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Embolism

* Definition: An embolus is a detached intravascular solid, liquid, or
gaseous mass that is carried by the blood to a site distant from its point of
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AT SLl (] Lgandl 5y5ul1 yae JiNig 1K e (thrombus) 4 seall daladl Jundt Leuie &ange

1. Thromboembolism: 99% (from dislodged thrombus)
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3. Air/Nitrogen embolism
4. Amniotic fluid embolism
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Capillary bed of lungs where
gas exchange occurs

Pulmonary arteries Pulmonary veins

Vena cavae

Left atrium

Left ventricle
Right atrium

Right ventricle

Systemic arteries

Systemic veins

l ©Oxygen poor, B Oxygenrich,

GO2 - rich blood

Capillary bed
of all body
tissues where
gas exchange
occurs

Aorta and branches:

CO, - poor blood
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2 TYPES /SIDES OF CIRCULATION: VENOUS &
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Emboli Types (according to site of origin):

1. Venous
2. Arterial (systemic) emboli
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Endothelial cell  Intima Media Adventitia

Figure 9-1 Regional vascular speciaizations. Although all vessels share the same general constituents, the thickness and composition of the various

layers differ as a function of hemodynamic forces and tissue requirements.
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Endothelial cell  Intima Media Adventitia

GAS AND NUTRIENT EXCHANGE ﬂ

Figure 9-1 Regional vascular speciaizations. Although all vessels share the same general constituents, the thickness and composition of the various
layers differ as a function of hemodynamic forces and tissue requirements.
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Effects of Emboli on Blood Flow
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Emboli result in partial or complete vascular occlusion.

* Consequences of embolism: ischemic necrosis (infarction) of
downstream tissue iz
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Pulmonary Thromboembolism - Special Terms

Saddle embolus:
LARGE EMBOLUS
OCCLUDING THE
BIFURCATION OF
PULMONARY ARTERY
TRUNK (FATAL)
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Embolus derived from a lower extremity deep venous
thrombosis and now impacted in a pulmonary artery branch

© Elsevier. Kumar et al: Robbins Basic Pathology 8e -
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* Definition: Passage of embolus from
venous to systemic circulation through
PFO, ASD or VSD

A paradoxical embolus is
“paradoxical” because a clot
originating in the venous circulation ;
(which normally becomes trapped in eustachisn vaive

the lungs) bypasses the pulmonary ‘

circulation through a cardiac shunt
ASD/VSD: Ventricular/Atrial Septal Defect

Chiari Network

LV

and causes a blockage in the
systemic arterial circulation (such as
the brain).



Clinical consequence of Pulmonary
THROMBOEMBOLISM ;
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Pulmonary Hypertension and right ventricular failure: (showers of emboli over a

long tlme) > Ll Les¥I (e %60 oo ST ulawail Ala o6 (CV collapse) dyseall 551l 5Ll 5T (RVF) @53l galall Judll Coeas 8ialall 5155115
Sudden death (RVF, CV collapse): > 60 % of pulmonary vessels are obstructed

The clinical outcome of a thromboembolism varies from patient to patient. It

depends on several factors: ., im0 g
D dysha ST ol el ST dalall SIS LK alal] aaar

1.  Size of the embolus " A
2. Site of occlusion (where the embolus [odges) 1! vl el sl sle i adiassolacsd 585
3. Number of emboli ™ sy s clds sms il i iolilall sac 675,50 g1 (anly Sala) Balde Tolall il 1) o

O AL 5305 o 8,850 Eslyall s
4. Whether the event is acute (single sudden episode) or chronic/recurrent

Patients who are at risk for recurrent embolic events remain continuously exposed
to this danger. taloasdiel 15
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Pulmonary Embolus

L35 oy sl Ges¥ 1 ol Talall 355 Losie &any o3 faall € 1A g Jlawad .3 Common Symptoms

consciousness -

* Loss of consciousness can occur
due to hypoxia when emboli
block blood flow to critical
regions.

 Calf and thigh pain may occur in
deep vein thrombosis (DVT)
because of venous blockage and
associated inflammation.

coughing up blood

unexplained
shortness of breat

dull'chest pain
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Arterial Emboli
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* |In atrial fibrillation, the atria contract i e, e gan

abnormally and become dilated.

* This leads to blood stasis, particularly in the left
atrium.

¢ AS a reSUlt: ()_-,esylkj;mﬂuz.ugdmﬁ‘,u.;wmm‘édgym 255,01 g tdlalall a2
* A thrombus may form inside the left atrium.

