Hematological Investigations
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Routine Hematology
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Anticoaqulant of choice. EDT
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Complete Blood Counts (CBCs)  Jall aall alaxs
Manual WBC Differentials 490l aull dryua
Peripheral blood smear

- Erythrocyte Sedimentation Rates (ESRs Jiiill 4c yu

Reticulocyte Counts LS alaes



Complete blood count Jalsll aall alaas e
With or without differential &awa s & —
sale (5 sing Gl Cpaily Adainall 335 Y (e 2l Canis oy o
(EDTA) =i iadll salias 4ala
4 snuadl ) 355800 Unacceptable specimen 4l b i e
4clud8 (e HiSY
* Methodology of testing: Jliay! &, ,h
— Whole blood analyzer  JalSll aall Jlaa

 How often is the test available for hospitalized
patients?
— 7 days/week (24/7)



Complete Blood Counts (CBCs)

What is meassured? adll daad &l g€a A L

* RBC count

 Hematocrit (packed cell volume) Hemoglobin
 Mean corpuscular volume (MCV)

* Mean cell hemoglobin MCH

* Mean corpuscular hemoglobin concentration (MCHC)
* Red blood cell distribution width (RDW)

* White blood cell data

v'Total white blood cell (leukocyte) count (WBC)

v'A white blood cell count differential may also be
ordered

e Platelet Count (PLT)

 Under normal conditions the production, release, and
survival of blood cells is a highly regulated process.
Quantitative and/or qualitative hematologic abnormalities
may result when there is an imbalance between cell
production, release, and/or survival.



Measurement (units)

Men Women

Hemoglobin (gm/dL)

13.6-17.5 12.0-16.0

Hematocrit (%)

40-52 37-47

Red cell count (105/uL)

4.5-6 4-5.5

Reticulocyte count (%)

0.4-2

Mean cell volume (um3)
MCV

78-96

Mean corpuscular hemoglobin (pg)
MCH

28-32

Mean corpuscular hemoglobin
concentration (gm/dL) - MCHC

32-36

RBC distribution width
RDW

11.5-14.5




Red blood cell indices
U gs S| o Lol
Mean cell volume (MCV): sdaowgll <l o=l @Sl o>

(Ht x10)/(red cell count x 10.000000) 86(x10) fl
Mean cell hemoglobin (MCH): saowell @Sl olas
(Hb x 10)/(red cell count x 10.000000) 30(%3) pg
Mean cell Hb. concentration (MCHC):  &a,SJl Llas> .S,
sdawgl|
(Hb x 10)/ (Ht) or MCH/MCV 33(%2) g%

Red cell distribution width (RDW) : &L ,SJl px> wgles € 597

|

RDW = Standard deviation of RBC size = MCV 11.5-14.5
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Normal MCV= normocytic uliall (5 s anll 38 —
anemia

Decreased MCV= microcytic «uliall jia ool j88 —
anemia

Increased MCV= macrocytic uliall S aall jaé —
anemia



Red Cell Distribution Histogram
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Cell Size (fl)



Red Blood Cell Distribution Width
saall b Sl agaa & glal Guda

RDW is an indication of the variation in the RBC size
(referred to anisocytosis)

It is derived from the red blood cell histogram and
represents the coefficient of variation of the curve

In general, an elevated RDW (indicating more
variation in the size of RBCs) has been associated with
anemias with various deficiencies, such as iron, B12, or

folate

Minor Thalassemia is a microcytic anemia that
characteristically has a normal RDW



White Blood Cell Count
u'ag,d\ Q\,USJ\ Al dxs

* A count of the total WBC, or leukocyte, count
in 1mm?3 of peripheral blood

e A decrease in the number of WBCs =
— Leukopenia el 458

e Anincrease in the number of WBCs =
— Leukocytosis = uanll 5 S



WBC Differential o=l &b Sl dzua

* When a differential is ordered, the percentage of
each type of leukocyte present in a specimen is
measured.

* Name the types of leukocytes
— Neutrophils (includes bands) <Yall
— Lymphocytes  <oladalll

— Monocytes — laa gl
— Eosinophils  <leasall
— Basophils CiloasY!

 WBC differentials are either performed manually
or by an automated instrument



Manual Differentials 4 sl dxvall &) )a)

 “Manual” WBC differentials are performed by trained

medical technologists who count and categorize

typically100 white blood cells via microscopic

examination of a Romanowsky-stained peripheral

blood smear

— In addition to the differential count, evaluation of the
smear provides the opportunity to morphologically
evaluate all components of the peripheral blood, including

red blood cells, white blood cells and platelets

* The manual differential allows for the detection of disorders that
might otherwise be lost in a totally automated system

* This applies to < 20% of specimens



Automated Differentials AdY) dauall AN

* The clinical laboratory may perform an
“automated differential”

— Via instruments with the capability of performing

differential leukocyte counts
* Usually based on the determination of different

leukocyte cellular characteristics that permit separation
into subtypes by using flow-cytometric techniques



Anaemia Workup —4 seall 4alalll 5 aal) a8
Peripheral Smear Study

* Are all RBC of the same size ?

