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Golden Rules to Evaluate Hb Electrophoresis

1. You must know the CBC results (RBC count, Hb, MCV, MCH, RDW & Plt).

Peripheral blood film might be useful (target, sickle, pencil, rhomboidal, golf).

3. 3 different methods have their own issues (1-gel: alkaline or acid,2- HPLC (used a lot
nowadays) & 3-capillary electrophoresis)

4.  Family history and molecular tests are critical in difficult cases and to confirm the
diagnosis.

5. As a physician, do not underestimate the medical history (blood transfusions) and clinical
examination (looking for hepatosplenomegaly).

6. Areall normal hemoglobin variants present? And if present, are they in normal amount?

Beta thalassemia trait has a higher Hb A2 (>3.6%) & beta thalassemia major has a very

N

high Hb F (>80%).

8. Isthere any abnormal Hb? What is the percentage?

A2 then likely S/beta thalassaemia

).

10. Alpha thalassemia reduced other abnormal Hb level , in trait state.

Doctor osama’s note : usually alpha thalassemia is associated with minimal reduction in MCV and MCH.
Unlike iron deficiency anemia which result in severe reduction of MCV , MCH .

*

Iron Deficiency Anemia

a-Thalassemia minor

Sickle cell trait has 35%-45% Hb S. If it is >45%, it is a sickle cell disease(when high Hb

B-Thalassemia Minor

MCV
Mcv = mean corpuscular volume ‘L ‘L l
RDW
RDW : red cell distribution width T Norma l Norma l
RBCs ! Normal Normal
Microcytosis,
Peripheral smear hypochromia, Target cells Target cells

Pencil cell (Elliptocytes)

Serum iron studies lron & ferritin

Normal/tiron & ferritin

Normal/tiron & ferritin

(also called iron profile) A T|BC . (RBC tumover) (RBC tumover)
TIBC : total iron binding capacity
Response to ron tHemoglobin No improvement No improvement
supplementation
Hemoglobin
electrophoresis Normal Normal tHemoglobin A2
(the golden test when suspecting
thalasemia)
* Hb Normal value

Hb A 96.8 - 97.8%
Hb F =< 2%
Hb A2 1.5 -3.5%




Not that imp @

Clinical history, physical examination,
FBC and possibly biood film

¥

First line technique — HPLC, CE or
acetate electrophoresis

cellulose
v ¢ v
Peak or band in the Peak or band in a position No abnormal peak
position of haemogiobin S other than haemoglobin S or band detected
| |
v
s
are many variants
that are not detected
by a given technigue
. Compare with oy S
Sickle test Snmdszsatptd o Sonsider the need
in the light of the
indications for testing
and the findings so far
B3
s sparent S ony 0;5;‘,;6
* v v T
= y — rtomaty & g aad EF = ::gd‘:fd‘“ A mlquJrlr d;fbllu:mhbms *pmlﬁpm;lfm&m left to nghlA “;hsi:ki'm |n]gctmn ar::;;:edpw Mj:'laymil,
mlumm for oxyg ; curve, DNA m or mm A lplnkb Jobin §, post-translationally modified haemog bin C (two very small peaks) and haemoglobin C.
Peak name Caibratedarea% | Area% | Retentiontme(min) | Peakarea
P1 — 02 081 3314
F 2E = 112 397418 o Cathode ()
2 e EX) 13 53378 | nigh
3 — 26 171 44107
Ao ——= 397 248 683561 Carbonic anhydrase
A2 18° e 361 34884 -
S—window — 155 (X3 267 188 -
C— window - 139 511 239583
e — Total area: 1723434 & CEAOND
A2 Concentration = 1.8"%
*Values outside of expected ranges & S D G, Hasharon, Q-india
Analysis comments: - Lepore
TABLE 14-5 ¢
s
RESULTS OF LABORATORY INVESTIGATIONS IN INTERACTIONS OF HAEMOGLOBIN S AND a OR f -
THALASSAEMIA IN ADULTS
& (Woolwich
Mcv % S % A %A, % F -
AS N 35-38 62-65 <35 <l
S N 8303 0 A5 5-10 B
S’ thalassaemia 1 88-93 0 535 510 -
f* thalassaemia L 50-03 3-30 >35 1-10
SAPEH N £5-80 0 a5 2035 -
AV thalassaemia N 28-35 62-70 <35 <l - -
AV thalassaemia L 20-30 68-78 <35 <l
SYa thalassaemia NI BE-03 0 <35 1-10
FIGURE 14-3  Schematic representation of relative mobilities of
HPFH, hereditary persistence of fetal haemoglobin; L, low; MCV, mean cell volume; N, normal. S«Lm;_abnonnal haemoglobins. Cellulose acetate electrophoresis,
pH 8.5.
Dr osama’s note : You can see from the table above that Z\.’e Compar:e results with the charter to
Beta thalassemia usually associated with high percentage of lagnose the patient
HbS. While alpha thalassemia associated with reduced
percentage of HbS

