Laboratory diagnosis of iron deficiency:
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Why does it matter?

Over 30% of the Worlds population are anaemic, around
2 billien peoeple

Most due to iron deficiency.

Globally' the causes are different

x Low Ironi diet, hookwoerm, other infections
VS

= [he anaemia of blood' loss



Bowel cancer UK

Bowel cancer is the fourth moest common cancer in the
UK (2014)

119 of all new. cases.

Third most common cancer in both males (12% of the
male total) and females (10%) separately.

In 2014, there were 41,265 new: cases ofi bowel cancer
In the UK: 55% were male

Jihe crude incidence rate shows that there are 72 new
powel cancer cases for every 100,000 males in the UK
and 56 for every 100,000 females.



Morbidity of iron deficiency

Developing world, poerer pregnancy.
outcomes

Reduced physical and' cognitive
functioning
Exacerbates underlying medicall condition

x CKD
s Heart Eallure

= IBD
= Other Inflammatory disorders
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Caer Caeruloplasmin

DcytB Duodenal cytochrome B

DMT1  Divalent metal transporter 1

FerR Ferrireductase

FPN Ferroportin

HO Haem oxygenase Transferrin

HPC1 Haem protein carrier 1

HepH Hephaestin Q \a
MHE Mitochondrial haem exporter

Mit Mitoferrin

NRAMP1 Natural resistance macrophage




So how sure are we that we're getting it
rignt?

What tests can be used?

Are they: readily available?

What is thelr clinical utility?

Are there any guality: control issues?



Hb Tests

Serum ferritin

MCH

MEV.

Retic count

Y%6hypo or %HRC

CHr, Ret-He, MCHr, LHDY%
Bone marrew

/PP

SIIfR

Serum iron, TIBC, transferrin saturation
Serum Epo

Hepcidin

Response to iron



So what would we like to achieve?

Diagnose Iron deficiency: before IDA develops and
Intervene

Diagnose IDA and find out the cause

Predict and pre-emptively: treat those that may: develop
IDA (leg: around surgery)

Predict and pre-emptively treat those that may: develop
FID (eg: Anaemia with CKD)



Serum Ferritin

Is the hallmark test for (ron deficiency.

Imcg/l of SE Is eguivalent to
approximately: 8mg; of storage Iron
(Walters et.al 1973)

Should be compared against 3@
International standard for ferritin (NIBSC
Code 94/572)



But what Is ferritin?

450Kd protein found in all cells.

Spheroidal structure, that can contain up
tor 4000 Fe>* iron atoms

L and H subunits. Nearly all' SF is made up
of the L. subunits

TThe mechanismi of passage Into the serum
IS poorly understood, but well recognised
that Infection and inflammation INcrease
its release

= SF no longer correlates with stores




Quality Control

I you are using SF to base your diagnostic assumptions
upon, the QA needs to assess those values that have
clinical utility.
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Normal range?!?
Sensitivity Vs. Specificity
Abbott Architect:

= 60 females, 95% normal range down te
smegy/|

= Males 22mcg/|

S0...do we use 10meg/l, 12mcg/l or
I5mcag/l?

Does it actually: matter?
Surely it depends on the other tests too?



Case

/1 yr old lady. No weight less. Tired. Some lower abdo
ache.

Hb98g/l, MCV: 83.6fl, Retics 47x10*9/1 for Hct of 0.52
(I.e: nermal). UXE, WCC and Plat normal

Who would add haematinics?



MCH 26pg, MCHC 311g/l, Ret-He 25.8pg,
SE 6mcg/l, CRP 2

Had colonoscopy:
s Colorectal Cancer



Some food for thought?
How: good is the FBC at suggesting IDA?

What should we base our SF noermal’ range
0)9)%
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Microcytic Anemia

Thomas G. DelLoughery, M.D.

HE MICROCYTIC ANEMIAS ARE THOSE CHARACTERIZED BY THE PRODUC-

tion of red cells that are smaller than normal. The small size of these cells is

due to decreased production of hemoglobin, the predominant constituent of
red cells (Fig. 1). The causes of microcytic anemia are a lack of globin product (thal-
assemia), restricted iron delivery to the heme group of hemoglobin (anemia of in-
flammation), a lack of iron delivery to the heme group (iron-deficiency anemia),
and defects in the synthesis of the heme group (sideroblastic anemias). This review
highlights new aspects of the most common microcytic anemias: thalassemia,
anemia of inflammation, and iron-deficiency anemia.