* Are all RBC of the same normal discoid shape ?
 How is the colour (Hb content) saturation ?

* Are all the RBC of same colour/ multi coloured ?
* Are there any RBC inclusions ?

* Are intra RBC there any hemo-parasites ?

* Are leucocytes normal in number and D.C?

* |s platelet distribution adequate ?

www.drsarma.in



Red Blood Cells
* Peripheral blood smear: 4aisall 4, genll 4aUall)

— Normal blood film
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Erythrocytes
JAAM QQJSJ\

Normal range 4.2-
5.5 million per mm?
In adults.

Biconcave shape.
Diameter 7 microns.

Cells for transport of
O, and CO.,.

Life span 120 days.

W.R Smtiders Company Hems ond derived lorms copyright © 2002 by WH_S




Leukocytes

el Sl Sl

Normal range 4 - ‘
11 thousand per ®
mm?3in adults.

Five types. ‘
Size 8-20 microns.

| l
Involved in fighting g" Q ,
infection, b
combatting allergic @za J

reactions, and
Immune responses.

k copyright © 2002 W.B. Saunders Company |




Thrombocytes

Q\Aﬁi«aﬂ
~ 4
Smallest cells in the »'0 .
blood. >«
Normal range " :
150,000-400,000. (P @ ver /¢
Active role in Je £
coagulation and = >

hemostasis.

ped items copyright © 2002 W.BsSaunders Company







Blood film abu>oJ| a=> U

$ s:Anisocytosis (MCV) _eall &l SI ans & glai-q
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Normocytic  axall 459 LIS o
Macrocytic — axall 3 S LIS o
Microcytic asall 3 pa LIS o



Blood film

) Ledaina 8 o) jeadl 4 Sl liad & 554 jeaall g loall -2
Gl 1aa 55tV o Lald e 3S je O 5Sos (Oea sl rie LSS
& luall 4 s Lo o i Lia 5 4 SI jlad Gl (5 3S all
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(Hypochromic) &Luaj\ dadly e LS)S)AM @ gl ala j Ladie
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Cun Aplaine 483 ) dala IS o) peall 4 S 2l VS any
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(Hyperchromic) §luall 53505 La se 38 caalal) S el J15 13 Ll




Hypochromic/Microcytic Anemia
Iron Deficiency

Kyoto Univ.




Blood film 42 geall daUall)

Poikilocytosis JS&l) «aZlia) 3- o
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Red cell Causes Red cell Causes
abnormalities abnormalities

Microspheracyte  Hereditary spherocytosis,
autoimmune haemaolytic
anaemia,
septicaemia

Normal

D
C oo @

Macrocyte Liver disease, alcohoalism, Fragmenlts DIC, microangiopathy, HUS,
Oval in megaloblastic TTP. burns, cardiac valves
anaemia

Target cell Iron deficiency, liver disease, Elliptocyte Hereditary elliptocytosis
haemoglobinapathies,
post-splenectomy

Stomatocyte  Liver disease, alcoholism Tear drop Myelofibrosis,

| poikilocyte extramedullary

haemaopaiesis

Basket cell Oxidant damage-
e.g. GBPD deficiency,
unstable haemoglobin

Pencil cell Iron deficiency

O O

Ecchinocyte Liver disease, Sickle cell Sickle cell anaemia
post-splenactomy

Acanthocyte  Liver disease, abetalipo- \ \ Microcyte Iron deficiepcy.
proteinaemia, renal failure . haemoglobinopathy



Figure 2. Note the hypersegmented neutrophil (7-8 lobes)
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Sickle Cells

Schistocytes(Fragments)

W.B. Saunders Company items and«derived items copyright © 2002 by W,
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Eliptocytosis 4saalday) 4 gand) ey 1) ¢




Blood film

4-polychromsia (=58 Js3adl gl £luall ams
(RETICULOCYTOSIS) Reticulocytes appear as
polychromatic cells on stained slides. They are
immature red cells newly released from the

marrow sinusoids and takes about a day or two to

mature in the peripheral circulation in those with
intact spleen.




