In the name of GOD

Interpretation of laboratory results

Dr Mehnoosh samady
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Component of the CBC:

e Red Blood Cells (RBCs)

e Hematocrit (Hct)

e Hemoglobin (Hgb)

 Mean Corpuscular Volume (MCV)

e Mean Corpuscular Hemoglobin (MCH)

e Mean Corpuscular Hemoglobin Concentration
(MCHC)
- Red cell distribution width (RDW)
e White Blood Cells (WBCs)

- White blood cell types (WBC differential)
e Platelet




Complete Blood Count (CBC)

VWBC: White Blood Cells: 4 000 - 10,000 / mm?~
RBC: Red Blood Cells: 4.2 - 5.9 million Zmm?~
Hb.: Hemoglobin: Males: 14 - 18 g f dL

Females: 12 - 16 g 7 dL
Hematocrit: Males: 40 - 549%

Females: 37 - 47%%
MCV: Mean Corpuscular Volume: 86 - 98 um?® 7/ cell
PMCH: Mean Corpuscular Hemoglobin: 27 - 32 punug ¥/ RBC
RDVVY: Red Cell Distribution Width — 11.5-14.5
Platelet Count: 150,000 - 400,000 /7 mm?~
VWWBC Differential:

Neutrophils: 40-75%
Lymphocytes: 15-45%
Monocytes: 1-10%%
Eosinophils: 1-69%%
Basophils: O-2%%

c) 2006, Kanchan Ganda, M.D.
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The CBC interpretation are
useful in the diagnosis of

various types of anemia.

It can reflect acute or chronic
Infection, allergies,
iInflammation, bleeding disorder,
leukemia and problems with
clotting.



Many factors that may affect CBC parameters:

=Gender
=Ethnic differences
= Medication
=Alcohol

= nfections

" Pregnancy

*|ron deficiency
=Thalassaemia

b o

Plasma
(55% of total blood)

Buffy Coat
leukocytes & platelets
(<1% of total blood)

Erythrocytes
(45% of total blood)



Hbg
WBC Plt

HCT

Schematics ("'Fishbones')
shorthand for complete blood count commonly used by
clinicians.

Reference range WBC: 3.5-11 x 109/L
Hgb: 120-175 g/L
Hct: 31-53%
Plt: 140-450 x 10°/L



http://en.wikipedia.org/wiki/Reference_range

RBC:
Biconcave disc shape with diameter of about 8 pum
Life span 100-120 days.

Function:
Transport hemoglobin which carries oxygen from the lung to the

tissues
Acids-bases buffer

M: 4.7 to 6.1 x10%?/L
F: 4.2 t0 5.4 x10%?/L



Hemoglobin & Hematocrit

The protein contained in red
blood cells that is responsible
for delivery of oxygen to the
tissues

Measures the volume of red
blood cells compared to the
total blood volume

Normal ranges

Hemoglobin :

o Male: 14 to 18 gm/dL

o Female: 12 to 16 gm/dL
o Pregnancy: >11 gm/dl

Hematocrit :

e Male: 40.7 to 50.3 %
e Female: 36.1 to 44 %
e Pregnancy: >33 %

If the RBC and the hemeoglobin are both normal,
the Hematocrit is approximately 3 times the
oglobin




Increased Hgb Decreased Hgb

» High altitudes
Smoking
Dehydration
Tumors

‘ Sickle
O i O
‘ Red blood cells
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Loss of blood
Nutritional deficiency
Bone marrow problems
Chemotherapy

Kidney failure

Abnormal hemoglobin
(such as that of sickle-cell
disease)



Increased Hct

> Erythrocytosis
> Polycythemia
» Heart Disese
» Chronic Hypoxia
> High Altitude
> Hemoconcentration
» Surgery
» Burns
» Dehydration
» Congenital heart disease
» Pulmonary fibrosis

Decreased Hct

Anemia

Destruction of red blood cells
Leukemia

Overhydration

Pregnancy
Cirrhosis
Bleeding

Nutritional deficiencies of
Iron, folate, vit B12, vit B6

Bone marrow failure
Kidney disease



MCV&MCH

mean corpuscular volume
HCT*10 /RBC count= 80-100fL
« small = microcytic

* normal = normocytic

 large = macrocytic

MCH (mean corpuscular hemoglobin)
HB*10/RBC = 27-32 pg




MCHC & RDW

MCHC= mean corpuscular hemoglobin concentration
HB*100/ HCT (%)= 26-34%

» decreased = hypochromic

* normal = normochromic

RDW (red cell distribution width)

