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Lymphatic System = “Sanitation
system’” (Homeostatic Fluid-Balance)
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Relevant Anatomy (Lymphatic System)

The fluid = Lymph

10% net ultra-filtrate 1.e. protei, lipids; metanolic waste
and water (Starling fiuid mechanism)

Macrophages; migrating dendrtic cells; Iymphocyies
(Components off the Immune systen)

Clear up penetrating) micro-erganism, cell debris, fiereign
antigens and selirantigens.

Carries Immune memory — distinguish between: seli &
foreign antigens.

Lymph Is net part off CNS, CSE replaces the lymph.



Lympha — “semi-circulation
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capillaries
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Relevant Anatomy (Lymphatic System)

V/essels — 4 Systems

\

The visceral system which
Is wrapped around vital
organs such as liver,
lungs and lymphoid
tissues

A
Blind-ended lymphatic

capillaries from dermal
papillae drain lymph from
skin and subcutaneous
tissue into eprfascial valved
vessels

\/

Deep valved subfascial
system drains lymph
from fascia muscles
joints, and bones etc.

Anastomoses branches connect adjacent lymph collectors such as epifascial
and subfascial vessels

These vessels are irregular shaped and more permeable compared to their
blood vessel counterparts 5



Relevant Anatemy: (lymphatic system)

Lymphatic Vessels, enterng nedes; are: called afferent
andileaving called efferent

Noedal regiens Organs
Cervical Liver
Axillary Spleen
Inguinal Tonsils
Pelvic Thymus
Abdominal
Thoraic

*The efferent ducts from the nodal regions empty the fluid into subclavian veins
via thoracic duct. 6



Lympin Node; Structure

Figure
Structure of a Lymph Node 0.4

Germinal center — source
of lymphocytes

o

Afferent lymph
Velns

"J Efferent lymph veins

Medullary region — source of macrophages



[Homeostatic Phaysielogy.

Maiin funRction of lymphatic system; IS te maintain: tissue
fluid emeestasis

Lymphatics — 2 Valved Seres; ofi Iyimphangions
Eachl lymphangion- 2 valves = 1 at enury/ / 1 at exit

Collecting Lymphatic

A. Expansion Phase

A

Primary Lymph Valves Secondary Lymph Valves

B. Compressiocn Phase




[Homeostatic Phaysielogy.

Total tissue: pressure: gradient = lymphatics Inter “force

ELEEIeS \ Oncotic pressure(n;)=
Osmotic pressure due to
high M.W. protein

associated with water in
the interstitial space

Hydrostatic pressure (n,) = pgh
Pressure due to movement, exercise

and change in position
Surrounding pressure (n,) =

pressure due to contraction and
expansion of adjoining blood
vascular walls and skeletal
muscles



[Homeostatic Phaysielogy.

Lymphatic flow = No back flow

Pressure inside| | (ng+n,+n,) Primary Secondary Fluid fills in
lymphatics = [ >= 20 mmHg}»| valves »| valves closed | the initial
subatmospherig open lymphatic
conduction Primary (nt+np+ns) Pressure
of lymph <+ valves close * falls below [* inside
flow and pressure lymphatics
secondary inside Increases
valves open lymphatics
successively

0




Collecting Lymphatic
A. Expansion Fhase

Initial Lymphatic
M

Primary Lymph Valves Secondary Lymph Valves

B. Compression Phase
=Sm——

Lumen Structure




IHeomeostatic physiology
Conduction ofi filidithreugh lymphangiens

eInside Lymphtic main propelling force G
for flow = rhythmic contractions of gD odee:
lymphangions

eLymphangion has motor control.
Generates 5—7 action potentials per
minute.

e\/alves at graduated intervals
facilitating transport of lymph
centripetally in proximal direction
towards nodes.

eUnilateral flow from the periphery to Inguinal
the great veins of the neck, avoiding .
retroflow. '

nodes 201 i .t{ : ‘
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Entrance of
_~— fight lymphatic

- ;,: /

duct into right

subclavian vein
Internal
jugular vein
Entrance of
fhoracic
duct into left
subclavian vein

