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The immune system:

Natural immune system
Acquired immune system

Cells:

Phagocyte
Lymphocyte
Antigen presenting cells

In order to immune system perfectly do these functions:

The Lymphoid tissue + Lymphoid organs = Lymphatic system:
Lymph

Lymphatic capillary & vessels

The Lymphoid tissue:

nodules / diffuse (peyer’s patch)

Lymphoid organs:

Thymus / lymph nodes / spleen / tonsils




INTRODUCTION

The lymphatic system is intimately associated with the

blood and the cardiovascular system. Both systems
transport vital fluids throughout the body and both
have a system of vessels that transport these fluids.

a fluid called lymph

The lymphatic system transpo

blood from where it originated. In addition to fluid

control, our lymphatic system is essential to helping us
control and destroy a large number of microorganisms

that can invade our bodies and cause disease and







Lymph

The primary function of this system is to drain from
tissue spaces, protein-containing fhuid that escapes
from the blood capillaries. Other functions are to
transport fats from the digestive tract to the blood. to
produce lymphocytes, and to develop immunities.
In our bodies where blood capillaries are close to
the cells of tissues, the blood pressure in the cardio-
vascular system forces some of the plasma of blood
through the single-celled capillary walls. When this
plasma moves out of the capillaries and into the
spaces between tissue cells it gets another name and
is called interstitial (in-ter-STISH-al) fluid. Most,
but not all, of this fluid gets reabsorbed into the cap-
illary by differences in osmotic pressure. However,
some does not, and this interstitial fluid must be
drained from the tissue spaces to prevent swelling or
edema (eh-DEE-mah) from occurring. It is the role
of the lymphatic capillaries to drain this fluid. Once
the interstitial fluid enters a lymphatic capillary, it
gets a third name and is now called lvimph (LIMF).
In the villi of the small intestine, there are special
lymphatic vessels called lacteals (LACK-teelz)
whose role is to absorb fats and transport them
from the digestive tract to the blood. Fats from the

delivers them to the blood, when the lymph rejoins
the blood at the right and left subclavian veins.
Lymph in the lacteals looks milky because of the fat
content and is called chyvle (KYLE).
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Lymphatic Vessels singly or in extensive plexuses and are called
Lymphatic vessels originate as blind-end tbes that  lymph capillaries (Figures 15-2 and 15-3). These
begin in spaces between cells in most parts of the vessels are not found in the central nervous system,
body. The tubes, which are closed at one end, occur  red bone marrow, vascular tissue, and portions of

the spleen. Lymph capillaries are much larger and
more permeable than blood capillaries. Lymph cap-
illaries will eventually unite to form larger and larger
lymph wvessels called Iymphatics (LIM-fat-iks).
Lymphatics resemble veins in structure but have
thinner walls and more valves. The large number of
valves helps to ensure that the lymph will not back-
flow but go in one direction only. Along lymphatics
there are lymph nodes found at various intervals.

Lymphatics of the skin travel in loose subcuta-
neous connective tissue and generally follow the
routes of veins. Lymphatics of the viscera generally
follow the routes of arteries and form plexuses
around the arteries. Eventually, all the lymphatics of
the body converge into one of two main channels:
either the thoracic duct (the main collecting chan-
nel) or the right lyvmphatic duct.
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Tissue calls 2 - . ped
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22.7: Scheme to show the main lymphatic ducts




The thoracic duct :

|
|
|
:
E In the lower thoracic cavity in
' the midline with:
:
|
|
|
|
|

 the thoracic aorta on the left
- the azygos vein on the right

i_- the esophagus anteriorly

jugular vein
;i Subclavian

Oesophagus —-— i

22.5: Course and relations of the thoracic duct as
seen from the front
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Whole of
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22.6: Scheme to show the area of the body
draining through the thoracic duct
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The thoracic duct terminates in the junction betiveen
the left internal jugular and the left subclavian veins

Near its junction with the venous system it is joined by:

« the left jugular trunk:
The left side of the head and neck

« the left subclavian trunk:
the left upper limb

e the left bronchomediastinal trunk:
left half of the thoracic structures

Right internal jugular vein

Jugular trunk

Subclavian trunk

Right lymphatic duct
Right brachiccephalic vein

Bronchomediastinal trunk

Superior vena cava

Phrenic nerve

Internal jugular vein

Brachial plexus

Bubclavian vein
Thoracic duct

Fig. 8.91 Thorade duct in the oot of the neck.

Left internal jugular vein

Jugular trunk

Subeclavian trunk
Left subclavian vein

Bronchomediastinal trunk

Left brachioccephalic wvein

_ Thoracic duct I




lymphatic trunks on the right side of the body terminates in the junction
between the right internal jugular and right subclavian veins

Near its junction with the venous system it is joined by:

e the right jugular trunk:
the head and neck

e the right subclavian trunk:
the right upperLimb

e the right bronchomediastinal trunk:
the structures in the right half of

the thoracic cavity and the right upper intercostal spaces

Right internal jugular vein Left internal jugular vain

Jugular trunk
Jugular trunk

Subclavian trunk
Subclavian trunk

Left subclavian vein

Right lymphatic duct
Right brachiocephalic vein

Bronchomediastinal trunk

Bronchomediastinal trunk Left brachiocephalic vein

Superior vena cava -
_ i Theoracic duct I




Head and neck

Area drained
by the right
Right jugular ymphatic duct
trunk
Area draimed by
Right intermal the: thiracic duct
Jugrular wein
Right lymphatic
duct
Right subsclandan
trumk

C Lymphatic drainage by
quadrants

Lymphatic draimage follows the
“guadrant principle,” with three
Bronchon quadrants draining into the tho-
mediastinal racic duct and one guadrant drain-
img inta the right lymphatic duct
[see B for details).

