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o The circulation is a closed loop system, operating at two levels,
namely the macrocirculation and microcirculation. The former
provides adequate perfusion pressure gradient through the organs,
while the latter plays a pivotal role at the tissue level in distribution
of flow, supply of oxygen and nutrients, and eliminating waste
products such as carbon dioxide

o Effective tissue perfusion is the interplay of macro/microcirculation
and cellular subsirate utilization.
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Hemorheology

* Hemorheology or blood rheology, is the study of flow properties of
blood and its elements of plasma and cells. Proper tissue perfusion
can occur only when blood's rheological properties are within certain
levels. Alterations of these properties play significant roles in disease
processes. Blood viscosity is determined by plasma viscosity,
hematocrit and mechanical properties of red blood cells. Red blood
cells have unigue mechanical behavior, which can be discussed under
the terms erythrocyte deformability and erythrocyte aggregation



https://en.wikipedia.org/wiki/Blood_plasma
https://en.wikipedia.org/wiki/Blood_cell
https://en.wikipedia.org/wiki/Perfusion
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Erythrocyte_deformability
https://en.wikipedia.org/wiki/Erythrocyte_aggregation

Blood viscosity

* Blood viscosity is a measure of the resistance of blood to flow. It can also be described as
the thickness and stickiness of blood. This biophysical property makes it a critical
determinant of

 friction against the vessel walls :(vascular resistance)

» the rate of venous return : (preload)

* the work required for the heart to pump blood: (afterload)

* and how much oxygen is transported to tissues and organs: (perfusion)

* The Erimary determinants of blood viscosity are hematocrit, red blood cell deformability,
red blood cell aggregation, and plasma viscosity(Plasma’s viscosity is determined by
water-content and macromolecular components, so these factors that affect blood
viscosity are the plasma protein concentration and types of proteins in the plasma)

Nevertheless, hematocrit has the strongest impact on whole blood viscosity. One unit
increase in hematocrit can cause up to a 4% increase in blood viscosity. This relationship
becomes increasingly sensitive as hematocrit increases. When the hematocrit rises to 60 or
70%, which it often does in polycythemia, the blood viscosity can become as great as 10
times that of water, and its flow through blood vessels is greatly retarded because of
increased resistance to flow. This will lead to decreased oxygen delivery. Other factors
influencing blood viscosity include temperature, where an increase in temperature results
in a decrease in viscosity. This is particularly important in hypothermia, where an increase
in blood viscosity will cause problems with blood circulation.

 Anemia can reduce blood viscosity.



https://en.wikipedia.org/wiki/Hematocrit
https://en.wikipedia.org/wiki/Erythrocyte_deformability
https://en.wikipedia.org/wiki/Erythrocyte_aggregation
https://en.wikipedia.org/wiki/Blood_plasma
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Hypothermia
https://en.wikipedia.org/wiki/Anemia

Blood viscoelasticity

* Viscoelasticity is a property of human blood that is primarily due to the elastic energy that is
stored in the deformation of red blood cells as the heart pumps the blood through the body. The
energy transferred to the blood by the heart is partially stored in the elastic structure, another
Bart Is dissipated by viscosity, and the remaining energy is stored in the kinetic motion of the

lood. When the pulsation of the heart is taken into account, an elastic regime becomes clearly
evident. It has been shown that the previous concept of blood as a purely viscous fluid was
inadequate since blood is not an ordinary fluid. Blood can more accurately be described as a
fluidized suspension of elastic cells (or a sol).

* The red blood cells occupy about half of the volume of blood and possess elastic properties. This
elastic property is the largest contributing factor to the viscoelastic behavior of blood. The large
volume percentage of red blood cells at a normal hematocrit level leaves little room for cell
motion and deformation without interacting with a neilghboring cell. Calculations have shown
that the maximum volume percentage of red blood cells without deformation is 58% which is in
the range of normally occurring levels. Due to the limited space between red blood cells, it is
obvious that in order for blood to flow, significant cell to cell interaction will play a key role. This
interaction and tendency for cells to aggregate is a major contributor to the viscoelastic behavior
of blood. Red blood cell deformation and aggregation is also coupled with flow induced changes
in the arrangement and orientation as a third major factor in its viscoelastic behavior. Other
factors contributing to the viscoelastic properties of blood is the plasma viscosity, plasma
composition, temperature, and the rate of flow or shear rate. Together, these factors make
human blood viscoelastic, non-Newtonian, and thixotropic.



https://en.wikipedia.org/wiki/Viscoelasticity
https://en.wikipedia.org/wiki/Elastic_energy
https://en.wikipedia.org/wiki/Red_blood_cells
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Suspension_(chemistry)
https://en.wikipedia.org/wiki/Sol_(colloid)
https://en.wikipedia.org/wiki/Hematocrit
https://en.wikipedia.org/wiki/Viscoelasticity
https://en.wikipedia.org/wiki/Newtonian_fluid
https://en.wikipedia.org/wiki/Thixotropic
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DEFINITION

« It is an abnormally increased concentration
of haemoglobin in the blood, either through
reduction of plasma volume or increase in

red cell numbers.

