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{ (CBC) - BLOOD

Checked By : F. Estaji

Reference Intervals Unit WEC DIFFERENTIAL RBC MORPHOLOGY
WBC 8.8 4.5-11.0 x 1000 Neutrophil 50 Unremarkable morphology of RBC
4.57 4.0-5.2 x 1000000 h‘ﬂ“ngm’mte 30 -
— (o] e =
HGE  14.0 12-16 @ o 5 L
HCT 418 36-46 (%) Band - -
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MCHC 335 31-37 % Ao Myslocyte -~
269 140-400 x1000  [Blasts .
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Hb

» World Health Organizalion
women arte hemoglobin <1

Normal hematologic parameters in adults

Hemoglobin {g/dL) 13.6 to 16.9 11.9 to 14.8

Hematocrt (%) L'H:I to 50 '35 to 43

RBC count (= 4.2 to 5.7 8 to 5.0
105/microl)

MCW (FL)

RDW (%) 11.4 to 13.5

Reticulocyte count (x 16 to 130
103 /microL or x 102%/L)

Platelet count (= 152 to =2
03/microl)

WEBC count (=
02 /microl)

These parameters were determined for approximately 1500 to 2000
individuals ages 20 to 80 (wvaries slightly by category). Reference ranges
may differ depending on the instrument used. Refer to the laboratory-
specific reference wvalues provided with the individual's results.

CBC: complete blood count; RBC: red blood cell; MCW: mean corpuscular
volume; fL: femtoliter; MCHC: mean corpuscular hemoglobin concentration;
RDW: red cell distrnbution width; WBC: white blood cell.

Data from:

1. Adeli K, Raizman JE, Chen Y, et af. Complex Biological Profife of Hematologic
Markers across Pediatric, Adult, and Geriatric Ages: Establishhment of Robust
Pediatric and Adult Reference Intervals on the Basis of the Canadian Health
Measures Survey. Clinical Chemistry 2015; 61:1075,

Van den Bossche 1, Devreese K, Malfait R, et al. Reference Intervals for a
Complete Biood Count Determined on Different Automated Haematology
Analysers: Abx Pentra 120 Retic, Coulfter Gen-5, Sysmex SE 2500, Abbott
Ceffl Dyn 4000 and Bayer Advia 120, Ciin Chem Lab Med 2002 40:69,













MCV/MCH/MCHC

Morphology of RBC

» Mean corpuscula
the RBCs

W@ IRIEXY): Mean corpuscular hemoglobin (MCH) is the average
hemoglobin content in a RBC

el (oW XEYVIR Mean corpuscular hemoglobin concentration
(MCHC) is the averagse hemosgslobin concentration per RBC
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Anemia evaluation in outpatients (nonpregnant adults)

Review the history, CBC, MCV, and
reticulocyte count if available

v

What is the MCV?
I

MCV BO to 100 fL

I
MCV <B0 fL

v

I
MCV =100 fL

v

Common causes: Common causes: Common causes:

= Iron deficiency » Tron deficiency ® Vitamin B12 or folate deficiency

® Thalassemia ® Vitamin B12 or folate deficiency ® Drug-induced

m ACD/AI (less likely) m ACD/AI » Liver disease or alcohol use
Obtain iron studies in all individuals* : ;}r'uﬁ g-ll_nduced : E?p:tr:;ml::lﬁm &
{concomitant iron deficiency can affect n n 9 culocyte count
hemoglobin analysis) ® Liver disease or alcohol use = MDS

® Hemolysis ® Othersd
+ » Hypothyroidism

Refer to separate algorithm on

o i
Low ferritin or TSAT? 1 " Others evaluation of macrocytic anemia

| | | Obtain reticulecyte count and

Yes No chemistry panel with kidney and
v v liver function tests.
Iron deficiency anemia diagnosed Possible thalassemia or ACD fAI Subsequent testing is based on the
clinical scenario.
= Replete iron = Hemoglobin analysis, .
® Address cause especially if severe microcytosis, Refer for hematalegy evaluation if

family history of thal mia, and/or initial testing is unrevealing.
lifelong microcytic anemia
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ID :
A or Thalasemia? e =
o 2 At S1aes ¥ SO e S Y N
Ju Te i i
—
| Lest Result Unit Expected Value Differential
o = Neutrophils
weCs 6510 ful 4000-11000 Lymphocytes
RBCs H 575 mil/ul 4.2-54 Monocytes 3.4 e
Hb 12.0 g/dL 12-16 Eosinophils 24%
Het 392 % 37-47 Basophils 0.4 %
MCV L 682 fL 77-97
MCH L 209 pg 26-34
MCHC L 306 g/dL 3125330 o
276000 /uL
P/a’te/i{sl/ e 2 g
RDW_ 16 5 fL 9.3-78
POV H 11.8 i 7.5-11.0
MPV 54' - % 20-36
P-LCR H 2
Hypochrom/'a ? . é
ficrocylos!s
: 1 = DRAY BC-5800.
High [ =Low iff HematOIOQY Analyzer MIN
Fully Automated 5 partd



