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Talk outline

* Red cells
e Anaemia
* Polycythaemia

e White cells
 Leukaemias — acute & chronic

* Platelets
 Thrombocytosis
 Thrombocytopenia

* Paraproteins
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Clinical Context
eg well / sick patient, pregnant, sepsis etc

* Historical Data
eg duration, trends

e Co-morbidities
incl drugs or recent changes

* Technical issues
eg difficult phlebotomy, aged sample, contamination
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General Considerations 2

* Age, Sex, Ethnicity Hb Neuts
g/l x10°?
Birth 140-230 | 2.7-14
* Normal ranges
2112 94-130 |0.7-4.8
: 1 yr 101-130|1-8
* 1 or more lineage
abnormalities
AdultM |130-168 (2.0 -7.1
F [114-150




Approach to Anaemia

Low MCV

Fe
deficiency

+/- thal trait

-

/
[inaporopriatly ow retis ]

High MCV
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B12/folate
Alcohol
Hypothyroidism
Haemolysis
MDS

Myeloma

Drugs

Recovery
Al r2ies /consumption
Positive
DAT Negative DAT
Hereditary
AIHA spherocytosis
G6PD deficiency

Haemaglobinopathies
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e Beta thal trait

e Slightly reduced Hb disproportionately low MCV
elevated RBC

* Raised Hb A,



NHS

Alpha Thalassaemias London Pathology

* Alpha plus trait is the commonest monogenic
disorder in the world.

% of individuals with African ancestry are
heterozygous for alpha plus ( -a/aa) while 1-2% are
homozygotes (-a/-a)

* Clinically silent
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* (--/aa)

* South east asia, Mediterranean

* Mild anaemia MCV and MCH reduced

* Blood film microcytosis and hypochromia
* MCH usually < 25pg
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Seiesomelle [ Normal a-globin gene

- ) .
1m0 W [_] Deletion
LLM—EJ Bl Nondeletional mutation

a-Thalassemia
Normal Carrier minor HbH disease = Hemoglobin Bart’s
(asymptomatic) (asymptomatic) (symptomatic) hydrops fetalis

) )

0
i

Piel FB, Weatherall DJ. N EnglJ Med 2014;371:1908-1916.
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* A 2 year old girl is referred to the paediatric
haematology clinic with anaemia and lethargy. She
is a picky eater and drinks mainly milk.



Case 1

«Hb  45g/l
* MCV 55 fl
« WBC 6.3 x 107/I
* Neuts 4.9 x 10?/I
* Plts 134 x 10°/I
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Erythr
destruct
macrophages

marrow

' %rrin

Iron: 20 mg/day

3- 4mg

Plasma
iron pool :
1-2 mg/day 1-2 mg/day

'l

Iron in Iron out

With permission from Pietrangelo A. N Engl J Med. 2004;350:2383-2397.
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+lg Normal Iron Depletion Pretatent  Latentlron Iron Deficient  Early Iron  Late Iron
Iron Deficinncy Erythropo iesis Deficiency Deficincy

wiency Anemia  Anemia
Tissue Iron Stores 0 \

\
-1g

Serum Ferritin (ug/1) 60 20 <12 <12 <12 <12 <12

Stainable Tissue Iron (0-4+) 2+ 1+ 0 0 0 0 0
Transferrin Saturation (%) 35 35 35 20 <16 <16 <16

oro ts;i‘;i'x;h(’:;)’d'; 30 30 30 75 >100 >100 >100

Hemoglobin (g/dI) 14 14 14 14 13 <12 <12
Mean Corpuscular Volume (u°) 90 90 90 90 88 86 <82
Mean Corpuscular 23 23 23 33 23 3 <28

Hemoglobin Concentration (0/0)



Red cells: Anaemia

Iron
Deficiency

Anaemia of
chronic
disease

Thalassaemia

MCV

Usually low,
trend
important

Normal or low

Normal or
reduced

Ferritin

l

confirmatory
but may be n
or 1

Usually
normal or 1

Normal or 1

TIBC
High

Normal
or |
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Serum Fe Transferrin sats

Low Reduced once
tissue stores
deplete

Normal or |
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* Fe available in diet, tablet, liquid, IV and IM
VEGAN IRON SOURCES