THALASSEMIA




How do we diagnose iron deficiency?

Suspect witha microcytic anaemial iff you read the
00]0),¢5

But in real life....

We looked at 500 patients FBC withi SE between 10
and 12 mecg/l and this is what we found
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Bottom line

Around 2/3 off MCV: normal with SE just below: the
lower limit of noermal, yet ~2/3 have a low MCH

Tihese results are from Sysmex XE2100' analyser.
Sysmex use is around 70% UK FBC lab market share

[ts net unigue te: Sysmex
= Using Abbott Sapphire we found:

Ferritin value
Average MCV
Average MCH
Average HB
% MHC <28

% MCV <80




To diagnose IDA we first have to suspect
it

T'he most sinister cause of IDA in the UK is
colon cancer

LLooking at patients referred via the IDA
pathway: (from GP’s)

OF 429 patients, 14 had colonic Ca
What do we see in this group?

Data kindly provided by Dr Stephen. Lewis, Plymoutii
Hospitals NHS Trust



Hb

125

115

105

95

85

75

65

10

20

30

40
Ferritin

50

60

70

80




MCV

92.5

90

87.5

85

82.5

80

77.5

75

72.5

70

67.5

18

20

22

24

MCH

26

28

30

32




RET-He

34

32

30

28

26

24

22

20

18

16

10

20

30

40
Ferritin

50

60

70

80




80

70

60

50

o
<

unLI94

30

20

10

80

70

60

50

40

30

20

10

CRP




And for all' the 429 patients:
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Full blood count: MCV
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Full blood count: MCV
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What does this suggest?

All'anaemic patients should have SF done!

MCV compared to MCH has the worst predictive
value

Changing the noermal range doeesnt help.

LLooking at our ewn population the LN s still
SOl

CRP can help clarify it SE erroneously raised

Ca patients: SF nearly always <30mcg/]

= [hose that do not, either the CRP may: be raised, or:
their Retic Hb may be low.



Essentially: suggesting we need smarter
reguesting algorithms?

Algorithms already: in place of: course
IHere are two examples:



Intravenous
Iron

Give
Intravenous
Iron

Intravenous
iron less likely
to be of benefit
pre-op. Suggest
repeat test
post-op.

Not suitable for
iron pathway.
Discuss with
Surgeon or
Anaesthetist



One +all | we care Royal Cornwall Hospitals m

NS Trust

Appendix 3. Pre-operative haemoglobin optimisation for elective
surgery
Click here for the full guideline

General Notes GPRISWASFT

ED/MALIISRELfACcute GR/AMb-Care In-patient wards

GP refers for Elective Surgery

Patient accepted onto elective surgery list
GP informed

Iron deficient, with or without Eary PAC;
anaemia, as defined by: FBC; CRP; Hiy normal, Ferritin normal
Femitin =30 with CRP = 20 Ferritin
OR
Femitin =70 with CRP = 20

Refer back to GP to decide
whether investigation
merited.

Ask GP to start oral iron
replacement

Pre-Admission Clinic 3-4 weeks before surgery
Recheck FBC, reticulocyte count and iron status

Hb< 12g/dI but not iron Iron deficient (w or wio
Nomal 5 an

PFr-Opeiatha ool ek
' 2

Consider enythropoietin Replace iron IV

.
On admission check response:
FBC and reticulocyte count

Proceed to Surgery

{Audit transfusion requirement and post- operative Hb)




So, what about Reticulocyte Hb?

Evidence suggests from NICE guideline NG8, Ahaemia in
patients with Chronic Kidney Disease

s [hat in persens Who do net have or carry Thalassaemia, CHF
(or equivalent) Is superior to either SE or %lisat in addressing
EID

s SE not longer becomes a trigger value, but a ceiling value

[For: patientsion HD;, give v iron up:to SE off 800mcgy/|



It you are:

A Sysmex USer, you can use Ret-Fe
A Siemens; user you can use % HRC or CHr
An Abbott user, you can use MCHr

And much of the evidence comes from CHF

And you can use these tests for your pre-op: optimisations
too...why not?
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The bottom line

I there is hypochromia...why?
I the Ret-He'is low...why?
You need torexplain and explore the reasens

We still' though need to provide guality: contrel around: the
Retic-Hb meastrement
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Future directions

Combined analyte usage to help' better define
those whoe have absolute ID

QA for our ID analytes
Assess utility: of hepcidins measurement

Create a Best Practice guideline on' laboratory.
testing for LD infadults and children
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