« People with polycythemia have an increase
in hematocrit, hemoglobin or red blood cell

count above the normal limits.



Definition

# It is a disease state in which the proportion of blood
volume that is occupied by red blood cells increases.

« An increase in the no of red blood cells =absolute
polycythemia

* Due to decrease in the volume of plasma =relative
polycythemia

# Hematocrit — Polycythemia in the adult patient is
suspected when the HCT is >48 or >52 % in F and M,
respectively.

# (The hematocrit (HCT) is expressed as the percent of a
blood sample occupied by intact RBCs. )

+ Hemoglobin concentration — when the HGB is >16.5
or >18.5 g/dL in F and M, respectively.

# (The hb concentration (HGB) is its content in grams per
100 mL of whole blood. )



Polycythemia

Absolute Relative

Increase rbc Decrease bld volume

Myeloproliferative disorder Dec O2. altitude, Ca R e I d t ive p ) I y (2 yt h emlia
Polycythemia Vera ; :

# It is an apparent rise of the erythrocyte level in the
blood.

# The underlying cause is reduced blood plasma.

« Relative polycythemia is often caused by loss of body
fluids, such as through burns, dehydration and stress.

# A specific type of relative polycythemia is Gaisbock
syndrome: mild obesity, diastolic htn, | in plasma vol
with relative 1 in RBC



Absolute polycythemia

# Overproduction of RBC may be due to a primary
process in the bone marrow= myeloproliferative
syndrome

* May be a reaction to chronically low oxygen levels.
# Qvertransfusion

SP:Hypoxemia secondary to:

# Chronic pulmonary disease

# Right-to-left cardiac shunts

+ Sleep apnea

+ Massive obesity (Pickwickian syndrome)
# High altitude

+ Chronic carbon monoxide poisoning (including heavy
smoking)



PP: Polycythemia Vera

# Polycythemia vera is one of the chronic
myeloproliferative disorders (neoplasms), collectively
characterized by clonal proliferation of myeloid cells.

+ The most prominent feature of this disease is an
elevated absolute RBC mass because of uncontrolled
red blood cell production.

+ This is accompanied by T WBC and platelet production
as well.



normal

Calcification of polycythemia

normal normal

Relative or pseudo or stress
Polycythemia

Decreased plasma
volume due to severe

dehydration RBCs mass in
NOT increased but in
comparison to the decreased
plasma the RBCs are a lot

absolute
Secondary

polycythemia
Increased RBC mass due to high EPO
(erythropoietin) :
1COPD, Sleep apnea, (smoking most common)
2High altitude
3 ngh afflnlty HB (hard release of oxygen to tissue leading to more 02 demand)
4Renal disease
5 EPO secreting tumor (Parathyroid adenoma)

2ry polycythemia: Any cause that interrupt with EPO production or affect kidneys may cause
more RBCs and this is not a clonal disease

absolute

Polycythemia Vera

Increased RBC
mass due to
malignant
proliferation



RISK FACTORS

» chronic hypoxia

« long-term cigarette smoking

« familial and genetic predisposition
« living in high altitudes
» long-term exposure to carbon monoxide (tunnel TYPES

workers, car garage attendants, residents of highly . PRIMARY POLYCYTHEMIA

polluted cities)
« SECONDARY POLYCYTHEMIA

« RELATIVE POLYCYTHEMIA
« STRESS POLYCYTHEMIA



When do we say that this patient has PV? Important!
» Whenhehas 3 Major criteria g First 2 Major and the Minor criteria.

1.Hb>16.5g/dlinmenor Hb>16.0 g/dlin women » Subnormal serum
Or Hematocrit > 49% in men or >48% in women erythropoietin
Or Increased Red Cells Mass (RCM). level.

2. Bone Marrow biopsy shows (panmyelosis).
3. Presence of JAK2V617 orJAK2 exon12 Mutation.

Investigations of polycythemia vera:

CBC:

*RBC:increased *Hb: increased

*WBC&PLT (platelets) :mildly increased (usually).
go0d smear:

»  Excessof normocytic normochromic RBC.

»  *Leukocytosis &thrombocytosis.

Bone marrow

= Hypercellular.

» Predominanterythroidprecursors.

» *Increased megakaryocytes & myeloid
precursors.

