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Normal Hemodynamics

2/3 Intravascular fluid
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Topic 2 : Edema and Effusion
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Edema and Effusion

Disorders that perturb cardiovascular, renal, or hepatic function are often
marked by the accumulation of fluid in interstitial tissue (edema) or body cavities

(effusion).
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Edema and Effusion

Types of edema/effusion

1. Inflammatory

Inflammatory mediators increase vascular permeabillity that lead to
accumulation of protein-rich fluid called Exudates.

2. Non-inflammatory

In contrast, non-inflammatory edema and effusions are protein-poor fluids
called Transudates. Noninflammatory edema and effusions are common in
many diseases, including heart failure, liver failure, renal disease, and

severe nutritional disorders



Edema and Effusion

gravity

Transudate Exudate
Protein < 15 g/dl > 15 g/dl
Specific <1.012 > 1.020




Pathophysiologic categories

Increased Hydrostatic Pressure Lymphatic Obstruction
Impaired Venous Return Inflammatory
Congestive heart failure Neoplastic
Constrictive pericarditis Postsurgical
Ascites (liver cirrhosis) Postirradiation
Venous obstruction or compression
Thrombosis Sodium Retention

External pressure (e.g., mass)

Lower extremity inactivity with prolonged dependency Excessive salt intake with renal insufficiency

Increased tubular reabsorption of sodium
Arteriolar Dilation Renal hypoperfusion
Heat Increased renin-angiotensin-aldosterone secretion

Neurohumoral dysregulation

Inflammation
Reduced Plasma Osmotic Pressure (Hypoproteinemia) Acute inflammation
Protein-losing glomerulopathies (nephrotic syndrome) Chronic inflammation
Liver cirrhosis (ascites) Angiogenesis
Malnutrition

Protein-losing gastroenteropathy



Increased Hydrostatic Pressure

* |ncreases in hydrostatic pressure are mainly caused by disorders that impair
venous return.

* |f the impairment is /ocalized (e.g. a deep venous thrombosis [DVT] in a lower
extremity), then the resulting edema is confined to the affected part.

» Conditions leading to systemic increases in venous pressure (e.g. congestive
heart failure) are understandably associated with more widespread edema.

Reduced Plasma Osmotic Pressure

 Conditions leading to inadequate synthesis or increased loss of albumin from
the circulation are common causes of reduced plasma oncotic pressure.
Reduced albumin synthesis occurs mainly in severe liver diseases (e.g. end-
stage cirrhosis) and protein malnutrition.



Sodium and Water Retention

* |ncreased salt retention causes both increased hydrostatic pressure and
diminished vascular colloid osmotic pressure. Salt retention occurs whenever
renal function is compromised.

 Example
 EXxcessive salt intake with renal insufficiency
* Renal hypoperfusion

* |ncrease renin-angiotensin-aldosterone secretion



Lymphatic Obstruction

* [rauma, fibrosis, invasive tumors, and infectious agents can all disrupt
lymphatic vessels and impair the clearance of interstitial fluid, resulting in
lymphedema in the affected part of the bodly.

 An example is seen Iin parasitic filariasis, in which the organism induces
obstructive fibrosis of lymphatic channels and lymph nodes. This may result
iIn edema of the external genitalia and lower limbs that is so massive as to
earn the appellation elephantiasis.

 Severe edema of the upper extremity may also com plicate surgical removal
and/or irradiation of the breast and associated axillary lymph nodes in
patients with breast cancer.



Clinical Features

\ _ Normal

Subcutaneous edema O\ E

* |S Important primarily because it signals
potential underlying cardiac or renal disease.

 When significant, it can also impair wound
healing or the clearance of infections.

Edema




Clinical Features

Pulmonary edema

* |s a common clinical problem that is most
frequently seen in the setting of left ventricular
failure; it can also occur with renal failure, acute
respiratory distress syndrome, and pulmonary
inflammation or infection.

* Not only does fluid collect in the alveolar septa
around capillaries and impede oxygen diffusion,
but edema fluid in the alveolar spaces also

creates a favorable environment for bacterial
Infection.

