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Chapter 119: Anatomy

Daniel O. Graney, Bernard Marsh

The pharynx and larynx have been described in previous chapters in relationship to
the anatomy of the head and neck. This chapter describes the continuation of those structures,
the esophagus and trachea, into the mediastinum of the thorax. The discussion will also
include the neurovascular structures that accompany these organs, as well as other general
relationships of the mediastinum.

Otolaryngologists - head and neck surgeons seldom enjoy the opportunity to view
directly these relationships. Nevertheless, a proper interpretation of endoscopic findings,
appropriate decisions regarding tissue sampling, and avoidance of unnecessary hazards
necessitate a knowledge of the anatomy of this region and the structures adjacent to the
passages we explore with endoscopes. Time should be spent in the dissection laboratory to
fully explore such relationships. Today’s endoscopist must also be familiar with how these
structures can be demonstrated through various imaging studies frequently used in the
preoperative workup.

Boundaries of Mediastinum

The cricoid cartilage is a key landmark because it represents the end of the pharynx
and larynx and the beginning of the esophagus and trachea (Fig. 119-1). It is located at the
approximate level of the inlet of the thorax, and thus it also marks the end of the neck and
the gateway of the mediastinum. The thoracic inlet is a horizontal plane defined by the
manubrium of the sternum, the first ribs, and the body of the first thoracic vertebra. Some
authors argue whether the mediastinum should be defined as a space or a septum. For the
purposes of this chapter it will be defined as a space, the superior limit of which is the inlet
of the thorax and the inferior limit being the diaphragm. The lateral walls are represented by
the mediastinal layer of pleura (a subdivision of the parietal layer), whereas the anterior and
posterior boundaries are formed by the sternum and the thoracic vertebrae, respectively.
Although it is a simplistic concept, the mediastinum can be conceived as a narrow, tall
rectangular box that is open at the top. The contents include the esophagus, trachea, primary
bronchi, heart, great vessels, thoracic duct, vagi, and phrenic nerves.

The next two sections of this chapter will consider specific details of the esophagus
and trachea, followed by a discussion of mediastinal relationships.

Esophagus

The esophagus traverses the entire thorax from the inlet to the esophageal hiatus of
the diaphragm. Rather than being a simple open tube from beginning to end, the walls of the
esophagus are collapsed and folded during the resting state. However, if a swallow is
observed by barium fluoroscopy, three areas of constriction or narrowing can be observed.
The first constriction is at its beginning, marked by the cricoid cartilage at the
cricopharyngeal portion of the inferior constrictor muscle. The second narrowing is at the
point where the left mainstem bronchus and aorta cross the esophagus anteriorly. The third
area of narrowing occurs at the point where the esophagus enters the cardia of the stomach,
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a region termed thelower esophageal sphincter.The constrictions at the beginning and end
of the esophagus represent tonic muscle contractions and can be measured manometrically,
whereas the second area of narrowing is simply an area of contact between the esophagus and
adjacent structures. Abnormalities of either the upper or lower esophageal sphincter have
clinical significance, which will be discussed later in the chapter.

Layers of esophagus

The histologic pattern of the entire digestive trat from the esophagus to the rectum
consists of a basic pattern that is modified slightly to accommodate the various physiologic
functions of the different regions of the tract. This consists of an external muscle coat, a
submucosal layer of connective tissue, and a mucosa. Three elements are contained in the
mucosa: the muscularis mucosae, the lamina propria, and the epithelium. Histologically, the
epithelial layer differs in the various regions and is the most characteristic feature that
identifies a particular portion of the tract.

External muscle layer

The musculature of the esophagus is composed of two layers, an outer layer of
longitudinally arranged muscle fibers and an inner layer of circularly or spirally arranged
fibers. The majority of the upper third or half of the esophagus is composed of skeletal
muscle in contrast to the distal portion, which is composed of smooth muscle fibers. The
distribution of these fibers varies from individual to individual, and in some cases, striated
muscle fibers are located as far distally as the stomach. Interspersed between the two muscle
layers is a complex of nerve fibers and ganglion cells termed themyenteric plexus of
Auerbach.The ganglion cells are parasympathetic neurons and are the sites of synapse
between the two neurons of the parasympathetic nervous system.

