


Bronchial Tree - Introduction

The trachea, bronchi and bronchiolésrm the
tracheobronchial tree a system of airways that allow
passage of air into the lungs, where gas exchange occurs.
These airways are located ithe neck and thorax

The tracheobronchial tree the branching tree of airways
beginning at thdarynxas the tracheaand extending
inferiorly and peripherally into the lungstaso main bronchi
and thenbronchioles

The luminal diameter decreases as the branching increases
more peripherally into the lungs.
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Trachea

It 1s a mobilecartilaginous and membranousbe .

It begins in the neck as a continuation of the larynx

ne lower

border of the cricoid cartilagd the level ofhe 6th cervical vertebra

(C6).
It descends in the midline of the neck.

In the thorax, the trachea ends below at tharinaby dividing into
right and left principal (main) bronzhihe level of the sternal

angle.

(opposite to the disc between the 4th and 5th thoracic
T5).
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Trachea

The trachea marks the beginning of the tracheobronchial tree.

It arises at the lower border oficoid cartilagein the neck, asa
continuation of the larynx

[t travels inferiorly into t$uperior mediastinunbifurcating at

the level of the sternal angldorming the right and left main
bronchi).

As it descends, the trachea 1$ocated anteriorly to the
oesophagus, and inclines slightly to theght

In adults the trachea is about2 cm long and 2.5 cm in
diameter
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Trachea

The fibroelastic tube is kept patent by
the presence of U-shaped bars (1ings)
of hyaline cartilagembedded in its wall
“16 to 20 ring -~

The postenior free ends of the cartilage
are connected by smooth muscle, called
the trachealis muscle
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- The trachea (windpipe)
At the tracheal
bifurcation, the trachea
splits into the right and
left main bronchus, with
the latter following a
more horizontal.

- Note that the left lung
main bronchus splits into
two lobar bronchi and
that the number and
position of
bronchopulmonary
segments varies between
the two lungs.



Trachea — Anatomical Relations

The relations of the trachea in tls@perior mediastinuraf the thorax are as
follows:

AnteriorlyThe manubrium , the thymus, the left brachiocephalic vein, the origin
of the brachiocephalic artery.

Posteriorly:The esophagus and the left recurrent laryngeal nerve.
Right side: The azygos vein (inf. ), the right vagus nerve.

Left side: The arch of the aorta, the left common carotid and left subclavian
arteries, the left vagus and left phrenic nerves .



Trachea — Anatomical Relations
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Blood Supply of the Trachea

Theupper two thirdef the trachea: are supplied by:

The inferior thyroid arteries (Main blood supply of the trachea)
(Inferior Thyroid Artery arises froffinyrocervical Trurskwhich
arises from1” Part of Subclavian Arteyy

The lower one third is supplied ye bronchial arteries.
(The bronchial arteries originate from the descendingracic
aorta)
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Stage Il Papillary and Follicular Thyrold Cancer (3)
(55 years and older)

Lymph Drainage of the Trachea:

The pretracheal and paratracheal
lymph nodes.
The deep cervical nodes.



Nerve Supply of the Trachea

The trachea receives sensory and motor innervation from the
recurrent laryngeal nerves.

The two nerves that are branches dgiie vagus nerves.

(Theleft recurrent laryngeal nerve hooks unter arch of aorta,
and therightrecurrent laryngeal nerve hooks underttheright
subclavian artery)






Clinical
Point

Why thyroid gland (mass) moves with deglutition
(swallowing) during clinical examination of thyroid gland?

“While examining the thyroid gland, you ask the patieswadlow (drink
) amount of watern a cup, duringnspection and palpatioof thyroid gla
nd, in order to know if the neck mass is from thyroid gland or not”.