Aorta
Cisterna chyli

Lymphatic
collecting

Collections of
lymph nodes
along the lymph
veins at the
constriction
points in the
drainage




LEG LYMPH/SERUM COMCENTRATION RATIO OF PROTEINS OF INCREASING
MOLECUL AR WEIGHT DURING WALKING, LYING AND SITTING
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A 24-hour pattern of lymph protein concentration during various activities




Edema~> hemorrhage of
ENIEBSTASIS

Edema (oedema formerly known as dropsy) Is the
swellingl of any: eregan er tissue due ter accumulation of
excess fiuid:

Diffierent types ol edema: -
1) Generalized edema
2) Pulmoenary. edema
3) Lymphedema

Lymphedema Is the: accumulation of
EXCESSIVE proteins; edema, chroenic inflammation, and
fibresis as a result of Impairment of the lymph: vessels.
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TVpes of Lymphedema

7B

abnormality )  damage/removal of
- Congenital 10-25% lymphregional lymph nodes
through surgery, radiation,
* Lymphedema praecox 65-80% infection, or tumor invasion or
e Lymphedema tarda 10% compression

e filariasis, the direct infestation of
lymph nodes by the parasite
Wuchereria bancrofti.

e 3-5 million people are estimated to be affected with secondary lymphedema
in the United States. The largest percentage of this group are breast cancer
survivors.

15



Breast: Cancer Related! lymphedema

lncidence: firegquent complication of breast cancer
therapy aneut 5 %-— 301%

BCRL was; fiist descrilbed by Halsted in 1921.
Prevalent In Upper extremity.

Lymph nodes in and around the
breast area

A pectoralis major muscle

B axillary lymph nodes: levels |
C axillary lymph nodes: levels II
D axillary lymph nodes: levels 111
E supraclavicular lymph nodes

F internal mammary lymph nodes
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Causes of BCRL

i, SuUr@eny Invelving dissection and: removal of
Axillan/ nedes

m RIS/ InAcreases in resistance and obstructien terlymph
driainage: pataway:

a Chrenic work everload and Righ tissue: pressure leads
eventually te falure (reduced contractlity) eff some
off the vessels.

a  Though seme fluidiescapes threugh collaterals ana
anastemeses, Eluiaistarts bullding uprin interstitial
Space

x Eluid buildup and presence: off microerganisms
trigger inflammation of epidermal-dermal area.
17



Causes of BCRL

2. Another prebanle cause but currently’ Under extensive
[eseanch:

AcuUte and chronic chianges take place inbedy: following
metastasis;, surgeny, radietherapy: and phanmaceuiical
IRtERvention.

fhese changes canl cause release: off NOrthat induces

Ay pPerpolanzatien of lymphatic muscles > deactivation: of
pUMPS

Many: inflammatery mediaters and humerall agents such
as a-adrenengics, h-ardlienergics, prestaglandins,
pradykins etc. may InkikIt lymph pump

Inhibitien off lymph pumjp > okstruction te flow: =>fiuid
puIld up >edema

18



Location ofi the swelling

REGIONAL SWELLING AND LYMFPH DRAINAGE IN BCRL

-kpruxjuml

(i} Contralateral arm (ii) Distyax group (111} Proxa4x group

(Ipsilateral arm) (Ipsilateral arm)

FIG. 1. Regional distribution of swelling in BCRL. (i) Nonswollen contralateral arm; (ii) Distygay group (distal
swelling = proximal swelling); (iii) Proxyax group (proximal swelling = distal swelling).




Earller StUdleS Oﬂ BCRL (Stanton&Gothard)

Axillary"Nede removal = Stepceck
Mechanisme

s Lymph drainage; reducead gloenally

Reduction: Iin epifascial constant as; the
swellinglis epitascial tissues.