This is a Quality Control sample
(a synthetic sample) t0 ensure accurate
results of the Hb electrophoresis

(normally there is a specific place for each peak, but no need to
memorize the places + values )

ID :Hb AFSC CONTROL-2

= g 2718 B >220°

Hospital No.:QC Hb AFSC CONTROL-

Sample num.: 2
Zis ziszis  z12

z11 zio B ze &R
oA




Laboratory Investigations:
Diagnostic Guide

To summarize :

Beta Beta
Thalassemia Thalassemia
Major Minor (Trait)
Normal or Normal or
RBC l l Slightly i Slightly
decreased decreased
MCV Normal Normal l l l
MCH Normal Normal l l l
Slightly
HB A Absent decreased Normal Absent l
Normal or
Hb A2 Normal Normal slightly Normal 14-8%
decreased
Hb F T Normal Normal 1>80% T
Hb S T>45% 135-45% Absent Absent Absent
Normally = zero .lov."ekrlthan. 4570
is sickle trait not
disease




Hb
Diagram CBC electrophore Findings
sis
RBC=48(N) | HbA:967
,\HA?:;/1_48(§I)(N) Hb F: 05 Hb A: normal
A MCH= 29 (N) Hb A2:2.8 | HbF:normal
RDW_: 14 (N) Hb A2: normal
Plt= 230 (N).
Hb=95.8 . Hb A: absent
B MCV= 73 :E Z‘z??'g’ Hb F:very high
NRBC=34 T Hb A2: normal
RBC= 2.8 (L). _
AHAbcT/ 227 éL()L) Hb F: 14.7 HE ?;' ﬁit)gient
C MCH=22(1) | HPS:B05 | HbAZhigh
RDW= 16 (H) Hb A2: 4.8 Abnormal Hb: Hb S
Plt= 340 (N). very high
RBC= 2.8 (L). .
Hb=7.2 (L) Hb F: 6.5 s
MCv= 83 (N). _ o8
D MCH= 29 (N) Hb S: 899 Hb A2: normal
RDW= 16 (H) Hb A2: 3.6 Abnormal Hb: Hb S
Plt= 340 (N). very high
RBC= 2.8 (L). _
Hb= 7.2 (L). Hb A: 8.7 Hb A low =1
E Mcv=72(1). | HbF:49 HE /'i-zh'ﬁih )
MCH=22().  Hbs:801 'L
ROW=16 (H.  HbA2:63 o, pich
Plt= 340 (N). vy hig
0@ 2 1z = =
Diagram A Diagram B
What is the name of the Test ?
* HB electrophoresis |
* |
* |
" DiagramD

Laboratory Investigations (1):
Hemoglobin Electrophoresis

Most likely diagnosis

Normal Hb pattern

Beta thalassemia major (BO/B0).

Sickle cell disease, likely
(S/betal) + HPFH.
PBF might show target & NRBCs.

Pure Sickle cell disease, likely
(S/S). Pt likely on Hydroxyurea
(HU, elevated Hb F).

Sickle cell disease, likely (S/beta
thal). Pt has blood Tx + HU and
PBF might show target & NRBCs.

Hb S|

Hb F \ Hb A2)