Hyoid bone

Recurrent Laryngeal
Nerve

Thyroid cartilage Pre-tracheal fascia

Berry's Ligament

Cricoid carulage

Capsule (false)

Ligament of Berry of thyroid gland

Tracheal rings Thyrowd gland

Fibrous pericardium

Thyroid gland moves up and down during deglutition

The pretracheal fascia which forms the false capsule of thyroid gland Is thickened posteriorly to form the suspensory ligament of Berry.

The ligament connects the medial surface of lateral lobes of thyroid gland to cricoid cartilage. Therefore, the gland moves up and down

with larynx during deglutition.
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The Bronchi

At the level of the sternal

angle, the trachea

bifurcates into the right

and left main

bronchitracheal carina

Each main bronchus
undergo further branching
to produce thesecondary
bronchiEach secondary
bronchus supplies a lobe
of the Iung.




The Bronchi

The rightmain (primary) bronchus divides into:
3 lobar bronchi (secondary bronchi).

The left main (primary) bronchus divides into:
2 lobar bronchi (secondary bronchi).

The lobar bronchi divide further into segmental bronchi
(tertiary bronchi)



.........

upper lobe of left lung

upper lobe of right lung  trachea

left principal
bronchus

right principal
bronchus

of left lung

lower lobe of right lung

bronchi in middie lobe of right lung
(dissected)

FIGURE 3.19 A plastinized specimen of an adult trachea,
principal bronchi, and lung; some of the lung tissue has
been dissected to reveal the larger bronchi. Note that the
right main bronchus is wider and a more direct continuation
of the trachea than the left main bronchus.
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Sections of the bronchial tree
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Principal Bronchi — The right bronchus

The right principal (main) bronchusiasler, shorter, and
more vertical than the left

The night principal bronchus is about 1 inch long.

Before entering the hilumf the right lung, the principal
bronchus gives of theuperior lobar bronchus

On entering the hilum, it divides intmiddleand an
inferior lobar bronchus
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Principal Bronchi— The Left Bronchus

The left principal (main) bronchusnsrrower, longer,
and more horizontdhan the right and is about 2 in. (5

cm) long.
[t passes to the left below the arch of the aorta aiml
front of the esophagus.

On entering the hilum of the left lung, the principal
bronchus divides inta superiorand aninferior lobar

bronchus
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Clinical Relevance - Inhaled Foreign Bodies

Inhalation of foreign bodies into the lower respiratory tract is
common, especially in children.

Because the right bronchus is the wider and more direct
continuation of the trachefgreign bodies tend to enter the right
instead of the left bronchus.

From there, they usually pass into the middle or lower lobe bronchi.
This may cause recurrent chest infections.

Foreign body aspiration can be treated through foreign body
extractionby rigid bronchoscopy.



FIGURES 1A and 1B Chest Imaging, Posteroanterior and Lateral Views

Hyperinflation of

the right |-“"i;"-

(A) Rounded coinlike metallic density at proximal right main stem bronchus; (B) 2 additional
metallic objects distally at the right main stem bronchus.

Unilateral hyperinflation (more dark area indicates more air trapping due to inhaled foreign body in the right
side) is characteristic of foreign body aspiration that leads to recurrent chest infection in pediatric age from 6
months- 3 years of age.



Clinical Relevance - Bronchoscopy

Bronchoscopy enables a physician to examine the interior
of the trachea; its bifurcation, called tbarina.

With experience, it is possible to examine the interior of th
lobar bronchi and the beginning of the first segmental
bronchi.

By means of this procedure, it is also possible dédtain
biopsyspecimens of mucous membrane and teemove
inhaled foreign bodies.



A bronchoscope is used
to view the airways and
check for any abnormalities

Bronchoscope




Clinical Relevance -

HGURE 3.13 The interior of the keft main bronchus as seen
through an operating bronchoscope. The openings into the
left upper lobe bronchus and its division and the left lower
lobe bronchus are indicated. (Courtesy of E.D. Andarsan]

Bronchoscopy

o=

HGURE 312 The bifurcation of the trachea as sean through
an operating bronchoscope. Note the nidge of the carina in
tha centar and the opening into the nght main bronchus on
tha right, which is a more direct continuation of the trachea.
{Courtesy of E.D. Andorsen.)