[y Fop VEGANS OF TWO TYPES —Heme ¥ (animab
INSTAGRAM OF IRON - Non-heme # (plants)—)

ALE TR

Wils 66mg WA 64 mg (Garbanze Beans)
(1 cup~cooked) (4 ounces) a Imslu 45 mg (1 cup) “”_M
Q Dried

\ﬁ_{um l«l—ﬂw

Legnmes '

88 mg (1 cup-cooked)
Vegetables Fruit

ia

k;it.it, enEie Scuce
32mg(llarge) 25 mg (1 cup)

Seeds

- | ~$atcs . .
Cashews Cbeliets (lsicechios g«l::u; Seeds felesses re®3o =
21 mg (1/4 cup) 18 mg (U4 cup) 14 mg (/4 cup) 22 mg (102) 10mg Q2 Thsp) 72 mg @ Toepy = C1<C @
Grains T, . & [unfortunately. Spinach & 1s high In iron. but
P A (:J‘ fuaaes) also contains oxalates that block absorption.
& -~ a . Lo A It is possible to eat TOO much iron, so
o g OCeimesl [Fosidfied C;M iron absorption is almost (f not morc)“'
Zsmﬂgm) 21 mg (1 cup) *Varies by Important than just eating a lot of iron.

on Absorption Tips:™ —a o ¥ & L0
000mbme Vegan (non-heme) iron foods with foods rich in Vitamm c t '
@ Avoid hefty meals and eat smaller amounts throughout the dag me »
©Avoid coffee £ tea 1-2 hours before and/or after a meal
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Fe preparation

Fe content

Ferrous fumerate

65mg elemental Fe per
200mg

Ferrous sulphate

65mg elemental Fe per
200mg

Ferrous gluconate

35mg elemental iron per
300mg
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Cosmofer Venofer Ferinject Monofer
Fe dextran Fe sucrose Fe Fe
carbomaltos |isomaltoside
e
Dose 50mg/mi 20mg/ml 50mg/mi 100mg/ml
Test dose Yes each First dose No No
infusion only
Route 1V \Y 1V \Y}
Able to Yes No Yes Yes
administer
total dose
In preg Cl first Cl first Cl first Cl first
trimester trimester trimester trimester
Adverse 5% minimal 0-1.5% 3% 1%
reactions adverse

reactions
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Management of Iron deficiency with anaemia (IDA) and without anaemia

1
Patients with no other clinical symptoms /11171120

Definition of anaemia
Low Hb Male <13g/dl

Definition of ron Deficiency Anaemia (IDA)
>60 with IDA: 2WW

Low ferritin <15 pgil [Start iron replacement] Woman <12g/dI <50 rectal bleeding + IDA: Consider 2WW

Mote: Raised inflammatory markers may mask low
ferritin, consider transfemin saturation

Consider dietary causes
{vegetarian and veganism)
¥

" +ye Routine referral to
| Check coeliac serclogy (tTg Ab) |_b- gastroenterology
-ve l

I Urine Dipstick: Blood IW_EI- Routine referral to urology

Family history of colorectal

cancer? 'ﬂ—ﬂ Colonoscopy I—I-I If no suspicious findings I—I-I Iron replacement — see flow dig I

{s=e box below]
| |

= ¥ L

Man or Non-menstrualing I Menstruating woman I Menstruating woman with UGI I Patients =60 years with 1DA I
woman aged <60

or LGl symptoms: manage as
l 3 per gastro “abdominal pain,
Iron replacement — see flow diag bloating and change in bowel 2ww gastroenterology

Refer: Colonoscopy and OGD Investigate further if response habit™ guidelines

no

I Abnormal I normal I inadequate
I normal Transferrin saturation is more informative than Ferritin level if there is
Abnormal inflammatory disease
l A significant family history of colorectal carcinoma is congidered to be one

o . .
Normal- Manage detected affected 1= degree relative <S50 years or two affected first degree relatives.

condition

Family history eg colon caner 2 first degree relatives or 1 x first degree
relative <50 yrs, iron deficiency anasmia, haematelogical disorders, bleeding
disorders
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* For consideration of IV iron

Unable to tolerate oral iron

Persistent Fe deficiency despite oral iron
Symptomatic / clinically significant anaemia
Who you refer to depends on underlying cause
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* A 35 vyear old lady with a history of hypothryoidism
presents with increasing lethargy despite normal
TFTs. On examination she appears slightly
jaundiced.