Submucosa

The luminal surface of the circular or inner layer of muscle is covered by the
submucosa, a dense meshwork of collagenous connective tissue, interspersed with blood
vessels, lymphatics, and autonomic nerve fibers. Parasympathetic ganglion cells located within
the submucosal layer along with the autonomic fibers constitute the myenteric plexus of
Meissner.

Mucosa

As noted previously, the mucosa is a tripartite structure. In the esophagus the
muscularis mucosae is thick compared with more distal parts of the digestive tract. The
smooth muscle fibers of the muscularis mucosae are arranged in a pattern similar to the
muscularis externa (that is, there is an inner circular and outer longitudinal arrangement of
the muscle fibers). A delicate lamina propria containing blood vessels and nerve fibers
supports a stratified squamous type of epithelial lining.

One interesting and clinically significant feature of the esophagus, compared with the
abdominopelvic portion of the digestive tract, is the absence of a serosal membrane. Whereas
distal parts of the tract are covered by peritoneum, there is no pleural or serosal membrane
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covering the esophagus. The collagenous fibers of the serous membrane (peritoneum) are the
structural elements that provide the strength of a suture line when an end-to-end intestinal
anastomosis is done. In the esophagus, similar procedures are compromised because the
surgeon is able to anchor sutures only in the external muscle layer.

Upper esophageal sphincter and pharyngoesophageal diverticula

An upper esophageal sphincter was described in the beginning of this section. In fact,
this sphincter is the cricopharyngeus muscle, which is part of the inferior constrictor muscle
of the pharynx (Fig. 119-1 and 119-2). The inferior constrictor is composed of two sets of
muscle fibers: a superior group that is oriented obliquely and an inferior group that is
transversely arranged. The oblique fibers originate from the midline raphe of the pharynx and
course inferiorly, inserting on the oblique line of the thyroid cartilage. The second set of
fibers, or transverse group, arises on the posterior lateral border of the cricoid cartilage,
circles the esophageal opening, and attaches to the opposite side of the cricoid cartilage. In
this manner an effective sphincter is formed about the upper portion of the esophagus or
lower pharynx, depending on one’s viewpoint. Other authors describe the cricopharyngeus
muscle as a distinct muscle and do not subdivide the inferior constrictor. The argument seems
academic except that it is the site of pharyngoesophageal diverticula (Fig. 119-3). The terms
Zenker’sor pulsion diverticulaare also applied. The specific arrangement of the muscle fibers
in this region become more important when one studies the origin of such pharyngeal
diverticula. Most descriptions state that the origin of the diverticula occurs between the
cricopharyngeal fibers and the oblique fibers of the inferior constrictor muscle (Killian’s
dehiscence). The neck of a diverticulum may be either in the midline or slightly to the left
or right side, with the left side seeming to be more frequent. A second site of origin of these
types of diverticula is between the cricopharyngeal fibers and the esophageal fibers, at the
point where the cricopharyngeus muscle attaches to the cricoid cartilage (Fig. 119-1). This
point has been described as the area of “Killian-Jamieson” (Hollinshead et al, 1982). It is also
where the recurrent laryngeal nerve and the inferior laryngeal artery and vein enter the larynx.
Thus surgical removal of the latter type places the recurrent laryngeal nerve at risk, and any
evidence of dysphonia should be documented before surgery. The cause of these diverticula
appears to be related to an increased sphincter pressure that is not inhibited during the
swallowing mechanism, thus forcing the swallowed bolus to press against the side walls of
the lower pharynx. Although diverticulectomy was the treatment of choice, Calcaterra et al
(1975) and Zuckerbraun and Bahna (1979) have emphasized the importance of
cricopharyngeal myotomy rather than diverticulectomy as the most effective means of curing
the problem of dysphagia.