Anterior chest wall

Posterior chest wall

Pesterior intercostal spaces

Abdomen, pelvis, kower limb




Lymphatic drainage of the scalp

The lymphatics in the occipital= drain to occipital nodes

Mastoid nodes
C}cclpital nodes

Lymphatics from the upper part of the scalp drain in two
directions:

« Posterior to the vertex :
Mastoid nodes (retro-auricular/posterior auricular nodes)
upper deep cervical nodes.

« Anterior to the vertex :
preauricular
parotid nodes

Submental nodes

To upper deep cervical nodes

Submandibular nodes
Pre-auricular and parotid nodes




Lymphatic Drainage Of The Face

> submental nodes:
inferior and posterior t o the chin,

drain lymphatics from
medial part of the lower lip
chin

» submandibular nodes :
superficial to the submandibular gland & inferior
to the body of the mandible

drain the lymphatics from
medial corner of the Orbit
most of the external nose
medial part of the cheek,

upper lip
lateral part of the lower lip

» pre-auricular and parotid nodes :

anterior to the ear Submental nodes

drain lymphatlcs. from dubmandibular nodes \

most of the eyelids

a part of the external nose

lateral part of the cheek Pre-auricular and parotid nodes




Lymphatics o f the neck
The components of this system include :
Superficial nodes around the head

Superficial cervical nodes along the
external jugular vein

Deep cervical nodes forming a
chain along the internal jugular vein




Superficial nodes around the head

Occipital group (associated with the
occipital artery ) = posterior scalp & neck

Retroauricular(mastoid) group
(associated with the posterior auricular
artery) = the posterolateral half of the scalp

Parotid group (superficial / deep)
(preauricular) (associated with the
superficial temporal and trans- verse facial
arteries) = anterior surface of the auricle, the
anterolateral scalp, the upper half of the face,
the eyelids, and the cheeks

Submandibular group (associated
with the facial artery) = gingivae, the teeth,
and the tongue

Submental group = center part of the
lower lip, the chin, the floor of the mouth, the
tip of the tongue, and the lower incisor teeth

Superficial parotid nodes

Deep parotid nodes

Retroauricular
nodes /,—'\

Buccal nodes

Submandibular nodes

.....

Superficial
cervical nodes

41.22: Lymph nodes draining superficial tissues of the head and neck




Superficial Nodes Around The Head

In the surface of SCM muscle

Afferent:

Occipital node
Mastoid node

Pre-aurculariparotid nodes

External jugular vein



Deep Cervical Nodes

Sup. Group:
Jugulodigastric node

is where the posterior belly of the digastric
muscle crosses the internal jugular vein the
Afferent: tonsils and tonsillar region

inf. Group:
jugulo- omohyoid node

inferior to the intermediate tendon of the

omohyoid muscle
Afferent: the tongue

O

External acoustic meatus

Jugulodigastric
.lymph nodes

Posterior belly of
digastric muscle

‘—Facial vein
Upper
deep_¢ :
cervical @ —Hynid bone
nodes ®
| %Dmnhyﬂld muscle
® ugulo-omohyoid
_— lymph node
deep )
cervical —
nﬂdﬂi/ A Internal jugular vein

41.23: Scheme to show the deep cervical lymph
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Lymphatic drainage o f the auricle

! Anterlorly
: ! Into parotid nodes
I

|

|

|

I Mastoid nodes
I Posteriorly: |

|

|

|

|

Occipital nodes

1. i
; Into mastoid nodes
I

Submental nodes

To upper deep cervical nodes

Submandibular nodes
Pre-auricular and parotid nodes




Lymphatic Drainage Of The Pharynx

&

Plerygoid plesus

Drain to :

Superficial temporal vein

Retropharyngeal node |
Paratracheal node
Infrahyoid node

- Retropharyngeal nodes

Facial vein Jugutodigastric noda

Infrahyaic nodes —

——— Paratracheal nodes

Right jugutar trunk

Exlernal jugukar vain

Subclavian vein




Lymphatic Drainage Of The Palate

The palatine tonsils: Vs ke

jugulodigastric nodes

Lymph from palate

Coep cenical nodes

Internal jugular viain




Laryngeal lymph nodes

Upper deep
Lymphatics drain regions above and G s
below the vocal folds: w
Hyoid bone — : __;

 above the vocal folds = Thyrohyoid___:
a. the superior laryngeal artery & i
b. deep cervical nodes associated with the mymid;_' ;

bifurcation of the common carotid artery cartilage  ii
% below the vocal folds = o rﬁgﬁgr‘;’;‘%..__;
a. deep nodes associ-ated with the inferior

thyroid artery Cricoid camlage-_—.r :
b. nodes asso-ciated with the front of the Prelaryngeal nodes > :

cricothyroid ligament First ring " L °
c. upper trachea of trachea " e /‘ ®

Pretracheal nodes

Lower deep cervical nodes

45.20: Scheme to show the lymphatic drainage of the
larynx




Lymphatic drainage of the nasal
cavities

upper deep cervical nodes

anterior regions of the nasal cavities
drains =

forward onto the face /
submandibular nodes

posterior regions of the nasal cavity and
the paranasal sinuses drains =

retro- pharyngeal nodes

upper deep cervical nodes

Submandibular nodes

Left jugular trunk

Internal jugular vein




To submandibular
lymph nodes

T\A Y -
1\'.