Case 2

* Hb 72g/I

e MCV 117 fl

« WBC 5.5 x107/I

e Neut 3.5x 107/l
* Plt 150 x 107/

NHS'
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RED CELL FOLATE

150 - 850

Red cell folate * 68 ug/L
B12 ASSAY
B12 assay * 03 ng/L 160 - 800

Deficient <160 ng/L
Very low B12. Please load the patient with
Intramuscular Vit B12 and re—check after a month
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e B12 measures inactive ( TC | and TCIll now known
as halohaptochorrin and active forms TCIl —
halotranscobalamin)

* Not always clear cut
* Homocysteine levels and MMA levels



Fig 1 Mechanism of dietary vitamin B12 absorption.
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~—— Secretion 4 — —

Storage

Gall bladder

Duodenum

Pancreas

Reabsorption of billary

Intestinal epithelium
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HCO,-/pH 7
Pancreatic proteases

(Ba )7

Uptake by the liver

Portal circulation

Hunt A et al. BMJ 2014;349:bmj.g5226

thebmyj

©2014 by British Medical Journal Publishing Group



Fig 2 Clinical features of vitamin B12 deficiency. m
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Brain:
impaired cognition,
depression,
psychosis, delusions,
irritability

Neurological:
myelopathy,
Tongue: paraesthesia,
glossitis, loss proprioception,
taste impairment ataxia, spasticity or

hyporeflexia, sensory

loss, autonomic
\ / dysfunction

Clinical features
of vitamin B
deficiency

d. / \
Cardiac: Reproduction:
cardiomyopathy infertility

Blood:
pancytopenia,
macrocytosis,

hypersegmented
neutrophils

Bone marrow:
hyperplasia,
megaloblastic
features

Hunt A et al. BMJ 2014;349:bmj.g5226

©2014 by British Medical Journal Publishing Group



NHS

Investigations London pathology

Physiological
McCV Normal or increased (>100fl) Poor specificity may be normal in co existing Fe
def or thal
Hb Normal or low Poor Spec and sens
Retic Low Poor spec
LDH Increased Intramedullary haemolysis
Blood film /BM See slide
Static
cobalamin Low ( <160ng/1) Not highly specific. Normal levels in some
< 70ng/ml if pregnant) deficient patients. Insensitive to inborn errors of
metaboolism. Slight to moderate low levels may
not reflect deficiency
halotranscobalamin Low ( <5pm/I), replete ( >50pmol/l), Not widely available
intermediate ( 25-50pmol/I)
Functional
Plasma MMA Increased ( >350nmol/l) Increased in renal failure and older people
Plasma homocysteine Raised ( >15) Increased in folate and B deficiencies, renal

failure , hypothyroidism
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* A therapeutic trial can confirm the diagnosis

* Hb rises within 10 days and usually returns to normal at
8 weeks

. Elypersegmented neutrophils disappear around 10-14
ays

* Watch K+ levels in severely anaemic patients

* Neurological abnormalities slower to improve and can
take months

e Parenteral B12 1mg three times a week for two weeks
and then every 3 months

* Oral B12 if dietary deficiency
* Remember levels drop in Pregnancy.
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5. Raised B12 V1 9ITR20

General Advice

The most common medical explanations for a high B12 are liver or renal disease, myeloproliferative disorders and autoimmunity .
Rarely it can be associated with a transcobalamin secreting tumour.

It is worth checking the patient is not receiving supplements for example in a multivitamin or foods that have a high B12 content such as
yeast or soya products.

The patient can be reassured that, in itself, a raised Vitamin B12 level is not harmful

Investigations

« Full blood count

« Renal profile

= LFT

= Autoantibody screen

Further Investigations
If miial investigations are returned within normal ranges, and the patient is not taking supplemental Vit B12 (including dietary sources),
consider an US Abdomen

Seek routine advice & guidance
from haematology if uncertain
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* Incidence in > 65 years 11% and 10% for men and
women respectively

* 1/3 nutritional deficiencies
e 1/3 anaemia of inflammation
* 1/3 unexplained
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* Increased epo resistance
* Increased proinflammatory cytokine
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* Haematinics

e Autoantibodies

* Haemolysis screen
* Myeloma screen

* Consider BM
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* A GP blood count comes through with no clinical
details.