Pleura

Fluid filled sac that surrounds the lung
Function: Layers of Pleura

¥ Friction between Pleural

cavity

Panetal and visceral layers

Lungs

Diaphragm



Pleural recess

The lungs do not completely fill
the anterior or posterior inferior
regions of the pleural cavities

This results in recesses in which
two layers of parietal pleura
become opposed.

Expansion of the lungs into these
spaces usually occurs only during

forced inspiration

The recesses also provide
botential spaces in which
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Lungs

The lungs are situated so i G
that one lieson each side of wancnaconaicien IR
the mediastinum

They are therefore separate

from each otheiy the heart
and great vesselsand other . ... @&
structures in the WO
medias tinum.

Each lung isconical coverec

withvisceral pleurgand
suspended free in its own
pleural cavity, being attached
to the mediastinum onlv bv
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Lungs

Each lung has a blundpex, which projects upward into
the neck for about 1 inch (2.5 cngbove the clavicle

- A concavebase that sits on the diaphragm;

-A convexcostal surface, which corresponds to the
concave chest wall.

- A concavemediastinal surface(which contains thilunj
1S molded to thepericardiunand other mediastinal

structures.



Costal surfaces of lungs

Costal groove

Costal surface

Inferior bordar

@@ Anatormy.opp Anterior view




Rigft iung Left ing

Madiastinal
surface

Inferior border
Base (diaphragmatic surface)




Thvyroid carifage Cricoid carilage

Ty roid gland Trachea
Cervical (cupulz, or dome, of) Jugular [sugrastemal) norch
parieral plewra
P s Apex of lung
Stemoclavicular joim
Clavicle Arch of aona
1t rib and cosial canilage Cardiac nowch of left ung

Kight border of haan Laft border of hearn

Haorizomal

Coswomediasinal

Obdique fissure
of lefi lung

CAVITY, ] |- x Cossndisphragmaric
got g / ) recess of pleural
caviny

Inferior border of righr lung Inferior border of left lung
Ploural reflacaion Lt dome of diaphragm
Fleural reflaction
Gallbladider L
Swmach
Right dome of diaph E—
ight e Of digghragm Bare area of pericardium 412 H;?;g-
Livar Kiphoid process i

Crblique fissure of left ung

Spine of scapula

Left border of costal
parierz] pleura

Pleural reflecion

Inferior border of left lung

4

Spimous process of T1 verebra

Apex of left lung

1strib

Leit kidmey

Left dome of diaphragm

Left suprasenal gland

Cervical (cupula, or dome, of) parieal pleura
Ciblique fissure of right lung

Clavicle
Horz omal fissure
of right lung {ofien
incomiplers)

Right border
of costal
parieal plewra

Costodiaphragmaric
recess of plewrnal
cavity

Liver
" Plensral reflaction

Inferior border of righelung

Righa kidney

Right dome of diaphragm

Riphe suprarenal gland



Lungs

At the medial surface there is thellum a depression in
which theéronchi, vessels, and nervdhat form tharoot
enter and leave the lung.

The anterior bordeis thin and overaps the heart; it is
here on the left lung that tleardiac notchis found.
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Right Tung:
The right lung is slightly larger than the left and is divideddy
oblique and horizontal fissurasto three lobes:

- The upper, middleand lower lobes.

- The oblique fissureruns fromthe inferior bordds" cc) upward and
backward across the costal surface until it cuts the posterior border
about 2.5 in. (6.25 cm) below the apex.

The horizontal fissureruns horizontally across the costal surface at
the level of thelth costal cartilageto meet the oblique fissure in the
midaxillary line.

The middle lobe is thus a small triangular lobe bounded by the
horizontal and oblique fissures.
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Left Lung:

The left lung is divided by a similar oblique fissure into two lobes:
theupperandlower lobes

There isno horizontal fissure in the left lung.

