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2- The method
used to measure
the different
hematological
values.

1-The
procedures used
for taking both
capillary and
venous blood

3- The normal
values recorded
when making
these
measurements.

4- calculating

RBC indices
5- Determination (MI\/CI:(\:/HQ:AC'[Hh and
of ESR, RBC ), their
WBC. PCV. Hb normal values
Recognize their imaggt;rr:ig -
clinical value. D \
diagnosis of
differenttypes of

anemia.
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Equipments

Heparinized
;,%?Igegr capillary Plasticine
y tubes
Alcohol Centrifuge
EDTA tubes swabs machine

Micro

lancets Tourniquet hematocrit
reader

‘O
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YSIOLOGY : '
HY 14%35 CBC : Materials and methods

-] U

EDTA
anticoagulant

) Is an alternative to
Lysis RBCs for blood the whole blood
WECS Colur;)t_ and reference method
emoglo Int for calibration
Measurement. Complete Blood
Lytic reagent Count (CBC) is a test

panel requested by a Calibrator kit
doctor or other
medical professional
that gives
information about
the cellsin a
patient's blood.

(REAGENT II)

Is an isotonic electrolyte solution,

\

Diluent reagents

1. Stabilizing cell membrane for accurate
counting and size

Coulter analyzer

2. Conducting aperture current (REAGENT)
3. Rinsing instrument components between
analysis

4. Preventing duplicate cell counts
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CBC Procedure

Measurement of blood cells counts by using coulter analyzer in ol gou Lo ol gl g0 *
. i B adll W 0 g | 538
order to analyze the blood for various hematological values: el
. - 7

7 1. We need to draw 5 ml of blood from a superficial vein (Usually from
in front of the elbow joint) using a disposable syringe

(needle).

- s 2 Don’t forget to clean the area of skin to be pricked..

‘\
3. Apply the tourniquet to the elbow joint to impede(prevent) the flow of
venous blood toward the heart for a while.

/

\

4. Immediately transfer the collected blood from the syringe(needle) to
EDTA anti-coagulated tube to prevent blood from clotting.
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5- Activate the
coulter analyzer
machine and a
probe will move
across and
down into
aspirate. The
aspiration
syringe draws
12 ul of whole
blood into the
probe.

-

6- The coulter
analyzer makes
the necessary
dilution with the
reagents
automatically.

*reagentI: used
for Dilution and
counting RBC.

*reagentII :
Lysing RBC and

. counting WBC

and Hb.

-

7- it accurately
counts and
measures the
sizes of cells by
detecting and
measuring
changes in
electrical
resistance when
cells in the
conductive
liquid pass
through a small
aperture

A

| THSIS RESULT FLAG UNITS DEFEERNCH INTHEVAL  LAB |
CBC With Differential/Platelet
WBC 5.7 x10E3/ulL 4.0-10.5
BBC 2.27 x10Eg/ul 4,10-5.%(
Hemoglobin 5.4 g/dL 12.5-17.0
Hematocrit 44,1 1 36.0-50.0
MEV gd fL BO-48
MCH 29.2 Bg 27.0-34.0
MCHC 4.4 g/dL 32.0-36.0
EDW 13.7 ¥ 11,7-15.0
Platelets 268 x10E3/ul 140-415
Neutrophils 47 ¥ 40-74
Lymphs 49 ¥ li-dg
Monocytes g ¥ 4-13
Eos 1 ¥ a-7
Basos 0 ¥ 0-3
Neutrophils (Absclute 2.6 %10E3/ul 1.8-7.
Lymphs (Absaolute) 2.8 x10E3/ul 0.7-4.
Monocytes (Abaolute) 0.4 %10E3/ul 0.1-1.0
Eos (Absolute) d.1 X10E3/ulL 0.0-0.4
Baso (Absolute) 0.0 x10E3/ulL 0.0-0.2
Immature Granulocytes 0 ¥ 0-
Immature Grans (Rbs) 0.0 %10E3/ul 0.0-0.1

N Y =

The number of
pulses signals
the number of

particles.

The height of
each pulseis
proportional to

the volume of
that cell or
particle.

4
This is th
probe for the
aspiration in
step 5

8- Finally all the
hematological
values are
reported and
printed.

 Youl1



https://www.youtube.com/watch?v=1iY4Ufqh1XY

Anemia : Reduced ability of blood to carry Oxygen due to either l
decreased red blood cell count and/or hemoglobin concentration.

3 Leucocytosis :Increased white blood cell count above normal. 1‘

Leucopenia : Decreased white blood cell count below normal. l
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High numbers of RBCs

may indicate:

RBCs

normal values

Clinical applications

Low numbers of RBCs
may indicate:

1. Low oxygen tension in the
blood

«  Congenital heart

disease

Cor pulmonale

*  Pulmonary fibrosis
2. Polycythemia vera.
3. Dehydration (such as from
severe diarrhea).
4. Renal (kidney) disease
with high erythropoietin
production.
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1. Blood loss:
«  Anemia (various
types).