Sphenoidal
air sinus

J o=
m.l:‘ .
!

t Palate

To deep cervical
lymph nodes

Retropharyngeal
nodes

45.8B: Scheme to show the lymphatic drainage of the
nasal cavity




v' The pharyngeal part of the tongue =
jugulodigastric node of the deep cervical chain

v’ The oral part of the tongue =
deep cervical nodes
submental and submandibular nodes

Submandibular
lymph nodes

/ Submental
nodes
Jugulodigastric
Jugulo-omohyoid
and other deep
cervical nodes _
To corresponding
nodes of
opposite side

39.21: Lymphatic drainage of the tongue

The tip of the tongue =
submental nodes
jugula-omohyoid node of the deep cervical chain




[ymphatic vessels from the parotid gland =

into nodes that are on or in the gland /
then drain into superficial and deep
cervical nodes

Lymphatics from the submandibular and
sublingual glands =

submandibular nodes /
then into deep cervical nodes(jugula-
omohyoid node)




Lymphatic Drainage Of The Teeth And Gums

Submental nodes

Submandibular nodes




Paratracheal nodes

46.9B: Scheme to show the lymphatic
drainage of the thyroid gland




a CLINICAL CORRELATION
|

Enlarged Lymph Nodes

1. Lymph nodes in the head and neck may be enlarged in various diseases. The most important of these are
tuberculosis and malignancy.

2. Physical examination of the neck involves systematic palpation of the nodes.
a. The surgeon stands behind the patient whose neck is slightly flexed (to relax the muscles).

b. Beginning with the suboccipital region the surgeon palpates:

i. The occipital nodes
ii. The retroauricular or mastoid nodes

iii. The parotid nodes

iv. The submandibular
v. Submental nodes

vi. The anterior cervical nodes

vii. The deep cervical nodes

viii. The suprasternal nodes

ix. The supraclavicular nodes.

3. In block dissection of the neck for removal of enlarged lymph nodes (in tuberculosis or malignancy), the
submandibular gland is also removed.

4. A segment of the internal jugular vein may also have to be removed. Removal of the vein on one side is
compensated by drainage through the vein of the other side. However, if bilateral removal is required, an
interval of a few weeks is given between operations on the two sides to allow collateral venous channels to
open up.

5. In block dissection special care is taken not to injure the carotid arteries, the vagus nerve, the spinal accessory

nerve, the mandibular branch of the facial nerve and the hypoglosssal nerve.

However, sometimes the vagus and hypoglossal nerves may have to be removed.

Nerves lying deep to the prevertebral fascia (cervical and brachial plexus and their branches) remain intact. If

necessary the sternocleidomastoid muscle is divided for better access.

el



Tumours of the Neck

1. The lymph nodes in the neck may be involved in carcinoma at various sites.

2. The primary growth may lie in the:

The thyroid

The larynx

The base of the tongue

The laryngopharynx

The paranasal sinuses.

rely secondaries from carcinoma of the breast, the bronchi the stomach or testis can reach these nodes.

Various other tumours may be seen in the neck.
a. Ininfancy a swelling of the sternomastoid may be seen and later leads to torticolis.
b. Tumours may form in remnants of the thyroglossal duct, or in the carotid body.

T AEn o

g

5
4.

Other Swellings
1. Midline swellings may be caused by enlarged submental or suprasternal nodes, thyroglossal cysts, enlargements
of thyroid gland, and carcinoma of the larynx.
2. A branchial cyst may form a swelling along the anterior border of the sternocleidomastoid. Rupture of the
cyst leads to formation of a branchial fistula. Treatment needs the excision of the tract of the fistula.



Breast

» Approximately 7 5% =
laterally and superiorly into axillary
nodes / subclavian trunks

» Most o f the remaining =
parasternal Nodes / associated with
the internal thoracic artery /
bronchomediastinal trunks

» Some drainage =

intercostal nodes situated near the
heads and necks of ribs / thoracic
duct or into the bronchomediastinal
trunks

Secretory lobules
Lateral thoracic artery
Suspensory ligaments

Lateral axillary nodes 28 = , - Lactiferous ducts

Lymphatic and us drainag
passes from lateral and superior
panoﬂnbreuthfouﬁa

Mammary branches of
internal thoracic artery

Lymphatic and venous
drainage p from medial part
of the breast parasternally

Lymphatic and venous
passes from inferior part
of the breast into the abdomen




C. Lymphatic Drainage of the Breast (See Figure 2-6)
Is of great importance in view of the frequent development of cancer and subsequent dis-
semination of cancer cells through the lymphatic stream.
Removes lymphatic fluid from the lateral quadrants into the axillary nodes and the medial
quadrants into the parasternal (internal thoracic) nodes.
Drains primarily (75%) to the axillary nodes, more specifically to the pectoral (anterior)
nodes (including drainage of the nipple).
Follows the perforating vessels through the pectoralis major muscle and the thoracic wall to
enter the parasternal (internal thoracic) nodes, which lie along the internal thoracic artery.
Also drains to the apical nodes and may connect to lymphatics draining the opposite
breast and to lymphatics draining the anterior abdominal wall.

