Imagine life as a game in which you are juggling some 5 balls in the air.
You name them - work, family, health, friends n spirit
And you are keeping all of these in the air.
You will soon understand that work is a rubber ball.
If yvou drop it; it will bounce back.

But the other 4 balls - family, friends, health and spirit are made of glass.
if you drop one of these,
they will be irrevocably scuffed or damaged or even shattered.
And they will never be the same.

You must understand that and strive for balance in yvour life.
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Quality Assurance hematology
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= Internal Quality Control , IQC
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= External Quality Control , EQC
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= Proficiency Examination
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IQC (Internal Quality Control)
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External Quality Assessment(EQA)
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Evaluates past performance
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Testing of unknown samples
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Compare performance with others
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Provides a forum forimprovements and
correction of errors




Quality Management
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Training of laboratory staff
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The use of SOPs
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Standard supply management

SIR R (da G Jagad 3 jlailiad Sy jaaa

Standard equipment management
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Internal Quality Assurance hematology
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Qluality Assurance Jargets
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PIrceanalytical FIvocess

PIatient prepavation, .

Specimen collection, Anticongulant, labeling, storage, transportation
Postanalytical PIrocess .-

How rveport, speed of veport,... .

*never vely on a single value (out of vefevence vange) to make a
diagnosis( 1 sample for veport of low plat count ov low Ab )

*oslers vule: 7ty to attribute all abnormal findings to a single

case(covvelation of whe count 8- £ 82 & iff & C2N)
Analytical Irocess -

J nternal QC X
&temul ac Y




Classification of Error in laboratory
ol oLl 3 3 Uad £ 430 (gl Ak

Random error: — variance =
Increase scatter of value about the true value =«
Results of chance(eg.sampling error)

Don’t affect an entire batch of specimens =«

Are not be detected by control samples =

Systematic error: — bias =
not due to chance =
eg.deteriorating reagents =«
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common Random Error in hematology
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Reference:
1- Infobase NCCLS 2000
2-Henry 21st Ed 2007

3- PRACT1CAL HAEMATOLOGY Dacie and
Lewis TENTH ED1T10N 2006




Validation method &
i instrument in hematology
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Validation method &
‘L instrument in hematology
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Table for Significance of F Test”

DEGREES
OF FREEDOM
{(DENOMINATOR)

10

11

12

13

14

15

16

17

18

1<

20

DEGREES OF FREEDOM (NUMERATOR)

10

7 2, P g
4.85
2.86
q .54
2.76
4.30
2.67
4.70
2.60
3.94
2.55
3.80
2.49
- 69
2.45
3.59
2.41
3.51%
2.38
3.43
2.35
3.37

*Values for O.05 probability level are in regular type
values for O. 01 probability level are in boldface type.

12

. 1

.71
2.79
4.0
2.69
4.16
2.60
3.96
2.53
3.80
2.48
3.67
2.42
3.55
2.38
3.45
2.34
3.37
2.31

3.30
2.28
3.23

14

2.86
4.60
2.74
3.29
2.64
4.05
2D
3.85
2.48
3.70
2.43

3.56
2.37
3.45
2.33

3.35
2.29
3.27
2.26
3.19
2. 23

3.13

16

2.82
.52
2.70
.21
2.60
3.98
2.51
3.78
2.44
3.62
239
3.48
2.33
3.37
2.29
3.27
D
3.19
221
3.1=2
2.18
3.05

Zz. 77
4.91
2.65
<4.710
2.54
3.86
2.45
3.67
2.39
3.51
2.33
3.36
2.28

.25

2.23
3.16
2.1<
3.07
2.15
3.00
2.12
2.949
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major Preanalysis errors in hematology
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Anticoagulant/Additive Effect

on Various Blood Tests
il ciliala 3 9 e W aliad) ada &l i

EDTA:Alkaline phosphatase(Inhibits) /Creatine kinase (Inhibits)
/Calcium and iron(Decrease) /PT and PTT (Increase) / Sodium
and potassium (Increase) / Platelet aggregation Prevents

Oxalate :Acid p hosI:_).hatase Inhibits / Alkaline phosphatase
Inhibits / Amylase Inhibits / LDH Inhibits / Calcium Decrease
/Sodium and potassium Increase / Cell morphology Distorts

Citrate : ALT, ASTInhibits / Alkaline phosphatase Inhibits / =
Acid phosphatase Stimulates / Amylase Decrease / Calcium
Decrease / Sodium and potassium Increase / Labile coagulation
factors Preserves

Heparin : Trilodothyronine Increase / Thyroxine Increase / PT
and PTT Increase / Wright's stain Causes blue background /
Lithium (LiHep tubes only) Increase / Sodium (NaHep tubes
only) Increase

Fluorides : Acid I)hosphatase Decrease / Alkaline phosphatase
Decrease / Amylase Decrease / Creatine kinase Decrease / ALT
and AST Decrease / Cell morphology Distorts.




major analysis errors in hematology
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major postanalysis errors in hematology
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Hematology IQC program
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correlation results
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Corvelation Qesults
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True leucocyte count= MCV
TOTAL COUNT x100 Micro/ macro
NRBC +100
WBC (0bj40 ) x 2000= MCH
WBC count hypo / hyper
Plat (0bj100) x 20000= Hg*3=Hct
Plat count Hg/3=Rbc
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check 4)jy, Sa Ul Jed Jii e 4adala

Delta

Hb >2gr/dl

HCT >5%

MCV >6fl

MCH >5pg

MCHC >2%( gr/dl)

WBC, PLT, RBC Reduced or Increased >25%
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Quplicate Jest W RC
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First Second d d?2
count count Zdz
54 58 -04 o016 \ o

8.3 10.5 -2.2 4.84
17.2 18 -0.8 0.64 sd = W/i_(? =0.76
54 5.4 0 0

12.2 11.8 0.4 0.16 2sd=1.5
2.=5.8

d>2sd—vandom ervor




Check Test
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Detection deterioration of apparatus and reagent between tests
Suitable for Hg & Rbc ( 4-5 samples)
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Reference:

1- hematology departement of SSO
reference lab guideline(social security
Organization)

2-Henry 21st Ed 2007

3- PRACT1CAL HAEMATOLOGY Dacie and
Lewis TENTH ED1T10N 2006

4- dr popak training slides
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‘LWhen blood film needed?

Blood count request: »
Is it a first time count or repeat count? =

15t time count: Is it a routine screening =
test or special category?

If Routine: Analyzer report for blood w
count alone

Film required if any flags are signaled =



FLAGGING OF AUTOMATED BLOOD COUNTS

! angng" refers to a signal that the specimen being
analyzed may have a significant abnormality
because one or more of the blood count variables are
outside specified limits (usually 2SD) or there is a
qgualitative abnormality that requires a quality
control check and/or additional investigation.

This usually includes a blood film review.
Although it is theoretically desirable for every blood
count to include examination of a stained film, this is
being challenged by increasin]q workloads requiring
time and cost-effective rationalization, as well as by
the use of automated analyzers that report differential
leukocyte counts on every specimen.




15t time count —
If Special category, Film required:

+

Diagnosed blood disease patients

Patients receiving radiotherapy and/or chemotherapy
Renal disease

Neonates

Intensive care unit

If special tests have also been requested for:

infectious mononucleosis, haemolytic anaemia, enzymopathy, abnormal
haemoglobins

If the clinical details on the request form indicate
I¥‘mphadenopath¥, slzlenomegaly, jaundice or suggest
the possibility of leukemia or lymphoma

Specific requests by clinician




Repeat count, Film required:

+

Delta check positive when compared =
with previous record

Any flag occurs in present count =

On each occasion for patients with known =
blood diseases, for neonates, and when

specifically requested by clinicians
The International Society for Laboratory Hematology

has published consensus criteria (available at www.islh.orq) for the laboratory-initiated
review of blood smears on the basis of the results of the automated blood count.



http://www.islh.org/

A comparison of the current result with a recent
previous result( 2-3 weeks) on the same patient

i HbE 2 g/dl (<10%)

PCV 0.05
MCV >6 fl
MCH >5 pg
WBC Normal to abnormal
( 20-25%)
Platelets Reduced or increased by
more than 50%

RBC : (<10%); PT : +/- 5seconds / aPTT: +/- 15 seconds from a
specimen tested in the previous 24 hrs. may indicate a mislabeled
specimen.



CAPILLARY & VENOUS BLOOD

he differences may be exaggerated by cold with resulting
slow capillary blood flow.

The PCV, RBC, and Hb of capillary blood are slightly
greaterthan in venous blood.

The WBC & neutrophil counts are higher by about 8%;
The monocyte count is higher by about 12%b, and in
some cases by as much as 100%b, especially in children.

Conversely, the platelet count appears to be higher in
venous than in capillary blood; this is on average by about
9% and in some cases by as much as 32%.

This may be the result of adhesion of platelets to
the site of the skin puncture.

DIFFERENCES BETWEEN
E



4 Chapter 1 Introduction to Penpharal Blaad Smear Framiration

Figure 1=2  Well-made peripheral blood smear.
{From Roduk BF: Diagnostic Hemalulogy.
Philadelphia, WE Saunders, 1995.)

Good vs. Bad e
Smears '

E F G H

Figure 1=3 Examples of unacceptable smears. (From Rodak BF: Thagmostic Hematology. Philadelphia,
WD Saunders, 159951



i Good Peripheral Blood Smear

N
\o
O\
O\

Prepare blood films within 4(3) h of the blood collection in K

EDTA.
Stain the film within one hour of preparation with a

Romanowsky stain, containing fixatives; or fix within one hour
with "water-free" (i.e., <3% water) methanol for later staining.