Lingulais a tongue-shaped projectiohomologous to the middle
lobe of the right lun@he rest of the space occupied by the
middle lobe in the right lung is occupied by the heart in the left

lung).
Thelingulais visible at the inferior aspect of the upper lobe of the
left lung.

The lingula is only present in the left lung (themeadingula in
the right lung
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Right Lung Vs Left Iung

Left LungNotches:

- Cardiac notch of left lung: impression on the anterior border of the
left lung from 4to 6" costal cartilage.

Indentations for ascending and descending aorta and left
subclavian artery.

Right LungNotches:
Contains several notches for superior and inferior vena cava,
oesophagus,trachea, and arch of the azygos vein.
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Hilum of Lung
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Pulmonary ligament

Rigt lung Left duny

Two-layered fold of
mediastinal pleura.

Surrounds lung hilum.

Extend downward and
ends at the Iung base.

Helps supporting the
lungs and it’s hilar
structure.
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Hilum

Hilum of the lungOpposite to T5-T7
serve as the entry and exit site for:
the primary bronchi Lt
pulmonary arteries and veins .
bronchial arteries 2 Lt, 1Rt
pulmonary nervous plexus,
and lymphatics of each lung.

Left bronch
PA,

—~ Superior PV
Y Inferior PV

Inferior pulmonary
ligament



The superior pulmonary vein 1s the mdstierior structure.
The main bronchus is the modtosteror structure.

The inferior pulmonary vein is the mipderior structure.
Root of Lt lungcontainOne Bronchus only.

OnRt side there is a smaller bronchus call@&parterial bronchus
above main bronchusHyparterial broncu}

Inthe Rt lungpulmonary arteryes betweenprinciple
bronchus,andSPV

Inthe Lt lungpulmonary arteryes above and infront of main
bronchus.
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Right Iung Vs Left Lung

Right Lung

Left Lung

Heavier (625 gram)

Lighter 565 (gram)

Shorter & wider due to upward
compression by liver

Longer & narrower due to side
compression by heart

Has oblique & horizontal fissure

Has only horizontal fissure

Consists of 3 lobes: Upper,
middle & lower

Consists of 2 lobes: upper &
lower

Base more concave by liver
compression

Base less concave

Anterior border is complete

Hilum contains two bronchi:
e Eparterial
® Hyparterial

Anterior border shows
¢ Cardiac notch
e Lingual (at 6" costal cartilage) |

Hilum contains one bronchus
only

Hilum contains one bronchial
artery only

Hilum contains two bronchial
arteries




Bronchopulmonary segments

Segments of lung tissue that are supplied by 5
Segmental ( tertiary ) bronchus LAY [ —
segmental branch of the pulmonary artery "™ 2\ 5

Tertiary or
%.  segmental

They are surrounded by a connective tiSSuc ocpruan
(intersegmental septum), which encloses a branch of the
pulmonary vein.

There arel0 bronchopulmonary segmentn each Iung.

segmental branch of the bronchial artery s —



Bronchial artery (segmental branch)

Brochopulmonary segments



The bronchopulmonary segmenare the anatomic, functional, and
surgicalunits of the lungs.



The bronchopulmonary segments:

The main bronchopulmonary segments are as follows:

Right lung:
- Superior lobe (3):Apical, posterior, anterior
- Middle lobe (2) :Lateral, medial
- Inferior lobe (5)Superior (apical), medial basal, anterior
basal, lateral basal, posterior basal.

Left lung:
- Superior lobe (5):Apical, posterior; anterior; superior lingular,
inferior lingular.
- Inferior lobe (5)Superior (apical), medial basal, anterior
basal, lateral basal, posterior basal.

Although the general
arrangement of the
bronchopulmonary
segments is of clinical
importance, it is
unnecessary

to memorizethe details
unless one intends to
specialize in
pulmonary medicine or
surgery.



Bronchopulmonary Segments

The smallest bronchi divide and give risebronchioles,
whichare <1 mmin diameter.