« Hb  135g/

« WBC 6.3 x 107/
* Neuts 4.9 x 10?/I
* Plts 10x 107/



Case 3
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* Low Technical Clot / Clumping
Platelets Temporary Reactive, post viral

Persistent eg drugs, EtOH, liver
disease, infections (Hep
B, C,HIV), chronic ITP

Progressive @ BM problems
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An autoimmune condition characterized by an
isolated low platelet count (<100) in the
absence of other underlying causes

- Newly diagnosed (< 3 months)
- Persistent (3-12 months)
- Chronic (> 12 months)
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Secondary
ITP

Primary ITP




Pathology of ITP INHS

North West

Antibody-coated Fcy
platelet receptor Activated macrophage

|

Glycoprotein <
lib/lita

Autoantibody

thcoprotem

v K Becell-tlosie T-cell clone 1 : iblila
" glycoprotein Flyconmaein recopory
g e libillla
Anti- "
J‘] f'fflflJ rOfJ J E. glyclob%l;tem Glyeop[otein @
Clin Med 38, 1-10 N Gl
(1951) AR,
Q@ Cines and Blanchette

B-cell tl:lone 2 T-cell llone 2 N E\] M 2002




Is there a platelet count at which serious NHS

bleeding occurs? North West
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Distribution of bleeding adverse

; events by severity and platelet

44 - count in both treatment groups
: in the phase 3 studies. Each

505 x 10° L=' is not shown
Gernsheimer, JTH 2010

=

ﬁ . . point represents one bleeding
o adverse event. One grade 1
= bleeding adverse event that
> 2] == occurred at a platelet count of
o

o

—k
..||!|
:
al
il
1;
L] El
I
!
!

rfisysfrrqfre=yrTpuqCYTY rfririrrrreT1

25 50 75 100 125 150 175
Platelets (x107 L™")

-

Management goal: hemostatically active platelet count (usually 30-50K) with
minimal side effects
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11. Thrombocytopenia
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W11 8IT20

Platelet count < 100 x 10°L and no history of
bleeding and bruiging. Arefactual platelet clumps
or other pathology excluded on blood film (recheck
on citrate sample - request 'citrated platelet count’)

L J

Platelet count = 50 x 10°L

j—>

Consider:

*  Haematinic deficiency

*  Ferritin, B12, folate

= Viral infection

* EBWY, CMV, hepatitis B/C, HIV, immunaglobulins

= Autoimmune disease

*  AMNA/RHF, lupus anticoagulant, anticardiolipin
antibodies

*  Other i.e Medicationfalcohol, liver disease with
portal hypertension

* LFTs

Manage underlying condition

v

Platelet count 50-100 x 10°L in association with:

= Dther cylopaenias
*  Splenomegaly

*  Lymphadenopathy
*  Pregnancy

* Upcoming surgery
* Bleeding

*  Thrombosis

Review 2021
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e 78 year old lady  Two months later
presented feeling TATT .
Her results were

« Hb  105g/I

« MCV 110fl b 750/

« WBC 6.3 x 10%/] 5
« MCV 110f]

* Neuts 4.9 x 10?/I

o 9
+ Plts 160 x 10%/1 WBC 4.3x107

 Neuts 0.9 x 107/l
* Plts 50 x 107/
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* 35 year old woman presents with feeling tired and
a bit dizzy

* Hb  95¢/I

e MCV 84fl

« WBC 283x 107/l
* Neuts 200x 10°/I
* Plts 175 x 107/
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L
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><‘an <Y

URRI L 1(11\1*#

“ “‘ “. € e 1t
+ - L -s-l- ’,'.

The abnormality seen by Nowell & Hungerford
on chromosome 22, Now known as the
Philadelphia Chromosome.
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Normal Bcr-Abl Signaling

* The kinase domain
activates a substrate
protein (eg, PI3 kinase)
by phosphorylation

This activated substrate
initiates a signaling
cascade culminating in
cell proliferation and
survival

ADP = adenosine diphosphate; ATP = adenosine
triphosphate; P = phosphate.