Diagram C

Hb A2
Hb A
Hb F

 Diagram €

Further
investigations

For confirming the diagnosis

NONE

Family
and
molecular
studies




Laboratory Investigations (1):
Hemoglobin Electrophoresis

Hb
Diagram CBC electrophore
sis
RBC= 2.8 (L)
AH/\?:;Z%L%L) Hb F: 281
* F N Hb S: 70.8
MCH=22(L) | L oo
RDW= 16 (H) g
Plt= 340 (N).
RBC= 4.8 (N)
Hb= 14 (N)
* G MCV=67(L) | HbA:977
MCH=23(L) | HbA2:23
RDW= 13 (N)
Plt= 230 (N).
RBC= 4.8 (N)
Hb= 14 (N). Hb A: 73.9
MCV= 67 (L) :
H - Hb S: 22.6
MCH=23 (1) o oo7s?
RDW= 13 (N) e
Plt= 230 (N) Solubility test +
RBC= 2.8 (L)
Hb=7.2 L) Hb F: 23.2
MCV= 82 (N) :
| N Hb S: 74.6
MCH=27(N) o 7000
RDW= 16 (H) "
Plt= 340 (N). Solubility test +
RBC= 4.4
Hb=12.5
MCV=84.9 HbA:95.5<
J MCH= 28.4 Hb F: 0.8~
RDW= 13.7 HbA2:3.7>
Plt= 336
WBC = 31(low)
Diagram F

Findings

Hb A: absent

Hb F:very high

Hb A2: low
Abnormal Hb: Hb S
very high

Hb A: normal
Hb F: absent
Hb A2: normal

Hb A: low

Hb F: absent

Hb A2: normal
Abnormal Hb: Hb S
high ( trait)

Hb A: absent.

Hb F:very high

Hb A2: normal
Abnormal Hb: Hb S
high

Hb A: normal
Hb F: normal
Hb A2: normal

Diagram |

Zo ize:ze EZBiz2 i 291 zsozAL z8 TZA
e

Most likely diagnosis

Sickle cell disease, (5/S) + HPFH &
alpha thalassemia (low MCV, MCH &
Hb A2).High Hb F might protect
from crisis.

Normal Hemoglobin pattern but
likely alpha thalassemia trait.

Sickle cell trait with likely alpha
thalassemia.

Solubility test is +ve, which is a
strong indication of alpha
thalassemia

Sickle cell disease, (S/S) + HPFH.
- (normal MCV, MCH & Hb A2). High
Hb F might protect from crisis.

Normal results even with slightly
elevated Hb A2 (NOT beta
thalassemia trait).

B p—

Diagram J

T 2o ST ZAB I

Further
investigations

For confirming the diagnosis

Family
and
molecular
studies

=




Laboratory Investigations (1):
Hemoglobin Electrophoresis

z14:213  z12 211 z10EE 28 EA z6 25 24 B 2
- HbA Hb F
Same pictures,
just bigger size
\‘ Hb A2 Hb A2
I L, B8 -\ e e e
Diagram A Diagram B
Hb S Hb S Hb S|
Hb F Hb A2|
/\ Hb A2
Hb A
h \_ /\ Hb F| Hb A2 A Hb F /\
120 140 160 10 200 220 240 260 280 300 el 777_/_\,, ; A — " /\ . /,\\.,_ \ y - 2l
. 140 160 180 200 220 240 260 280 300 ‘\40 180 F 200 220 240 280 280 300
Diagram C Diagram D Diagram E
Hb S z12 z11 z10[Z0) 28  zz | z6 25 z4 [ZD) z2 o 7oAl 28T 2R 20 ZSiangaEaae o
ﬂ = A
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l
|
Hb F ‘1
/ \\ \ Hb A2 Hb A2
: o —RU e b i L L B :
- -~ -1 29 ¥ - o e o 80 100 120 140 160 180 200 220 240 20 ”>
Diagram F Diagram G Diagram H
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e s
K
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Laboratory Investigations (2):
Blood Smear/Film

A

Y What is the name of the Test ? Blood film

Microscopy
-Sickled cells -Microcytic RBCs.
-Target cells -Hypochromic RBCs.
-Basophil -Many target cells.
Findings -Lymphocyte -Frequent NRBCs (nucleated red blood
cells).
-WBCs (2 lymphocytes and eosinophil).
If Hb A2 is normal with low MCV & MCH: If Hb F is ~ 95%: beta thalassemia major.
. Sickle cell disease maybe (S/5) with likely = If no Hb A : beta thalassemia (BO/B0)
M?St llke-l\[ an alpha thalassemia trait
dlagn05|s Whenever you see sickled cells it means
sickle cell disease
- molecular studies To diagnose blood diseases ( in order ) * 1o confirm your diagnosis:
Further 1- CBC Family and molecular studies

investigations

- Family studies
- Hb electrophoresis

2- Blood film / smear
3- HB electrophoresis

What can you see ?
1- Many target cells

2- nucleated RBCs
3- sickle cell seen.