*Good vs. Poor Peripheral Blood Smear

f Y v——




!LPeripheraI Blood Smear

i

S e,

Polycythemia Normal Anemia Gammopathy

Figure 8.1. Macroscopic appearance of blood films. The color of blood smears can reflect severe
underlying abnormalities in hematocrit and the presence of abnormal circulating immunoglobins.
The smear on the left, from a patient with polycythemia vera and a hemoglobin of 20 g/dL,
appears noticeably darker than the normal (hemoglobin = 14 g/dL) and pale anemic sample (hemo-
globin = 7). The blood film on the right, from a case of myeloma, is blue because circulating
monoclonal immunoglobins take up the basophilic stains used in blood smears.



i Spreader of PBS preparation




Subfeathery area

feathery end

Figure 8.2. Microscopic approach to blood films. Selecting the correct area to examine is essential

in properly assessing blood films. Regions where red blood cells are well-spaced and almost touch

each other are optimal for examining erythrocytes (right upper panel). Erythrocytes, when examined

too closely to the edge of the slide, appear misshapen and falsely hyperchromic (left lower panel),
pd els)

whereas those too distant often appear shrunken and agaregated (right lower

Thick area



BS of a patient with Dx of CLL,
hat do you do for dlff count?




Less than 2%b of the leukocytes may be

smudged, except in some lymphoproliferative
disorders
.. . %06". i ..‘
..0.0 o e :. 3‘6!. :_ .,
Only if the dlsrupted cell is still clearly

identifiable (e.g., an eosinophil) should it be
included in the dlfferentlal count

Adding one drop of 229% human albumin to five
drops of blood markedly reduces smudge cell

formation. Make the blood film from the albumin-
blood mixture.




Laboratory Quality Assurance Program
Hematology QA Committee
College of Physicians and Surgeons

Criteria for Reporting Smudge Cells

Absolute lymphocyte count should be greater than 5.0 x10°/L.
Patient age should be more than 30 years™.

Smudge cells should be reported 1f greater than 10 per 100 leukocytes.
Report smudge cells n absolute numbers.

* Although CLL 1s not often diagnosed in patients under the age of 40, patients over 30 years of age should
be considered potentially at risk. CLL is rare in patients under 30 years of age.




What are your diagnosis for these two films’?

0‘ | . Q. 0'3
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Higher magnification of previous




CBC of a 45y/o female who has
come to lab. for annual check up.

WBC: 5500/pl =
RBC:4.58 x 101%/ul =
Hb:12.8 g/d| =

Hct: 38.2% =

Plt: 195000/pl =
PBS??? =






‘L Interpretation

It is important that the spreaderis =
wiped clean with a dry tissue or
gauze square after each use since it
Is otherwise possible to transfer
abnormal cells from one blood film to
another



icroscopic Examination of the
Blood Film

The blood film should always be scanned =
under low power (10x to 40x
objective) for unusual or abnormal cells
and an acceptable cell distribution.

Extend the examination from the area where =
approximately 50% of the erythrocytes
overlap to the region where erythrocytes

show a strong tendency to linear orientation.
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‘_L Grading scale

1(+) 2(++) 3(+++) 4(++++)

1-6 per oll 7-10 per 11-20 per OIF | > 20 per OIF
Imm. field OIF




i Hypochromia (correlate with MCHC)

1+ :area of central pallor is 2 of cell diameter
2+ : area of central pallor is 2/3 of cell diameter
3+ : area of central pallor is 34 of cell diameter
4+ : thin rim of hemoglobin



Grade

Interpretation

Microcytosis
Macrocytosis
Hypochromasia
Polychromasia
Spherocytosis

Schistocytosis

Slight/
A few number

MCV:70-79
MCV:100 - 115
MCH : 23 - 26
3-3%

1-5%

up to 2%

++

Moderate/
Moderate number

MCV : 60 - 69

MCV:115-125

MCH :21-23

5-25%

5-23%

2-25%

+++

marked/
NUMErous

MCV <60

MCV >125

MCH <20

>23%

>25%

>23%



Grade

Interpretation

Target cells (codocytes)
Tear drops

Burr cells

Sickle cell(drepanocytes)
Elliptocytosis

Basophilic stipplings
Howell Jolly bodies

Anisocytosis

Slight/

A few number

up to 3%
up to 2%
1-3%
3-5%
1-5%
up to 2%
up to 1%

RDW: 16-18

++

Moderate/
Moderate number

3-25%

2-25%

3-10%

5 -25%

5-25%

2-25%

2-3%

RDW : 18-22

+++

marked/
numerous

>25%

>25%

>10%

>25%

>25%

>25%

>3%

RDW>22




Hematologic values for normal infants

Birth Day 3 Day 7 Day 14 1Month 2Months 3-6Months
I

RBC X108/l 6.0+1.0 5.3+1.3 5.1+1.2 4.9+1.3 4.2+1.2 3.740.6 4.7+0.6
Hemoglobin g/dl 18.0+4.0 18.0+3.0 17.5+4.0 16.5+4.0 14.0+2.5 11.2+1.8 12.6+1.5
Hct(PCV) 60+15 56+11 54412 51420 43+10 3547 3545
MCV fl 110+10 105+13 107+19 105+19 104+12 95+8 76+8
MCH pg 34+3.0 34+3.0 34+3.0 34+3.0 33+3.0 30+3.0 27+3.0
MCHC g/dl 33+3.0- 33+4.0 3345.0 3345.0 33+4.0 3243.5 3343.0
Retic (X10%1) % (120-400) 1.8-5.8 (50-350) 1.3-4.7 (50-100) 0.2-1.4 (50-100) 0-1 (20-60)0.2-1.0 | (30-50) 0.8-2.8 | (40-100)0.5-1.5
WBC X10%1 18+8.0 15+8.0 14+8.0 14+8.0 12+7.0 10+5.0 12+6.0
Neutrophils ( X10%1) % (4-14) 37-67 (3-5)30-60 (3-6) 30-65 (3-7) 30-70 (3-9) 30-80 (1-5)2 0-50 (1-6)2 0-65
Band (X10%1) % (0.8-2)4-14 (0.7-1.8)3-11 (0.7-1.5)3-9 (0.1-1.5)1-9 (0-0.6)0-5 (0-0.6)0-5 (0-0.6)0-5
Lymphocytes( X10%/1)% (3-8)18-38 (2-8)16-46 (3-9)24-54 (3-9)30-62 (3-16)41-61 (4-10)42-72 (4-12)45-75
Monocytes( X1091) % (0.5-2.0)1-12 (0.5-1.0) 3-14 (0.1-1.7) 4-17 (0.1-1.7) 4-17 (0.3-1.0)2-15 (0.4-1.2)3-14 (0.2-1.2)2-11
Eosinophils (X10%1) % (0.1-1.0) 1-4 (0.1-2.0)1-5 (0.1-0.8) 2-6 (0.1-0.9)1-5 (0.2-1.0)1-5 (0.1-1.0)1-4 (0.1-1.0)1-4
Plt X109/ 100-450 210-500 160-500 170-500 200-500 210-650 200-550
RDW % 11.5-14.5 11.5-14.5 11.5-14.5 11.5-14.5 11.5-14.5 11.5-14.5 11.5-14.5




Hematologic values for normal children

1 year 2-6 years 6-12 years
RBC X10¢/I 4.5+0.6 4.6+0.6 4.6+0.6
Hemoglobin g/dl 12.6+1.5 12.5+1.5 13.5+2.0
Hct(PCV) 34+4.0 37+3.0 40+5.0
MCV fl 78+6.0 81+6.0 86+9.0
MCH pg 27+2.0 27+3.0 29+4.0
MCHC g/di 34+2.0 34+3.0 34+3.0
Retic X10%/1 30-100 30-100 30-100
WBC X101 1145.0 10+5.0 9+4
Neutrophils( X10%1) % (1-7) 22-46 (1.5-8) 30-60 (2-8) 35-65
Band(X10%/1) % (0-0.5) 0-5 (0-0.5) 0-5 (0-0.5) 0-5
Lymphocytes( X10%1) % (3.5-11) 37-73 (6-9) 29-65 (1-5) 23-53
Monocytes( X10%/1) % (0.2-1.0) 2-11 (0.2-1.0) 2-11 (0.2-1.0) 2-11
Eosinophils (X10%/1) % (0.1-1.0) 1-4 (0.1-1.0) 1-4 (0.1-1.0) 1-4
Plt X109/ 200-550 200-490 170-450
RDW % 11.5-14.5 11.5-14.5 11.5-14.5
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Distribution of White Blood

‘.h Cells

Lymphocytes + Polymorphs ++

Talil

Head

Film
too thin

Film Ideal thickness
too thick



age| NRBC, age| Retic/ age| Band

cell

birth 500/ mm3 birth 3_70/0 1 day 150/0
10%

1 day 200/ mm3 | upto 1 week 1_30/0 mature <40/0
4%

2 day 25/ mm3 mature 0.5-1.5%

0.5%
3 day 0.5/ mm3
0.1%
1 week ra re
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D
A
B

D,

— Direction of spreading

The original drop of blood spreads out between spreader and slide (D-D1),
The film is made in such a way that representative strips of films, such as
A-A, and B-B1 are formed from blood originally at A and B, respectively. To
perform an accurate differential count, all the leucocytes in one or more

strips, such as A-A, and B-B1 should be inspected and classified.



Leukocyte Differential
| Count

Feather Edge
Llateral Edge
Examination Areg

ml &

"battlement” track for this examination



The differential white cell

‘_L count

ICSH recommends that the differential leukocyte =
count be expressed in absolute numbers

Absolute no.: Relative no.(% ) x WBC «
10000/l x 0.50= 5000/l =

Manual differential counts are generally fairly =
accurate, but their precision is poor, whereas
automated counts are generally fairly precise but
are sometimes inaccurate.



Tips on differential count

n

There is no internationally agreed reference =
method for the manual differential count, though
the CLSI has established a reference method.

It uses a manually wedge-spread, Romanowsky =
stained film. 200 cells are counted by each of two
trained observers using a 'battlement’track

The results are averaged to produce a 400-cell =
differential count, which is then divided by four.




Examiner Differentiation

GCCCa  Flagged  Normal _

oy 2 Abnormal RBCs -Common RBC abnormality
et ¢ Atypical MN WBCs | -Left Shift
-Lymph, variant forms
-Nrbcs

Senior -Myelocytes

Technician B CERIE SR Y ES N EROE S
-Dohle bodies
-Targets
-Auer rods

Physician LG LlETe

cells
Report Report




+

How can you estimate the =
WBC from PBS?