Passage of an endoscope through the upper sphincter without muscular relaxation risks
instrumental perforation. The presence of a diverticulum makes the procedure especially
difficult and hazardous. A preoperative barium study should be obtained to reveal any
unsuspected hazards and to facilitate a fully adequate examination.

Aortopulmonary compression

The second area of narrowing occurs where the aorta and left mainstem bronchus
course anteriorly and to the left side. This relationship is important for two reasons. First,
esophageal tumors at this level may penetrate the bronchus or trachea. Radiotherapy given
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for such a tumor carries with it the risk of a tracheoesophageal fistula. The endoscopist must
consider this risk and take steps to determine the extent of disease before treatment is
undertaken. Also, caustic burns of the esophagus may be concentrated at areas of constriction,
thus risking the possible development of fistulas into the airway.

Lower esophageal sphincter

Whereas the upper esophageal sphincter can be defined anatomically as a precise
structure, no similar such structure is found at the level of the lower esophageal sphincter.
There is no demonstrable thickening of the muscle fibers that can be demonstrated by gross
anatomic or histologic studies. In recent years the lower esophageal sphincter has been
recognized simply as a zone of increased tonic activity that can be measured by manometric
techniques. For a number of years hiatal diaphragmatic hernia was implicated as the causative
factor in reducing lower esophageal sphincter pressure and producing reflux esophagitis. It
is now recognized that although hiatal hernia may be coincidental with reflux esophagitis, the
determining factor is the competency of the lower esophageal sphincter. In patients with an
adequate esophageal sphincter, pressure reflux does not occur. Similarly, patients with an
inadequate esophageal sphincter, with or without hiatal hernia, will have symptoms of reflux.

In the endoscopic investigation of this sphincter the angulation to the left and
anteriorly makes rigid esophagoscopy potentially hazardous, especially in the presence of
limited spine mobility. The aorta lies posteriorly and to the right, creating in some elderly
patients a mild compression sometimes mistaken for a submucosal mass.

Blood supply of esophagus

Blood supply to the esophagus is provided from three different sources (Fig. 119-4).
The upper third derives its blood supply from the inferior thyroid arteries. The origin of each
artery is bilaterally symmetric, arising as a branch of the thyrocervical trunk, given off by the
first part of the subclavian artery.

The middle third of the esophagus is supplied by direct branches of the thoracic aorta,
of which there are usually two or three. These arteries may also send a small bronchial artery
to accompany the mainstem bronchus.

The lower third of the esophagus is supplied by the esophageal branch of the left
gastric artery. Since the left gastric artery is derived from the celiac trunk in the abdomen,
the esophageal branch must penetrate the esophageal hiatus of the diaphragm as it ascends
the lower third of the esophagus.

Although it would seem reasonable to expect longitudinal anastomoses of the separate
blood supplies either along the surface or within the mucosal region of the esophagus, this
is not always true. The potential for ischaemic necrosis in midesophageal resections is well
documented in the clinical literature.
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Venous drainage of esophagus

The venous drainage of the esophagus follows the arterial pattern in the regions of the
upper and lower thirds of the esophagus.

In the upper third, blood enters the inferior thyroid veins, which are tributaries of the
thyrocervical trunks and subclavian veins.

The middle third of the esophagus drains from the venous plexuses along the surface
of the esophagus into tributaries of the azygous vein on the right side and the hemiazygous
vein on the left side. The azygous system of veins ultimately enters the inferior vena cava
through the arch of the azygous vein.

The inferior third of the esophagus is drained by esophageal veins that are tributaries
of the coronary vein about the lesser curvature of the stomach. Blood from this region enters
the portal vein and the portal venous system where it must pass through the hepatic
circulation before returning via hepatic veins into the inferior vena cava.