If Hb A2 is elevated with low MCV & MCH
( this SCD likely (S/Beta thal) genotype.)
even if we don’t say that u can know the diagnosis from morphology




Helpful Questions
For practicing

# Extra




Practice (1)

A 16-year old Indonesian male with no known prior medical history came to the
hospital complaining of mild fatigue accompanied with shortness of breath during
rest,Initial clinical examination shows a slightly pale appearance.A precautionary
CBC test was conducted and the results were as following : RBC= 4.8,Hb= 14 MCV=
67MCH= 23,RDW=13 Platelet count= 230.A Figure was attached below with the
following results:Hb A: 57.7% , Hb A2: 2.3% .Based on these results and the figure
below answer the following questions:

Zz1= z717 z710 [Z3] zs =zz ze =zs Zz= == =z=2
Hb A

B0 100 1zo 140 160 1so0 200 220 za0

Q1:What is the name of test shown above:

02:Comment on the findings based on the test results shown on the figure:

0Q3:Comment on the CBC results shown:

Q4:What is the most likely diagnosis based on the findings:

Q5:How to confirm the diagnosis:




s Practice (2)

A 22-year old female presents to the ER with extreme fatigue accompanied with
proximal weakness ,Initial clinical examination shows pale appearance.A CBC test
was done and the results show the following: Hb 9.8, MCV 73, NRBC 34 ,The
physician acknowledged the Anemic clinical pattern and ordered A Hb
Electrophoresis test to be done and the results were as following: Hb A2: 1.5, Hb
F 98.5.A Blood smear was done and the results were shown on the figure
below.Based on these results and the figure below answer the following
questions:

Q1:Comment on the results of Hb Electrophoresis:
1-High Hb F level 2-Normal Hb A2 level
3- Absence of Hb A

0Q2:Comment on the findings of the Blood smear test shown:

1-Microcytic RBCs 2-Hypochromic RBCs
3-Many NRBCs 4-Many Target Cells
5-Lymphocytes 6-Eosinophils

Q3:What is the most likely diagnosis based on the findings:
Beta thalassemia Major (BO/BO)
Q4:How to confirm the diagnosis:

1-Molecular studies 2-Family studies




#436

KKUH

Heamatology Unit
Hit Electrophore i

INSTRUMENT ID : KKUH : 24509

TS 063761

Sample No sa Date 09/05/2010
Hb F
1
H
2]
12|
&
‘ |
|
=
A
A
&=
2
|
\
A
A
f \ Hb A2
e wa oo o a0 100 no o 20 240 20 200
Fractions % Ref. %
Hb F 98.5
Hb A2 1.5
Heamatology Unit
Hb Electrophore
INSTRUMENT ID : KKUH : 24509
T D: olaers |
Sample No 20 Date : 17/04/2010
Hb S
Hb F Hb A2
Fractions Y Ref. %
Hb F 14.7
Hb S 80.5
Hb A2 a.8
Heamatology Unit
Hb Electrophoresi
INSTRUMENT ID : KKUH : 24509
ita B ID: 063511
Sample No 34 Date 19/04/2010
> AZ
o A
Fractions % Ref. %
Hb A 8.7
Hb F a9
Hb S 80.1
Hb A2 6.3

What is the name of test performed?
Hemoglobin electrophoresis

What are the findings?
Hb A: absent

Hb F: very high

Hb A2: normal

What is the most likely diagnosis?
High persistent HB F disease OR Normal
fetus

What further investigations will you
order?

Genetic study
Family study

What is the name of test performed?
Hemoglobin electrophoresis

What are the findings?

Hb A: absent

Hb F: high

Hb A2: high

Abnormal Hb: Hb S high = sickle cell
disease

What is the most likely diagnosis?
Sickle cell anemia disease with beta
thalassemia

What further investigations will you

”
order? Genetic study

Family study

What is the name of test performed?
Hemoglobin electrophoresis

What are the findings?