‘L Estimation of WBC

Total number of leukocytes counted®
5

e | 0.2 x 10%/L**|= leukocytes x 10%/L

* Total number of leukocytes counted in 5 fields at|100x (10x objective) magnification

** 1 leukocyte = 0.2 x 109/L

Example: If total number of leukocytes counted = 150

150/5+ 0.2 x 109/L = 6.0 x 109/L

The leukocyte estimate should correlate with

the leukocyte count + /- 25%.
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Causes of Spurious Increase in

i WBC

Cryoglobulin,cryofibrinogen =
Heparin =

Monoclonal proteins =
Nucleated red blood cells =

Corrected WBC= WBC x 100/Nrbc +100 =
Platelet clumping / Giant platelets =
Unlysed red blood cells / reticulocytosis =




| Corrected WBC

| Leukocyte count* 100
100 + number of nucleated erythrocytes*

= Corrected Leukocyte Count

| *Number of nucleated erythrocytes counted per 100 leukocytes at 1000x (100x objective) magnification

| Example: Leukocyte count = 20.0 x 109/L
Nucleated erythrocytes/100 leukocytes = 10
|

20.0 x 109+ 100
100 + 10

Nrbc/100 wbc

= 18.2 x 10¥/L

If 10 (5) or more Nrbc are observed , corrected WBC must be
calculated




What do you see? How do you
report?




What do you see? How do you report?




Lymphocytes, Variant Forms

¥

These cells can be normal physiologic =
variants or abnormal forms.

These cells are large and quite variable in =
appearance. Several distinct types have been
described

The terms "atypical, reactive Downey Cell =
virocyte Turk cells activated lymph" etc.,
have been used to identify these cells.

Because of confusion about the relationship of =
these cells to either benign or malignant
processes, the subcommittee chose the new

term—Ilymphocytes, variant forms.




Lymphocytes, Variant Forms

A normal differential count usually includes up to =
6% of variant forms.

Transitional forms between normal and variant =
lymphocytes are also found.

In children in apparently good health, more =

immature-appearing lymphocytes with clear nucleoli
are sometimes found.



Comparison of Lymph

normal & variant forms

Size 7-15 pl 10-25 pl

N:C ratio 5:1-2:1 3:1-1:2

Shape Round to oval Round, oval ,irregular

Nucleus Round to oval Variable

Chromatin Dense, clumped Variable

Nucleoli None None to multiple

Cytoplasm Scant to moderate Moderate to abundant
Pale to moderately Pale to deeply basophilic
Basophilic

Vacuoles None Occasional

Granules Few, some cells Some cells



The WBC's seen here are "atypical”™ lymphocytes. They
are atypical because they are larger (more cytoplasm) and have
nucleoli in their nuclei. The cytoplasm tends to be indented by

surrounding RBC's Such atypical lymphocytes are often
associated with infectious mononucle05|s
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Large irregular atypical lymphocytes seen in the
peripheral blood of a patient with infectious
mononucleosis
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Maslak, P. et al. ASH Image Bank 2002;2002:100541

Copyright ©2002 American Society of Hematology. Copyright restrictions may apply.
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Lymphocytes, Variant Forms
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Lymphocytes, Variant
Forms




i Lymphocytes, Variant Forms




ymphocytes, Variant Forms




i > 209% LVF

Infectious Mononucleosis =
Viral Hepatitis =
Cytomegalovirus Infections =
Post Transfusion Syndromes =
Drugs (Phenytoin, PAS) =



i Report Format

As a discrete entity =
Neutrophil:50%
Lymphocytes:25%
LVF:25%

As a part of Lymphocytes =
Neutrophils:50%
Lymphocytes:50%

50% of Lymph. were LVF.

LVF (atypical lymph) :Few(<6%)



*—I:ympheeyte,—variant formisa new =

terminology for atypical lymphocyte.
In Normal individuals <6% (few) =
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Lymphocyte variant form may
‘L be mistaken with:

Monocytes .\
Blasts .v
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Monocytes vs. lymph. Variant forms




Lymph variant form vs. Lphoblast




Lymph variant form vs. Myeloblast
LJEl




i Monocytosis
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onocytosis

Monocytes > 1.0 x10%/L in adults =
Occurs in a number of disorders:

Most frequently in the recovery phase of infection, =
but may be seen in a variety of neoplastic lesions
especially myeloproliferative disorders.

Monocytosis may result from viral, fungal, =
rickettsial, and protozoal infections.

Phagocytosis of erythrocytes, leukocytes, and platelets =
by monocytes and histiocytes is seen in the
"hemophagocytic syndrome' which is associated with
viral or bacterial infections and T cell malignant
lymphoma



What is your diagnosis? How do you

i report?

The majority of neutrophils are in and 'forms or have
bi-lobed nuclei , with coarsely clumped chromatin ,

which is highly suggestive of Pelger Huet Anomlay


../../../My Web Sites/hematology proficiency/www.wadsworth.org/chemheme/heme/cytoheme/hemepix/slide153B.jpg

* Pelger —Huet anoma

O




Although the filamentous segment connecting the two
lobes of the Pelger-Huet cell shown is not apparent, this
cell has the typical pince-nez form of nucleus
characteristic of the PeIger-Huet anomoly

i, RS
Lazarchick, J. ASH Image Bank 2007;2007:6-00057

Copyright ©2007 American Society of Hematology. Copyright restrictions may apply.
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Lazarchick, J. ASH Image Bank 2004;2004:101164

Copyright ©2004 American Society of Hematology. Copyright restrictions may apply.



%orpholog i%

The timing of examination (within 3 h of =
collection) and

A careful preparation of a peripheral blood =
smear are essential for the identification and
differentiation of PHA.

Long-standing specimens (for more than =

12 h) may cause round pyknotic nuclei in the
cells



Morphology

Beside suppression of segmentation of granulopoiesis, the =
nuclei of all leukocytes, including neutrophils,
lymphocytes,monocytes, eosinophils and basophils,
are affected in PHA .

The nuclei of subjects with PHA are characterised bya =
lower nucleus/cytoplasma ratio.

In the heterozygous phenotypes, about 55-93% =
of the neutrophils show nuclear segmentation arrest at the
bilobed level.

The lobes (ranging from 2 to 5) present a symmetrical, =
spectacle like ‘pince-nez’ or ‘dumbbell’ appearance,
connected by a thin strand or filament.




orphology

They are usually round with a coarse, densely clumped and =
fully mature nuclear chromatin, unlike the oval or irregular
lobes seen in the normal neutrophil nuclei.

The cell size, the cytoplasm and the granular pattern are =
comparable with that of nhormal neutrophils.

A small population of neutrophils possesses a =

nonlobulated or peanut-shaped nucleus (Stodtmeister
cells).

The single-lobed bands appear to be shorter and «»
thicker than the usual stabs



Morphology

The granulocytes of homozygous PHA contain single, round or =
slightly indented, eccentric nuclei with little or no nuclear
segmentation.

In homozygous individuals, the basophils, eosinophils, and =
megakaryocytes also show dense nuclear chromatin and rounded
nuclear lobes.

Distinction from myelocytes or metamyelocytes is made by their =
relatively small (spherical) nuclei and dense chromatin.

These types of cells may account for 94—96% of the total neutrophil =
counts in homozygous PHA and 0—4%o in heterozygous PHA.

The bone marrow reveals normal morphologic features up to the =
myelocyte stage.



ifferential Diagnosis

Identification of PHA cells has to be the starting pointofa =
profound investigation, differentiating between a benign
inherited anomaly, an acquired feature associated

with a transient condition or evolving MDS and MPNs

Laboratory findings, clinical and family history can be =
helpful in the differential diagnosis of PHA.

In the microscopic analysis of a peripheral blood smear, =
the investigator has to take notice of the number or
distribution of nuclear lobes, the nuclear size, the
chromatin pattern and cytoplasmic granulation.



ifferential Diagnosis

Peripheral blood smear reveals few cells with 3 =
lobes (less than 10%), and practically none
have 4 lobes .

Toxic granulation, toxic vacuolation and Dohle =
bodies are findings of particular concern.

Nuclear chromatin pattern, nuclear size and lobe =
morphology can be helpful in the differentiation.

Pseudo-PHA nucleil are paler, less clear in =
outline, their chromatin is less lumpy and the
lobes are elliptical and unequal




ifferential Diagnosis

If more than 1 cell line is involved (anaemia, =
thrombocytopenia,cytopenia and macrocytosis), an
evalution by bone marrow aspiration or biopsy to
exclude a haematologic malignancy is mandatory.

Pseudo-PHA cells may be predicative of the clinical onset =
of myelodysplastic disorders and malignant conditions, such
as AML,CML or PMF

The pelgeroid polymorphism is considered as the «»
most specific dysplastic marker of MDS.

The question is raised if this finding is a morphologic =
anomaly or a manifestation of apoptosis



Neutrophils from the peripheral blood of a patient with MDS display
hypolobulation of the nuclei which characterizes the pseudo Pelger
Huet anomaly (1000x MacNeal Tetrachrome)
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Maslak, P. ASH Image Bank 2002;2002:100446

Copyright ©2002 American Society of Hematology. Copyright restrictions may apply.





../../../My Web Sites/hematology proficiency/www.wadsworth.org/chemheme/heme/cytoheme/hemepix/slide153B.jpg

Hypolobulated neutrophil with Dohle
bodies (arrows) in MDS

Maslak, P. ASH Image Bank 2004;2004:101149

Copyright ©2004 American Society of Hematology. Copyright restrictions may apply.