IBlasts m—— A transformation

Complication and treatment of polycythemia vera:

Treatment: Notimportant
= Venesection:+ Aspirin w prevent thrombosis
-+ Myelo-suppressive drugs (hydroxyurea) itz chemotherapy

10-15 years

Myelofibrosis Acute leukemia



PRIMARY POLYCYTHEMIA

« Primary Polycythemia occurs when excess
red blood cells are produced as a result of an

abnormality of the bone marrow.

« Often, excess white blood cells and platelets SECONDARY POLYCYTHEMIA

are also produced. il
» Secondary polycythemia is usually due to

increased erythropoietin (EPO) production
either in response to chronic hypoxia (low
blood oxygen level) or from an erythropoietin

secreting tumor.



RELATIVE POLYCYTHEMIA

« Relative erythrocytosis is an increase in RBC

numbers without an increase in total RBC mass.

« Usually, this is caused by loss of plasma volume

with resultant hemo-concentration, as seen in STRESS POLYCYTHEMIA

severe dehydration related to vomiting and
diarrhea. « Stress polycythemia is a term applied to a

chronic (long standing) state of low plasma
volume which is seen commonly in active,
hard working, anxious, middle-aged men. In
these people, the red blood cell volume is

normal, but the plasma volume is low.



CLINICAL MANIFESTATIONS

« SYMPTOMS RESULTS FROM INCREASED
BLOOD VOLUME:

Cyanosis
- Reddened face with engorged retinal veins

- ltching after bath

Feeling of fullness in head with headache ~ Tinnitus (ringing or buzzing in the ears.)

Weakness, fatigue and dizziness ~ Parasthesia, numbness, burning or weakness in

hands and legs.
- Visual disturbances
- Nose bleeding

Abdominal bloating



« SYMPTOMS FROM INCREASED VISCOSITY:
- Angina

~ Dyspnea

/ Hypoxia

- Bone and joint pain

- thrombophlebitis

« OTHER SYMPTOMS ARE

Weight loss

~ Breathing difficulty when lying down

~ Chronic cough

- Night sweats and sleep disturbances

~ Burning sensation over fingers or toes

- Splenomegaly and hepatomegaly

Formation of blood clots in the blood vessels



DIAGNOSIS

« HISTORY COLLECTION AND PHYSICAL
EXAMINATION:

History usually includes questions
about smoking, living at high altitudes, breathing

difficulty, sleep disturbances and chronic cough. S Blood tosta

The blood studies will show
« An increase in the number of red blood cells
« Elevated hematocrit measurement

+ Elevated levels of hemoglobin

« Very low levels of erythropoietin



< Bone marrow aspiration or biopsy

If an examination of the bone
marrow shows that it's producing higher than
normal numbers of blood cells, it may be a sign
of polycythemia.

OTHER DIAGNOSTING MEASSURES
ARE,

- Chest X-Ray
« Electrocardiogram
+ Echocardiogram

+ SpO2measurement



MANAGEMENT

» PHLEBOTOMY:

Drawing a certain amount of blood
out of the veins in a procedure called
phlebotomy is usually the first treatment option
for people with polycythemia.

This reduces the number of blood
cells and decreases your blood volume, making
it easier for your blood to function properly.

« Low-dose aspirin
The doctor may recommend that to take a

low dose of aspirin to reduce your risk of blood clots.

Low-dose aspirin may also help reduce

burning pain in your feet or hands.



« Medication to decrease blood cells.

For people with polycythemia, who
aren't helped by phlebotomy alone,
medications, such as hydroxyurea (Droxia,
Hydrea), to suppress the bone marrow's ability

to produce blood cells may be used.

Interferon alpha may be used to
stimulate the immune system to fight the
overproduction of red blood cells.

« Therapy to reduce itching.

If you have bother some itching,
the doctor may prescribe medication, such
as antihistamines, or recommend ultraviolet

light treatment to relieve your discomfort.



LIFESTYLE AND HOME REMEDIES

» Exercise.

Moderate exercise, such as walking,
can improve the blood flow, which decreases
your risk of blood clots.

Leg and ankle stretches and
exercises also can improve the blood
circulation.

« Avoid tobacco.

Using tobacco can cause the
blood vessels to narrow, increasing the risk
of heart attack or stroke due to blood clots.

« Watch for sores.

Poor circulation can make it
difficult for sores to heal, particularly on the
hands and feet. Inspect the feet regularly
and tell the doctor about any sores.



« Avoid extreme temperatures.

Poor blood flow increases the risk of
injury from hot and cold temperatures. In cold
weather, always wear warm clothing, particularly

on your hands and feet. In hot weather, protect NURSING MANAGEMENT

yourself from the sun and drink plenty of liquids.
» Monitor for peripheral and cerebral thrombosis.