CAUSES AND RISK FACTORS FOR IRON

DEFICIENCY
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IDA in pregnancy
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Prevention of iron deficiency
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Oral iron products

Drug

Ferrous fumarate

(Contaif§33% elemental irgper

mg of mineral salt)

\ A

D e |

Ferrimin 150

Ferretts, Ferrocite,
Hemocyte

Elemental iron content
(mgq iron per mg tablet or
per mL liquid)*

29.5 mg/90 mg

150 mg elemental iror

106 mg/324 or 325 my

Ferrous gluconate

(Contains approximately 10 to

l_ﬂl%_ele_rnental iron per mg of
mineral salt)

m Tablets

Fergon, Ferrotabs

Various over-the-counter
and store-brand products
with "iron” in the name

27 mag/240 mg

28 mg/256 mgor 38 n
325 mg




Ferrous sulfate

(Generally containg 20 to 30%)
elemental iron per mg of mineral
salt but can vary by
manufacturer)

m Liguids

11,;'(1:»"""

olilgw 87
N
At purstint

g 4
@ spast i,

m Tablets

%
p
S
z
2

Feosol oniginal

Ferro-Bob, FerrouSul

Multiple concentrations exist;
check packaging closely

15 mg/1 mL ("drops,”
"solution™)

44 mglllllIS r_r_ll_ I::Ileli:{ir_llll Illiquidll:l

60 mag/5s mL ("syrup™)

65 mg/200 mg
65 mg/325 mg

Polysaccharide-iron complex
(PIC)

(Also availlable as PIC plus folic
acid and PIC plus folic acid and
vitamin B12)

m Liguids
MowvaFerrum

MNovaFerrum 125
m Capsules

EZFE 200, Ferrex 150,
Ferric-X 150, iIFerex 150,
Myferon 150, NovaFerrum
20, Nu-Iron 150, PIC 200,
Poly-Iron 150

15 mg/1 mL ("drops"™)

125 mag/5 mL ("liguid™)

The number in the name is the mg
of elemental ron (eg, MovaFerrum
50 contains 50 mg elemental iron
per capsule)
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Treatment of iron deficiency

Irst trimester /47 B st i

i
Vil

o,

57

ond and third trimesters 7 a7 =511 e z2 |
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those with severe iron those started on iron

deficiency anemia (e

hemoglobin level of 8 t
10 g/dL

.

/
cannot absorb oral iro ex
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trimester (after week 30, when
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replete ir ith oral i

-
-

i




28



Algorithm for evaluating and treating iron deficdency in pregnancy

= CBEC at initiation of prenatal care
= Serum ferritin level if anemia is present or there is suspicion for iron deficiency *

v

Iron stores™®

Adequate Inadequate

¥ ¥

= Treat with oral iron

ne prenatal care ® Assess response at two to three weeksd

v v

Repeat testing at 24 to 28 weeks of gestation
m If imitial iron stores were adequate, CBC alons
m If initial iron stores were not adeguate, CBC plus ferritin*

v

Anemia or low iron stores®

I
Yeas Mo

= Hb <10 g/dL

Are any of the following present?

® Intolerance or concemn for decreased adherence to oral iron

®m Anatomic or functional inability to absorb oral iron (eg, gastric bypass, IBD)
® Lack of response to oral iron

®m Beyond 20 weeks (insufficient time to correct iron deficiency before delivery)

Routine prenatal carel

I
Yas

¥

1
Mo

¥

m Treat with intravenous iron

® Assess response at two to three weeksd ® Assess response at two to three weeks8

= Treat with oral iron




Factors influencing the absorption and
bioavailability of dietary iron

D et Absorption of @

Amount of heme iron, especially in meat

Content of calcum in the meal (calcium impairs iron absorption)
blood loss
Absorption of nonheme iro
) . Iron status
dietary intake B |
Amount of potentially available nonheme iron
) Balance between positive and negative factors
reduced absorption N
Positive factors