«  Hemorrhage.
2. Bone marrow failure (for
example, from radiation,
toxin, fibrosis, tumor).
3. Erythropoietin deficiency
(secondary to renal
disease).
4. Hemolysis (RBC
destruction).

1 cor pulmonale: abnormal enlargement of the right side of the heart as a result of disease of
the lungs or the pulmonary blood vessels.
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High numbers of
WBCs (Leucocytosis)
may indicate:

» Infectious diseases.

* Inflammatory disease
(such as rheumatoid
arthritis or allergy).

* Leukemia.

« Severe emotional or
physical stress.

» Tissue damage
(burns).

WBCs

normal value

4 —11 x103 /ul

Low numbers of WBCs
(leukopenia) may
Indicate:

*Bone marrow failure (for
example, due to infection,
tumor or fibrosis).
*Presence of cytotoxic
substance.
«Autoimmune/collagen-
vascular diseases (such as
lupus erythematosus).
*Disease of the liver or
spleen.

*Radiation exposure.
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High numbers of platelets Low numbers of platelets
(Thrombocytosis) may Platelets (Thrombocytopenia) may
indicate: normal value indicate:

- Chronic myeloid leukemia. | 150-400x102 /ul |- A plastic anemia.
- Chemotherapy.

I T
HB Normal value 13-18 g/dl  11.5-16.5 g/dl 13 -18 g/dl

Contact us : Physiology435@gmail.com



Packed Cell Volume (PCV)

(Hematocrit)

The ratio of packed blood cells volume to plasma.

* Plasma: has
anticoagulants.
= * Serum:
Without
anticoagulants
5. Plasma = 55% of whole blood

Platelets
/) “Buffy coat” {

" <1%

White blood cells

Packed cell
volume, or< | . Red blood cells =

hematocrit ' " 45% of whole blood



https://www.youtube.com/watch?v=ICOVYyqbrZk

BRIRIQLOSY PCV Procedure-1

Measurement of hematocrit or packed cell volume (PCV) : we need to draw blood
from capillaries in order to measure hematocrit (PCV) using micro-hematocrit reader.

1. Clean the area of the skin of a finger-tip or an ear lobe with a sterilized
alcohol swab.

3. Discard the first drop of blood , because it is mixed with tissue fluid.

4. Allow the second drop of blood to be formed and allow it to become
large enough to fill 75% of heparinized capillary tube by the capillary
action when it is brought closer to the blood . apply only gentle pressure
beneath the pricked skin to help the flow of blood, because if more
pronounced pressure is exerted, blood is likely to be diluted with
interstitial fluid.

5. Seal one end of the capillary tube with plasticine(Juslsl)).
6. Repeat above steps 1-5 to collect several capillary blood samples.
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d| RGOSy PCV Procedure-2

7. Put all the capillary blood samples in a centrifuge machine for 5 minutes
at the speed of 3000-4000 RPM to separate plasma from cells.

9. The PCV or hematocrit can then be determined as a percentage of the
total volume using hematocrit reader.
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LI\PHYSIOLOGY

TEAMA S5 Clinical applications

High hematocrit may PCV % Low hematocrit may

indicate: normal value indicate:

« Dehydration 1| > |* Anemia (various types).
- Burns =Z CBD S |+ Blood loss (hemorrhage).
- Diarrhea % D » |* Bone marrow failure (for
« Polycythemia Vera. 0} ‘% example, due to radiation,
« Low oxygen tension toxin, fibrosis, tumor).
. Nl wWw| w .
(smoking, © | ol o+ Hemolysis (RBC
congenital heart C_hﬂ E] C_IQ destruction) related to
disease, living at transfusion reaction.
high altitudes). * Leukemia.




Red Blood Indices

Mean cell
volume (MCV)

Mean cell
hemoglobin
(MCH)

Mean cell Hb
concentration
(MCHCQC)

Definition

The calculation
of Red Blood
Indices

PCV x10

higher than
average

Lower than
average

Average
(normal value)

The average McyV = —2>1% | RBC are large | 77-98 um3 (fl) RBC are
volume of red blood RBC count 1 in size and small in size
cell measured in they are and they are
femtoliters (fl) called called
macrocytes. microcytes
The average weight | pcH = H2>19_ | hyperchromic 27-32 pg hypochromic
of Hb in red cells RBC count
cell measured in
picograms (pg).
Concentration of Hb | pmcHC = A2x100 30-36 g/dl Iron
per 100 ml of RBC pev deficiency
measured in Anemia
grams/deciliters
(g/dl).
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Case A Case B S
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Low high Microcytic Hypochromic anemia
Low N/ high
Low N/low
Microcytic Macrocytic

CUEINIEN Hypochromic | Megaloblastic

Iron Vit B12 or
deficiency Folic
deficiency Macrocytic megaloblastic anemia
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RBC
Sedimentation

Erythrocyte
Sedimentation
Rate (ESR)

C-reactive
protein

Clinical application

*RBC Sedimentation is controlled by the balance between plasma protein
fibrinogen, and the negative charge of the erythrocytes.