Normal air sacs

Normal oxygenation takes place
in air sacs (alveoli) in the lungs

Lung

= Oxygen-poor

Oxygen-rich
L blood

High altitude pulmonary edema (HAPE)

It is theorized that blood
vessels constrict, causing
increased blood
pressure in the lungs

As a result, fluid
leaks from vessels .
into air sacs (alveoli)



Clinical Features

Peritoneal effusions (ascites)

* Resulting most commonly from portal

hypertension are prone to seeding by
bacteria, leading to serious and
sometimes fatal infections.
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Clinical Features

Brain edema

» Life threatening condition

e |f severe, brain substance can herniate

(extrude) through the foramen

magnum, or the brain stem vascular

supply can be compressed.
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compression

shutterstock.com + 1977141533



Topic 3 : Hyperemia and Congestion

Normal
Hemodynamic

Edema and
Effusion

Hyperemia
And Congestion

Hemorrhage

3

Thrombosis

Embolism

Infarction

Shock



Hyperemia and Congestion

 Hyperemia and congestion both stem from increased blood volumes within
tissues, but have different underlying mechanisms and consequences.

 Hyperemia is an active process in which arteriolar dilation (e.g., at sites of
inflammation or in skeletal muscle during exercise) leads to increased blood

flow. Affected tissues turn red (erythema) because of increased delivery of
oxygenated blood.

 Congestion is a passive process resulting from reduced outflow of blood

from a tissue. It can be systemic, as in cardiac failure, or localized, as in
ISolated venous obstruction.



HYPEREMIA
erythema

Increased
inflow

(e.g., exercise,
inflammation)

CONGESTION
cyanosis/hypoxia

Decreased
outflow

(e.g., local
obstruction,
congestive

heart failure)



Lung Congestion

The reddish coloration of the tissue is due to congestion. Some normal pink lung tissue is seen at
the edges of the lungs (arrows).



Liver Congestion

The stasis of blood in the hepatic parenchyma, due to impaired hepatic venous
drainage, which leads to the dilation of central hepatic veins and hepatomegaly



Varicose Vein
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Hemorrhage

* The extravasation of blood from vessels.
* |t is most often the result of damage to blood vessels.

e Trauma, atherosclerosis, or inflammation of blood vessel wall lead to
hemorrhage



Manifestations

* Petechiae - minute hemorrhage into skin, mucous membranes, or serial
surfaces (1 - 2 mm in diameter)

* Purpura - slightly larger that petechiae (3 - 5 mm in diameter)
 Ecchymosis - subcutaneous hemorrhage (1 - 2 cm in diameter)
* Hematoma - external or accumulate within a tissue

» Hemothorax, hemoperricardium, hemoperitoneum, or hemarthrosis - Large
bleeds into body cavities



Petechiae
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Ecchymosis
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Hematoma
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Normal Hemostasis

Arteriolar

. Primary hemostasis
vasoconstriction

Clot stabilization Secondary
and resorption hemostasis



A. VASOCONSTRICTION

Endothelium Basement membrane Arteriole smooth muscle

Endothelin release Reflex ECM (collagen)
causes vasoconstriction vasoconstriction
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Thrombosis

The primary abnormalities that lead to
thrombosis are

1. Endothelial injury
2. Stasis or turbulent blood flow

3. Hypercoagulabllity of the blood

Hypercholesterolemia
Inflammation

ENDOTHELIAL INJURY

l

-
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. THROMBOSIS
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ABNORMAL
BLOOD FLOW ‘ HYPERCOAGULABILITY \

P Inherited
asis e.g., factor V Leiden
(e.g., atrial fibrilation, bed rest) ( s Acqunrec}
Turbulence (e.g., disseminated cancer)

(e.g., atherosclerotic
vessel narrowing)



Clinical Features

Venous Thrombosis

- Superficial venous thrombi usually arise in saphenous
system. They rarely emboli zed.

- Deep venous thromboses (DVTs) cause local pain and
edema. They can lead to embolizations.