* One possible outcome is that the thrombus
becomes an embolus.@lwﬁwlgmmn@mhu:uumn&m:(gw,s
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* The embolus can then travel with the
bloodstream from the left atrium — left
ventricle — systemic circulation.

* It may lodge in various organs such as ther}'
brain, kidneys, or small intestine, causing
serious complications.
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3. Clot blocks an
artery in the brain,
causing stroke
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Atrial fibrillation

2. Blood clot
travels in the
bloodstream

in the left atrium

AN
\\J ~— Thrombus (clot)
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Systemic (Arterial) Thromboembolism s
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° Ulcerated atherosclerotic plaque ol s cpalpll (8 a8l elsslll 3343 :(Ulcerated Atherosclerotic Plague) daiill uwaall olsslll.3
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* Lower limbs; Brain; Intestine; Kidneys; Spleen; etC. e ime i
 Any organ that has arterial supply! testg) st
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Fat Embolism
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* Definition: Presence of fat globules within the lung or systemic circulation.

e Causes: JENp
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1. Skeletal Injury: Long bones fractures =
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2. Adipose tissue Injury (Less common) :(e.g. fat necrosis in acute =
pancreatitis)

* Results: - =
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1. Mechanical obstruction of vessels ~ 7 5 oo

2. Free fatty acid release: Toxic injury to endothelium + Strong systemic
iImmune response

* |n skeletal injury, fat embolism occurs in 90% of cases, but only 10% or less
have clinical findings = Fat embolism syndrome (happens in less than 10%)
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FAT EMBOLUS = FAT GLOBULES + HEMATOPOIETIC CELLS

Adipose cells and
hematopoietic
cells can be seen
in red
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Fat embolism ‘syndrome’ is characterized by:
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* Pulmonary Insufficiency (rapid breathing; shortness of breath)

> fignanll G LeY12

* Neurologic symptoms (mental confusion; lethargy; coma) 2=

Lgnd ol Jgade

* Petechialrash (pinpoint rash, found on chest, head, and neck area
due to bleeding under skmf”s}u.m.@m
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* Fever -
A il 85
* ANemia o wis s sissn

((Thrombocytopenia) o lsaiall 4U5.6

* Thrombocytopenig '« st
* Death in 10% of cases
* Note: Symptoms appear 1-3 days after injury
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Therapy for Fat Embolism Syndrome

2 :(Fat Embolism Syndrome) giaull alewi¥l Laydtis goke
HIRPOY 5 PRPOTR i |

* NO SpPecCifiC treatMenTt i ve o o s 15 puadl st 20 it s e s ¥

* Prevention, early diagnosis, and adequate symptomatic treatment are
of paramount importance. -2
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 Supportive care is the mainstay of therapy
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* Maintenance of adequate oxygenation and ventilation
Stable hemodynamicsd%”lew pll Bl oLl e Bliall Fpsaall SlSenbodl DL
Blood products as clinically indicated = P& ¢ oot ¢l omsdpdl Ji S falal e ] oo
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Prophylaxis of deep venous thrombosis and stress-related 2
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Air Embolism —

(Air Embolism) Slsel! olaes¥ ]
RN |
Leg¥ 1 ulacal (oI S Loo colsgll Ole s s Lganll Le S (Slon olacail sa (Slsell slocas¥l

* It is a mechanical obstruction of blood vessels that leads to
vascular occlusion.

e Causes: ) 2

Ui o 3Ysl] Tulae o857 57 ke el connt 5 s Tipslsily Tam Ll ey

1. Surgical & Obstetric Procedures >
)
2. Traumatic chest wall injurg@maﬁw&u;wldﬁdyg a5 8 jall Eikie 5 SLlay ) 5T Sleseall uall luny HLayle

3. Decompression sickness (the bends): in Scuba deep-sea divers

. il clygdl it el Blac (o e Iyascm 13] daiall Jat] et 58 ol i) iy et ol (gl Z(cmamlsill clsil) aiucall JIa3 50
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o Deep-sea divers are exposed to high pressure, which causes nitrogen to
dissoluve into the blood. Returning to the surface slowly allows this
nitrogen to move back into the lungs. Ascending too quickly keeps
nitrogen dissolved in the blood, where it forms aas hubhles that canse
nitrogen embolism (decompression SICKNEsSs). i s s
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Decompression sickness (the bends)

