiocephalic angle node and the latter, the cardiac node. The brachiocephalic angle node receives lymph from the thyroid gland and larynx via the prelaryngeal and pretracheal nodes (Fig. 1.55, Fig. 1.56). The other members of the chain collect lymph from the heart, pericardium and thymus and also receive efferent lymph vessels from the lateral pericardiac nodes. The collecting trunk of the right anterior mediastinal chain, the right anterior mediastinal trunk, discharges into the right lymphatic duct (Fig. 1.60).


• The left anterior mediastinal node chain (Fig. 1.60) is located in front of the aortic arch and along the left common carotid artery. Sometimes the lowest node (Botallo’s node, Fig. 1.60), which is next to Botallo’s ligament, is fused with the left recurrent laryngeal nerve. Therefore, disease in this node or the node next to it, the left superior tracheobronchial node, can cause paralysis of the recurrent nerve. The afferent vessels of the left node chain originate in the left lung, pericardium, pleura, and thymus. The chain’s efferent vessels form the left anterior mediastinal trunk, which discharges into the terminal part of the thoracic duct (Fig. 1.60).


• The transverse node chain (the intermediate anterior mediastinal nodes, Fig. 1.63) is situated along the left brachiocephalic vein. On the one hand, this chain receives lymph from the thymus, thyroid gland and trachea, and on the other it connects the right and left anterior mediastinal nodes with each other.








[image: image]

Fig. 1.63 Lymph vessels and regional lymph nodes of the lungs 1 Pulmonary root LNs 2 Interlobar LNs 3 Superior tracheobronchial LNs 4 Inferior tracheobronchial LNs 5 Right laterotracheal LNs 6 Left laterotracheal LNs 7 Pulmonary ligament LNs 8 Juxtaaortic LNs 9 Juxtaesophageal LNs 10 Prevertebral LNs 11 Thoracic duct 12 Lumbar LN 13 Right anterior mediastinal LNs 14 Left anterior mediastinal LNs 15 Intermediate anterior mediastinal LNs 16 Left anterior mediastinal trunk 17 Left tracheobronchial trunk 18 Right tracheobronchial trunk 19 Right anterior mediastinal trunk 20 Right lymphatic duct 21 Supraclavicular LNs 22 Internal jugular LNs 23 Cervical laterotracheal LNs 24 Pretracheal LN
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1.5.2.2 Lymph nodes of the posterior mediastinum


The posterior mediastinal nodes are located between the bifurcation of the trachea and the diaphragm next to the esophagus (2–5 juxtaesophageal nodes), between the esophagus and the aorta (1–2 interaortico-esophageal nodes), and behind the aorta (2–5 juxtaaortic nodes, Fig. 1.60, Fig. 1.61). The afferent vessels of the posterior mediastinal nodes originate in the diaphragm or diaphragmatic pleura, the esophagus, the pericardium, and the basal segments of the lungs. Most of the efferent vessels go to the bifurcation nodes; only a few discharge directly into the thoracic duct (Fig. 1.60, Fig. 1.61).
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