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ink the histological ultra-structure and biochemical design of red blood cells
heir functions. ,

leDiscuss the functions of normal haemoglobin, the types of haemoglobln and
""the impact of replacing normal haemoglobin (Hb A) with other types of
“haemoglobin (such as HbA2, F, or S).

“ Discuss the formation of red blood cells and the role of haemopiotic system in
their development. |

Discuss the physiology of iron.
~*Discuss the mechanisms by which anaemia might occur.

- *Apply knowledge from physiology, histology, and pathology to discuss the
'pathogenesis of thalassaemia intermediate and beta-thalassaemia major.

+Use knowledge from basic sciences to interpret symptoms, signs and
- investigation results of a patient with Beta-thalassaemia.

Construct a brief management plan showing management goals, and
‘management options for a patient with thalassaemia.



i ay,
ired and prefers not to participate in any physical

1 .‘;educatlon classes at school. On further questioning,

" the father says, “Aymen used to be more active but
“declined in his activity over the last 10-12 months. A
few days ago his mother noticed that he looked
~pale.”



B Atk there any difficult words you do not understand? |
-Llsft the key information about Aymen. S
ﬁ dé ntify Aymen’ s presenting problems. =,
’°Fo each problem, make a list of possible causes (generate
hyp theses). 4

= “What further information from history and clinical
" examination would you like to know to help you differentiate

between your hypotheses?
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nan Ahmed, a 7- year- old prlmary school
lent, comes in with his father, to see Dr J amal in
s flinic. Aymen always feels tired. His father
llsays,” “Aymen does not like exercising; he is always
ltired and prefers not to participate in any physical
‘education classes at school. On further questioning,
the father says, “Aymen used to be more active but
declined in his activity over the last 10-12 months. A
few days ago his mother noticed that he 1ooked

pale.”




New Terms/Diffi

ooked pale

['utor: Encourage students to use

a 1 medical dictionary resource to
dzscuss the meaning of each of
‘these words.



. Always tired:
(] Lacks fitness.

-Has an endocrlne problem (e. g diabetes mellitus).
' «Has a problem with his skeletal muscles.

| ‘«Has a problem causing excessive catabolism.

3 +Psychological trouble.



- Does not like exermsmg_

fiite Prefers to spend his timein
jadtlvmes other than exermsmg

[1-Shy/quiet
- *Has a previous bad experience
~ with exercising. -

«Not confident

@



’ lood loss/hypovolaemla
fif-shock (less likely)

" sPoor skin circulation.
~+Strong emotions such as fear

-Blood vessels are vasoconstricted.

X -Hypothyroidism.



. | ‘What are the physiological functions do we
| //need so that we do not feel tired?

Normal digestion and absorptzon of food

Normal metabolism and normal blood
glucose level.

Normal cardiac functions, circulation and
gases exchange in the lungs.

Normal red blood cells and normal transfer
of oxygen to different body tissues.

Normal brain functions, no psychological
troubles and enough sleeping at night.

Normal body.functzons with no pain.



Facilitation

‘What does a muscle need to contract?
- - A healthy motor nerve.
| '}-A healthy muscle fibres.

- n ergy sources such as adenosine triphosphate
( Al 3 : |
" - Calcium, sodium, chlorzde magnesium,
~ potassium.

- A healthy brain and spinal cord connected to the

. muscles by a motor nerve.
. _ Normal circulation and normal oxygen

' concentration.




Why do we feel fatigue on exercising?

ponszble for the development of fatigue. These can be
| ma rzzed as follows:

eased ATP producnon
: »ased inorganic phosphate.

- Hyperthermia.

_ Increased intracellular calcium.

- Muscle fibre damage

- Decreased muscle partial pressure of oxygen.
- Decreased muscle glycogen.

- Dehydration:

- Electrolyte imbalance.

_ Increased lactate level in exercising muscles.

- A number of changes at cellular and biochemical levels are
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Facilitation

Questions

at could possibly cause tiredness and pallor
gether?
most likely causes for these two problems are:
w) haemoglobin |
brqormal haemoglobin
I"*'Blood loss
' _ Decreased oxygen carried to body tissues
- Heart problems
- Lung problems (less likely)




Facilitation Questions

.-eed blood cells is responsible for
carrying oxygen.

X3



Facilitation Questions . i

‘What are red blood cells?

