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NORMAL BLOOD VESSEL HISTOLOGY
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PHYSIOLOGY OF THROMBOSIS
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Thrombosis — Pathological Aspects
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* Blood coagulation is a very important physiological event to protect
our hemostasis, and life  soee
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* However, at certain points, this process can be pathological that may
endorse injury and cause harm to our body

* This happens whenever unnecessary blood clotting is activated

* The “pathological” thrombosis is caused by the presence of at Ieast
one of 3 factors (together called Virchow’s triad): i s 2
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Thrombosis — Pathological Aspects
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» Pathogenesis (called Virchow's triad):

* In cases of pathological thrombosis, a patient may exhibit one, two, or
all three components of Virchow'’s triad, and these factors can interact
with one another. The triad includes (SHE)
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* *Endothelial cells are special type of cells that cover the inside surface of
blood vessels and heart.



CONTRIBUTION OF ENDOTHELIAL CELLS TO
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* Under normal (basal) conditions, endothelial cells provide a non-
adhesive, non-thrombogenic surface that protects the body from

unnecessary or pathological thrombosis.

* This basal state is maintained by a stable microenvironment, including: 9
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* In pathological thrombosis, endothelial cells may become damaged or
functionally activated. ] S .53 ol 1l a2

sty sl Bl ge Je il o LAl sda T cdsllad) LA Glia) sice

- Endothelial injury = endothelial activation i o s i ba i ohus oy ol il 152 i

* Activation occurs when the microenvironment becomes abnormal due
to the previously mentioned factors. Once activated, endothelial cells
promote thrombosis by increasing the expression of: >
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Response of Vascular Wall Cells to Injury
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Response of Vascular Wall Cells to Injury
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. When the Dascular wall is injured, both endothelial cells and smooth
muscle cells are affected. Smooth muscle cells respond bg:/9
* Migrating from the tunica media into the tunica intima o250 -0
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* These changes constitute the vascular wall response to injury. s

* In the diagram, the left side shows the vessel before injury, while the”
right side shows the post-injury response. The intima becomes thicker
due to increased cells and extracellular matrix, which narrows the fjf”:;j:jﬂ'fm
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Response of Vascular Wall Cells to Injury
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* Causes of Endothelial injury:
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 Normal blood flow is laminar, meaning it

moves in parallel layers with different
o The fastest flow occurs in the vessel
center LT
o The slowest flow occurs near the
vessel wall
* Laminar flow helps prevent thrombosis
by keeping platelets within the central
stream and away from the endothelial
surface. ;oeqmmos,
ol e ans aoll 30 5 a1 55 (Platelets) Lusaadl cilivall
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Laminar vs Turbulent Blood Flow
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1. Turbulence due to a narrowed vessel (i ol ss & b o
* Thevessel wall is thickened, narrowing the lumen.
» Blood flow becomes chaotic, with irregular ~

x

A0

direction and velocity. I
* This increases the risk of thrombosw B

*
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Atherosclerosis is a classic example PRI .)hwu.,w.fs.,wu%w. Turbulent Flow

2. Turbulent (Disturbed) flow in a dilated vessel™~
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* Blood flow becomes irregular and sluggish, -

leading to disturbed flow rather than true i;f'fj;:“ii“

turbulence. st

* This turbulence (disturbance) promotes =2 o
thrombosis.




IMPORTANT

e Disrupt normal blood flow
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Stasis
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. Stasus means slower than normal blood flow.

e Prevent dilution of activated clotting
factors by fresh flowing blood

e Retard the inflow of clotting factor
inhibitors

¢ Promote endothelial cell injury

Like turbulence (Disordered flow), it increases the rlsk of pathological
thrombOSlS ﬁiyfjédtiyglfi ;urbilence) bl 3l Ula o LSt

Ll 555 5o gl pall BiS b wbludl dia 0 ALl N el Yy Jole 52 455013
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* Stasis is a major factor in venous thrombi ;=i s st e 5 g g
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* Normal blood flow is laminar (platelets flow centrally in the vessel lumen, ol < uivn

. . Sl o Ul DY)
separated from the endothelium by a slower moving clear zone of plasma)s e
KLY Gan

In areas of stasis, blood moves more slowly than normal. As a result:

* The delivery of anti-clotting factors to the area is reduced” i s
o Byl STy g5l gy bl TR SR e

 Thrombosis becomes stronger and more stable. 5z
>
* Fibrinolysis becomes weaker. s g st s ciblall o Lo iossi guns (Fibrinolysis) ol s

Both stasis and turbulence can increase or decrease velocity in an abnormal
and chaotic manner™ sy s cuswe
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Causes of Stasis
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Mitral valve stenosis (atrial dilation) s e e oicbe e
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Hyper viscosity syndrome (PCV and Sickle Cell anemia)
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Hypercoagulability
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 Definition: an increased tendency to form blood clots compared to the

normal population. This tendency can be inherited or acquired in an
individual patient.

A, (@haull) Lilyll Ll¥! (Genetic / Primary Causes):

A' Genetic (prlmary)($ ol i () gugs 08 lalaill Sulias Jalse of Laladll Jalse o8 Lil,sll ikl
* Inherited mutations in clotting factors or anti-clotting factors
* mutations in factor V gene and prothrombin gene are the most

o 3l Bl L e o] s AT ST

common causes of primary v .o
(Prothrombin géne) O gl e (588 58k

B. Acquired (secondary):
. ~
* Much more frequent than primary causess. Gty (Acquired / Secondary Causes)

Ayl Gl e Legas JSTe

* Multifactorial & more complicated ° P i i

e Causes include: Immobilization, Ml, AF, arrhythmia, surgery, fractures,
burns, Cancer, Prosthetic cardiac valves, etc.