Subclavian

FIGURE 2-6. Lymphatic drainage of the
breast and axillary lymph nodes.

Mammary gland
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TRACHEOBRONCHIAL NODES
along trachea and bronchi Trachea

Left common carotid
and subclavian arteries

BRACHIOCEPHALIC NODES
along brachiocephalic veins

INTERCOSTAL NODES
at posterior ends of
intercostal spaces

] POSTERIOR
; ' - b  MEDIASTINAL
PARASTERNAL e NODES along the
NODES _ =) oesophagus and
along internal ' ) the aorta
thoracic vessels ' | e

Anterior, lateral and

<N
osterior §
DIAPHRAGMATIC !

ODES

22.8: Scheme to show the lymph nodes of the thorax




Superficial regions of the thoracic wall drain mainly
into axillary lymph nodes in the axilla or parasternal

nodes.
Thoracic duct

/} Subclavian lymph trunk

| APICAL GROUP I

Anterior
groupy_,
E
o [ cenTRAL GrROUP |
Fﬂslﬂ r 'y
group
of axillary . , | AnTERIOR GROUP | [ PosTERIOR GROUP |
lymph nodes e @°, [ LaTERAL GROUP |
™ S I - ]
22.10: Scheme to show lymphatic drainage of skin Almost the whole of the upper limb
and deeper tissues of thoracic wall ©O) g
: the apical group
Posterior . \¢
group of o
axillary :

Anterior group {

.0—-—‘01' nllaty : "

i "\ % % fromskin and muscles of the anterior Lymph from skin and muscles of the back of

i i /r,.‘. *  teral walls of the trunk (up to the level the trunk drain into the posterior group.

i he umbilicus), and from part of the The area extends above to the lower part of
nary gland drain to the anterior group the neck and below to the iliac crest

. 3.16: Scheme to show areas drained by the axillary lymph nodes

25.28: 1 ymphatic drainage of anterior aspect 25.29: Pasterior aspect of trunk to show its
of trunk lymphatic drainage.




Right =~

Upper right
intercostal ——¢
nodes

22.11: Scheme to show efferent vessels
arising from intercostal lymph nodes




Parasternal nodes

%! ;’ diaphragmatic
e’ ;  nhodes
'..".-' 2

22.12: Scheme to show lymphatic drainage of thoracic surface of diaphragm




Superficial & deep lymphatics of the lung =

tracheobronchial nodes /

Parasternal nodes and brachiocephalic nodes /
right and left bronchomediastinal trunks /
right lymphatic trunk or thoracic duct

Thomcie duct

22.13: Lymphatic drainage of the lungs

Pretracheal /
nodes
E z
Paratracheal =~ .
nodes f

Superior
tracheobronchial
nodes

uchaobrain
eobronchia
¥ nodgs—i

22.16: Lymphatic drainage of trachea




Coronary lymphatics

Brachiocephalic
nodes
Trachea
Left
and right
brachiocephzlic
veins

Superior
vena cava

The lymphatic vessels of the heart follow the
coronary arteries and drain mainly into:

> brachiocephalic nodes

> tracheobronchial nodes

Fromisnnetan gen®

22.15: Scheme to show the lymphatic drainage of the
heart




Thymus Lymphatic Drainage

» along the internal thoracic arteries
(parasternal)

> at the tracheal bifurcation
(tracheobronchial)

> in the root of the neck

Hight internal thoracis artery Laft irternal Ihomacie arery

Pericardial sac




Lymphatic drainage of the esophagus in
the posterior Mediastinum :

A. returns to posterior mediastinal
B. Left gastric nodes

Level of
thoracic
inlet

Posterior
mediastinal
nodes

o
-
Left gastric NOde:s s é
Left gastric artery v

22.17: Lymphatic drainage of oesophagus
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22.14: Scheme to show interconnections of major
lymph nodes draining the thoracic viscera




CENTRAL GROUP: APICAL GROUP:
In centre of axilla ..ooe ..., hear apex of axilla

'
............