The Bends

0 metres
Pressure = 1 atm

10 metres
Pressure = 2 atm

A slow return to the surface
Iets the nitrogen return to
the lungs where it is

\breathed out
4 ¢

Nitrogen moves from high
pressure in the lungs into the
blood (low bressure)

)P

Swimming up too
quickly doesn't give the
nhitrogen enough timeto
leave the blood - instead
it can form painful
bubbles

(The Bends) Liall Jlad 550
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Cerebral air embolism

1{)/ Subcutaneous emphysema

Pneumomediastinum

Expansion of
alveoli

Normal alveoli

padl ole 6,505 (Air Embolism) silsel! alaasy!
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Air Embolism - Clinical Consequence

5 el | sl - (oSl5ql) a Loy
:(Painful joints) i3l Joslall.q
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Painful joints: rapid formation of gas bubbles within Skeletal
MUSCl'eS and Supporting tissues' > :(Focal ischemia in brain and heart) Llalls & Leall o4 s 5l ,Lasy1.2
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Focal ischemia in brain and heart s wie s st s s es it
Respiratory distress (chokes) - Lung edema, hemorrhage,

:(Respiratory distress) judiill 45003

ateleCtaSIS emphysema 55l saleai¥ls ((hemorrhage) iyl aills (Lung edema) il aysill Jaudis (@31 il (o8 Lsaa o 51 oSa oSlsed alowas¥ e

Ll Taeg¥1 (o 1) o £ lsgd) ule ) cilS 3] Baa wla3s (a1 ¥ oda .(emphysema) i)l awusills (atelectasis)

Caisson disease: in scuba divers; gas emboli in the bones
leads to multiple foci of ischemic necrosis, usually the heads of
the femurs, tibias, and humeri :cassondsess s
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Amniotic Fluid Embolism (Pregnancy) Fesiies

(> iaall i (Amniotic Fluid Embolism) -usissd ! JiLud | aLewail
. . 9640 1] %20 o Lo sl saiipe ligll Juner
d ngh Mortallty Rate = 20%-40% @,qm|gu|;gamg‘ﬁfw@:swl@g;ﬁu&m-
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* Very rare complication of labor, e.g. cesarean section. _ s i w jus o o el

comrnsind | Jilall TAEAL LU s o (0S50
Amniotic fluid embolism occurs during delivery and produces a strong
immune reaction with marked activation of the coagulation system, and the

components of the fluid might cause significant mechanical obstruction.

Infusion of amniotic fluid into maternal girculation via tears in placental
membranes and rupture Of UTEriNE VEINS. il isdl ol pusuadl Sl i s byl Sk

Lanyll 8,081 355 of Loanatd | LV (o8 l85a3 5ue WU

Symptoms:

* Sudden severe dyspnea, cyanosis, ARDS, and hypotensive shock,
followed by seizures, DIC and coma’ ..

(opansSs¥ I (ol ey alall (ole 3551 0sl) 4850
(ARDS) s slall Loosiitll T2l dojpliae
il bager Lasar

Microscopic Findings upon autopsy: — sseowis s

* Fetal squamous cells, lanugo hair, fat, mucin, etc. within the maternal
pulmonary microcirculation” &= weszw )
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Amniotic
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Amniotic fluid
escapes the uterus,
enters the uterine
vasculature, and
travels through the
veins 1o the hean

and lungs

Fluid Embolism
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______

Pulmonary
microvasculature

Amniotic fluld,
hair, and
squamous cells
block vessel,
preventing blood

flow to the air sacs




AMNIOTIC FLUID EMBOLUS. KERATIN AND FETAL
SQUAMOUS CELLS IN PULMONARY ARTERIOLES

Fetal cells are shed in the amniotic fluid.

Amniotic Fluid) gwusise¥ | Sl alowas!
:(Embolus

el (o8 goraginad | Sl yelay Y1

Gals LA L oo cainia WA (ole Ggians G5!
Fetal) Livia Lddya LA (Keratin cells) Lowia
.(squamous cells
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Infarction

:(Infarction) -Laiay|
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* Infarct = an area of ischemic necrosis caused by occlusion of
arterial supply or venous drainage

/> lual ge 13l cLaia¥ | e¥la o %99 il QL]

e 999% result from thrombotic/ emboliC events (s s wlos sl ol Tom shail 51 (6,58) Luses Lala