Meat or fish (factors in meat other than heme iron

/ Dietary heme iron (iron fI‘O enhance absorption of nonheme iron)
beller absorbed than non-hs

Negative factors
Phytate (in bran, ocats, rye fiber)
Paolyphenols (in tea, some vegetables and cereals)

Dnetary calcium

Say protein




Nutritional Considerations

a balanced vegetarian diet that includes legumes, fortified or whole grains,
dried fruit, nuts, seeds, and green vegetables easily provides adequate iron

Dairy products and eggs are very poor sources of iron and decrease
iron absorption

« Caseins from milk and calcium inhibit iron absorption

 |ron status measured as serum ferritin is inversely associated with greater
consumption of dairy products in toddlers

» consume dairy products (milk, cheese and other foods made from milk)
as a between meal snacK

» Eggs (especially yolks) also appear to inhibit iron absorption (phosvitin)

31



Nutritional Considerations

Fruits and vegetables aid the absorption of nonheme iron.

Fruits and vegetables contain Vit@miNi€ and organic acids (e.g., citric acid) increasing
absorption of nonheme iron when consumed in the same meal

Vitamin C degrades with cooking, so consumption of uncooked (or lightly cooked) fruits
and vegetables with high vitamin C content

also appear to enhance iron absorption by overcoming the
inhibiting effect of polyphenols and phytates (found in whole grains) on iron absorption.

Adding vitamin A to an iron supplement regimen has also been shown to result in greater
anemia reduction than iron alone produces

32



Nutritional Considerations

Tea, coffee, and cocoa should not be consumed with meals if poor iron status
IS suspected.

Polyphenols and tannins in these beverages inhibit the absorption of nonheme iron.
appears to be the most potent in this regard

separate tea and coffee drinking from meal times; consumption 1-2 hours later will
not inhibit iron absorption

33






Dietary iron

Gamide
Ggly
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Iron stores

Erythron iron

NMarrow iron
stores

Serum ferritin
{(rig-L)

TIBC (ug/dL)
St (ug/dL)

Saturation (°4)

Marrow
sideroblasts (°4)
RBC
protoporphynn
(zi1g/dL)

RBC
morphoiogy

Normal

50-200
300-360
50-150
30-50
40-80
30-50

NL

Negative
ITomn
balance

-

P e S —

O-1+

deficient
erythropoiesis

|

i i,—‘.~— - -
N -

iron-

o

L)
U
4

>380

20

<10

>100

NL

fircnmn-

deficiency
anema

' r"‘L"j
O
<15

=4 00

<30

<10

>200

Microcytic/
hypochromic



Capyrights afl

Normal

Iron deficiency
without anemia

Laboratory findings during the development of iron deficdency

Iron deficiency
with mild
anemia

Severe iron
deficiency with
severe anemia

Hemoglobin

Fed blood cell size
and appearance

Serum ferritin

Serum iron

Total iron-binding
capacity (TIBC;
transferrin)

Transferrin
saturation (serum
iron/TIBC)

Reticulocyte
hemoglobin[t]

Bone marrow iron
stain

Ervthrocyte zinc
protoporphyrin,
ng/mL RBC

Mormal range™

Mormal

40 to 200 ng/mL
(40 to 200 mog/fL;
89.9 to 449
picoM/L)

60 to 150 mcg/dL
(10.7 to 26.7
microM L)

300 to 260 mcg/dL
(53.7 to 64.4
micraM L)

20 to 50%

20.6 to 35.4 pg

Adequate iron

present

30 to 70

Mormal range™

Mormal

<40 ng/mL1T (<40
mcg/L: <89.9
picoM /L)

&0 to 150 mog/dL
(10.7 to 26.7
microMy/L)

300 to 390
mcg/dL (53.7 to
59.8 microM/L)

20%

22.3 to 34.7 pg

Iron absent

20 to 70

9to 12 g/dL {20
to 120 g/L)

Mormal or slight
hypochromia
({(slight decrease in
MCHC)

<20 ng,/ mL (<20
mcg/L: <45
picoM /L)

<60 mcg/dL
{(=10.7 microM /L)

350 to 400
mcg/dL {(62.6 to
71.6 microM /L)

<15%

14.8 to 34.0 pg

Iron absent

>100

6to 7 g/dL (60 to
70 a/L)

Microcytosis
{decrease in MCV)
and hypochromia
(decrease in
MCHC)