In addition to the problems of hiatal hernia and reflux esophagitis, the lower end of
the esophagus is clinically important because of the venous varices that occur in portal
hypertension. The basis of this entity is related to the anastomoses between veins of the caval
and portal systems in the distal esophagus. Other such sites are the regions of the pelvirectal
and paraumbilical veins. Since there are no valves within these systems of veins, blood flow
is dependent on circulatory dynamics. In patients with hepatic cirrhosis, the resulting portal
hypertension produces a back flow through the portal vessels to the caval system in the
anastomotic region described above. In the case of the esophagus the increased flow produces
dilation of the submucosal veins to produce esophageal varices. However, blood flow does
not always need to be shunted from the portal system to the caval system. Any obstruction
in the abdomen that compromises blood flow in the inferior vena cava will create an
increased caval pressure in the pelvic veins and thus shunt blood from the rectal veins into
the inferior mesenteric vein, which is also a tributaty of the portal vein. This could be caused
by a tumor pressing on the vena cava, transient obstruction by a fetus when the mother is
recumbent, and obvious iatrogenic causes such as an inferior vena cava clamp in the treatment
of thrombophlebitis.

Innervation of esophagus

The esophagus receives parasympathetic innervation from the vagus nerve. The
majority of the upper portion of the esophagus receives nerve fibers derived from the recurrent
laryngeal nerve, whereas the middle to lower third receives direct branches from the vagal
plexus (Fig. 119-5). The vagal plexus is formed after the vagus nerves pass posterior to the
root of the lung and come into contact with the esophagus. The normal arrangement of the
vagi at this point is that the left vagal trunk descends on the anterior surface of the esophagus
and the right vagus descends on the posterior aspect of the esophagus. The nature of the
plexus may be so substantial as to obscure the original pattern of the vagal trunks. At the level
of the esophageal hiatus it is usually possible to identify the anterior and posterior vagal trunks
on the cardia as they course onto the lesser curvature of the stomach.
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Functional neural components of vagi

Because the esophagus is composed of both skeletal and smooth muscle, each muscle
type will receive fibers from a different motor nucleus located in the medulla of the brainstem.
Striated muscle fibers of the pharynx and upper esophagus are derived from branchial arch
musculature and receive special visceral efferent fibers from the nucleus ambiguus. In contrast,
smooth muscle fibers derived from the splanchnic mesoderm receive general visceral efferent
fibers of the parasympathetic nervous system. The origin of these fibers is from the dorsal
motor nucleus of the vagus nerve in the medulla. Both of these functional nerve components
are contained within the vagus nerve as it leaves the intracranial cavity and descends the neck
into the thorax. Lesions in the medullary portion of the brainstem could selectively affect the
motor function of the pharynx and upper esophageal sphincter if they involve only the nucleus
ambiguus (innervation of striated muscle). In contrast, a lesion involving the dorsal motor
nucleus of the vagus would affect the smooth muscle of the distal esophagus, the lower
esophageal sphincter, and other distal parts of the gastrointestinal tract.

In the neck the superior laryngeal nerve is given off and shortly thereafter branches
into the internal and external laryngeal nerves. The internal laryngeal nerve is only sensory
to the larynx and has no significant function in relation to the esophagus. The external
laryngeal nerve supplies the cricothyroid muscle of the larynx, but in addition it contributes
motor innervation to the inferior constrictor and particularly its cricopharyngeal fibers. Since
the external laryngeal nerve supplies only striated muscles, its motot fibers are derived from
the nucleus ambiguus.

The recurrent laryngeal nerves are given off from the vagus at different levels. On the
left side the laryngeal nerve arises at the level of the aortic arch recurring about the
ligamentum arteriosum and ascends the mediastinum in the tracheoesophageal groove on the
left side. The right laryngeal nerve loops around the subclavian artery and ascends in the right
tracheoesophageal groove to the level of the larynx. The course of the left recurrent laryngeal
nerve is of interest clinically for several reasons. One problem relates to the aortic arch per
se, since an aneurysm or other vascular pathologic condition may apply traction to the nerve,
resulting in recurrent laryngeal nerve palsy. Another mechanism of laryngeal nerve palsy is
related to severe coughing spasm, whereby the heart and great vessels create a traction on the
left recurrent laryngeal nerve sufficient to cause a neurapraxia.