It Is correlates with the degree of anisocytosis( s £
S
Normal range from 10-15%




Analytes
Red blood cells

Hemoglobin

concentration

Hematocrit

MCV

Reference Range* Significance

4.7-6.1 x 10%/uL (males); 4.7-6.1 In addition to nutritional deficits, may be decreased in those with
10%/L hemorrhage, hemolysis, genetic aberrations, marrow failure, or
4.2-5.4 x 10°/uLL (females); 4.2-5.4 renal disease or who are taking certain drugs; not sensitive for
10%/L iron, vitamin Byy, or folate deficiencies
14-18 g/dL; 8.7-11.2 mmol/L (males)  In addition to nutritional deficits, may be decreased in those with
12-16 g/dL; 7.4-9.9 mmol/L hemorrhage, hemolysis, genetic aberrations, marrow failure, o
(females) >11 g/dL; 6.8 mmol/L.  renal disease or who are taking certain drugs; not sensitive for
(pregnant females) iron, vitamin By, or folate deficiencies
14-24 g/dL; 8.7-14.9 mmol/L
(newborns)
42%-52% (males) In addition to nutritional deficits, may be decreased in those with
35%-47% (females) hemorrhage, hemolysis, genetic aberrations, marrow failure, or
33% (pregnant females) renal disease or who are taking certain drugs; not sensitive for
44%-64% (newborns) iron, vitamin By, or folate deficiencies
80-99 fl Decreased (microcytic) in presence of iron defictency, thalassemia
96-108 fl (newborns) trait and chronic renal failure, anemia of chronic disease;

increased (macrocytic) n presence of vitamin By, or folate
deficiency and genetic defects in DNA synthesis; neither
microcytosis nor macrocytosis sensitive to marginal nutrient
deficiencies



Normal CBC
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Reduction 1IN the number of circulating red blood cell
mass and there by O, carrying capacity

Hgb concentration below the 95th percentile for
healthy reference.

Nutritionists must distinguish between anemia
caused by:

nutritional inadequacies
that caused by other factors.
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Microcytic
< 80 fl

Iron Deficiency IDA
Chronic Infections

Thalassemias
Sideroblastic Anemia

MCV \

!
Normocytic Macrocytic

80 -100 fl > 100 fl

Chronic disease Megaloblastic anemia

Early Iron Deficiency Liver disease/alcohol
_A“em'a _ Metabolic disorders
Primary marrow disorders

Combined deficiencies Increased destruction




eHemoglobin (Hgb)
eHematocrit (Hcet)
«sMCV

«MCH

#sMCHC

sRDW
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Iron Deficiency Anemia -CBC
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Serum Ferritin
»  Direct measure of all proteins available to bind mobile iron

> depends on the number of free binding sites on the plasma iron-transport
protein (transferrin).

Serum lron

> Serum iron measures the amount of circulating iron that is bound to
transferrin.

It is a relatively poor index of iron status because of large day-to-day
changes, even in healthy individuals. (highest concentrations occurring
from 6 to 10AM)

> Averaging 30% less than the morning level,occurring midafternoon.

Total Iron-Binding Capacity
»  Direct measure of all proteins available to bind mobile iron
» Depends on the number of free binding sites on the plasma transferrin.




Iron Deficiency Anemia — Special Tests
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Iron related tests Normal IDA
Serum Ferritin (pmo/L) 33-270 < 33
TIBC (ug/dL) 300-340 > 400
Serum Iron (ug/dL) 50-150 < 30
Saturation % 30-50 <10
Bone marrow lron ++ Absent




Microcytic Hypochromic - IDA
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Microcytic Anaemias

MCV <80 fi Serum Iron TIBC
Iron Def. Anemia (N ™

Chronic Infection (N} (N
Thalassemia N N

Hemoglobinopathy N N

Lead poisoning

Qs 4 gania N N

Sideroblastic N N

AR
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A. Megaloblastic Macrocytic — B12 and Folate |

B. Non Megaloblastic Anaemias

I.  Liver disease/alcohol

li. Hemoglobinopathies

1. Metabolic disorders, Hypothyroidism
Iv. Myelodystrophy, BM infiltration

v. Drugs (cytotoxics, immunosuppressants,...)
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WBC
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Normocytic Anaemias

1. Chronic disease

. Early Iron Deficiency Anemia
1. Hemoglobinopathies

Iv. Primary marrow disorders

v. Combined deficiencies

vi. Increased destruction

. Anaemia of investigations -1CU




White Blood Cells
« WBCs are involved Iin the Immune response.
« The normal range: 4 — 11x1079 /L

Two types of WBC.:

Granulocytes consist of:
= Neutrophils: 50 - 70%
= Eosinophils: 1-5%
= Basophils: up to 1%

Agranulocytes consist of:
* Lymphocytes: 20 - 40%
Monocytes: 1 - 6%




White Blood Cells

The type of cell affected depends upon its primary function:

In bacterial infections, neutrophils are most commonly

affected
In viral infections, lymphocytes are most commonly affected

_In parasitic infections, eosinophils are most commonly




Neutrophils
Function: Phagocytosis of bacteria and cell debris

« Numbers rise with all manner of stress, especially bacterial

Infections

- Conditions associated with neutrophilia(Jd2s.5s il 2 are:

= Bacterial infections (most common cause)

® Tissue destruction

® leukemoid reaction

b

® |_eukemia

AR LA R RN PAU AR AR SRR
20;. 3’)/1. Qe 54



Neutropenia(Js5s (als)

 Decreased bone marrow production, BM

hypoplasia.