Pelger —Huet anomaly

+

Pelger-Huét anomaly (PHA) is a congenital =
haematological disorder,

Characterized by an impaired lobulation of neutrophils =
with a coarse nuclear chromatin

It was first described by a Dutch haematologist (K. Pelger) =
in 1928 and recognized as a Mendelian autosomal dominant

trait by a pediatrician (G. Huét) in 1932

Characteristics observed on blood smears include leukocytes =
with dumbbell-shaped bilobed nuclei; a reduced number of
nuclear segments; and coarse clumping of the nuclear
chromatin in neutrophils, lymphocytes, and monocytes.




Pelger —Huet anomaly

PHA, a member of the laminopathies, isa =
worldwide distributed pathology with a
frequency varying from 0.01 to 0.1%.

Clustering of PHA has been observed in =
Vasterbotten county (northeast Sweden) and
in the mountain village Gelenau (southeast
Germany) with prevalence's of 0.6 and

1.01%, respectively.

Male-to-female ratio is 1:1. PHA may be =
observed in individuals of all ages.



{//h/'ca/ Aspects

Since the first description of PHA homozygosity in
a Dutch girl by Haverkamp Begeman et al., to the
best of our knowledge, 10 other homozygous
individuals have been reported so far with a

variable clinical presentation (psychomotor retardation,
disproportionate body stature, macrocephalus with prominent forehead,

ventricular septal defect, polydactyly and short metacarpals).

In the heterozygous state, PHA is benign with =
the only apparent phenotype being the altered
neutrophil nucleus



unctional Properties

In evaluating the neutrophil functional profile, the total =
sequence of chemotaxis, adhesion, aggregation,
phagocytosis, granule content and degranulation,
respiratory burst activity and bacterial killing needs to
be analysed.

The biochemical, metabolic, phagocytic and bactericidal =
activities of PHA granulocytes are not different from those of
healthy subjects.

Pelger-Huét cells show a normal survival timein =
circulation



Whatis your diagnosis?

PBS of a patient with persistent pancytopenia after intensive
chemotherapy for AML. After many weeks of platelet
dependency the 'platelet’ count suddenly rose. Inspection of the
film showed that platelets continued to be very sparse; the

particles that were counted as platelets were fungi,
subsequently identified as Candida glabrata, originating from
the patients indwelling central intravenous line




Leukoerythroblastic reaction

An 1 in the peripheral blood of immature RBCs(Nrbc), ie normoblasts,
and immature granulocytes, metamyelocytes and bands,

May be associated with :
Metastatic cancer, A
Hematopoietic malignancy, .~
Hemolytic anemia, ¥
Gaucher's disease, ¥
Polytrauma, 0

BM infiltration by various processes, including infection—eg, fungal, viral, TB,
sarcoidosis, histiocytosis,

Hypoxia; v
Y, of Pts with LER have no known underlying disease =

¥4
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Imprecision

+

The imprecision of a manual differential count is
greatest for those cells that are present in the smallest
numbers, particularly the basophils.

If it is diagnostically important to know whether or not
there is basophilia then it is necessary to improve
precision, either by:

Performing an absolute basophil count in a
haemocytometer

Or by counting many more than the usual 100
cells (e.g. at least 200—-500 cells).

Similarly, if neutrophils constitute only a small proportion
of cells (e.g. in chronic lymphocytic leukaemia),




Precision achieved with differential counts of various
numbers of leucocytes.

Observed Total number of cells counted (n)

percentage

of cells 100 200 500 1000 10 000

0 0—4 0-2 0-1 0-1 0-0.04

1 0-6 0-4 0-3 0-2 0.8-1.2
2 0-8 0-6 0-4 1-4 1.7-2.3
3 0-9 1-7 1-5 2-5 2733

4 1-10 1-8 2-7 2-6 3.6—4.4
5 1-12 2-10 3-8 3-7 4.6-5.4
6 2-13 3-11 49 4-8 55-6.5
7 2-14 3-12 4-10 59 6.5-7.5
8 3-16 4-13 5-11 6-10 7.4-8.6
9 4-17 5-15 6-12 7-11 8.4-96
10 4-18 6-16 7-14 8-13 9.4-10.6
15 8-24 10-21 12-19 12-18 14.6-15.4
20 12-30 14-27 16-24 17-23 19.6-20.4
25 16-35 19-32 21-30 22-28 24.6-254
30 21-40 23-37 26-35 27-33 29.5-30.5
35 25-46 28-43 30-40 32-39 345-355
40 S0-51 33—-48 35-45 36—-44 39.5-405
45 35-56 38-53 40-50 41-49 44.5-455
50 39-61 42-58 45-55 46-54 49 5-50.5

Ninety-five per cent confidence limits of the observed percentage of cells when the total
number of cells counted (n) varies from 100 to 10 000. Ranges for n = 100 to n = 1000 are
derived from reference [33].



Imprecision,cont.

Myelocytes and metamyelocytes, if present, are -
recorded separately from neutrophils.

Band (stab) cells are generally counted as
neutrophils, but it may be useful to record them

separately.
They normally constitute less than 6%(3%) of the -
neutrophils;
an increase may point to an inflammatory process *
even in the absence of an absolute leukocytosis




What is your interpretation?

=
L

< 9

Peripheral blood film showing storage artefact a
crenation (echinocytosis), a disintegrated cell and a
neutrophil with a rounded pyknotic nucleus.




hat is your interpretation?

- %

Peripheral blood film from a blood specimen that

has been transported in a hot motor vehicle,
showing red cell budding and fragmentation.




What is your interpretation?

Ch

Peripheral blood film from a patient with
hyperlipidaemia showing misshapen red cells with
fuzzy outlines and blurring of the outline of the lobes of

a neutrophil consequent on the high concentration of
lipids.



What do you do misshapen
i red cells with fuzzy outlines ?

Erroneous results from hyperlipidaemia may be =
suspected

This error can be confirmed by examining the =
plasma, after either centrifugation or red cell
sedimentation, and noting the milky appearance.

The problem can be dealt with by performinga =
microhaematocrit and a blank’ measurement
using the patient’s plasma

A c e o

True Hb = measured Hb —["Hb" of lipaemic plasma
x (1 —Hct)]



| Hypersegmented Neutrophils

" Hypersegmentation
' 1 PMN with six lobes or >3% with 5 lobes

More than 3 cells having 5 lobes or a single cell with 6
lobes found in the course of a 100 cell differential is
evidence of hypersegmentation. Hypersegmentation is

sometimes referred to as a






Peripheral blood film of a patient with a MDS showing
two neutrophils. Both are macropolycytes and one
shows a defect of nuclear segmentation resembling

myelokathexis. The size of the cells and the amount of
nuclear material suggests that they are tetrap/oid

cells.

%o




Macropolycytes

Is about twice the size of a normal neutrophil ,15—=25 pm

Analysis of its DNA content shows that it is tetraploid rather than diploid,
the number of lobes present being increased proportionately.

Some macropolycytes are binucleated .
Occasionally seen in the blood of healthy subjects.

Increased numbers are seen in an inherited (autosomal dominant)
condition in which 1—2% of neutrophils are giant with six- fo 10-/obed

nuclei, or with twin mirror-image nuclei .

Increased numbers, together with rather non-specific dysplastic features,
have been described in DiGeorge’s syndrome



‘_h Macropolycytes

Macropolycytes, including binucleated cells, have been
observed following the administration of G-CSF and are
present in increased numbers in megaloblastic anaemia.

In megaloblastic anaemia they have a DNA content varying
between diploid and tetraploid

In contrast to hypersegmented neutrophils, they are
derived from giant metamyelocytes.

They have also been reported in chronic infection, CML
and other myeloproliferative disorders, and following
the administration of cytotoxic drugs and
antimetabolites.
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Peripheral blood film of a patient with a Peripheral blood film of a patient with
MDS showing a macropolycyte, CLL and reversible chlorambucil-
which is twice the size of the adjacent induced myelodysplasia showing a
normal, neutrophil. The nucleus is also binucleated tetraploid neutrophil.

twice normal size and shows increased
nuclear segmentation; it is likely that this is
a tetraploid cell. In addition the film shows
anisochromasia.



Morphologic abno.rmal‘ities in mYe'lodySplaﬁstic syndromes

Lineage

Erythroid

Myeloid

Megakaryocyte

Peripheral Blood

Ovalomacrocytes
Elliptocytes
Acanthocytes
Stomatocytes
Teardrops

Nucleated erythrocytes
Basophilic stippling
Howell-Jolly bodies
Pseudo-Pelger-Huét anomaly
Auer rods
Hypogranulation

Nuclear sticks
Hypersegmentation

Ring-shaped nuclei

Giant platelets
Hypogranular or agranular
platelets

Bone Marrow

Megaloblastoid erythropoiesis
Nuclear budding

Ringed sideroblasts
I[nternuclear bridging
Karyorrhexis

Nuclear fragments
Cytoplasmic vacuolization
Multinucleation

Defective granulation -
Maturation arrest at myelocyte stage
Increase in monocytoid forms

Abnormal localization of immature
precursors

Micromegakaryocytes
Hypogranulation
Multiple small nuclei



shows MDS, with a blast cell (arrow) and two
neutrophils that have hypolobulated nuclei, one of
*hich IS binucleated and the other hypogranular.



















GRANULOCYTES
eosinophils

|

Fgure 3.5 Dysplastlc nuclear features in circulating cells. Com-
~wwite image taken from several cases of myelodysplastic syndrome
~wwing dysplastic nuclear features seen in circulating granulo-

s and nucleated RBCs. The right lower figure shows numerous
- NS, TR IR, et [




e

Shift to the left &
reactive changes
in neutrophils

response to G-
CSF or GM-CSF
therapy.
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Idiopathic hypereosinophilic
‘L syndrome, HES

Eosinophilia is commonly associated witha =
large number of disparate non-clona/and clonal
disorders.

In the majority of cases it is caused by reactive =
conditions including atopy or allergies,
autoimmune disorders or infection.

In rare cases, a hematological disorder may =
be associated with sustained eosinophilia, which
can be either non-clonal or clonal.



Idiopathic hypereosinophilic
syndrome, HES

The term HES is used when: .