Jads o]
callle
all aae :(Immobilization)
Gl o sl e sl il
Anlall olleall axy

il sl

Slawsl e L3l s 1LaE (M)
R

¥ Glin e

S s 55 LAl et WL 1(AF)
olblall 535

Shlhayle

@ bkl (Arrhythmia) Lol
0 385 o)) 55 il il ol
byl

@il Lalyall o Lleall :(Surgery)
DAL ey BT A e w35
JERAT

Ssulle

G5 a8 3l el (Fractures)
a3l jha Bab) ]

gl

555 ol sagall Ggyall ((Burns)
ple Uy pundl ole

Ol yedle

W eyl ¢ 1631 Laa (Cancer)
olalall 5SS Uldal e

Llil] lelacalls

Prosthetic cardiac) deliall
Lelis olbolows aluzinl i (valves
Lladll Jlaial e a3y 43 Gl (o4



Morphology of Thrombi
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. Cankdevelop anywhere in the CVS (e.g., in cardiac chambers, valves,
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‘(Arterial or Cardiac Thrombi) Luldll i dul il o laladl

arteries, veins, or capillaries).
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* Arterial or cardiac =2 thrombi begin at sites of endothelial injury or
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turbulence. S5 .
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* Usually superimposed on an atherosclerotic plague e
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* Venous thrombi = occur at sites of stasis. —  SShiiieiis s
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* Most commonly the veins of the lower extremities (90%) ws =i - %90 sutvia
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* Thrombi are focally attached to the underlying vascular surface.:=.
Tpoall Leg¥1 5 pans lass 3asils Lgsi
* The propagating portion of a thrombus is poorly attached > e
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Lines of Zahn
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e Gross and microscopically apparent laminations P
* Represent alternating layers of pale platelet and fibrin layers?™ swwesown.
alternating with Darker erythrocyte-rich layers found within a g s san e
thrombus SRRINE s
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* They may be visible to the naked eye or under the

mic rOS C 0 p e o (postmortem) 3Lisll sy Llaills (@antemortem) sLast Jud Lalaill o 48,4301
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* Significance? distinguish antemortem thrombosis from postmortem
clots. They are especially important in forensic pathology.

* postmortem blood clots are non-laminated clots (no lines of Zahn)
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MURAL THROMBI = IN HEART CHAMBERS OR IN s 5o

AORTIC LUMEN.
A mural thrombus is a thrombus attached to
the wall of a cardiac chamber or blood vessel.

¢) Elsevier. Kumar et al: Robbins Basic Pathology Be - www.studentconsult.com
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(Inflammatory cells) Lulgll Lokas

» Definition: Thrombi on heart valves (7 tmeen e wave:
« Composed of: fibrin, platelets, inflammatory cells £+ microorganisms

(in infectious types)

* Types:
1. Infectious (Bacterial or fungal blood-borne infections) e.g.

infective endocarditis — > wmiciee

.(Infective endocarditis) aall bl Gleill ga Jla Heiie

 Large, friable, destructive i isswise 70
Q50 5 ey pLacally 3eails Fpans Gl 5515 LS ] (sle 8500l
2. Non-infectious: e.g. rheumatic; Non-Bacterial Thrombotic

Endocarditis (NBTE) ,. ol

 Small, bland, and non-destructive
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thrombus formation
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FATES OF A THROMBUS mzilmeiist .

organization recanalization

Mycotic aneurysm (discussed later)

(Thromboembolism) 3,1 slawi¥ 1.3
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:(Organization and Recanalization) «lsidll 8ale g aalasill. 4
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:(Mycotic Aneurysm) 4 ks Lassael
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*“MyCOHIC” (5 hd 5355 alls ) (g9a8lly Lasiye (oimn.
*“Aneurysm” Ligesll LS ganb yé saal gia.
Organization results in a permanent
structural change within the vessel.
A mycotic aneurysm is an infectious
aneurysm:
« “Mycotic” means infection-
related (not necessarily fungal)
* “Aneurysm” refers to abnormal

dilation of a blood vessel
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Fates of Thrombi
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Propagation = accumulate additional platelets and fibrin, eventually
causing vessel obstruction _ T o eVl LTl iy 05 51 e g i e g

LLAY dalall e Bumy (ST o8 cliclias (J) St Lae (oA T Ll 8 (YR v

Embolization 2 Thrombi dislodge or fragment and are transported

elsewhere in the vasculature 5 bt ) ] S by 5Ll i
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Dissolution = Thrombi are removed by fibrinolytic activity (only in
recent thrombi)

Organization* and recanalization - Thrombi induce inflammation and
fibrosis. These can recanalize (re-establishing some degree of flow), or,

:(Recanalization) s kil ssle) s (Organization) skl .4

they can be incorporated into a thickened vessel wall Suzmoasnann”

ol haasl (o et G Talal e T aall gm0 rans S5 Lest (oimy
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Superimposed infection (Mycotic aneurysm)

/"7

* *Organization refers to the ingrowth of new permanent tissue consisting =
of: collagen, ECM proteins, new endothelial cells, smooth cells and
fibroblasts into the fibrin rich thrombus.
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