 Other mechanisms: local vasospasm, expansion of atheroma,
extrinsic compression of vessel (e.g., by tumor); vessel twisting
(e.g. testicular torsion; bowel volvulus); and traumatic vessel

rupture wsesiou
s pall 3805 JI8 Los Tygenll Lueg¥ | Lalds :(Vasospasm) ‘_SJ?.LI sles!l gzl
Ausaadl Tue oW 8 Tean il Coaly,ll sudi ((Atheroma) agh¥) awsi.2
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Morphology of Infarcts
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* Infarcts may be either red (hemorrhagic) or white (anemic) and
may be either septic or bland ..., .. ..

il gonall e of Y i Buc (811 Loty il T od s Galal e ¥ 1 (AL Zakaill i) (g0 JS e

* Wedge-shaped (occluded vessel at the apex and periphery of
organ forming the base) ...

Cseaos [nan 5yl moeail] grocay dum gl g pas cLiia¥ ] Cilsa qaaiie

* Margins of infarcts become defined with time sl femslial! Lt
f> Ischemic) ¢, &Y 1 glalanll jaslle

* Histologic hallmark : ischemic coagulative necrosis s>/~ » ot
o Ultimately replaced by scar vk

* Note: The brain is an exception (liquefactive necrosis)
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Red Infarcts:

:(Red Infarcts) jea¥! cLaiay!
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Ovarian) ,aul! <[l Jis :(Venous Occlusion) g g olail. 1

* Occur in any of the following scenarios:ﬁeﬁ.ww@.mm,w.@w.m.&%mrsion

1.
2.
3.
4.

5.

Venous occlusions (e.g. ovarian torsion)

9SG aa ‘u‘-‘-b” Jia Z(LOOSG Tissues) Laliandll 4 - N2 il Jis 1(Dual Circulations) dasayll 4seall olysall &l a3
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Tissues with dual circulations (e.g. lung and small intestine)f
Previously congested tissues because of sluggish venous
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When flow is re-established to a site of previous arterial
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Wh ite I nfa rCtS :(White Infarcts) au! Lsiad!
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* Occur with: arterial occlusions in solid organs (such as heart,
spleen, and kidney).

Septic Infarctions: swcmmmaenes

/ welld ole el

* Occur when infarct is superimposed by infection

* Examples: | S
(_> Slolan o olhalall i (Infected Vegetations) Lilall dsball slalalld
1. Infected vegetations (cardiac valve thrombi) ol st sl e o sSlhasSe e gt A

2. Microbes seed an area of necrotic tissué - Zlalo o1 ol o] i on il e o] el

* Infarctis converted into abscess with a greater inflammatory
[ESPONSE ittt s it o s
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((White Infarcts) Lo -Laiay s (Red Infarcts) joa¥/ cLasay|

((Red Infarct) yjea¥l Lasay .1
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((White Infarct) ¥ Laia¥l.2
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Red and white infarcts:
A = lung (red infract)

B = spleen (white infract)
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KIDNEY WHITE INFARCT

:(Kidney White Infarct) Lo (ISI ¢ Laial
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Kidney infarct
replaced by a large
fibrotic scar.
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Factors That Influence Development of an
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* Nature of vascular supply o L
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* Rate of occlusion development (collateral circulation) s~
* Tissue vulnerability to hypoxia and irreversible damage, o
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* Neurons = Only 3 minutes ) o il ) il

* Myocardial cells 2 20 to 30 minutes 3020 s osbllod s sl
* Oxygen content of blood
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* Question: A 38 3ledl Lo Jag il of Gonss dual o
* If we have an embolus in the pulmonary artery will
the embolus be considered of venous or arterial

origin and will its final target be the lungs?
* Answer: “

S 58 iyl gl ()T San g sl G (ole Ciian gl opalyall o8 slad e
* Embolism in the pulmonary arteries belongs to
venous embolism and the main targetis the lung
itself.
* ltis a bit confusing but remember that pulmonary
artery carries venous blood from the right side of the

heart to the lungs, so it’s quite the opposite to what
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eQuestion: e
* Can pulmonary embolism be of an arterial origin?

SRR
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* Yes, the lung can be a target of both venous and
arterial embolism types. It depends on the side of the
circulation it originated from.

* S0, if the embolus is coming from venous circulation
and is reaching the lung through the right side of the
heartitis a venous embolus. On the other hand, if the
embolus is coming out of the left side of the heart and
reaching the lung through bronchial circulation, then
itis an arterial embolus. wossmse s oims s s s e Lt 06 151 o5 ol oo

Gl e ie) Gl dndl]
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