<10 ng/mL (<10
mcg/fL: <22.5
picoM/L)

<40 mog/dL (<7.1
microM /L

=410 mcg/dL
(=73.4 microM/L)

<10%p

Data not available

Iron absent

100 to 200




CLINICAL MANIFESTATIONS
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Findings on examination 43

» 1he physical examinalion in individuals with iron deficiency (with or
without anemia) may be nonmal o1 it may reveal
following indings

Atrophic glossitis

» Pallor
e D1y 01 rough skin

e Alrtophic glossilis with 1055 01 tongue papillae, w
accompanied by tongue pain or dry mouth

Reprinted by permission from: Macmiflan Publishers Ltd: British Dental
Journal. Scully C, Felix DH. Oral medicine-update for the dental
practitioner: red and pigmented lesions. Br Dent ] 2005; 199:639.
Copyright © 2005.
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Adverse effects of oral iron
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RESPONSE TO IRON SUPPLEMENTATION
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Table A. Suggested scheme for daily iron supplementation in infants and young children og@d 6~23 months

TARGET GROUP Infants and young children (623 months of age)

W8RG B 10-12.5 mg elemental iron® _ -
SiderAL Z

SUPPLEMENT FORM Drops/syrups —— el

FREQUENCY Daily

DURATION Three consecutive months in a year

Where the prevalence of anaemia in infar ren is 40%

or higher®

1 10-12.5 mg of elemental iron equals 50-62.5 mg of ferrous sulfate heptahydrat ous fumarate or

83.3-104.2 mg of ferrous gluconate.

® In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates,
visit the WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).



lnble B. Suggested scheme for daily iron supplementation in children ageq(24-59 months

TARGET GROUP Preschool-age children (24-59 months of age)
RO N B 30 mg elemental iron® 8
SUPPLEMENT FORM Drops/syrups/tablets
FREQUENCY Daily

DURATION Three consecutive months in a year

SEITINGS Where the prevalence of anaemia in infants
or higher®

* 30 mg of elemental iron equals 150 mg of ferrous sulfate heptahydrate, 90 mg of ferrous fumarate or 250 mg of ferrous
gluconate.

® In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates,
visit the WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).



Table . Suggested scheme for daily iron supplementation in schookage childre(5—12 years of age)
TARGET GROUP School-age children (5-12 years of age)

W RS B 30-60 mg elemental iron?
SUPPLEMENT FORM Tablets or capsules
FREQUENCY Daily

DURATION Three consecutive months in a year

SETTINGS Where the prevalence of anaemia in infants and young children is 40%
or higher®

* 30-60 mg of elemental iron equals 150-300 mg of ferrous sulfate heptahydrate, 90-180 mg of ferrous fumarate or 250-500
mg of ferrous gluconate.

" In the absence of prevalence data in this group, consider proxies for high risk of anaemia. For the most recent estimates,
visit the WHO-hosted Vitamin and Mineral Nutrition Information System (VMNIS) (7).



Age groups

Low-birth-weight
infants

Children from 6 to
23 months of age
Children from 24 to

59 months of age

School-aged children
(above 60 months)

Women of
childbearing age

Pregnant women

Lactating women

Indications for supplementation
Universal supplementation

Where the diet does not include
foods fortified with iron or where

anaemia prevalence is above 40%

Where anaemia prevalence
is above 40 %

Where anaemia prevalence
is above 40 %

Where anaemia prevalence
is above 40 %

Universal supplementation

Where anaemia prevalence
is above 40 %

Dosage schedule

Iron: 2 mg/kg
body weight/day

Iron: 2 mg/kg

body weight/day

Iron: 2 mg/kg body
weight/day up to 30 mg

Iron: 30 mg/day
Folic acid: 250 ng/day

Iron: 60 mg/day
Folic acid: 400 pug/day

Iron: 60 mg/day
Folic acid: 400 pg/day

Iron: 60 mg/day
Folic acid: 400 ug/day

Duration

From 2 months of age up to
23 months of age

From 6 months of age up to
23 months of age
3 months

3 months

3 months

As soon as possible after
gestation starts - no later than
the 3™ month - and continuing
for the rest of pregnancy

3 months post-partum



trategesfor Increasing ietaryand Supplemental ron

Strategy Action
Increase iron through cooking. Use cast Iron skillets for acidic food preparation, such as tomato sauce.
Iron will leech out of the iron skillet into the food.
Increase iron through consumption with a source of vitamin C. Drink orange juice with food sources of iron, such as spinach.
Increase iron through consumption of foods with higher iron bioavailability. Lean meats contain highly absorbable iron.
Increase the use of high-iron foods in the diet. Find acceptable ways to prepare spinach, use blackstrap molasses or include beans.
Increase iron intake through the use of iron-fortified foods. Read ingredient labels for iron fortification of cereals and other products.
Increase iron absorption through proper supplementation. Take an iron supplement at a different time than other mineral supplements or

multivitamin-mineral preparations to avoid competitive absorption.
Take supplements with a vitamin C source and preferably on an empty stomach.