« Assist the patient for ambulation

« Perform phlebotomy as per doctors order

» Administer iv fluids and encourage to take oral fluids
» Administer pain management measures

« Advice to do regular exercise



NURSING DIAGNOSIS

« Impaired tissue perfusion related to phlebotomy

as evidenced by cyanosis.

« Acute pain related to surgical intervention as

evidenced by verbalization

» Impaired breath pattern related to decreased

level of RBC in blood as evidenced by dyspnea.

« Imbalanced nutrition less than body

requirement related to less oral intake of food
as evidenced by weight loss.

« Fear and anxiety related to outcome of

disease condition as evidenced by frequent
doubts.

» Knowledge deficit regarding home care

management as evidenced by frequent
doubts.
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. DEFINITION ! I

> Hypoxia is O, deficiency at the tissue
level.

> A pathological condition in which the
whole body as a whole or a region of
the body is deprived of adequate

oxygen supply.
> It is the decrease below normal levels
of oxygen in inspired gases, arterial
_ blood, or tissues, without reaching
anoxia.

> T —— > High altitude.

» Low hemoglobin level.

» Decreased oxygen supply to an area.
» Low oxygen carrying capacity.

> Poor tissue perfusion.

> Impaired ventilation.

~» Decreased diffusion of oxygen.




ETIOLOGICAL
CLASSIFICATION

> Inadequate oxygenation of the blood
in the lungs because of extrinsic

reasons.
* Deficiency of oxygen in the d
atmosphere.
* Hypoventilation (neuromuscular
~ disorders). > Pulmonary disease. =
* Hypoventilation caused by
| increased airway resistance or

decreased pulmonary compliance.

« Abnormal alveolar ventilation-
perfusion ratio.

* Diminished respiratory membrane
diffusion.




> Venous to arterial shunts.

> Inadequate oxygen transport to the
tissues by the blood.

* Anemia or abnormal hemoglobin.
* General circulatory deficiency.

* Localized circulatory deficiency.
* Tissue edema.

> Inadequate tissue capability of using
oxygen.

* Poisoning of cellular oxidation
enzymes.

* Diminished cellular metabolic
capacity for using oxygen, because
of toxicity, vitamin deficiency, or
other factors.




TYPES

> Hypoxic hypoxia.

> Anemic hypoxia.
» Stagnant hypoxia.
- » Histotoxic hypoxia.







#* L ow oxygen tension
" in inspired air.



$#Respiratory disorders
‘“ 'éc,.;v‘.. ,-‘,-; .’.',‘..M
~decreased pulmonary ‘

ventilation. e

: p <€ -

_ *#Respiratory disorders
associated with madequate
- oxygenation of blood in
lungs.
A5







DEFINITION

* Hypoxia in which arterial pO, is normal but
the amount of haemoglobin available to carry
oxygen is reduced.

Quatermary Protein Sructue: Three-dimesvienal avcmbly of valuain




CAUSES

* Decreased no. of RBCs =

* Decreased haemoglobin content in blood

* Formation of altered haemoglobin

* Combination of haemoglobin with gases other
than O, and CO,

* Anemic hypoxia is characterized by low
oxygen carrying capacity of blood while the
other features remain normal.







SYNONYMS

» Ischaemic hypoxia.

~ DEFINITION

* Hypoxia in which the blood flow to the tissues
| is so low or slow that adequate oxygen is not
delivered to them despite a normal arterial pO,.

* Embolism.

CAUSES

* Congestive cardiac failure.
* Hemorrhage.

* Surgical stroke.

* Vasospasm.

* Thrombosis.




» Stagnant hypoxia is characterized by
decreased velocity of blood flow while the
other features remain normal.







DEFINITION

o Hypoxia in which the amount of oxygen
delivered to the tissues is adequate , but
because of the action of a toxic agent the
tissue cells cannot make use of the oxygen
supplied to them.

N

o Cyanide poisoning:

N

CAUSES

Cyanide destroys the cellular oxidative
enzymes completely paralyzing the
cytochrome oxidase system.







To counter the effects of high-altitude diseases, the
body must return arterial pO, towards normal.

Acclimatization, the means by which the body adapts
to higher altitudes, only partially restores pO, to
standard levels.

Hyperventilation, the body’s most common response

to high-altitude conditions, increases alveolar pO, by

raising the depth and rate of breathing. Successful treatment of chronic hypoxemia in
Polycythemia, in which the body increases the patients with COPD, cystic fibrosis, emphysema,
number of red blood cells in circulation, thickens the severe asthma, and other lung diseases has been
blood, raising the danger that the heart can’t pump it. demonstrated clinically by more than 600 Russian
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