Trachea

The trachea begins at the level of the cricoid cartilage and usually bifurcates into the
left and right mainstem bronchi at approximately the level of the sternal angle. The skeletal
structure of the trachea is composed of C-shaped hyaline cartilage masses commonly referred
to as the tracheal rings. The cartilage is, in fact, C shaped with the open part facing posteriorly
and filled with fibroareolar connective tissue and smooth muscle fibers oriented transversely.
Foreign bodies and tumors of the esophagus may manifest with airway symptoms as a result
of compression of the posterior membranous trachea. This is especially common in children.
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None of the tracheal “rings” form a complete ring about the trachea, and the only
complete cartilage ring of the airway is the cricoid cartilage. This may account for the
association between traumatic or prolonged endotracheal intubation and subglottic stenosis.
This is also the site of critical airway narrowing in laryngotracheobronchitis (croup).

The lumen of the trachea is lined by a mucosa consisting of a thin lamina propria and
a ciliated, pseudostratified columnar epithelium. Interspersed among the columnar cells of the
epithelium are goblet mucous cells and some small subepithelial glands that secrete onto the
luminal surface. Scattered lymphoid elements are also present within the lamina propria.

The bifurcation of the trachea usually occurs at the level of the sternal angle, forming
the two mainstem or primary bronchi. Division of the trachea is not symmetric so that the
right bronchus is usually wider and shorter than the left bronchus. The difference in length is
partially due to the fact that the trachea, just before its bifurcation, deviates to the right side
of the vertebral column. Thus, to cross to the opposite side, the left primary bronchus is
lengthened by approximately the width of the vertebral body. Another feature of the right
mainstem bronchus is that it tends to be more in line with the trachea, whereas the left
mainstem bronchus arises at a more oblique angle. This is usually cited as the reason that
foreign bodies are more commonly located in the right bronchial tree. However, in children
the left bronchus is less horizontal than in the adult, and the incidence of foreign bodies in the
two bronchi is approximately equal (Cohen et al, 1980; Rothmann and Boeckman, 1980).

When using a rigid bronchoscope in patients with a heavy neck or a full set of teeth,
one may examine both main bronchi most easily by passing the instrument through the right
side of the mouth, thus accommodating the more oblique axis of the left main bronchus while
retaining access to the less angulated right main bronchus.

Mediastinal relationships of tracheal bifurcation

A review of the anatomic details of the mediastinum may seem pedantic and laborious.
On the other hand, if these details are visualized in the context of a surgeon passing a rigid
mediastinoscope into the chest and closing the jaws of a biopsy forceps on carinal lymph
nodes, their significance seems more pertinent.

The sternal angle is a surface landmark indicating the approximate level of the
bifurcation of the trachea as noted earlier in the chapter. Similarly, if a horizontal plane is
projected posteriorly from the sternal angle to the fifth thoracic vertebra, it will pass through
the carina, dividing the mediastinal space into a superior and an inferior mediastinum. It is
these relationships that are germane to mediastinoscopy, tracheostomy, and so forth (Fig. 119-
6).

Superior mediastinum

Superior to the carina, the most important anterior relations of the trachea are the great
vessels (that is, the aortic arch branches and the brachiocephalic veins). After the
brachiocephalic artery arises from the aortic arch, it ascends the anterior aspect of the trachea
and divides into the common carotid and right subclavian arteries. Slightly inferior to the
brachiocephalic artery, the left brachiocephalic vein crosses from the left side, joins with the
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right brachiocephalic vein, and forms the superior vena cava. Both the brachiocephalic artery
and the left brachiocephalic vein are in direct contact with the anterior wall of the trachea and
are at risk when the anterior wall of the trachea is perforated.