Normal Deep Vein Embolus
Blood Flow Thrombosis

Deep Veins of the Leg



Clinical Features

Arterial and Cardiac Thrombosis

- Artherosclerosis is a major cause of arterial thromboses
because it Is associated with the loss of endothelial
integrity and with abnormal blood flow.
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Atherosclerosis/ Plagque Buildup

Atherosclerosis/ Plaque Buildup with Blood Clots
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Clinical Features

DIC

- widespread thrombosis within microcirculation.
- It consumes platelets and coagulation proteins.
- The net results Is excessive clotting and bleeding.




~r

—

- e

Microparticles

Tissue factor " .

expression : Fibrin deposition ————

_Insufficient

Impairment of - removal

anticoagulant

mechanisms . /

= Plasmino% |

activator inhibitor 1 : s
-~ \ »:i
. ‘.f-«.;.-'::,.\- ~ uf 0
endothelnal cells = 0
. _(,_':“.

Figure 2. Pathogenesis of Disseminated Intravascular Coagulation in Sepsis.

Through the generation of proinflammatory cytokines and the activation of monocytes, bacteria cause the up-regulation of tissue factor
as well as the release of microparticles expressing tissue factor, thus leading to the activation of coagulation. Proinflammatory cytokines
also cause the activation of endothelial cells, a process that impairs anticoagulant mechanisms and down-regulates fibrinolysis by gener-

ating increased amounts of plasminogen activator inhibitor.
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Embolism

An embolism iIs a detached
iIntravascular solid, liquid, or gaseous
mass that is carried by the blood from
its point of origin to a distant site,
where often causes tissue dysfunction
or infarction.

e MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED.



Pulmonary Embolism

 Pulmonary emboli originate from deep venous thromboses and are
responsible for the most common form of thromboembolic disease.

 Fragment thrombi from DVTs are carried through progressively larger Chanels
and usually pass through the right side of the heart before arresting in the

pulmonary vasculature.

* Clinical manifestation - Dyspnea and desaturation, sudden death



Systemic Thromboembolism

 Most systemic emboli arise from intracardiac mural thrombi.
* Arterial emboli can travel virtually anywhere through body.

e Common arteriolar embolization sites include the lower extremities and
central nervous system.



Fat Embolism

e Soft tissue crush injury or rupture of marrow vascular sinusoids release
microscopic fat globules into the circulation.

* Clinical manifestation - dyspnea, tachycardia, irritability, and restlessness.



Amniotic Fluid Embolism

 Amniotic fluid embolism is the complication after labor and the immediate
postpartum period.

 Mortality rate approximately 80%

* Clinical manifestations - sudden severe dyspnea, cyanosis, and shock.



Air Embolism

 (Gas bubbles within the circulation can coalesce and obstruct vascular flow
and cause distal ischemic injury.

 Decompression sickness Is caused by sudden changes in atmospheric

pressure - typically found in scuba drivers or underwater construction
workers.
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Infarction

An infarction is an area of ischemic necrosis caused by occlusion of the
vascular supply to the affected tissue.




Morphology

Occur as a result of venous occlusions

Occur in loose tissues where blood can collect in infarcted zone
Occur in tissues with dual circulations

Occur in previously congested tissues

Occur when flow is reestablished after infarction has occurred

Red Infarct

o ko~

1. Occur with arterial occlusions

White Infarct 2. Occur in solid organs with end-arterial circulations

1. Occur when infected cardiac valve vegetations embolized

Septic Infarctis 2. Occur when microbes seed necrotic tissue




http://hit-micrscopewb.hc.msu.edu/Pathology-Static/Circulation/Lab3-lmage17.html



https://pathologia.ed.ac.uk/topic/infarction/
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Factors that influence Infarction

Anatomy of the vascular supply

Example : The dual supply of the lung by the pulmonary and bronchial
arteries mean that obstruction of the pulmonary arterioles does not cause
lung infarction unless bronchial circulation also is compromised.

Rate of occlusion

Example : Small inter arteriolar anastomoses, which normally carry
minimal blood flow, interconnect the three major coronary arteries. If one
coronary artery is slowly occluded, flow in this collateral circulation may
iIncrease sufficiently to prevent infarction.