'Red blood cells are flat, disc-shaped, and

| biconcave cells of about 7-8 um in diameter

d 2 um thick at the outer edges. In adults

hlood cells are formed in bone marrow

1 two types of unipotential progenitor cell:

e burst-forming units-erythrocyte and

' colony-forming units-erythrocyte. The ‘
development of red blood cells in the bone
marrow is stimulated by erythropoietin, IL-3,

IL-9 and other factors.




ilitation Questions

-k o P
¥ ng‘céf. |

What is haemoglobin?
- Haemoglobin is found only in the red blood
| cells. Haemoglobin is a pigment (i.e., |
nuturally coloured). It appears reddish when
mbined with oxygen and bluish when lacks
gen (deoxygenated). The main functions
haemoglobin are to carry oxygen. Other
nctzons of haemoglobin are: (1). carrying
“carbon dioxide, (2). carrying nitrogen oxide
(NO) and (3). Contribution to the pH-
buffering capacity of blood.




’ « Any hlstory of blood loss.
Any history of muscle dlsease or heart
problems *
~ Any history of hospital admlssmn or
0 revious investigations.
Any prevmus bad experiences Wlth
. exercising.
« Any history of congemtal problems.

~« Any history of blood diseases.







Aymen used to be active in sport when he was 5-6
years old. Over the last 10-12 months he has become
increasingly tired and short of breath after any brief
breising. Because of his repeated declineto
ic{pate in exercise classes, the school asked his
er|to sign a form that Aymen could be relieved
m exercise classes. This made his parents become
} rried about Aymen’ s health and willing to check
'with the family doctor. Recently, Aymen’ s mother
noticed that he looks pale and is not active as he used
to be. He becomes short of breath after brief

exercising.




Past medical history
No history of bronchial asthma. He has no history of
d loss, blood transfusion or hospital admission.

was bornina small village in Jeezan region with
istance of 2 midwife. His mother was not seen by

Family history

His half-brother, Mohammad, is 16 years old.
Mohammad lives in Lebanon with his Lebanese father.
He is always ill and needs blood transfusion nearly every
month. Aymen’ s father can’ t remember the name of the
condition. |



@)

¢ of his tiredness, Aymen usually goes to bed early
on several occasions does not complete his
Homework. His school report shows a decline in his
performance in most subjects. Aymen has recently
moved with his family to Riyadh. The family used to live
in Jeezan and, Aymen misses his friends and cousins a
lot: He is not happy because he has no friends at his new
school. His father wonders if this may have caused
Aymen’ s problem.




Clinical Examin

Aymen looks pale. He has no problems with his

|

 skeletal muscles. His vital signs are normal except for

reased pulse rate of 105/min (tachycardia).

rdjovascular and respiratory systems

mal

' Abdominal examination
Liver and spleen are not palpable.



A2

Discussion ¢

|

| -Are there any difficult words you do not
|understand? | |

dentify any new problems and add to your list.
iro {each new problem, make a list of possible causes
(generate hypotheses).

,;What laboratory tests would you like to order for
Aymen to help you differentiate between your

hypotheses?



W3y

“(Tutor: encourage students to use their medical
 dictionary to find out more about these words )

i dnchial asthma.
achycardia.

‘Tutor: Encourage students to use a medical
dictionary resource to discuss the meaning of

each of these words/ phrases.



ortness of breath and tired:
Low haemoglobin (decreased oxygen carrying

\bfiormal haemoglobin.
{edrt problem (decreased cardiac output).
b Lug problem (poor exchange of gases).
e Chronic diseases (diseases associated with increased

catabolism).



Not h%EEV at school:

Has no friends.

Missing his old friends.
Not interested in learning
D1stracted

!¢ Family problems.

" . [earning difficulties.

« Being bullied at school.

| Unable to adapt to the change.



Famﬂv history of blood chsease

 pFamily dis orders.
herited genetic/chromosomal disorders.

Mast likely related to the haemopmetlc

lsystem.



Not ha appy at school
Unable to adapt to the change.

Has no friend.
issing his old friends.
Not interested in learning,
Dlstracted
_-,:*amﬂy problems.
o | Learning difficulties.
e Being bullied at school.

@)



~ Always tired:
. °Lacks fltness ?/+.

g blems) (0)
| %s an endocrine problem (e.g., diabetes
|1l me 1tus) ?/0
~ “Hasa problem with his skeletal muscles. ?/0
' «Has a problem causing excessive catabolism. ? /0
+Psychological trouble. /o0 (what is for and what 1s
~ against)




0\g§

o Does not hke exerasmg_

| Prefers to spend his time in
ctivities other than exercising.o

'"“Has a previous bad expenence
- with exercising.0
- *Not confident O



] ]|ood loss / hypovolaemla 0

, hock 0 o
| lePoor skin circulation.o
~ «Strong emotions such as fear ?/ o
n +Blood vessels are vasoconstricted.o
~«Hypothyroidism. 0

W4



Have you ever donated blood?
What did move you to donate blood?

y|do some patients need blood
nsfusion?
o replace blood volume loss.
- For specific red blood disorders such as [5- ‘
Thalassaemia.