The blood eosinophil count is persistently greater than 1.5 x 10%/1
For at least 6 months, ¥

With damage to end organs such as heart, gastrointestinal tract, ¥
skin, joints or nervous system and

No evidence of clonality. .r

Clonal eosinophilia is most frequently associated with chronic
myeloproliferative disorders (Eos-MPN), and particularly chronic
eosinophilic leukemia (CEL).

It is only rarely seen in myelodyplastic syndromes (MDS) or acute
leukemias



1 Cryoglobulinaemia

Peripheral blood film of a patient with cryoglobulinaemia
showing cryoglobulin that has been ingested by neutrophils and
appears as: (a) small round inclusions; and (b) large masses
filling the cytoplasm and displacing the nucleus. Some
extracellular cryoglobulin is also present.




Peripheral blood film of a patient with
cryoglobulinaemia showing
cryoglobulin within a monocyte.









A neutrophil containing refractile
bilirubin crystals.

Rarely, bilirubin crystals are seen within neutrophils of
infants and children with a markedly elevated plasma
bilirubin; they are refractile and faintly yellow ;they have
been found to form in vitro when EDTA-anticoagulated

blood is allowed to stand for at least 30 minutes




Necrobiotic (apoptotic)

r g »
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B Apoptotic neutrophil in - S Apoptotic Leukemic cells |
megaloblasticanemia 8 in AML
; o |
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. . . ; —-.“ - =
patient with showing neutrophil aggregation
overwhelming sepsis caused by a cold Ab.




Neutrophil aggregation

Aggregation of neutrophils with or without aggregation of platelets
develops /n vitro in some patients when EDTA-anticoaqulatedblood is

allowed to stand.

This is an antibody mediated time-dependent phenomenon which
is not of any clinical significance although it may lead to erroneous
automated WBCs.

Neutrophil aggregation has also been observed as a transient
phenomenon in association with infectious mononucleosis and in
acute bacterial infection

Occasionally, it is observed in a patient over many months or years
and may then be associated with autoimmune disease

In some patients when the cause is a cold-acting antibody, red cell
agglutinates coexist.




What is the main finding? What do you

Abnormal lymphoid cells with marked
vacuolization, suspicious to storage diseases,




Mucopolysaccharidosis

- g

ye

Dense azurophilic granules, resembling toxic granulation in
neutrophils, are seen in all leukocytes. Most characteristic of these
disorders are the metachromatic granules surrounded by a
clear zone seen in lymphocytes.
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Leukocyte-Histogram

Lyse of RBC and partial lyse of WBC

After Lysis

itochondria

ucleus

Cell membrane

Ribesome——

Chatonlacm
CYLOPiasH

Before adding lysing reagent

Neutrophils —o 1('())elllc15iameter in pm
——0e _
Basophils — o 9-14
Eosinophils * * 11-16
r—o
Monocytes 12 -20
0 L§/mpﬁocﬁes 8 10 12 14 16 18 20 22 Zumy 5

&

After adding lysing reagent

: LymphQcytes

Cell diameter in fl

{ Monocytes! Neutrophils Lymphocytes 30- 80
:Basophiles: Monocytes 60 - 120
’ ils Basophils 70 - 130
0 50 100 150 200 250 300 fil Eosinophils 80 - 140

Neutrophiis 120- 250



Elevated number of WBC

Neutrophilia

WBC- Histogram

NI/AN]

Cases

Lymphocytosis

WBC-Histogram

EJ’T\—\L N
10400 \\‘____g,p{ O [fL.] 200 SFOH [Fa!

Results Differential Results Differential
WBC +23.8x10%L Band 8 % WBC 7.9x10%L Band 4%
LYM% 8.1% Seg 77 % LYM% +64.7%  Seg 20 %
MXD% 7.9% Lymph 7% MXD% 15.8% Lymph 64 %
NEUT% 84.0% Mono 7% NEUT% -19.5% Mono 4%
Eo 1% Eo 5%
,r -~ ~ ns n,\,..a = ‘_ n n/s

?Aﬂt 5 | - R

= B = o

(x 400) (x 1000)

Clinical diagnosis: Neutrophilia Clinical diagnosis: Lymphocytosis

Prominent peak with broad distribution (NEUT%)
for large leukocytes.

High, pointed peak in lympho area (LYM%).

In case of Neutropenia a similar curve is
In case of Lymphocytopenia a similar curve is obtained.

obtained.



Increase number of WBC

Monocytosis

WBC-Histogram

Cases

Eosinophilia

WBC-Histogram

= 3;')0 1£1.] I\'{I'fl, ™ My [F1.]
Results Differential Results Differential
WBC 7.7x10%L  Stab 8% WBC 43x10%L Stab 1%
LYM% F1~* 13.2% Seg 37% LYM% 18,3%  Seg 19 %
MXD% F2* 37.7% Lymph 17 % MXD% +62,2% Lymph 20 %
NEUT% 49.1%  Mono 35 % NEUT% -19.5% Mono 9%
Eo 1% Eo 47 %
Baso 0% Baso 1%

(x 1000) o : : . (x 1000)
Clinical diagnosis : Eosinophilia

Clinical diagnosis: Monocytosis

Monocytes, which are the largest leukocytes in normal
peripheral blood, become smaller than neutrophils
under the influence of the lysing reag—>. On the
histogram, they fall in the middle cell ratio (MXD%) (

) . Similar patterns can be seen in eosinophilia. These
two different clinical entities need to be differentiated
from each other by manual differential.

Eosinophils and basophils, which are categorized as
granulocytes together with neutrophiles, are smaller
than neutrophils due to contraction under the
influence of the lysing reagen

On the histogram, they are located in the middle cell
ratio MXD% () where also monocytes are present.
A similar pattern can be seen in monocytosis. Both
diseases must be differentiated from each other by
manual differential.



- Cases
WBC Agglutination

Case 1 Case 2
WBC-Histogram WBC-Histogram !
g | A
[\ | | I
I."I I’kéf . ; l 2 j \V.A\ ==
W 1. T 3 R, Y
LA eI LR UMY JEL-) 100 200 300 1]
Results Results
WBC - 2.3 x 10%L WBC - 2.1x 109L
LYM% 39.7% LYM% 41.9%
MXD%  + 32.2% MXD% 17.5%
NEUT% - 28.1% NEUT% — 40.6%
—— ~— 2 . T

Tes ( -
3

'

,;g”'/

(x 1000) (x 1000)

"

Case: WBC-Agglutination

This is a case of WBC agglutination, which occurs rather rarely. The histogram does not shown
a clear tri-modal <pa?ern with particles present in the region above 250 fl ( ). The count of
leukocytes is likely to be falsely low. Depending on the nature of leucocytes antibodies,
agglutination may be dissolvable and measurement may become possible upon incubation the
at 37 ° C or upon washing the samples with isotonic saline.




Cases
Nucleated red blood cells (NRBC)

WBC-Histogram Results
an WBC wL* 56.1 x 109/L
I /'?1 .f'"‘i LYM%  WL* 42.7%
[ W MXD% WL
I AN o NEUT%
1O 200 300 L]

" £= 3
P o
Z2F N

> < ine

Case: Orthochromatic Erythroblasts (NRBC's) at a concentration of 1352/100 Wee

This is a sample with an extreme number of NRBC. The valley between the erythrocytes ghost area
and the small leucocytes area exceeds the limit, and WL flags are given. NRBC are likely to
contribute significantly to the population on the WBC histogram ( ) ; therefore most of them are
counted as leukocytes—Measurement of samples having NRBC must be corrected by the following
equation:

corrected WBC-Count = measured WBC-Count x 100
(100 + Count of NRBC's *)

* NRBC-Count: The number of NRBC per 100 leukocytes.




Cases

Anemia
Iron Deficiency Anaemia Suspected Thalassemia

RBC-Histogram Pacult RBC-Histogram Manots
W RBC 4.48 x1012/L oy RBC + 5.97 x10%?/L
fo\ HGB 8.8g/dl ;‘ HGB 12.7g/dl
L LE e HCT 29.3% I Neoo ) | HCT 41.1%
— T oo 11 MCV - 65.41l — 100 200 11 MCV — 68.8fl
MCH - 19.6pg AL 21 2nn

PLT-Histogram MCHC - 18303%7 PLT-Histogram Pesult

- RDW-CV 2% TA

|\ RD\.  14.7%

= " 2 3 : acz=l s 3
10 20 30 I} 10 20 30 [fi.]

1. Case: 2. Case:

Results: Results:
MCV, MCH and MCHC shows low values and MCV, MCH and MCHC shows low values
RDW-SD shows a high value. Differential:

Differential: no prominence in the smear

hypoch [ . . .
yp romic RBC's Due to the increase in erythrocyte count

Thus this case is identified as microcytic and the low RDW value this case is
hypochromic anemia cassified as a thalassaemia minor.




Cases

Iron def. anaemia under treatment Macrocytic Anaemia (CML)
2nd Week of treatment WBC-Histogram Resiilts
RBC-Histogram Dacuilte TN . WBC + 17.3 x10%L
I ,.'(\"\ RBC 4.37 x10%2/L ‘ r\/ \ U LYM% 16.4%
| I AN HGB 10.4g/d| / : MXD% T2 -
| |/ A HCT 35.3% : Lo :;\— NEUT% T2
— 100 : O Iﬂt.l MCV - 80.8fl - T
MCH - 23.8pg RBC-Histogram Daciilte
D €™ e == 29.5g/d| | N | RBC - 1.64 x10%2/L
. ' ) 35.7% [ | HGB - 6.2g/d!
~ Y AN | HCT - 18.2%
& Y . | S e .| Mcv + 110.0fl
y 3 pu— 1O 200 If.1  MCH 37.8pg
v e @D 69 MCHC 34.1g/dl
RDW : 15.2%
(x 1000) : v _ ' ?
4nd week of treatment i ~»
RBC-Histogram Paculte = > r‘
[ A RBC 5.14 x10%2/L 2N < #
N HGB 13.2g/dl %
l v N HCT 42.5%
= i o= MCV - 82.7fl
Temn oMy 161 MCH _ 25.7pg
E‘;’n A _ a1 1g/d| k
: MP* + 1.9% (x 1000)
3
(x 1000)
The initial effect of the treatment can be seen in data of (x 1000)

the 2th week, where the RBC histogram indicates the
appearance of normocytic cells while a large number of
microcytic cells still are visible in the smear. The RBC
histogram of the 4th week still shows a 2-peak curve, but
the peak of larger cells became more prominent than the
other peak. Compared to the top diagram, this shows an
further increase in the number of normocytes as a result
of the treatment.