Varying degrees of anterior tracheal compression by the brachiocephalic artery may
be observed especially in children. The diagnosis can be confirmed by compressing the vessel
with a rigid bronchoscope while having an assistant observe that the right radial pulse
diminishes or is obliterated. Before the development of soft tracheostomy tubes, rigid metal
tubes, particularly when placed low in the trachea, occasionally eroded the anterior wall
because of cardiorespiratory motion. This often resulted in perforation of one of the great
vessels and catastrophic hemorrhage.

Other structures in the superior mediastinum are the left and right vagus nerves, which
lie in the respective tracheoesophageal grooves. On the right side, superior to the right
mainstem bronchus, the arch of the azygous vein ascends from the posterior mediastinum and
enters the posterior wall of the superior vena cava. This structure is in jeopardy during
mediastinoscopy, either from direct trauma by the mediastinoscope or by the biopsy forceps.
On the left side the arch of the aorta lies in the angle made by the left mainstem bronchus as
it crosses the midline.

The left lateral trachea wall, just above the bifurcation, is frequently compressed by
the aortic arch, resulting in vigorous pulsation. An aneurysm may cause marked compression
of both the lower trachea and the left main bronchus. Bleeding in this area should be
approached with caution and biopsy specimens obtained with great care.

A final relationship of the bifurcation concerns the course of the thoracic duct. In the
inferior mediastinum the thoracic plane between the esophagus and the vertebral column. At
the bifurcation of the trachea the duct crosses the vertebral body to the left side and ascends
along the left margin of the esophagus until it enters the venous system at the left
jugulosubclavian angle.

Inferior mediastinum

Surrounding the mainstem bronchi and filling the wedge-shaped space between them
is a complex of carinal lymph nodes and lymphatic vessels representing primarily the
lymphatic drainage of the lungs. These nodes are the target of the biopsy procedures during
mediastinoscopy and trans-bronchoscopic needle aspiration biopsy. A plexus of autonomic
nerve fibers composed of postganglionic sympathetic preganglionic parasympathetic fibers
forms the anterior and posterior pulmonary plexuses, which lie in respective relation to the
primary bronchi. The bronchial arteries also lie in contact with the proximal part of the
primary bronchi. These arteries arise as either direct branches from the descending aorta or
branches from the esophageal artery. Of necessity, the right bronchial artery must cross both
left and right mainstem bronchi before descending the right bronchial tree. This artery lies in
close contact to the bronchus and can be injured with the tip of the mediastinoscope. The
largest structures crossing the anterior aspect of the mainstem bronchi are the pulmonary
arteries. The pulmonary trunk terminates near the left mainstem bronchus by dividing into its
left and right pulmonary arteries. The right pulmonary artery is somewhat longer than the left
artery, since it must cross the midline. The transverse plane formed by the pulmonary arteries
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is usually the most inferior point of mediastinoscopy, and thus the vessels are placed in
jeopardy by this procedure.

Bronchopulmonary Segments

The principal bronchi each form lobar bronchi or secondary bronchi. On the right side
these consist of the upper, middle, and lower lobe bronchi, and on the left side, they consist
of the upper and lower lobe bronchi. Endoscopists refer to the keel formed by the division of
two bronchi as a “spur”. The right upper lobe spur is usually seen about 2.5 cm from the
carina, and the left upper lobe spur is approximately 5 cm from the carina. These spurs often
reflect tumor involvement by thickening caused either by surface involvement or underlying
tumor extension. There is a tertiary bronchial pattern that is reasonably consistent from
individual to individual, and the units formed by this pattern of branching are termed the
bronchopulmonary segments.Each segment represents a terminal bronchial unit supplying an
independent area of pulmonary tissue and receiving an independent blood supply from a
pulmonary artery. However, the pulmonary veins do not follow the bronchial pattern or the
pulmonary artery but return via an intersegmental plane between bronchopulmonary segments.
A bronchopulmonary segment therefore represents the basic functional unit of the lung. The
most comprehensive study and review of the subject are in the publication by Boyden (1955).