Savage DG, Antman KH. N Engl J Med. 2002346 683-693.
Scheijen B, Grffin JD. Oncogene. 2002:21:3314-3333
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Imatinib Mesylate:
Mechanism of Action

« Imatinib mesylate
occupies the ATP
binding pocket of the
Abl kinase domain

This prevents
substrate
phosphorylation and
signaling

A lack of signaling
inhibits proliferation
and survival

Savage DG, Antman KH. N Engl J Med. 2002346 683-693
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14. Leucocytosis

W1/ 9720

Leucocytosisis defined as an elevation of white cell count to >10.8 x 10%L. It has a wide differential diagnosis ranging from a normal respense o infection
through to haesmatological malignancies including acute leukaemias. Detection of a leucocytosis should prompt scrutiny of the differential white cell count,

other FBC parameters and blood film examination.

L

Mew suspected Acute leukaemia

*  Hyperviscosity symptoms (Headache, visual loss, acute thrombosis)

v
In an ctherwise well patient:-
* Leucoerythroblastic blood picture (from blood film report)
* Mew chronic myeloid leukaemia not meeting the above criteria
*  Lnexplained leucocytosis with white cell count =50 x 10%L

=
L

Mew suspected Chronic myeloid leukaemia with either: - Immediate emergency
+  White cell count =100 x 10%L v telephone referral

v

Appropriate investigation in primary care for patients not meeting criteria

for urgent referral:

+ Careful history and assessment for 'reactive’ causes: smoking,
infection, inflammation or neoplasia. A minor non-specific leucocytosis
or neutrophilia is often seen in smokers.

* Examination for lymphadenopathy, splenomegaly

* Blood film examination with differential white cell count

* Correlate with inflammatory markers: CRP, ESR

+ CXR
¥

Persistent (on two tests a month apart) unexplained:

= White cell count =20 x 10%L

*  Neutrophilia =15 x 10%L

* Eosinophilia =1.5 x 10%L, if secondary causes have been excluded
(atopy, parasites, drugs, connective tissue disorders, cardiac and
respiratory disorder)

*  Monocytosis= 1.0 x 1051

*  Lymphocytosis > 10 x10%L {see lymphocytosis page)

2WW Haematology

Review 2021
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* A 20 year old rugby player prone to injury
presented with a dislocated shoulder

« Hb  135g/

e MCV 84fl

« WBC 15x 107/l
 Neuts 9 x 107/l
 Plts 700 x 107/l
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Source: Lichtman MA, Kipps TJ, Seligsohn U, Kaushansky K, Prchal JT:
Williams Hematology, 8th Edition: http://www.accessmedicine.com
Copyright ® The McGraw-Hill Companies, Inc. All rights reserved.



NHS'

North West
London Pathology

NW London Outpatient Pathways

12. Thrombocytosis

W1 SITR20

Platelet count > 450 = 10°L

" Yes

Platelet count = 1000 x 10°L or Platelet count 600-
1000 x 10°L in association with:

* Recent arterial or venous thrombosis

*  Meurclogical symptoms

*  Abnormal bleeding

* Age > 60 years

Congider and treat:
* Inflammation/ Infection
* CRPIESR
* AMNA, RHF
= Iron deficiency / bleeding
*  Ferritin
* |= there a history of splenectomy or other active
malignancy?

L J

Persistent (i.e. l[asting longer than 3 months)
unexplained thrombocytosis = 450 x 10°L

hi
= 2WW Haematology
Yes
# Manage underlying condition
Yes
s ——

Review 2021
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* A 75 year old gentleman comes for a routine check
. Other than hypertension he is fit and well.

« Hb  135g/

e MCV 84fl

« WBC 30x 10°/I

* Neuts 5x10°/I Lymp 20 x 10%/I
 Plts 400 x 107/l
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* Most common type of chronic leukaemia

* Mostly occurs in those >60

* No cure but a very slowly progressing disease

* 50% diagnosed incidentally on a routine blood test
* Most patients die with it rather than of it

* Active monitoring for a large proportion
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* Rapidly rising WBC

* B symptoms- weight loss, drenching sweats
* Bulky lymphadenopathy

* Bone marrow failure
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10. Lymphocytosis
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W90

Lymphocytosis = 51050

* Yes

Other features suggestive of a lymphoproliferative
disorder:

Lymphadenopathy

Hepatosplenomegaly

B symptoms

Blood film

Other cytopaenias (Hb < 100g/l neutrophils < 1.5 x
105L, platelets =100 x 105L)