This is a macrocytic anaemia with development of
chronic myelogenous leukemia (CML). The RBC
histogram suggests the existence of macrocytes,
while the WBC histogram does not show, the valley
normally seen between the MXD and the large cell
ratio, suggesting the appearance of leukocytes with
various sizes.




Cases

|I Cold Agglutinins

I Incubation 30 min I
RBC-Histoaram Raciilte RBC_Histogram Raciilte
| | RBC RU* 2.23 x10%%/L ] | RBC 4.35 x10*?/L
| HGB 14.4g/d| i | HGB 14.5g/d|
S ,t HCT RU* 24.9% ‘ HCT 43.5%
ANy | vmcv RU* 1117 _ , : | Mcv 100.0fl
10H '\\‘ i”.'/”‘ 1.1 MCH RU* 64.6pg 10000 el (L1 MCH 33_3pg
MCHC  RU* 57.8g/dI MCHC 33.3g/dI
RDW * 25.4 RDW 1471
(x 1000) (x 1000)

Case: Cold agglutinins

Because in this case erythrocytes have passed through the detector as clusters of several cells, the
RBC, HCT,MCH, MCV, MCHC and RDW values are abnormal. The RBC histogram shows a second

peak.

After the clusters have been dissolved by incubation, all erythrocytes are detected as single cells.
Therefore the second peak on the RBC histogram does not appear and the RBC, HCT, MCV, MCH,
MCHC and RDW values are normal.




Cases

Casel Case 2

RBC-Histogram Results RBC-Histogram Results
™\ RBC 3.62 x10?/L F o RBC 2.67 x1012/L
!\ e 11.1g/dl \ HGB - 6.2g/d|
/ \, 4 HCT 31.9% ‘ \.\ HCT - 22.5%
/ L MCcv 88.1fl . \ MCV - 84.3fl
= oo 1. MCH 30.7pg N MCH - 23.2pg
T 200 |f1.] MCHC 34.8g/dl . % e ‘ MCHC - 27.6g/dl
RDW + 25.5% 100 200 [I1.] RDW + 20.1%

PLT-Histogram Results < PLT-Histogramm Results

. 9

o | e 120, ) PLT 235 X109/L
FLd N\ Py e nar AN ‘ PDW 11.74l
| — SRR § 2 o — R o = ).4f1

. - < 3 e | - . :
\ < g 3 I t 7.9

: s 548 2 L \)‘:u_ u;}' : S = )
. : P S
-
- = ’ 3 v :
& o v \)*J bl
(x 1000) (x 1000)

Two cases: Poikilocytosis with a lot of echinocytes

The abnormally wide distribution on the RBC histogram suggests the appearance of various sizes of
erythrocytes with a high percentage of microcytes.




Cases

Anisocytosis
Casel Case2
RBC-Histogram Pacnlte RBC-Histogram Paculte
™\ ! RBC 4.15 x1012/L ‘*\ RBC 2.95 x10%2/L
| T HGB 14.0g/d| AN HGB 9.9g/dl
| |~ s HCT 40.8% / e HCT 28.7%
oo “Zoo i MCV 98.3fl s 100 200 1 MCV 97.3fl
MCH 33.7pg MCH 33.6pg
PLT-Histogram Pesults PLT-Histogram Pesults N
1/ RDV 22.7 RDW 26.4¢
\ | ik
l )"J \;\ | - \/\ \d\\i
/ ~~—y = =
10 20 30 1.} 10 20 30 1fL)
S— , — —— s ¥ = — 7 S
E ;) ; 3 ™ - = ‘!,‘ e ® £ A’
€ b \\5. -
- ~ g e \
9:‘.’_"‘!“: ﬁ ; \',/ i g \ \ e \,
(x 1000) (x 1000)
Microcytes and macrocytes are visible among The distribution width of the RBC histogram is
normocytes in the smear, and the distribution on the abnormally wide as seen in case 1, but the proportion
RBC histogram is abnormally wide. This suggest the of erythrocytes below 90 fl is higher in case 2. The PLT
appearance of various sizes of erythrocytes. histogram indicates abnormality and the PL and DW

flags are given. This suggest that microcytes may
have interferred with the Platelet count. Such result
needs to be confirmed by other methods, like Fonio
method or counting chamber.




_ Cases
Platelet Aggregation

Casel Case 2
WBC-Histogram Resiilts WRC _Hictnaram Raciiltg
' WBC 6.0 x10%/L ‘ WBC WL* 6.4 x10%/L
“,./“\ {ﬂ \| /\ N\ LYM% 27.5% l p[ \\, i - LYM% WL* 41.4%
, \__ |/ L MXD% 7.9% > L MXD%  WL* 14.0%
== 100 200 300 NEUT% 64.4% = ’ l(.)() = gt.u»H :u‘)u NEilr’llT% WwL* 44.6%
PI:T—aistogram Raciilte PLT-Histogram Pacuilte
/’\k‘ PLT 86 x10°/L | //\ | . PLT PU 55 x109/L
/ \ PDW + 18.6fl s PDW DW N
/ o MPV 12.8f - ™ MPV DW —_
10 20 30 1f1.1 P-LCR + 43.7% 10 20 30 1f1] P-LCR DW --=-%
- %—;‘)’ - G“’f
= = 8 TR~
- T -
Se= PO "~ g™ "
3 = g ?\4 & \".—___?\ 6‘\~ —
(x 400)
(x 400)
Case 1. Platelet Aggregation Case 2: Platelet Aggregation
The smear clearly shows that platelets are This sample contains larger aggregation clusters as
ag==agating. The WBC histogram shows a peak in the shown in the smear. These clusters are considered
ghost area affect the leukocyte counts, because the distribution
( ), while the PLT histogram shows a wide curve on the WBC histogram intersects the
distribution. Although these large particles usually discriminator line between the ghost and the Small cell
affect the leucocyte counts, the leukocytes ratio at a high point, and the WL flags are given. The
distribution of case 1 is well separated from the ghost PLT histogram suggests the presence of large
area on the WBC histogram, probably without any particles. Analysis of a fresh blood sample is required
effect of small particles in the ghost area. There is no to obtain correct platelet values.
WL Alarm given .




Cases
Large Platelets

Casel Case 2
PLT-Histogram = Paculte PLT-Histogram Paculte
- . PLT 237 x109/L PN PLT PU 71 x109/L
|7 PDW + 18.0fl AN , PDW DW e Al
L] o | MPV 12.41l | / 5& MPV DW - Al
L;-f' . e P P-LCR + 44.1% | Yy ) . | o, P-LCR DW -%
10 240 20 Eam | 10 20 0 (1.1
P gz L o = » Q w = CY z
T . ) S W
) - — . )‘-‘, — - == R ]
Y ’:f_fti:) 1 ) =
S S'av -
: < 3 ’ {fu w ( - / } an“ ;
\ m — ;. ~ \ y N %\
(x 1000) (x 1000)

Case 1: Giant platelets Case 2: large platelets

The abnormally wide distribution on the PLT Although the wide distribution on the PLT
histogram suggests the appearance of giant histogram suggests the appearance of large

platelets. The distribution curve intersects the platelets, the distribution curve intersects the
discriminator line at a low point, which shows discrimination line at a high point. This result
that the platelet count has been measured needs to be confirmed by other methods i.e
correctly. Fonio method or counting chamber.




RBC- and PLT-Histograms

21l 25-30fl 250 fl

«  The two distribution curves are separated from each other by a moving auto
discriminator looking to the Plateau.

. Platelets have a size between 8 and 12 fl and are counted between 2 and 30

fl.
«  Erythrocytes have a size of 80-100 fl and are counted between 25 and 250
fl. LD: Lower Diskriminator
UD: Upper Diskriminator
LD ub
E E . — Basisline
2 fl 250 fl

« The Size Distribution Curve should always start on the base line and fall
between the lower and the upper discriminator.



Erythrocyte-Histogram Flagging

Mark “ RL “, abnormal height at lower discriminator

Lo : [rec
The curve does not start at the base line.

7 Possible causes:
PLT

Giant Platelets
Micro-Erythrocytes
Platelet Clumps

Caution:
All results marked with “ RL “ should be controlled.

Mark “ RU “, abnormal height at the upper discriminator.

U0 ac ]
T The curve does not start at the base line.
Possible causes:

» Cold Agglutinins (check MCHC > 40 g/dI)

» Erythroblasts / Normoblasts
Caution:

RBC-result and all results marked with “ RL “ should be controlled.




Erythrocyte-Histogram Distribution width

I RDW-CV

100 %

RDW-CV (%) = 100 X o/

Tur /ng points

L RDW-CV
A e826% 1 11-16 %
of all results
RDW-SD
20% RDW-SD
37 - 46 fl

Clinical relevant > 60 fl

RBC Distribution Curve as a parameter for anisocytosis



Thrombocyte-Histogram

WitiinT}Discriminators
\ * The histogram should lay within the two

FLT

100 %

20 %

discriminators and start and end on the base line.
* PLT counted between 2 fl and 30 fl.

1 flexible Diskriminator PL 2 to 6 fl.

1 flexible Diskriminator PU 12-30 fl.