Continue vitamin administration and reduce negative side effects of constipation and
cramping through alternative actions.
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Hematology

Test ’ |
VCVBC Result Unit L
BC : e
RBCSS 6510 ful 4000”000 N':uﬂuprulg
Hb H 475 milluL 4254 L;mmfes
“ A
My L Gé 2 34T Basophils
MCH ' fL 7797
L 209 09 ey
MCHC L 206 o .
Platelets 276000 i 150000
£ 165 L 9318
MPV H 118 fl 75110
P.LCR H 547 % 20-36
Hypochromia (+)
ficrocylosis (+4)
| = High [, =Low
» ' AV B0
y Fu Jy Autorm o 5 part diff Hematology Analyzer MIND

g( results reported b

hL’k’L\L'Lj h} : S&l.’idiif




5/000 Biochemistry

Test
4 e % Unit  Method Expected Value
T1BC . ugdl  Femozine 40-140
4 gl Persipitant Adult female: 250425

First Trimester :235410
Second Trimester: 302-519
Ferritin Third Trimester: 360-597
6.7 ngim  ELISA Premenopause  6-150
Postmenopause : 25-230

Results reported by Hitachi 902 Roche Diagnostics GmbH.
Checked by : Khodaparast

[Chromatographyl

Test Result Unit  Method Expected Value

Wb E ' i Quant LPLC

Hb.Electerophoresis : §.Quan -
05 % LPLC

ey H 4'2 % LPLC 15-33

o ' 6 e B

%3
HoA L




IDA Vs ACD
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Diagnosing the Cause of Microcytosis

Adult with microcytoss {(mean
corpusadar volume < 80 pm?® [BO fL])

!

Check ferntin level

|
: ’

Femritin level < 15 ng per mL Ferritin level normal 10 high

{(ISmcg per L), or =50 ng

per mbL {50 mcg per L) with

chronic inflammation Check serum iron evel TIBC,
l and transfermn saturation

lran deficency anemia

! . .

Serum iron level decreased Serum iron level decreased Serum iron level
TIBC increased TIBC decreased normal 1o increased
Transfernn saturation decreased Transfernn saturation decreased TI2C normal
Transferrin saturation
l l normal 1o increassed
Suggests iron Suggests anemia l
deficiency anemia of chronic disease

Perform hemoglobin electrophoresis
(consader earlier in the evaluation of
children and young adults)

|
! ’ ;

Normal hemogiobin A2 level Increased hemoglobin A2 level Diagnose other
l l hemoglobinopathy
Sideroblastic anemaa Beia-thalassemia tran

Adpha-thalassemia trait
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Macrocytosis (high MCV)

1ant adults)

Review the history, CBC, MCV, and
reticulocyte count if available

MCV 80 to 100 fL

v

Common causes: Common causes:
» Tron deficiency ® Vitamin B12 or folate deficiency
® Vitamin B12 or folate deficiency ® Drug-induced
= ACD/AT ®» |Liver disease or alcohol use
® Drug-induced ® Hypothyroidism
» Infection = High reticulocyte count
®» Liver disease or alcohol use " MDS
» Hemaolysis » Othersd

» Hypothyroidism

Refer to separate algorithm on

64






* Vitamin B12 and folale deficiencies are often considered together,
although 1olate deliciency has becoime less common in individuals
Who are living in developed countries and consuming a normal diet

Food Sources of Vitamin B, Food Sources of Folate
Food Vitamin B.; (ug)

Beef liver—1 ounce

Food Folate (ug)
Asparagus—1 cup 263

Clams—1 ounce
Oysters—1 ounce Spinach (cooked)—1 cup 262

Brewer's yeast—2 T : Cooked peas or lentils—Y2 cup 180

Lobster—3 ounces Romaine letiuce—1.5 cups 115

Pot roast—3 ounces , .
Tortilla—1 item 90

Yogurt—1 cup
Source: Adapted from: the USDA Agricultural Handbook Series. Available at

Source: Adapted from: the USDA Agricultural Handbook Series. Available at
http://www.usda.gov

http://www.usda.gov




Vitamin B12 deficiency

. Decreased intake (eg, reduced intake of animal products, strict
'~ vegan diet, breastfeeding by a vitamin B12-deficient mother).