[ =w
............

mE
-----------

% .
",

 POSTERIOR GROUP: ¥ W=
along subscapular vessels

3.17: Axillary lymph nodes seen from the front




Right lymph duct

Inferior deep cervical
(supraclavicular) group

Delto-pectoral group

E Apical group
:
Lateral group . Posterior group
——————— Anterior (pectoral) group
Central group s
Axillary vessels E Parasternal group

(inside chest)

Supratrochlear group }

Fig. 29.2
The lymph nodes of the axilla and the lymphatic drainage of the breast




Lymphatic drainage of the anterolateral abdominal wall

> Superficial lymphatics above the umbilicus :
axillary nodes

»  Superficial lymphatics below the umbilicus :
superficial inguinal nodes

»  Deep lymphatic drainage follows the deep arteries back:

parasternal nodes along the internal thoracic Artery
lumbar nodes along the abdominal aorta
external iliac nodes along the external iliac artery

o
an*
L
"

Posterior B
group of e,
axillary { 2
Anterior group :
o_.--'ol gﬂw H

iymph nodes [ X :
!\ / N\ 7

H L) g __.'l ""“--ung]mal

; :':.,-""""'-,. e ‘:%
25.28: Lymphatic drainage of anterior aspect 25.29: Posterior aspect of trunk to show its
of trunk lymphatic drainage.




pre-aortic lymph nodes:
Celiac (enters the cisterna chyli)
superior mesenteric (drains to the celiac nodes)

Inferior mesenteric groups (drains to the superior mesenteric nodes)

form the intestinal trunk

The lateral aortic or lumbar lymph nodes (para-aortic
nodes) : received from

body wall

kidneys
suprarenal glands
testes or ovaries

form the right and left lumbar trunks

These trunks come together and form a saccular dilation
(the cisterna chyli




Right lumbar

trunk

Intestinal trunk

Right lateral

Preaortic nodes

Left lateral
— aortic

aortic nodes |

34.1: Scheme to show the terminal lymph nodes

nodes

of the abdomen

Coeliac
nodes

Superior
mesenteric
nodes

Inferior
mesenteric
nodes

X

Areas drained

Stomach
Liver and pancreas
Extrahepatic biliary
apparatus

Duodenum (upper part)

Duodenum (lower part)
Jejunum and ileum
Caecum and appendix
Ascending colon
Transverse colon

Descending colon
Sigmoid
Rectum

34.2: Subgroups of the preaortic lymph nodes, and areas
drained by them




Hepatic
nodes

'\

nodes

AREAS OF STOMACH

\

Right gastro-

epiploic nodes
¥ v
COELIAC NODES

| Area Area | Area
[ B A
stric nodes \J

Pancreatico-

splenic nodes

34.5: Scheme to show the lymphatic drainage of the stomach

Line 3

34.4: Areas of stomach having separate lymphatic
drainage




DUCDENUM

Pancreatico-
Pyloric
4 |duodenal nodes
, \ Superior
'He_p{at? / mesenteric
nodes nodes
Villus e Y
COELIAC NODES .
o™ ﬁgrrgﬁc nodes
Lacteal 34.6: Scheme to show the lymphatic drainage of the
duodenum Nodes along branches
/ of superior mesenteric
artery to jejunum and
ileum
Nodes along

F Tl Sl 1 B
o e TR A 1 e v [ g

Lymphatic Ly-rmpr't
plexus vessel

34.7: Scheme to show arrange-
ment of lymph vessels within the

gut

ileocolic artery™

\Nodes alon

and posterior  : M) i——. AR of gulntem: :
ileocolic -

?"“._-;?‘"“Appandimlar node

34.8: Lymph nodes draining the jejunum ileum, caecum and appendix



Superior mesenteric nodes

r'.l .“-I 3
."; ."';‘ b /
i d
\.'F*"\
'-'-' - - * summdﬁ
" inguinal nodes
34.9: Lymph nodes draining the colon 34.10: Scheme to show the lymphatic drainage of
the rectum and anal canal




Nodes of
porta hepatis

34.11: Lymphatic drainage of the liver
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Pancreatico-
duodenal nodes

34.13: Lymphatic drainage of the pancreas 34.14: Lymphatic drainage of the kidney

The lymphatic drainage of each kidney :

the lateral aortic (lumbar) nodes around
the origin of the renal artery




Deeper tissues
of perineum to
. interior iliac nodes
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Glans to deep inguinal
nodes, and some vessels
—— to extemnal iliac nodes

34.15: Lymphatic drainage of the perineum
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34.16: Scheme to show the lymphatic drainage of the
uterus
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34.17: Scheme to show the lymphatic
drainage of the cervix of the uterus
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Lymphatic drainage of the perineum
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e RN Thoracic duct
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Lymph from testis
_~External iliac nodes
Inguinal ligament
Deep inguinal nodes |
-Superficial inguinal nodes
Testis
Lymph from
| superficial tissues of
Lymph from glans penis penis and scrotum
- {glans clitoris, labia minora, (clitoris and labia majora
and lower part of vagina in women)
in womenl
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sortic nodes—
lymphatics associated with the
two common iliac arteries Right common
. iliac nodes
and veins N

Right internal
“ / iliac nodes
L}

Inguinal
nodes

34.3: The lateral aortic lymph nodes




Lymphatic
drainage of the
upper limb

Infraclavicular nodes

Lateral group of
axillary nodes

Supratrochlear nodes
Intermediate :
vessels Medial vessels
Vessels fro Vessels from
dorsal aspect dorsal aspect

3.18: Scheme to show the lymphatic drainage of
the upper limb




All lymphatics from the upper limb drain into lymph nodes in the axilla
axillary nodes receive : the upper back, shoulder, the lower neck, the

chest, and the upper anterolateral abdominal wall, approximately 7 5 %
of the mammary gland.




The 2 0-30 axillary nodes are generally divided into five
groups:

» Humeral (lateral) nodes: posteromedial to the axillary vein / receive most of the
lymphatic drainage from the upper limb

» Pectoral (anterior) nodes : inferior margin of the pectoralis minor muscle (lateral
thoracic vessels ) / receive drainage from the abdominal wall, the chest, and the
mammary gland.