Used Gamma Cameras

Not effective > dees net explain regional
swelling
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Lymphatic

Research and

Biologyma,
SRR ;_ ‘

J

Recent Studies

i

e Explains regional swelling
e 2 groups > Distmax and Proxmax

e k = rate of lymph drainage evaluated using radio
protein 99M TC-HIG and scintillation detector - called
Quantitative lymphoscintigraphy

Results

e kprox = kdist

e k of epifascial drainage Is almost same in both arms

e highly positive correlation between subfascial k and severity
of swelling in ipsilateral and contralateral arms (k;,s; < kcont@)1



Detection Lymphedema

90%) detected on’ hasls oif GPSErVations,
Measuements and: symptoems

10%) reguire: complex diagnostic nmeasure.

Lymphoescintigraph: Safe and used extensively,
MRI and CIi: used! i Severe case but highr cost
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Treatment

Manual Lymphatic Drainage [MLD]
Range of rythmic movements for facilitating
lymph drainage

e Developed by Dr Vodder and perfected by
Foldi

Pneumonic Pumps
Worn as a sleeve. 2 Features -2

Gradient Pressure: Stronger pressure on hand than on
upper arm (Pushes fluid in the upward direction)

Sequential Pressure: Pressure moves from the hand up the
arm ( “Milking technique” )

e upto 2 hours each day - plan and settings determined
by therapist

e can be used while reading or watching T.V.
e Costs around $5000-$6000 >3



Treatment

e sustain the' benefits procured
frrem MLED and PREUmoRIC
PUMPS, COMPLESSIVE garments
and sleeves, are worn

Compressive gamments
x Viade off stretchy: elastic material

x Need practitiener for optimal
pressure fitting off the garment

s Cost range from $50-$300

x Covered by most Insurance
companies

x Mostly wern during the day

24



Treatment

Coempressive sleeves

“Based en core prneciples; ofi fiuid
dynamics and engineerng. Using
directional flow: technology, Compressive
Sleeves create pressure differentials and
gradient: compression| te assist lymphatic
function.”

Examples suchi as Reid Sleeve and rbute
Sleeve

Meticulous hygiene Is necessary to avoid cellulitis, bacterial and fungal
Infections and cracking ofi the skin

25



LymphangiegenesIs — /rnovaton. i

featment

VEGF,

Growth of lymphatic e, Ve vErc
}

vessels

Preteins and growth
fACLorS) dISCOVEnrY

In-vive blood vessels and lymphatic are
closely associated

Coordinated development

Indicates growth facters in
angiegenesis and lymph angiegenesis
IS same

VVEGE-C, VEGE-D are the ligands' and
VVEGFR=3 Is the receptor in lymphatic
vessels growth

T 1 1 1
VEGFR-2 VEGFR-3
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LymphangiegenesIs — /rnovaton. i
[reatment

erapettic:manipulation invelves stimulation: of
Iymphangiegenesis In region of excised lymphn
nede by placing endotnelialrcellsrand previding
growii factors.

Tnis willfhelp in remoevall ofi accumulated fiuid
providing More escape routes.

It can be done. enly: When the: tumor: hasibeen
tetally eradicated.

Animal medels = Chy" mouse medel anad
Rodent moedel but clinical trials yet te e done.

21



Complications

e Patients with chronic lymphedema for 10 years have
a 10% risk of developing lymphangiosarcoma

e tumor is highly aggressive

e most commonly observed in patients with post-
mastectomy lymphedema

-a Y
-3
m e

e Lymphangitis: Inflammation of the lymph vessels

Some of these complications can be fatal. Surgery and amputation maybe
used for treating these complications.
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Conclusion

Recent Upsurge in the field
EVeryday 3l researchi papers released oni lymphatics

Still'a’let ter be: discovered abeut the structure and
cComposItion eff lymphatics In contrast teralready.
established vascular system

Lymphedema = Painful and Degeneratve

INew: splutions required

Pharmaceuticals leoking for druig hased cure
Prospects inltissue culture: inr Lymphangiogenesis
LLots off Researnch and career oppoertunities
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The lymphedema resource -
About Lymphedema Sleeves/Garments

Manual Lymphatic Drainage
Lymphedema
Beneficial effects of rebounding on the lymphatic system
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