 In effective bone marrow production
d megaloblastic anemias

3 typhoid fever(snsis o)

3 brucellosis(<dbe <),




Eosinophil
Function: Parasitic infections
» Allergic conditions

 hypersensitivity reaction

UERIEA R RIS R T A RN
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Lymphocyte

I. T cells: cellular (for viral infections)

I1. B cells: humeral (antibody) . .
I11. Natural Killer Cells 7
y: |
NIRRT S R R R e
? 10 20« IO AOu =14

Lymphocytosis: Viral infection, Bacterial infection

Lymphopenia :Stress, Steroid therapy , Irradiation




Abnormal result of WBC

|_eukocytosis:
 Infectious diseases
d Inflammatory disease (rheumatoid arthritis or allergy)

Leukemia

/

s  Severe emotional or physical stress

A/

% Tissue damage (e.g. necrosis,or burns)

L_eukopenia:

» Decreased WBC production from Bone Marrow.
> |rradiation.
- EXpesafo chemical or drugs.




Causes for abnermalities in the white blood cell (WBC) differential count

Type of WBC and
nonmal diferestia counl Elevated Decreased
Keutrophils Neatraphin Newtroparia
-l Phwsical oc ematiany stress Jobstc anemia
Acuts ssppurtre sriection Dietary deficiency
Myehioytic ksikemia Owerwhekning bactenal infoctos
Trasma Yird mections
Cushing's syndrame Hadiation therapy
Intbmnatary dearders Mdizor’s dmeas
Metabakc disorderse Drug therapy: myelatoxic drags [as in chemctheragy
Lymphooytes Lynphooyioeis Lrphacytogen®s
4% Chreais bacter ol nisction Leubermia
Yinl nisction Sepenn
Lynphooytic leukenia mmunadeficeacy deeases
Mihtpl myehma Lispus enthentosis
Indactines moncnedlecss Later atges of HIY niaction
Radiating Orug therapy: adrennoarticoater vids, antineop bstics
Indsctions hepatits Hadhation therapy
NMorooytes Monooptoss Monooyiopetia
2-8% Chronic irflammnatory disardsrs Drug therapy: preduiscne
¥inl rstoss
Tubercaioms
Chroaw uboerntrse coltis
Porastes
Eossicphils Ecanmphin Fosnopana
1-4% Porasti: niectora norexsad adrenostercid producton
Allergic rexctions
Ecaena
Leukamia
Auninimune dissazes
Bazephibs Exsophin Bascpesia
05-10% Whpchapeci ferative dissase Acate allergic reacticns
(e.p, mpelbibrose, pakcythema rabn wral Hyparibyroidiam
Laukemin Strass rexctons

SOURCE: Pagara. KD, and T3 Pagama. Mowks s Diageasic and Lalewaton Tost Refovence. Yod ol St Louis Moshy, 1997,




Platelets

»Small granular non-nucleated discs.

»Diameter about 2-4 um
»Normal range; 150-300x1079 /L
»-Destroyed by macrophage cells in the spleen.
Function:
»-coagulation and blood haemostasis.

an 7-10 days

‘F:- .




Numbers of platelets

Increased (Thrombocythemia)
* Pregnancy.
« EXercise.
* splenectomy

Decreased (Thrombocytopenia)

* Mens : (Menstruation)

« Haemorrhage.

« Bone marrow destruction or suppression e.g.
leukemia




Manizestations of thrombocytopenia

= Petechial hemorhage (&). \

= Easy bruising (s24:).

= Mucosal bleeding

= Gum bleeding ()
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2. Burtis CA, Ashwood ER, Bruns DE. Tietz textbook of clinical

chemistry and molecular diagnostics. 4t ed., Elsevier Saunders,
St. Louis, 2006.

3. Nicoll D, Mcphee SJ, Pignone M. Pocket guide to diagnostic
tests. 4th ed., Lange Medical Books/McGraw-Hill, NY, 2004.

4. Wilson DD. McGraw-Hill’s manual laboratory and diagnostic
tests. McGraw-Hill, NY, 2008