LD

10

=0 =0 1 fixed Diskriminator at 12 fl
Parameter of the 'Ifhrombocyte histogram

— MPV, mean PLT volume
reference range: 8 - 12 fl
— P-LCR, ratio of large platelets
Reference range 15 - 35 %
— Increase could be a sign for:
* PLT Clumps
« Giant PLT
* Microerythrocytes
— PDW, platelet distribution width at 20 % of peak height

Reference range: 9 - 14 fl
Increase could be a sign for:

* udPLT Clumps

PLT

Microerythrocytes

Fragments B  Dpt (04)
MPV(f) = 57 x 10%1)

A




Leukocyte-Histogram

Within Two Discriminators

i

LD T1 T2 UD ( fixed)

0 50 100 150 200 250 300

Important :

 The distribution curve should be within the discriminators. The curve should start
and end at the basis line.

e The LD is flexible, but can not be lower than 30 fl.

« The WBC-channel shows Leukocytes and
Thrombocytes ( Erythrocytes are lysed).

* The volume of the Thrombocyts is usually between 8 - 12 fl, therefore the LD at
the WBC-Histogramm seperates the Leukocytes from the Thrombocytes.
(Thrombocytes were not counted).



Summery of all flags

i 324
i 257

MCH

NO. 4

DATE: 9/10/95 15:11
MODE: WHOLE BLOOD
WBC 58 x10%l
RBC 4,84 x108/pl
HGB 13,7 g/di
HCT 420 %

MCV 86,8 fl

MCH 28,3 pg

g/dl

LYMPH% 31,2 %

RDW-SD 40,0 fl

PDW 131 fl
MPV 104 fl
P-LCR 281 %

MXD% 68 %
NEUT% 62,0 %
LYMPH# 1,8  x10%/pl
MXD# 0,4  x10%/pl

NEUT# 3,6  x10%l

WBC

RBC

PLT

The following cases are analysed with the SYSMEX KX-21.
Differences of the Histogram-Version are instrument specific

and
have no analytical influence.

WL: Abnormal height at lower
discriminator

of WBC Histogram (LD)

WU: Abnormal height at upper
discriminator

of WBC Histogram (UD)

T1: Valley 1 not found

T2: Valley 2 not found

F1, F2, F3: Abnormal height at the points
T1 or T2; adjacent fractions are marked

RL: Abnormal height at lower
discriminator

of RBC Histogram (LD)

RU: Abnormal height at upper
discriminator

of RBC Histogram (UD)

MP: Multiple peaks: Distinguish ?? of two
RBC Populations

DW:The distribution (RDW) can not be
detected because the Histogram does not
cross the 20 % limit twice.

PL: Abnormal height at lower
discriminator

of PLT Histogram (LD)

PU: Abnormal height at upper
discriminator

of PLT Histogram (UD)

MP: Multiple Peaks found

DW:The distribution (PDW) can not be
detected because the Histogram does not
cross the 20 % limit twice.



3. Flag “T1” and “T2”
L eukocyte-Histogram Flagging

T1 and T2 are valley discriminators defined by the plateau.
This discriminators separates the Leukocytes populations.

LD L T2 UD ( fixed)

F = Fraction
Population 3 =F3

/

0 5/0 . 100 150 200 250 300
Population 1 = F1 Population 2 = F2

 The discriminators are flexible and will be set automatically according to the
sample.
* In special cases is a separation from the valley discriminators not possible.

T1: T1 could not be detected No e
plateau was found. A
>T 1 flag 5 =oo Zo0
T2: T1 was detected but not T2 e
>T2 flag x

Attention:

» Confirm the result with the microscope if T1 or T 2 flag was indicated.

« The WBC result will be correct if no flag is indicated. All Leukocytes are
counted.
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Figure 1. Dacryocytes (tear drop poikilocytes) are seen in the peripheral blood of a
patient with idiopathic myelofibrosis

American Society of
Hematology

imageée . X

bank

Maslak, P. ASH Image Bank 2002;2002:100453

Copyright ©2002 American Society of Hematology. Copyright restrictions may apply.



shows MDS with anisocytosis, poikilocytosis, macrocytes,
stomatocytes, and an erythrocyte with prominent Pappenheimer

badigs (arrow); the smear is also dimorphic, showing both well-
oglobinized macrocytes and hypochromic microcytes.
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Reticulocyte




Specimen storage

At room temperature, reticulocyte counting should be
done within six hours after blood collection.

Apparent in vitro maturation and subsequent
disappearance of some of the reticulocytes.

Maturation is both time and temperature
dependent

This loss can be up to 20%b per 24 hours at room
temperature

Specimens stored at 2 to 6 °C may be stable for up to
/2 hours



i Retic. count

The film is examined with an oil immersion =
lens moving from field to field in a
battlement pattern.

Normally ,500 erythrocytes will be =
counted on each of two slides.

If the number of reticulocytes on these two =
slides do not agree within 20%b,a third slide
of 500 rbc must be counted.



i Retic. Count

If no retics are seen in 500 cells, both =
slides should be scanned for retics.

If a retic is found on scan report retic =
count as <0.1%.

If no retics are seen, set it up again, and =
If no retics. are seen on the new slides
then report as no retics seen on smear.



Bone Marrow Peripheral Blood

24-72 hr

Reticulocyte Reticulocyte _24hr__ Mature RBC

»
»

So Retic. count is a simple, low cost & reliable test for
evaluation of effective erythropoiesis.



Effective vs. Ineffective Erythropoiesis

+

Proerythroblast Proerythroblast

|
!
!
\

Reticulocyte Reticulocyte



+

Hematocrit Maturation Time (day)
45% 1
35% 1.5
25% 2.0
15% 2.5




i Reticulocyte Production Index

Hct of Patient 1
RPI = Relative Retic. Count X X

Hct of Normal Maturation Time

Normal Hct for Male : 45% Female : 42%



i Reticulocyte Counts

Rule of thumb: uncorrected reticulocyte
count > 5% suspect hemolysis; > 10%
hemolysis very likely

Differential diagnosis:

blood loss and recent treatment of a
megaloblastic anemia



Heinz Body

Peripheral blood smear, BCB stain, 1000x




Heinz Body

Peripheral blood smeai; 1000x







AR

* Iron Deficiency Morphology

bl _ | Pencil :
L shaped rbc |




Severe Iron Deficiency Anemia







Shows adhesion of platelets to a neutrophil
latelet satellism
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P%chhromatic erythrocytes Cabot rings. Polychromasia occurs
when

mature erythrocytes show increased staining with basic dyes
(violet stain) in addition to hemoglobin staining. It is usually
associated with reticulocytosis.

Polychromasia occurs in red cells that still have a relatively

high RNA content and in which hemoglobin synthesis is
not yet Complete

It is especially common in chronic hemolytic anemias. The
variable staining of the erythrocytes is also termed

anisochromia.

Cabot rings are remnants of spindle fibers and are a product
of abnormal regeneration







nuclear remnants in the form of »

Howell-Jolly bodies, which are observed

after splenectomy and in cases of splenic
atrophy. Chromatin dust, like the Howell-Jolly
bodies, consist of nuclear remnants






Target cells (Mexican hat cells) are =

distinguished from anulocytes by the deeper

staining of their central zone and peripheral
rim.

They are particularly common in hemoglobin =
abnormalities,occurring also in other
hemolytic anemias,severe iron deficiency,
and after splenectomy






Figure 2. Acanthocytosis may be seen in severe malnutrition or lipid depreviation

Maslak, P. ASH Image Bank 2005;2005:101405



by their jagged surface, which usually is =
deeply clefted. Acanthocytes are seen in

a rare hereditary anomaly, A-b-
lipoproteinemia. They are also a feature
of uremia and hepatic coma,where large
numbers of these cells are considered a
poor prognostic sign. Acanthocyte
formation has also been linked to the

use of alcohol and certain drugs







Sickleshaped erythrocytes occasionally
form spontaneously,but sickling is
consistently induced by oxygen
withdrawal in the sickle cell test.

It signifies a common hemoglobinopathy,

HbS disease (sickle cell anemia), which
affects blacks almost exclusively.

Red cell sickling also occurs in the less =
common HbC disease



/

-






Stomatocytes have a slitlike =
central lucency.

They are found in the very rare =
hereditary stomatocytosis and In
other anemias










Figure 1. The RBC deformity (arrow) shown in this image is referred to as a "bite" cell

American Society of
Hematology

imageé
bank

Lazarchick, J. ASH Image Bank 2008;2008:8-00151

Copyright ©2008 American Society of Hematology. Copyright restrictions may apply.



Schizocytes fra?mentocytes ) result from the =
fragmentation of erythrocytes, consisting

either of a fragmented red cell or a fragment =
detached from such a cell. =

They resemble bits of broken egg shell. They =
may be caused by increased mechanical
hemolysis (turbulence from artificial
heart valves) or by increased
intravascular coagulation (e.g.,

hemolytic uremic syndrome) as fast-
flowing red cells are sliced apart by fibrin
filaments







Siderocytes are erythrocytes that contain iron granules =
detectable with iron staining.

They are a common feature of severe hemolytic anemias, lead =
poisoning, and pernicious anemia.

Siderocytes containing coarse iron granules,which may encircle =
the nucleus are pathognomonic for sideroachrestic anemias.

Normal blood contains 0.5- | siderocyte per 1000 red cells. =
Left: At the center is a siderocyte containing several =

large iron granules and two sideroblasts also =

containing coarse iron granules, which normally =

are very small and difficult to see. =

Right: At the center are three erythrocytes with =

numerous gray-violet granules that contain =

iron (Pappenheimer bodies). This is a clear-cut =

pathologic finding that is rarely observed =







Reticulocytes in various stages of =
maturity.

The more filamentous reticula are =
characteristic of younger cells
(brilliant cresyl blue stain,







Cold agglutinin disease,

peripheral blood.