On the right side there are usually 10 bronchopulmonary segments: three in the upper
lobe, two in the middle lobe, and five in the lower lobe (Fig. 119-7). On the left side there
are eight: four in the upper lobe and four in the lower lobe. The reduced number of segments
on the left side is usually explained by the fusion of adjacent segments. On occasion, these
segments may not fuse and it is possible for the left side to have 10 segments. Similarly, it
is possible for segments to fuse on the right side reducing the number of segments. An
international numbering system is used as a shorthand notation in the research literature (Fig.
119-7), but for the purposes of this discussion the descriptive names will be used.

The segments in the right upper lobe are termed theapical, posterior,and anterior
segments.These are derived from the upper lobe bronchus, a secondary bronchus of the right
primary bronchus. The endoscopist typically finds a “trifurcation” where these three segments
arise from the upper lobe bronchus. Variations are common, however, with the most frequent
variation described as a “double bifurcation” where two of the three segments arise from a
short common trunk.

The other bronchus that is formed by the division of the primary bronchus is not called
a secondary bronchus but is the intermediate bronchus. It, in turn, gives off two secondary or
lobar bronchi for the middle and lower lobes. The intermediate bronchus is important as a
potential site for resecting a right upper lobe carcinmoa located too close to the main bronchus
to permit lobectomy. In this case, the intermediate bronchus is anastomosed to the right main
bronchus, a procedure known as a “sleeve resection”.

In the middle lobe, tertiary branching forms bronchi for the lateral and medial
segments. The middle lobe bronchus is the longest bronchus of its caliber in the lung, making
it a favorite for use in bronchoalveolar lavage. Less spillage occurs because of a better seal
about the fiberoptic bronchoscope. Its length and small size coupled with underlying lymph
nodes make it susceptible to obstruction by adenopathy.
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The arrangement of the lower lobe is susch that one segment, the superior, arises
higher on the lower lobe bronchus, before the lower lobe bronchus forms four basal segments:
the medial, anterior, lateral, and posterior. The superior segment usually arises directly
posterior and only slightly distal to the middle lobe bronchus. Not infrequently, an accessory
bronchus occurs posteriorly just distal to the superior segment or within the proximal common
trunk to the lateral and posterior segments. Each of the right lower lobe basilar segments
arises somewhat caudal to its numbered predecessor.

On the left side (Fig. 119-7), the primary bronchus divides into two secondary bronchi,
the upper and lower lobar bronchi. In the upper lobe there is the fused apical and posterior
segment (apicoposterior) and an anterior segment, paralleling the pattern ni the right upper
lobe. The apical and posterior segmental orifices are usually separately identifiable and with
the anterior segment make up the “upper division” of the left upper lobe. In the remaining
lingular portion of the upper lobe there are the superior and inferior lingular segments. The
latter usually arise from a common lingular bronchus that is given off from the upper lobe
bronchus. This division is of surgical significance. The endoscopist may assist in determining
whether a tumor of the left upper lobe involves only the upper division bronchus and might
be resected by removing only that portion.

In the left lower lobe the segmental pattern is essentiall a mirror image of the right,
except for the fusion of the medial and anterior segments into an anteromedial segment.

Surface projection of the bronchopulmonary segments in relationship to the chest wall
is interesting clinically for the purposes of auscultation or percussion. If the segments are
drawn on the skin of the anterior chest wall, it is clear that the only segments in contact with
the anterior chest wall and thus able to be auscultated are the apical and anterior segments of
the upper lobe and the medial and lateral segments of the middle lobe. The lower lobe cannot
be auscultated or percussed on the anterior wall. The segments in contact with the posterior
wall are the apical and posterior segments of the superior lobe and the superior segment and
three basal segments of the lower lobe: the posterior, lateral, and anterior. The medial basal
segment of the inferior lobe lies in contact with the mediastinum and thus cannot be percussed
or auscultated.

On the left side the upper lobe segments in contact with the anterior wall are the
anterior segment of the upper lobe and the two lingular segments. Neither the left nor right
lower lobes can be percussed anteriorly on the chest wall. On the posterior chest wall the
projection pattern is essentially identical to that on the right side. In the upper lobe the
apicoposterior lobe lies in contact with the chest wall, and in the lower lobe it is the superior
posterior and lateral basal segments.