Yes

2WW Haematology

+ Mo

Considerinfection:

* Hepatitis B/C, HIV

+ EBVY, CMV

* TB, Brucellosis, syphilis

Yes

Mo

L J

Persistent lymphocytosis = 10 x 1051 with no
chvious cause

Yes

Manage underlying condition

Review 2021
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* Purpose is to identify transformation to a malignant
disorder ( eg myeloma, WM) at an early stage
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15. Paraproteinaemia (1 of 2) W 9Ti20

Disorders characterized by the production of a paraprotein include monoclonal gammopathy of undetermined significance (MGUS), multiple myeloma and
Waldenstrdms macroglobulinaemia. Paraproteins may also be a feature of CLL, NHL or amyloidosis.

MGUS iz a diagnosis of exclusion: 3% of over-50s, 5% of over 702 and 7.5% of over 852 have paraproteing which are frequently found incidentally and
not associated with symptoms or physical findings. The overall risk of MGUS progression to myeloma is around 1% per year - this remains constant over
time.

*Referrals to haesmatology should not be made for patients with raised immunoglobulin levels in the absence of a monoclonal paraprotein
band on serum electrophoresis. Polyclonal gammopathy implies a non-specific immune reaction *

- 20 year risk of progression Serum Free Light Chains

Risk Group to myeloma (%)
Light chains can be elevated in a variety of conditions

;::rl:ll?'l;raprotein <15g1 o = DBoth kappa and lambda light chains will be raised in renal failure
1gG isotype * Please repeat one off borderline abnormalities
Appropriate FLC ratio * Please refer if the kappa or lambda light chains are = 200mg/mi
Low-Intermediate Risk = If the light chain ratio is clearly abnormal, i.e. =4 or = 0.25 the patient
Presence of an.lgﬁ. or IgM izotype should be referred to a myeloma clinic (2 week wait).
(NB: Paraprotein must be less than 10gi) 1%
OR * Renal impairment may lead to an increased serum FLC ratio. The
Inappropriate FLC ratic proposed sFLC ratio reference range for these patients is 0.37-3.10
High-intermediate Risk * Please note that the free light chain assay is not a substitute for other
Presence of an Igh or IgM istotype laboratory evaluations such as protein electrophoresis.
(NB: Paraprotein must be less than 10gi1) 3T%
AMD
Inappropriate FLC ratio
High Risk
If IgG, Paraprotein =15g g9
If IgA or IgM, Paraprotein =10g/1
Inappropriate FLC ration

Review 2021
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* M protein at levels below in whom there are no
symptoms, signs or results of initial investigations
suggestive of myeloma, LPD, or AL amyloidosis

* |gG M protein <15g/I
* |gA or IgM < 10g/I

* This forms the vast majority of M proteins
detected in routine practise
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15. Paraproteinaemia (2 of 2)

W1/ 9720

I Paraprotein detected I

Yes

hypercalcaemia

unexplained renal impairment
anaemia or other cytopenia

kone pain or pathological fracture

radiological lesions reported as suggestive of myeloma
hyperviscosity symptoms (headache, visual loss, acute thrombosis)

lymphadencpathy or splenomegaly

Features suggestive of multiple myeloma or other haematological malignancy,
including:

2WW haematology

Yes [ Any patient with a paraprotein
and suspected spinal cord
compression should be
discussed URGENTLY with duty
haematologist to arrange
appropriate assessment

v

T ~

Ig G pp> 15giL, Ig A or lg M pp=10g/L

Any levellg D orlg E pp

Mo

w

Recheck paraprotein, FBC, renal
function, calcium every 3-4 months for
first year and if unchanged every 6-12
menths

If band has increased by =»25%, (a
minimum of SgiL) or clinical concern
during follow up

Yes

Advice & Guidance from

haematology

Review 2021
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* NWL CCG GP Haematology
guidelines: https://www.nwlondonccgs.nhs.uk/prof
essionals/referral-guidelines-and-clinical-
documents/haematology

* Imperial GP Haematology email advice line:
haematologyadvice.imperial@nhs.net



https://www.nwlondonccgs.nhs.uk/professionals/referral-guidelines-and-clinical-documents/haematology
mailto:haematologyadvice.imperial@nhs.net