Tissue vulnerability

Example : Neurons. Undergo irreversible damage when deprived of their
blood supply for only 3 to 4 minutes.
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Shock

Shock is a state in which diminished cardiac output or reduced effective
circulating blood volume impairs tissue perfusion and leads to cellular hypoxia.



@ Types of Shock

r N

Shock

l

Hypovolaemic shock
Reduced intravascular
volume resulting in
reduced cardiac output

\ 4

Heart rate: 1
JVP: |
Peripheries: Cold

Causes:

Haemorrhage
Trauma

Burns
Gastrointestinal loss
Renal loss

Third space loss
(e.g. pancreatitis)

l l

Cardiogenic shock Obstructive shock
Intracardiac dysfunction Extracardiac causes
resulting in reduced obstructing/restricting

cardiac output cardiac output
\ 4 \
Heart rate: 1 Heart rate: 1
JVP: 1 JVP: 1

Peripheries: Cold Peripheries: Cold

| |

e Myocardial infarction

: e Pulmonary embolism
* Arrhythmias  Tension pneumothorax
. AOITIC or mitral valve e Pericardial tamponade
insufficiency « Constrictive pericarditis
e Restrictive
cardiomyopathy

l

Distributive shock
Shock due to severe
peripheral vasodilation

\ 4

Heartrate: 1 (| in
neurogenic shock)

JVP: 1
Peripheries: Warm

|

o Septic shock
e Anaphylaxis
e Neurogenic shock
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Obstructive Shock

Obstructive shock occurs when blood can’t get where it needs to go. A pulmonary embolism is
one condition that may cause an interruption to blood flow. Conditions that can cause a buildup of
air or fluid in the chest cavity can also lead to obstructive shock. These include:

* pneumothorax (collapsed lung)
* hemothorax (blood collects in the space between the chest wall and lung)

» cardiac tamponade (blood or fluids fill the space between the sac that surrounds the heart and
the heart muscle)


https://www.healthline.com/health/pulmonary-embolus
https://www.healthline.com/health/collapsed-lung
https://www.healthline.com/health/cardiac-tamponade

Cardiogenic Shock

Damage to your heart can decrease the blood flow to your body, leading to cardiogenic shock.
Common causes of cardiogenic shock include:

* Myocardial Infarction
e Arrhythmia

» Valvular dysfunction



Hypovolumic Shock

Hypovolemic shock happens when there isn’t enough blood in your blood vessels to carry
oxygen to your organs. This can be caused by severe blood loss, for example, from injuries.

Your blood delivers oxygen and vital nutrients to your organs. If you lose too much blood, your
organs can’t function properly. Serious dehydration can also cause this type of shock.


https://www.healthline.com/health/hemorrhagic-shock
https://www.healthline.com/symptom/dehydration

Distributive Shock

Conditions that cause your blood vessels to lose their tone can cause distributive shock. When
your blood vessels lose their tone, they can become so open and floppy that not enough blood
pressure supplies your organs.



Types of Distributive Shock

1. Anaphylactic shock is a complication of a severe allergic reaction known as anaphylaxis.
Allergic reactions occur when your body mistakenly treats a harmless substance as harmful.
This triggers a dangerous immune response.

2. Septic shock is another form of distributive shock. Sepsis, also known as blood poisoning, is a
condition caused by infections that lead to bacteria entering your bloodstream. Septic shock

occurs when bacteria and their toxins cause serious damage to tissues or organs in your
bodly.

3. Neurogenic shock is caused by damage to the central nervous system, usually a spinal cord
injury. This causes blood vessels to dilate, and the skin may feel warm and flushed. The heart
rate slows, and blood pressure drops very low.

4. Drug toxicities and brain injuries can also lead to distributive shock.


https://www.healthline.com/health/anaphylactic-shock
https://www.healthline.com/health/anaphylaxis
https://www.healthline.com/health/septic-shock
https://www.healthline.com/health/sepsis
https://www.healthline.com/health/neurogenic-shock
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