* In inflammatory, the high fibrinogen level causes RBCs to stick to each other to
form stacks (rouleaux), which settle faster.

J
* ESR is the rate at which RBCs sediment in a period of 1 hour. )
* Prognostic not diagnostic, because it is a nonspecific marker of inflammation
and is affected by other factors , therefore, ESR results must be used along
with other clinical findings.
* Monitor disease activity and response to therapy. )
\

» C-reactive protein is an acute phase protein produced by the liver during an
inflammatory reaction.

» Since C-reactive protein levels in the blood rise more quickly after the
inflammatory or infective process begins, ESR is often replaced with C-reactive
protein measurement. )
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ESR

Materials and Procedure

\\

Disposable 4
sterile syringes ; 1. Using a sterile syringe draw 1.6ml of blood from a suitable vein.
(needles). ‘
\

/
[ )
Anticoagulant e . .
(EDTA). : 2. Transfer it to a test tube containing EDTA
- / ® /
( ) )
We_stergrer_l > 3. draw up blood into a Westergren tube exactly to the zero
sedimentation
mark
apparatus.
/
)
4. Place the tube upright in the stand and leave undisturbed. ESR reading is
the height of the column (depth) of clear plasma at the top of RBC in the tube,
it is noted at the end of an hour and again at the end of 2" hours. y

Contact us : Physiology435@gmail.com \(i]1] Tube



https://www.youtube.com/watch?v=ow_SENCieAw

PHY IOLOGY

EAMA 35 ESR results

Males 3-5 mm/ |t hour
7-15mm/ 2" hour
females values are slightly higher than 7 mm due to less RBC
Moderately elevated ESR | very high ESR
* Infections. associated with:
* Inflammation * multiple myeloma
* anemia * polymyalagia Rheumatic
* Malignancies * temporal arteritis
* pregnancy
* old age
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Questions and Problems

2- Discuss briefly the
etiological classification of

1-What is the Anemia?
clinical
Importance of TYPE OF CAUSE
knowing the ANEMIA
red blOOd Ce” Eﬁgnnc])irarlhagic loss of blood
indiCeS? Aplastic Anemia Bone marrow suppression by drugs

They help to determine
the type of anemia a
patient is suffering from.

Nutritional
Anemia

Hemolytic
Anemia

or radiations etc.

Deficiency of Iron, folic acid, Vitamin
B12

Increased destruction of RBCs such
as sickle cell disease
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3- An examination of the blood of 2 adult
males (A and B) provided the following data.

—

A B
RBC count 3.6 X106 / mm”"3 2.5 X 10" / mm”3
HB concentration 7.2 g/di 8 g/dI
Packed cell volume(PCV) 25% 25%

(a) Calculate MCV, MCH and
MCHC for each of these subjects.

(b)What are the abnormalities encountered in these men.
What are the possible causes of these abnormalities?

Subject “A” >> Microcytic hypochromic anemia
(Iron deficiency anemia)

Subject “B” >> Macrocytic normochromic anemia
(Megaloblastic anemia or Pernicious anemia)

The difference between Megaloblastic anemia and Pernicious anemia is:

1. Megaloblastic anemia is due to deficiency of Vit12 or folic acid or both.

2. Pernicious anemiais caused by malabsorbation of Vit 12 due to lacking
of intrinsic factor in the stomach

SUBJECT “A” SUBJECT “B”
MCV =221 — g9 41| | MCV = Z222%= 100 fi
3.6 2.5
_ 7.2x10_ _ 8x10_
MCH = e - 20pg | MCH = T 32 pg
_7.2x100_ _ 8x100_
MCHC = Z2=2= MCHC = 2222= 32
28.8 g/dl g/dl
b 21
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/1- what is meant by rouleaux \

formation?

When red blood cells are stacked
together in long chains because of
their biconcave disc like surfaces
sticking to each other. It is called
Rouleaux formation.

[S— > 2- why does rapid rouleaux

Erythrocytes

Rouleaux formation become

rapid when plasma protine

Rouleaux concentration is high and

/ because of this E.S.R also
become increased.

- v

/ 3- What is the clinical \
significance of E.S.R.?

e This is a non-specific
indicator of presence of a
disease.

e This is a useful prognostic

\ tool. /

Contact us :

, formation increase the E.S.R.

~

?

J

4- What conditions are associated
with an increased E.S.R.?

e Infections
e Connective tissue disorders
¢ Inflammatory disorders
e Malignancies

e Anemia

\ e Pregnancy /
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Physiology practical team
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