» Subscapular (posterior) nodes : on the posterior axillary wall (subscapular
vessels)

drain the posterior axillary wall / receive lymphatics from the back, the shoulder,
and the neck

» Central nodes : embedded in axillary fat / receive tributaries from humeral,
subscapular, and pectoral groups of nodes

» Apical nodes : most superior group of nodes / drain all other groups of nodes in

the Region/lymphatic vessels that accompany the cephalic vein / superior region of
the mammary gland.




Efferent vessels from the apical group :

form the subclavian trunk, joins the venous system at the
junction between:

On the right, the rt. subclavian vein and the right internal
jugular vein in the neck.

On the left, the subclavian trunk usually joins the thoracic
duct in the base of the neck.




UPPER LIMB LYMPHATICS

Apical
Infraclavicular / /
Centrol =" " ™\ Subclavian
lymph trunk
Lateral EIH
@f Posterior
/ Qﬂnﬂzrim‘
/ -}
Supratrochlear

Mnemonic for axillary
lymph nodes: For mere details & illustrations,
A - anterior please see relevant section in the
P - posterior book - Instant Anatomy, by R H
I - infraclavicular Whitaker & N R Borley. 4th edition,
€ - central Wiley-Blackwell 2010
A - apical
L - lateral




Lymphatic drainage of the lower limb




Superficial inguinal nodes:

» 10 in number

» in the superficial fascia

» parallel the course of the inguinal ligament

» Medially, extend inferiorly along the terminal part of the great
saphenous vein

» receive lymph from the gluteal region, lower abdominal wall,
perineum, and superficial regions of the lower limb

» Drain into external iliac nodes




Deep inguinal nodes:

> 3 1in number

» medial to the femoral vein

» receive lymph from deep lymphatics associated with the femoral
vessels , glans penis (or clitoris) in the perineum.

» interconnect with the superficial inguinal nodes

» drain into the external iliac nodes

»  passes under the inguinal ligament (femoral canal)




Poplitea [ nodes:

» deep nodes posterior to the knee close to the
popliteal Vessels

» Receive lymph from superficial vessels accompany
the small saphenous vein, deep areas of the leg and foot
> drain into the deep and superficial inguinal nodes




From lower abdomen

Inguinal lymph nodes

From perineum
and gluteal region
Vein linking great
and small saphenous
veins
Great saphenous vein
Fopliteal lymph nodes
Short saphenous vein
Fig.43.1

The superficial veins and lymphatics of the lower limb.
The arrows indicate the direction of lymph flow
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Fig.43.5
Lymphoedema of the lower limb




Embryology Of Lymphatic

Duct




The lymphatic system
begins to develop at the
end of the sixth weelk,
approximately 2 weeks
after the primordia of the
cardiovascular system are
recognizable.

* Two jugular lymph
* Two iliac lymph sacs

* One retroperitoneal lymph
sac

* One chyle cistern (L.
cisterna chyli

Jugular lymph sac

vena cava Retroperitoneal
il lymph sac

Chyle cistern (cisterna chyli)

A lliacein liac lymph sac

Right lymphatic duct

Internal jugular vain
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Superior cardinal vein
(jugular vein)

Jugular lymphatic sac
FRight subclavian vein
Axillary lyrmphatic sac
Left brachiocephalic vein
Thaoracic duct (bilateral)
Lurnbar lyrmmphatic zac
Iliac lumphatic zac

1 Rightjugular vein 7 Leftjugular and

2 Rightjugular and axillary lyrmmph duct
axillary lyrmph duct 8 Left subclavian vein

3 FRight subclavian vein 9 Leftthoracic duct

4 Superior cava vein 10 Cysterna chyli

% FRight thoracic duct 11 Inguinal lyrph nodes

oh

. Left jugular vein 12 Definitive thoracic duct



CHIEF LYMPH NODES OF ABDOMEN AND PELVIS

1. The entire lymph from the abdomen (and from the lower limbs) ultimately ends in terminal groups of lymph
nodes present in relation to the abdominal aorta. These nodes are arranged in three main groups, each having
a specific area of drainage.
a. On either side of the aorta there are the right and left lateral aortic nodes (34.1). Some outlying members of

these groups lying behind the aorta constitute the retroaortic nodes.
b. Infront of the aorta there are the preaortic nodes.
¢. These are divided into the coeliac, the superior mesenteric and the inferior mesenteric nodes (34.2) lying
around the origins of the corresponding arteries.

2. Oneach side the efferents from the lateral aortic nodes form the corresponding lumbar trunk thatends by join-

ing the cisterna chyli (34.1).

Efferents from the preaortic nodes form the intestinal trunk that also ends in the cisterna chyli.

The area of drainage of the preaortic nodes is shown in 34.2.

The coeliac lymph nodes receive lymph from:

The stomach

Most of the duodenum

The liver

The extrahepatic biliary apparatus

The pancreas

. The spleen.