(aSeead| ad=Jl) Reticulocyte

* An immature red blood cell that has a fine reticulum
formed of the remains of ribosomal RNA— form in
marrow where they mature for 3 days and then
spend 1 day in circulation (before maturing to RBC)

e Given avg life span of RBC of 100-120 days, 1% of
RBCs are destroyed each day

* Retics form 1% of circulating RBCs qd(0.4-2%)

— With epo, can increase to 250,000 retics/ulL blood qgd

(given nl marrow and replete iron, folate, B12, hemolysis,
bleeding)

— Decreased in Vit B12 and folic acid defeciency,aplastic
anemia, pure red cell aplasia






5- Howell-Jolly Bodies

Round, purple
Inclusions in RBCs.

Composed of DNA.

Commonly seeninin
patients with
hypofunctioning
spleens.

Splenectomy.
Vit Bi2 defeciency

Thalassemia,sickle
cell disease

W.B. Saunders Company items and derived items copyright © 2002 by W.B. Saunders Corff




6-Basophilic Stippling

ddab yal) LAY

Numerous, small
purple inclusions in
RBCs. Indicate

Aggregates of
rlbosomal RNA.

Most commonly seen
In lead poisoning,
Sidroblstic anemia,
thalassemia, MDS

opyright © 2002 by WUB. Seanders Cx




7- Pappenheimer Bodies

Clusters of dark
blue granules,
Irregular in size
and shape.

Composed of iron
and ribosomal
RNA.

Seenin
sideroblastic and
hemolytic
anemias.

jJany items and derived items copyright © 2002 by W.B. Saunders Company




Techniques for obtaining bone marrow

*The technique should be explained to the patient and consent obtained Aspiration Site - usually iliac crest
*Give local anaesthetic injection
*Use special bone marrow needle (e.g. Salah)
*Aspirate marrow
*Make smear with glass slide
Stain with:
 Romanowsky technique
* Perls' reaction (acid ferrocyanide) for iron.

*Trephine Indications include:
* 'Dry tap' obtained with aspiration
* Better assessment of cellularity, e.g. aplastic anaemia
* Better assessment of presence of infiltration or fibrosis.

*Technique Site - usually posterior iliac crest
*Give local anaesthetic injection
*Use special needle (e.g. Jamshidi - longer and wider than for aspiration)
*Obtain core of bone
*Fix in formalin; decalcify - this takes a few days
Stain with:
 Haematoxylin and eosin
e Reticulin stain.







Indication of bone marrow aspiration
A I abilati

some types of anemia a2l B aay
neutropenia Y]l 418
Leukemia pabiany|
suspected megakaryocyte abnormalities
Multiple myeloma  a=iall (558l & )l
some infections zlad¥l L,
Hypersplenism Allalall Lo 3
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Bone Marrow Examination

Aspirate Trephine Biopsy
cellularity archetecture
M:E ratio red marrow / fat ratio

morphology of cells
megakaryocyte numbers
presence of foreign cells
iron stores

presence of bacteria
chromosomal
abnormalities

special staining features

abnormal cells
abnormal structure




Normal Bone Marrow Aspirate




Normal Bone Marrow Biopsy




Indication of bone marrow biopsy

pancytopenia Jalill iy Sl s

dry tap <!l J_ (infilitration , fibrosis ,aplastic
anemia)

lymphoma Lo gialll
Some infection(TB)

Storage disease GOAY ) gl
Unknown fever Gl A geaa anll

Myeloproliferative disorders 4 _ASall il &bl jlaial






Erythrocyte sedimentation rate (ESR)J<) 4e
Anticoagulated whole blood (4 parts whole blood: 1 part Na
Citrate) is placed in a narrow-bore glass tube. Erythocytes
are allowed to sediment at room temperature.

delu (8 yaaldl b SY) Cuw y3 d8lie et ESR Jéiill 4y o
slall Gl gk adi i O de o a3a O oa Lopdlll iy s o

. Used to follow rheumatoid arthritis, SLE, vasculitis and
many inflammatory conditions, infection , malignancy.
e VERY LOW SPECIFICITY (s By (addls
e Decreasd in: -Polycythemia Vera &iéall <y Sl 5 S
-Sickle cell disease PACSAPRI gt



v Immunochemistry: S Lall (n olill
-Histoimmunochemistry : sebiall aauall oy ol
lymphoma
-Flowcytometry : @b LIAD b
Leukemia

v’ Karyotype: 353 Jaadl)
v Leukemia

v" PCR: Polymerase chain Reaction (&l duldudl) Joldll)
v' Leukemia



Gl LAY (ulday e Liall Jasal

Colein

Sheath fuid =—p ‘

o

<

o

' '.. iy Fluoroscenos emitied
. e from stuned coils
delected
Forward and 800

scatiored dght from
al Ol daledtae

b ) > S " 3
e 9o ‘o0 o0 o _
P



\

>0

(iax

'N’.

S M PITCACTEM | | wh vy
b 4

B

8
nqum

b B S e e B B ol B

5

Ha88

=

..u

W

e e I e e e e

_
.ﬁ
;|
) 1
|
m
i