Bronchiolespossess no cartilagein their wall.

The bronchioles then divide and give riseépminal
bronchiole

Gaseous exchange between blood and air takes place in
the walls of these outpouchings, which explains the name
respiratory bronchiole



Sections of the bronchial tree

Respiratory branchiole —
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Bronchopulmonary Segments

The respiratory bronchiolesnd by branching intlveolar ducts
which lead into tubular passages with numerous thin-walled
outpouchings calleclveolar sacs

The alveolar sacs consist okeveral alveolopening into a single
chamber.

Each alveolus is surrounded byrach network of blood capillaries

Gaseous exchangetakes placebetweenthe air in the alveolar
lumenthrough the alveolar wall irttee blood within the
surrounding capillaries
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The main characteristics of a
bronchopulmonary
segment may be summarized as follows:

[t ispyramid shapedwith its apex toward the lung root.
It is surrounded by connective tissue septum .

It has a segmental bronchus, a segmental artery, lymph vessels, and
autonomic nerves.

The segmental veinlies in the connective tissue septum between
adjacent bronchopulmonary segments.

Because it is a structural unit, a diseased segment can be removed
surgically.
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HGURE 3.28 Lungs viewed from the right. A. Lobes.
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Blood Supply of the Lungs

The lung receiveDUALDblood supply “ pulmonary and
bronchial”

The bronchjthelung and thepleurareceive their blood
supply fronthe bronchial arterigswvhich are branches of
the descending aorta

The bronchial veindrain intdhe azygos and hemiazygos
velins



Blood Supply of the Lungs

The alveolireceivedeoxygenated bloodrom the terminal
branches ofthe pulmonary arteries

The oxygenated bloodeaving the alveolar capillaries drains
into the tributaries of theulmonary veigswhich follow the
Intersegmental connective tissue septa to the lung root.

Twopulmonary veins leave each lung root, to empty intdelte
atrium of the heart.
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Overview of pulmonary circulation
Vessels Anatomy Characteristics

= Originates in the right ventricle of the heart
o Carries deoxygenated blood from the right
Pulmonary trunk o [Divides into the left and right pulmaonary arteries — lobar,
) ventricle ta the lungs for axygenation
segmental, and subsegmental arteries

* Superior to the left main bronchus.

Left pulmonary s Carries deoxygenated blood from the pulmonary
put = Coannects to the arch of the aorta by the ligamentum
artery |.2) , trunk to the left lung for gas exchange
arteriosum
Right pulmanary s Posterior to the sorta and the superior vena cava * Carries deoxygenated blood from the pulmonary
artery (.2 s Antericr to the right main bronchus trunk to the right lung for gas exchange

* Drain oxygenated blood from alveoli to the left

¢ Driginate in the alveoli from venules — form 2 pulmonary veins atrium
Pulmonary veins : _ ] _
in each lung — 4 pulmonary veins merge into the left atrium ¢ Drain deoxygenated blood from the visceral

pleura and respiratory zones to the lelt atrium



. _t.?fﬁ."ﬂla“_? 2 arteries that arise from the mutanmm
» Right: usually 1 artery that arises from one of the following e N S
o Right i » Supply oxygenated blood to the lung parenchyma,
| s .,
o Thoracic aorta . )
o Left superior bronchial artery

» Originate near the bronchi

. —— . - » Drain deoxygenated blood from hilar structures
« Empty into the azygos vein (right) and into the accessory T ' S
) o o . and conducting zone structures
hemiazygos vein or the superior intercostal vein (left)
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Nerve Supply of the Lungs

At the root of each lung is pulmonary plexus .
The plexus is formed from branches tfe sympathetic trunéand
receivesparasympathetic fibers from tlvagus nerve

The sympatheticfibers producéronchodilatatioand
vasoconstriction.

The parasympathetidibers producéronchoconstriction
vasodilatation, and increased glandular secretion.
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