Pulmonary Veins

This and the following sections will provide a brief description of the pulmonary veins
and arteries. The last section will discuss the surgical relationships of these vessels at the
pulmonary hilum.



11

Each lung is drained by two pulmonary veins, the superior and inferior pulmonary
veins (Fig. 119-8). These veins drain an equal number of segments on each side, so that the
right superior pulmonary vein drains a total of five segments, three segments of the upper lobe
and two segments of the middle lobe. The inferior pulmonary vein drains all of the five
segments in the lower lobe. The left superior pulmonary vein drains four segments in the
upper lobe and four segments in the lower lobe. The superior pulmonary vein lies anterior to
the intermediate bronchus on the right side and is also anterior to the primary bronchus on the
left as it divides into its upper and lower lobar bronchi. However, both inferior pulmonary
veins lies posterior to their respective lower lobe bronchi.

Pulmonary Arteries

In contrast to the venous pattern, each lung is supplied by a single pulmonary artery.
Because the division of the pulmonary trunk is anterior to the left primary bronchus, the right
pulmonary artery is slightly longer than the left. After the right pulmonary artery gives off its
three segmental arteries to the upper lobe, the continuation of the vessel is called the anterior
trunk. It courses posterior to the origin of the middle lobe bronchus and provides segmental
arteries for the middle and lower lobes (Fig. 119-9). All of the segmental arteries parallel the
course of the segmental bronchi within the interstitial space of the bronchopulmonary segment
and are thus intrasegmental arteries. The segmental arteries are superimposed on the lower
lobe segments and parallel the course of the segmental bronchi, branching with them and
diminishing in diameter as they extend toward the periphery (Fig. 119-9). This detail should
be kept in mind when performing transbronchial lung biopsy. The risk of major hemorrhage
is reduced by avoiding proximal lung biopsies whenever possible. These vascular relationships
must also be clearly understood to reduce the threat of serious hemorrhage when attempting
endoscopic laser treatment of bronchial malignancies. In contrast, the returning veins lie in the
intersegmental plane and are thus used as a dissection guide and defining a segment during
segmentectomy.

The left pulmonary artery courses posterior to the upper lobe bronchus and thus lies
in the plane of the oblique fissure, between the upper and lower lobes (Fig. 119-9). Segmental
arteries are provided in sequence for the individual lobar segments.

Surgical Relationships at Pulmonary Hilum

The relationships of the veins and arteries to the bronchi at the hilum of the lung are
important in lobectomy or segmentectomy procedures. Because some structures lie anteriorly,
they are accessible for ligation on the mediastinal surface of the lung. On the other hand, other
structures must be reached by dissecting in one of the fissural planes or by lifting the entire
lung medially and accessing these structures posteriorly at the root of the lung. Thus there are
three approaches, which could be defined as anterior, fissural, and posterior. For instance, in
upper lobe lobectomy access to upper lobe segmental veins is anterior to the pulmonary hilum,
whereas the segmental arteries and bronchi must be identified in the superior part of the
oblique fissure between the upper and middle lobes (Figs. 119-8 and 119-9). Further, in the
fissural plane the arteries will lie anterior to the bronchi. In essence, the surgeon must alternate
back and forth between the two planes before the lobe can be mobilized and removed.
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In removal of the lower lobe, the lobar artery is identified in the fissural plane, but the
inferior pulmonary vein lies posterior to the bronchus. To access the vein, the entire lower
lobe must be rotated against the mediastinum before the vein can be identified at the posterior
part of the hilum.

On the left side the pattern is much the same. For the upper lobe, the vein is identified
and ligated anteriorly, whereas the arteries lie in the fissural plane. Similarly, in resections of
the lower lobe the arteries are located in the fissural plane, but the lower lobe must be
elevated to reach the veins that lie posteriorly.