£ it ram
L s Joul8 (s






J89 A8 3 AR5 ) LGLASI S S0 sl Cumsdll
il 9 S a8 aeadly gl g i )l s Jsil A L
ool g Jolu jlée ) cual AS ol dbb\ Jld Aalada
(i gia 3 B 00 G plll 35380 Aa g ) 23 8 4 Juala

[ (@ Jsles U8 ) cind JS %% 31 jiaS LGL Jlaji e
Pl sk Jelw o) LB Cuwgdil 950 ¢ ) sias
Yof 3 aS 5 agd pa odd VLS 50 ) iy (LS 68
s cuighe )3 il W ol ol aiplal 68 G5
L Mg (a 0aalda ) g

L JUad) (oW o gdll baa ol Gyl g (gL Cop il
il e oS L Al







A Aol 8 QB 0 W Cu gl alila o 2 il )l g (s e il
Uaas A4S 23 8 e 0dalia daaa 68 3 %7 U Jla i sk
eﬂﬁﬁjﬁguﬂ Lng Ayl o jalui oSl g g Jﬂ‘dseumw
Al Sl g 3

Ml 92 5a Yo ) S Gl 4y B Ao cully g sla i gl
ML I s s obam il g) ) (San (o a9 )R el

( Variant lymph / less than 6% )






DJJASJJMUMJJSJJ\~~~ U'“A“ Gl At g
ASNJJ?JMJJJMQJA%&QQAWUSQW
O sraaliiladons it 0A1S anl AEL YL F,0 axe ) K

-

S

i) A8 oablidia i Adum Ligl P L 56 S A
ol g s B o g Gopiliilalon b () K
(Jisi MCV L in ) . a8 35as Sl siSea












This is an inherited anomaly involving the nuclei of granulocytes. The
heterozygous form predominates in man while the homozygous form,
characterized by small round or oval nuclei is extremely rare.

The nucleus of neutrophils is indented and resembles the band form, giving
rise to a “pseudoregenerative” white blood picture.

When nuclear segmentation (lobulation) occurs,the neutrophils acquire two

nuclear lobes and rarely three. These lobes are exceptionally
short, thick, and chromatin-rich.

Pelger myelocytes and band forms also have very coarse,clumped nuclei
rich in chromatin.

The patient is classified as a full carrier if all neutrophils are affected by
the anomaly and a partial carrier if normal band and segmented forms
are also present.

The Pelger-Huet anomaly is harmless in its effect on leukocyte function.
Severe Iinfections and particularly myelodysplasias, acute myeloid

leukemia, and advanced chronic myeloid leukemia can produce transient,
qualitatively similar changes in white cell nuclei, creating what is

known as “pseudo Pelger-Huet forms.”



The majority of neutrophils are bilobed.
Neutrophilic Hyposegmentation seen
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Here the granulocytes contain large, bluish granules
that often resemble those of promyelocytes;monocytes
have large granules, too.

The abnormal granulation is especially marked in
eosinophils,which appear basophilic rather than
eosinophilic

The lymphocytes also contain particularly large
azurophilic granules .

Carriers of this anomaly frequently have associated bone
and joint deformities (gargoylism).

The anomaly is known to occur in mucopolysaccharidosis
VI and VII.






degenerate leukocyte forms may be found in the =
peripheral blood of patients exposed to certain
irritants. They are more commonly seen in smears
prepared from long-stored blood previously treated
with EDTA or citrate solution.

Most of these cells have the same diameteras =
segmented forms, but many are considerably smaller
(4- 8 m). Usually their cytoplasm is slightly more
basophilic than in segmented forms,

and their granules are coarser and often smudged. =
Pronounced nuclear pyknosis is typical, and 3-5
solid, featureless nuclear remnants may be found
scattered like droplets in the cytoplasm.

There are few if any filaments interconnecting =
the nuclear remnants =






In cases of severe infection or bone marrow injury, it =
is common to find large purple granules in the
myelocytes and in more mature stages up to the
segmented forms.

Often they are similar to the granules seen in =
promyelocytes, and many authors consider them to
be identical.

This “toxic granulation” is variable In its intensity. =

In very pronounced cases the neutrophils may come =
to resemble basophilic granulocytes






Heparin artifact. Adding heparin to =
peripheral blood or especially bone
marrow before preparing smears leads
to artifacts when a panoptic stain is
used (Giemsa or Pappenheim): the
cells show scant or atypical staining,
and a purple, crumbly precipitate forms
on the background, making it difficult
or impossible to identify the cells












Chediak-Higashi Anomaly (Granular Gigantism of =
Leukocytes) This condition affects virtually all
leukocytes. The neutrophils contain irregular,
grayish-blue cytoplasmic inclusions 1- 3 m in
diameter. These bodies are sharply demarcated and
contain peroxidase and also CE in some cases,
identifying them as primary granules.The granules of
eosinophilic leukocytes are also enlarged to 2 -3
times the size of normal eosinophilic granules.

They are round to oval in shape and variable in size. =
Most lymphocytes and monocytes also contain
intensely red-staining granules 1-2 m in diameter.

The inclusions in the monocytes are 5 Im in diameter
and stain pink.









May-Hegglin Anomaly This disorder has an
autosomal dominant mode of inheritance and
Is associated with mild leukopenia and
thrombocytopenia. The neutrophilic
granulocytes contain predominantly rod-
shaped inclusions of a pale- to dirty-blue
color, approximately 2—- 5 m in diameter,
which are found on electron microscopy to
consist of dense RNA fibrils and are
distinguishable from the Dohle

bodies that occur in severe infections






Chronic myeloid leukemia(CML) =

Blood smear shows a preponderance of =
mature neutrophilic granulocytes.

Myelocyte at center, basophil at upper =
right

Promyelocyte (center) in a blood smear =







Blood smear showing a greater left shift. =
At center is a myeloblast






Reference:
1-Henry 21st Ed 2007

2- PRACT1CAL HAEMATOLOGY Dacie and
Lewis TENTH ED1T10N 2006
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Quality Control

= Quality Control
= Reagents
« Daily
= Centrifuges
= Periodically

= Incubators
« Daily
= Blood Products
= Wet: Daily +
= Frozen: Periodically




99.9% Performance in the
Blood Bank: Good Enough?

= 3000 ABO = 3 Incorrect ABO’s
Groupings

m 5 Incorrect

= 5000 Cross Crossmatches
Matches (all

compatible)



How do we reduce errors?

tes-that clinical laboratories
must have a Quality Assurance Plan in place.
At the time that was issued most did NOT!

= Does a Quality Assurance Plan guarantee no
technical errors or the production of blood
components that will not transmit disease,

etcetera?
= NOIl

= But, it does provide a mechanism to improve
the quality of work performed and
components produced.




| Quality Systems

= Looks at the overall

Assurance

= Quality Control

s Current Good

Manufacturing
Practices (cGMP)

process of quality
improvement and maintenance
in the entire blood bank.

Routine testing of Blood Bank
Reagents to insure potency,
calibration of serofuges,
taking temps on fridges and
freezers, testing blood
components, etfc.

Following guidelines found in
Standard Operating
Procedures (SOP).



Table 15-1. Common Blood Bank Quality Control Activities and Quality Assurance Indicators

Quality Control Activities

— s — — —  — —————————— ———— = ]

Quality Assurance Indicators

Whole Blood Collection Equipment
Microhematocrit centrifuge

Hemoglobinometers, cell counters
Apheresis equipment

Blood Components
Red blood cells hematocrit
Cryoprecipitated antihemophilic factor

Platelet counts in units prepared from whole blood and apheresis

Granulocyte counts in units prepared by apheresis

Reagents
Copper sulfate
Reagent red blood cells
Antisera
Test kits for donor disease marker testing

Laboratory Equipment
Rh view boxes
Heating boxes
Waterbaths
Thawing devices for blood components
pH meters
Centrifuges and cell washers
Blood irradiators
Refrigerator, freezers and platelet incubators
Blood warmers
Shipping containers

Number of donor forms with incomplete or incorrect
information

Number and types of unusable units and blood components

Number of blood typing discrepancies in donors and patients
Number and reasons for invalid test runs
Number of and reasons for component labeling check failures

Number and source of improper and incomplete requests for blood
components

Number and location of patients without proper
identification at time of specimen collection or transfusion

Number, source, and reasons for unacceptable specimens

Number of times wrong component or ABO was selected for
crossmatch or issue

Number and type of transfusion complications

Number and reasons for testing turnaround time failures




ABO BLOOD GROUP SYSTEM

* Genetic ABO
odominant genes: m 3 Alleles A,B,O
6 Genotype| AA ,AO, BB,
BO, AB, OO
4 phenotype| A ,B,AB,O

Gene Product : =

A Transferase N- acetyl galactose amine
B Transferase D- Galactose

O (amorph) NO functional product
H transferase Fucose




j ABO BLOOD GROUP SYSTEM

ABO structure teory =

Subterminal ceramide +fucose = H (O) =

H + N-acetylgalactoseamine = A «
H + D galactose = B =

H + N-acetylgalactoseamine + D galactose = AB .




ABO Blood Group
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ABO Blood Group System

I
Genotype | Phenotype Antigens |Antibody In
(Genes (Blood in R.B.C. |plasma
type)
A A, A, (23- A, (H) anti-B, anti-H
, A,0 | 25%) A,, (H) |Anti-B, anti-A,
A, (6-10%)
, BO B(8-17%) |B,(H) Anti-A/A,
A,B(1%) A,B,H Anti-A,
(HLH |0(43-50%) H Anti-A,-A,,-B
or H,h)
Oh Bombay | None Anti-A,-A,,-B,-H




Blood Group
i Serology

ABO testing:

= Forward Grouping: Test patient red
blood cells with known Reagent
Antibody - Anti-A and Anti-B

= Reverse (Confirmatory) Testing: Test
patient serum (plasma) with know
Reagent Red Blood Cells - A, Cells and
B Cells




Blood Group
Serqlogy
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False Positives and False Negatives

=2

s False Positives

Contaminated
Glass

Autoagglutination

A heterophile
antibody

Added the wrong
antibody

Added the wrong
antigen

= False Negatives

Not washing the test

Inactive/outdated
reagents

Incorrect incubation
temperature

Incorrect test time
Prozone or Postzone
Failure to add reagents
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Al / A2 Differentiation

Al

A2

Branched Ag Linear Ag

2 million Ag /RBC 0.5 million Ag /RBC

Positive reaction with | Positive reaction with Anti -

(Anti-A /Anti A1- A |
lectin) Neg reaction Anti -A1l lectin
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