Hb A: very low

Hb F: high

Hb A2: high

Abnormal Hb: Hb S high = sickle cell
disease

What is the most likely diagnosis?
Sickle cell anemia disease with beta

thalassemia

(with Hb A from blood transfusions)

What further investigations will you

order?
Genetic study

Family study




#436
KKUH

Heamatology Unit
Hb Electrophoresis

INSTRUMENT ID : KKUH : 24509

Sample No 37

1D

064199

Date

HL S

Hb F

20 <0 oo B0 100 120 140 100 w0

Fractions Yo

Hb F 6.5
Hb S 89.9
Hb A2 3.6

KKUH

Heamatology Unit

Hb Electrophoresis

Ref. %

INSTRUMENT ID : KKUH : 24509

Sample No 19

Hb A

Hb F

Fractions Yo

Hb A 18.0
Hb F 4.0
Hb S 73.3
Hb A2 4.7

KKUH
Heamatology Unit
troph .

Hb Ele

INSTRUMENT ID : KKUH :

Sample No 52

HO F

Fractions Yo

Hb F 28.1
Hb S 70.8
Hb A2 4.9

27/06/2010

ID .- 064209
28/06/2010

Date

Hb S

Hb A2

Ref. %

1D

24509

Date

Hb

s

064229
29/06/2010

What is the name of test performed?
Hemoglobin electrophoresis

What are the findings?

Hb A: absent

Hb F: high

Hb A2: normal

Abnormal Hb: Hb S high = sickle cell
disease

What is the most likely diagnosis?
Sickle cell anemia disease

What further investigations will you

order? .
Genetic study

Family study

What is the name of test performed?
Hemoglobin electrophoresis

What are the findings?

Hb A: very low

Hb F: high

Hb A2: high

Abnormal Hb: Hb S high = sickle cell
disease

What is the most likely diagnosis?
Sickle cell anemia disease with beta

thalassemia

(with Hb A from blood transfusions)

What further investigations will you

order? .
Genetic study

Family study

What is the name of test performed?
Hemoglobin electrophoresis

What are the findings?

Hb A: absent

Hb F: high

Hb A2: low

Abnormal Hb: Hb S high = sickle cell
disease

What is the most likely diagnosis?
Sickle cell anemia disease with alpha
thalassemia

with high Hb F

What further investigations will you

order? .
Genetic study

Family study




| |
|

[ KKUH What is the name of test performed? :
' Heamatology Unit Hemoglobin electrophoresis I
| Hb Electrophoresis |
| ID : KKUH : 24509 |
: Hospital No 873506 1D : 064230 What are the ﬂndingS? I
I Sample No s3 Date : 29/06/2010 Hb A: absent :
I e s Hb F: high I
: Hb A2: normal :
| Abnormal Hb: Hb S high - sickle cell |
: disease :
| |
: What is the most likely diagnosis? |
| Sickle cell anemia disease, with high Hb F :
| e |
: e L /\ . " I What further investigations will you :
| g R sl vt et ot order? ) |
| Fractions % Ret. % Genetic study |
| = s Family study '
| HbS 82.2 |
| Hb A2 33 |
I |
- .. ]
1

KKUH
Heamatology Unit
Hb Electrophoresis What is the name of test performed?
A Hemoglobin electrophoresis
Hospital No Rack: SEBIA Pos.: 2 1D ABDULLAH
No 20 Date : 19/05/2010
28 zaza oz w ma @z @ What are the findings?
Hb A: normal
Hb F: absent

Hb A2: normal

What is the most likely diagnosis?
Normal electrophoresis (even with HbF absence)

What further investigations will you order?

P ST s e T e ta—=t= NONE
Fractions Yo Ref. %
Hb A 897.7 950 -99C
Hb A2 2.3 15- 35
-
T T T T T T T T T T T T T T T T T T e e 1

What is the name of test performed?
Blood smear/film

What are the findings?
Sickled cells

Target cells

Basophil

Lymphocyte

What is the most likely diagnosis?
Sickle cell anemia disease

What further investigations will you
order?

Hemoglobin electrophoresis
Genetic study
Family study
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What is the name of test performed?
Blood smear/film

What are the findings?
Nucleated RBCs

Hypochromsia

Microcytosis

Esinophils - lymphocytes
Anisocytosis (variation in size)
Poikilocytosis (variation in shape).
Target cells

What is the most likely diagnosis?
Beta thalassemia major

What further investigations will you order?
Hemoglobin electrophoresis

Genetic study
Family study

What is the name of test performed?
Blood smear/film

What are the findings?
Hypochromsia

Microcytosis

Monocytes

Anisocytosis (variation in size)
Poikilocytosis (variation in shape).
Target cells

What is the most likely diagnosis?
Alpha thalassemia

What further investigations will you order?
Hemoglobin electrophoresis

Genetic study
Family study