6. The superior mesenteric lymph nodes receive lymph from:

Part of the duodenum, and the whole of

The jejunum

The ileum

The caecum

The appendix

The ascending colon

The transverse colon.
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Lymphatic organs

O
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HISTOLOGY




| » Bean - shaped
- » Encapsulated (connective tissue)
> 10mm-2.5cm
;> Along lymphatic vessels
- » 400-450 in number
I > Most in Axillary & inguinal region
i » Convex surface (afferent lymphatic vessels)
. » Concave (hilum) surface (efferent lymphatic vessels + artery + vein + nerve .
!> Trabeculum
» Valve in lymphatic (unidirectional flow)




Lymphoid tissue
(containing lymphocytes
and macrophages)

Capsule

Capillary bed

Interstitial fluid

Y Cell products
and debris

Pathogens
Lymph vessel
carrying lymph

Lymphatic capillaries




Cortex :

» Subcapsular sinus

» Cortical sinus (trabecular sinus) =

Fenestrated endothelium / denderetic cells / reticular fiber

» lymphoid nodules = T — helper / B cell / macrophage / denderetic cells

Para cortex:

» Nonodules / T cell / post capillary venule ( high endothelial venule) :
Entry most (90%) lymphocyte from blood vessels to lymph node /
cuboids endothelial cell + integrin (for diapedesis)

Medulla :

» Medullary cord : T cell / B cell / plasma cell /
» Medullary sinus : form efferent lymphatic / have fenestrated endothelium /
reticular cell / macrophage / neutrophil
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Germinal center
(secondary follicle)

CORTEX
Mantle zone
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Capsule
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Medullary Trachuki

ord

Medullary
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Efferent Arery ; sinus
lymphatic

- FIGURE 20-12
Structure of a normal lymph node.
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Lymph node
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Lymphatic follicle




Micrographs of lymph node of a cat

»  follicie




Development of the Lymph
Nodes
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Anatomy

Lower part of
Thy mus A _o— thyroid gland

/

The thymus is the most anterior component
of the superior Mediastinum

Trachea

lying immediately posterior to the
manubrium of the sternum

Lobes of
. . . thymus
It is an asymmetrical, bilobed structure -

The upper extent of the thymus can reach
into the neck as high as the thyroid gland;

lower portion typically extends into the
anterior mediastinum over the pericardial
sac.

22.4: Diagram to show location of the thymus in a
person at puberty




Right internal thoracic artery Left internal thoracic artery

_____ lag .=I'= — — TIV/ vertebral level

Thymus

Pericardial sac




Involved in the early development of the immune System

the thymus is a large structure in the child, begins to atrophy after puberty, and
shows considerable size variation in the adult.

In the elderly adult, it is barely identifiable as an organ, consisting mostly of fatty
tissue that is sometimes arranged as two lobulated fatty structures.

Arteries to the thymus consist of small branches originating from the internal thoracic
arteries .

Venous drainage is usually into the left brachiocephalic vein and possibly into the
internal thoracic veins.

Lymphatic drainage returns to multiple groups of nodes at one or more of the following
locations:

- along the internal thoracic arteries (parasternal)
« at the tracheal bifurcation (tracheobronchial)
« in the root of the neck.




Embryology

Thymus

The thymus derives from
the foregut out of the
3rd and 4th pharyngeal
pouches.

Its stroma arises out of
epithelial cells of
ectodermal and also
endodermal origins.

Artery
Nerve

Cartilage

Pharyngeal
pouch

Ectoderm

Endoderm—""

1st pharyngeal arch

Pharyngeal cleft
2nd arch

3rd arch

Laryngeal opening

Spinal cord




Mandibular

PROSIES Primitive Auditory tube Foramen cecum
Pharyngeal 46 = Pharyngeal tympanic .

L=

1 Pharyngeal
pouches

Parathyroid
gland (inferior)
Cervical

sinus

Thymus
IPEJEthyroigl
geal gland (superior) i _

Ultirn?]branchial . orifice
O
A * g
Figure 17.10 A. Development of the pharyngeal clefts and pouches.The second arch grows over the third and fourth
arches, burying the second, third, and fourth pharyngeal clefts. B. Remnants of the second, third, and fourth pharyngeal
clefts form the cervical sinus, which is normally obliterated. Note the structures formed by the various pharyngeal pouches




Auditory Ventral side
tube of pharynx

Foramen
cecum

Primitive
tympanic
cavity

External
auditory
meatus

Palatine tonsil

Superior
parathyroid gland

(from 4th pouch)

Inferior
parathyroid gland ;- r  Thyroid
(from 3rd pouch) & gland

Ultimobranchial body

Foregut

Figure 17.1 | Migration of the thymus, parathyroid glands, and ultimobranchial body.The thyroid gland originates in the

midline at the level of the foramen cecum and descends to the level of the first tracheal rings.
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Thyraid and foramen cecum

1zt pharyngeal arch (mandibular arch)

Aorta dorsalis (paired]

Meural tube

Anlage of the thyrmus

1zt pharyngeal fold (anlage of the external ear)
2nd pharyngeal fold

Entrance to the cervical sinus

Mandibular arch

Hvaid arch

Entrance to the cervical sinus

3rd pharyngeal pouch

4th pharvngeal pouch

Forarmmen cecurn

Thyroid

Cervical sinus

Thymus (part of the 2rd pharyngeal pouch)
0 Thyrmus (part of the 4th pharyngeal pouch)