- For specific medical conditions such as
 platelet transfusion, or fresh frozen plasma.
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Investigations
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Ay

men’s Blood Film
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Avinen’ s blood film shows:
- Hypochromasia (red blood cells are paler than normal

lls) |

cr()cytosis (red blood cells are smaller than normal

i
kA
o

ydhromasia (red blood cells tend to be stained with
ol and basic days) !

- Target cells (red blood cells with a dark centre
surrounded by a light band that again is encircled by a
darker ring. It resembles a shooting target. An example
of a target cell is indicated by an arrow).

- Anisocytosis (significant variations in the size of red

'_Néod cells)




erstand? | |
IS hmarize the new information obtained from the
iblopd tests. "
[Whiat is your interpretation of these changes?
10n the basis of the information obtained from the
~ history, and the blood tests, do you need to make

- any changes to your hypotheses?
. What should Dr Jamal do next?
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Me

o "Haemoglobin
|¢};Mean corpuscular volume (MCV)
gn corpuscular haemoglobin (MCH)



f:f‘fl%'Hypochromic microcytic anaemia (it might be due to
ron-deficiency, Or beta-thalassaemia). '

nther tests are needed to confirm or exclude iron -
deficiency anaemia and the underlying cause for his

énlgrged liver and spleen (e.g., iron studies and
! haemoglobin electrophoresis).



: ,;.Further tests to assess other causes
~ other than iron-deficiency (e.g., -
Thalassaemia)

@\



.+ Do you know a Nobel prize laureate whose work has
| \licontributed to the advancement of our knowledge in
hyjsiology and/or pharmacology related to this

ase? What was exactly his/her work about? Give a







Bec:uzs;e,pf the low MCV, MCH and the presence 0
ifles o do further tests to confirm iron-deficiency anaemia. He arrange

f microcytic hypochromic red blood cells; Dr Jamal
s for more blood tests for

dgthe blood tests become available, both parents come {0 see Dr Jamal. See the results

Aymen's results Normal Range

. 31 | - 9-30 umollL

Serum ferritin 120 ‘ 10-120 pglL
Serum transferrin ' %5 2.0-40glL




@z

amal says, “The blood tests show that
en has anaemia. This explains his
dmness, pallor and shortness of breath after
eXercising. Anaemia means that Aymen
#s less than normal haemoglobin and his red
od cells are unable to carry Oxygen in a way
"that covers the needs of his body. After
reading Aymen’ s blood results, Dr J amal
decides to arrange for another blood test called

“haemoglobin electrophoresis ~

14

| o



" Are there any difficult words you do not
f‘iunderstand'?

; |Summarize the new information obtalned from
. |theblood tests.

|Do you think that Aymen’ s anaemia 1s due to
\iron-deficiency? Explain your answers.

‘In what way can the haemoglobin
electrophoresis test of help?

What are your learning issues?

(:fcﬂ



Serum ferritin
|Transferrin

Y



Decision/Ju

| | His anaemia is not due to iron-
dpfl(:lency In iron- deflclency anaemla

Eeie

»Serum iron is decreased,
«Serum ferritin is decreased.
- «Serum transferrin is increased.



- There is evidence of anaemia (low
haemoglobln) |
-Itis a hypochromlc microcytic type of

is most likely not due to iron- deficiency
n studies results are not consistent w1th
fivon deficiency anaemia).
"_ Tt is most hkely due to other congenital
disorders e.g., B-Thalassaemia.




| They ight need to edit their learning issues int
is are - out 5-7 key principles. See examples shown below).

ir learning issues that reflect key issues raised in the

Jcourage students to identify the
o sentences or questions. Usually learning
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° Structure and function of red blood cells.

Structure and function of normal haemoglobin (HbA2). Other

types of haemoglobin and physiological differences.

Je Velpment of red blood cells and physiological factors needed
- normal development in the bone marrow.

fl

' «f» logy and metabolism of iron (iron absorption, serum iron,

ans brrin, and ferritin).

34 eehemsms by which anaemia may develop.

& Pathogene31s of beta-thalassaemia major. Differences between
beta-thalassaemia major and thalassaemia intermediate.

o Interpretation of the patlent symptoms signs and investigation

results
A brief management plan showing management goals, and

management options.
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o)

he students spe about 60 mznutes addressin
‘Lgtlr ltearmn zssuep %u might spent 10-15 mmutesgon

ese ques ons

K hat ges would you e ec 1{ ymen'’ s
1 haemog 0 1n electrop ore51s Explain your reasoning.

.How are these changes related to his presenting
" Symp toms:



! Do you know a Nobel prize laureate whose work has contributed to the

advancement of our knowledge in physiology and/or pharmacology related to
this case? What was exactly his/her work about? Give a summary.

Student: You could also after the completion of this case submit
your work about the Nobel Prize laureate for this case to Professor

Samy Azer at (sazer@ ksu.edu.sa) or hand it to him.
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mal meets with the family and Aymen to-explain the

of Aymen’ s condition. He says, ' the laboratory results

hat Aymen’ s problem is only limited to the red blood

other blood elements such as white blood cells and

ets are normal. The iron studies clearly indicate that

en| s anaemia is not due to iron-deficiency, a common

| datise of anaemia. We believe his anaemia is most likely due to

! an inherited blood condition that affects red blood cells. To
confirm this diagnosis we will need to do more blood tests. This
test is called haemoglobin electrophoresis which usually helps in

identifying the exact cause of his anaemia. -

F*J a




Aymen's heemogobin elctophoresi esus ar ShOWT below.

i electrophoresis:
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Seenoguin (P

i

L ess than 1%

Hagmoglobin S (Hh )

Absent

Absent

Absent

Absent

Other abnomal haemoglobins
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Dr Jamal explains to Aymen’ s father, “Aymen has a hereditary type
of anaemia called B-Thalassaemia. This type of anaemia is not due
to iron deficiency and is not treated by iron tablets. The inherited
fﬁt is in the make up of haemoglobin. Haemoglobinisa

4 1hstance normally present in the red blood cells and resporisible for

‘nga!gxygen. Therefore, Aymen’ s red blood cells cannot carry
ind deliver it to the body cells as do normal blood cells.

Pyfen’ s mother, Mrs Nabila, mentions that her elder son

Mo ,* ammad, from another marriage, has B-Thalassaemia major. His
condition was diagnosed when he was 110 2 months old. His
condition requires repeated hospital admissions and frequent blood
transfusions. Mrs Nabila says, “Mohammad’ s father is my cousin”.
She asks Dr Jamal if Aymen will also need blood transfusions like his
brother and why Mohammad’ s anaemia is different from that of

Aymen'’s.




- Are there any terms that you do not understand? ,
 Summarise the key information that you have obtained
{  from this progress. |
' n t] e basis of ,the new ir}formation, how would yoﬁ
| in Aymen’ s presenting symptoms? |
yt are iron tablets not prescribed for treating patients
| Thalassaemia? |

- do you think Mohammad does not need blood
sfusion? How his anaemia is different from his




. Hb A: Comprises over 93 percent of
_normal adult Hb (a2, 2). |
Lilk1h F: Normal fetal haemoglobin,

increased in /3—T halassaemla (a2, yg),



@ Increased Hb A2
Decreased Hb A
Billncreased Hb F

i
E

other abonormal
aemoglobins.




Discussion Qu

Why Ayman’ s anaemia is not severe as that of his half-brother’ s

Mohammad?

Not all - Thalassaemias are of the same
yree of severity. Accordingly, the clinical
pctrum can be discussed under three main



e

Facilitation Q

Will Ayman’ s condition require blood transfusions?

Explain your reasons.

Thalassaemia intermedia usually
esents with moderate anaemia,
criocytosis and sometimes enlarged

erland spleen. Patients rarely
Jdquire blood transfusion. ‘



Avman’ s brother needs frequent blood transfusion as part of the treatment

o his condition. What are the physiological bases behind blood transfusion?

»The extracellular suzface of the red blood cell membrane has
kpecific inherited carbohydrate chains that act as antigens and
termine the blood group of an individual. The most important
selantigens are the A and B antigens responsible for the
rmination of the four blood groups A, B, AB and O. |

lividuals who lacks either A or B antigens or both, have
bOd%l@S against the missing antigen in their serum.

«If blood containing the missinﬁ antigen 1s transfused, the donor
the

erythrocytes are attacked by the recipient’s serum antibodies
causing their lysis.
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