(== VI — B, QN Ry Ry LWy
el — I - T VI - R oy L U




Development of the thymus

. Thymic epithelial cell
COMMON precursor

{keratins 5 and 8)

Thymic cortical J L Thymic meduliary

not express these proteins. These proteins
permit the identification and disposal of
autoreactive T cells. A mutation of the aire
gene in humans causes autoimmune
polyendocrinopathy-gandidiasis-gctodermal

| epithelial cell epithelial cell i
! (keratin 18) (keratin 5) 5
! , ] % ~~~~~ Aire |
! Inferior parathyroid |
| gland Clonal selectionof ~ Clonal deletionof |
i Superior immunocompetent potentially autoreactive i
| e parathyraid gland T cells Tcells i
. [ The thymus rudiments originate from ~ [EJ] A capsule forms from the neural Thymic epithelial cells play important
| the caudal region of the endodermic third crest mesenchyme. Capsule-derived functions in clonal selection and clonal !
' pharyngeal pouch on each side, trabeculae extending into the future deletion of differentiating T cells: ]
| proliferate, migrate to the thorax, and corticomedullary region of the thymus 1. A common precursor (keratins 5 and 18) |
| become connected by connective tissue. divide the thymus into incomplete gives rise to thymic cortical (keratin 18) and |
| Parathyroid gland tissue, developing lobules. medullary (keratin 5) epithelial cells 5
i from the same pouch, migrates with the By 14 weeks, thymocyte 2. Thymic epithelial cells express two |
| thymus and becomes the inferior precursors arrive from bone marrow essential transcription factors: Foxn1 (for !
| parathyroid glands. The superior through blood vessels, after forkedhead box N1), and aire (for autoimmune |
| parathyroid glands originate from the interconnected thymic epithelial regulator). Foxn1 s essential for the :
| fourth pharyngeal pouch. The numbers 1 cells form a three-dimensional differentiation of thymic epithelial cells. Aire |
| to4 indicate the pharyngeal pouches. network and macrophages are promotes the expression of a portiolio of ;
i prasent. By 17 weeks, the thymus is tissue-specific cell proteins by thymic !
! beginning to produce T cells. medullary epithelial cells, which normally do |




Production of T — cell Thymus histology
Primary lymphatic organ

Main function: central tolerance

Vascular connective tissue capsule

Trabeculae / incomplete lobule

Cortex (basophilic / many T — cell) + medulla




® connective tissue
¢ interlobular septa

¢ Thymic lobules Each lobule
has a peripheral dark

zone(cortex) and a central
light zone(medulla).




Thymus Histology

Hassall's corpuscie Blood vessel

Trabecula

Capsule
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Medulla




Cortex of thymus

Immature T — cell

Macrophage
Thymic epithelial cell (TECs)
(epithelio reticular cell)




Thymic epithelial cell (TECs)

Have 3 types:
1. TEC:

Squamuse cell

Tight & desmosome junction

Separate cortex from capsule + trabeculae + vessels
Form blood — thymus barrier

2. Cytoreticulum:

Satellite form with process

Have tonofilaments in process

Desmosome junction

Like APC

Cytokine secretion / for T — cell maturation

3. plate like cells

Form corticomedullai barrier i between cortex and medulla




epithelioreticular ]
cell layer

perivascular
connective tissue

capillary

blood—
- thymus
barrier

Blood — Thymus Barrier

wall i

macrophage

@

-------------------

developing
T cells

basal lamina

type |
epithelioretict

cell

FIGURE 14.27 - Schematic diagram of the blood-thymus
barrier. The blood-thymus barrier consists of three major elements:
(1) capillary endothelium and its basal lamina, (2) perivascular
connective tissue space occupied by macrophages, and (3) type |
epithelioreticular cells with their basal lamina. The perivascular
connective tissue is enclosed between the basal lamina of the
epithelioreticular cells and the endothelial cell basal lamina.
These layers provide the necessary protection to the developing
immature T cells and separate them from mature

_ immunocompetent lymphocytes circulating in the bloodstream.
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Medulla of thymus:

Low T —cell

Danderetic cell

Macrophage

Hassal corpuscle: (compaction of TEC)

YV VYV

Cytokine secretion for:
Control denderetic cell function &
Development of Regulatory T- cell

> Capillary without TEC




Thymus




14-11 Thymic selection of functional
but not self-reactive T cells.

% ol cells survive selecion

Sedactive loks of aither CO4 or CDE exprasson

Manve immunocompatent T hrrphacyes

(retaing only COS proken)
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Thymus

Epithelial
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DiGeorge syndrome

More frequent cleft lip/palate

Small jaw

Small upper lip/mouth

Eyes slanted upward or downward
Low-set and/or abnormal folding of ears

Short stature, mild to moderate learning P
difficultes 7

Underdeveloped parathyroid and thymus
e Cardiac malformations

r, -

Digilio et al., 2005
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Anatomy

Spleen Falciform

» part of the vascular system

» in the part of the dorsal
mesentery

» In the adult, the spleen lies
against the diaphragm, in the area
of rib IX to rib X.

Descending
colon

Greater
omenfum

> 1in the left upper quadrant,
or left hypochondriac, of the
abdomen.

Small
intestine

Paretal
peritoneum
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