 Decreased absorption (eg, gastrectomy, bariatric surgery, Crohn
. disease, celiac disease, pancreatic insufficiency, bacterial
overgrowth, gastric atrophy associated with aging).

' Medications and drugs that interfere with absorption or stability
' (eq, , histamine receptor antagonists, proton pump

Inhibitors, )

e,

 Other autoimmune conditions, such as thyroid disease or vitiligo, in
iIndividuals with pernicious anemia
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Folate deficiency
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Overview of evaluation
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Serum vitamin B12 and folate levels
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s Typical values for vitamin B12 are as follows:
o Deficient: <200 pg/mL
¢ Borderline: 200 to 300 pg/mL
o Normal: =300 pg/mL

s Typical values for folate are as follows:
o Deficient: <2 ng/mL
¢ Borderline: 2 to 4 ng/mL
o Normal: =4 ng/mL

74



Additional testing for selected individuals
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Diagnostic testing for suspected vitamin B12 or folate defiaency

Suspected vitamin B12 or folate deficiency based on one or more of the following:
® Underlying condition or diet asscciated with deficiency
® Macrocytic anemia with low reticulocyte count
= Mild pancytopenia
® Hypersegmented neutrophils
® Unexplained neuropsychiatric abnormalities

v

Measure serum vitamin B12 and folate levels®

One or both levels deficient

Y

|
One or both levels borderline Both levels normal

Y

Measure MMA and homocysteine

MMA increased; MMA normal; MMA normal;
homocysteine increased  homocysteine increased  homocysteine normal

¥ i ¥ ¥

Vitamin B12 and/or
folate deficiency confirmed 1

Vitamin B12 Folate

deficiency confirmed 1 deficiency confirmed 1 Vitamin B12 and folate deficiencies exduded
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Treatment of folate deficiency
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It is Important to be aware that administration of can partially
reverse some of the hematologic abnormalities associated with
deficiency; however, the neurologic manifestations of vitamin B12
deficiency are not treated by folic acid.

Thus, administration of folic acid to an individual with vitamin B12 deficiency
can potentially mask untreated vitamin B12 deficiency or even worsen the
neurologic complications
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Macrocytosis
Evaluation of Macrocytic Anemia

Mean corpuscular volume > 100 {L; order peripheral
smear, vitamin By, level, and reticulocyte count

l

Is peripheral blood smear abnormal?

|
l :

No (no megalobastic features) Yes (megalobastic features)
Consider alcohol-related, drug-related, Reticulocyte count > 2 percent?

thyroid-related, and liver disease pathologies,
and consider checking liver function tests

and thyroid-stimulating hormone levels l l
No Yes
Review vitamin By, level Suspect hemolysis and work-up

I for hemolytic anemia
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Normocytic (normal MCV)

0

Anormal MICY (60 1o 100 11) 15 the most common hindin
///// /://// //4 ///////1///{/%//:/;/;5//;//%////%///%//2//5 %914 CONNON NNaoint
g 7 KK IairSal W 2
. ////

-

ey anifa No 7 ,/

g RIVYY
e &

(7]

anenas n MO that 15 obvio 7 /é/’?/%mwg,,,;,,,, .

e C nay e mmnnraciorial. ahnl unaenpvingd conamior

and o] Nanigs %/M////f,, %
s

2




Mia is associe hgy elevated
( / v Z 7

7
Y
%/

" )
&,
4

anlelaiile anemia is associz wmith a Sl
e // //
w

e
9% A0

AVYEY YV E (X g ]
974 e v ounmmiis N sSulistainiv

gl 1

// /// ///////////{///////%// /////////////////////////////////////// 7 / Dt i
/é/ cyt %ﬁ//@/;///g//%tOO small to shift the I\/I///g/l//\/l///c;;l/} //(B/L/}rl//g//gy/%r//rr}/al
ange el ytic ////%//////////// v

1O taenul N DA Z






















Low MCY
(<80 fL)

Y

Normal MCV
(80 to 100 fL)

Y

High MCV
(=100 fL)

Y

Distinguish between iron deficiency and thalassemia

Obtain:
" Iran
" TIBC
" Ferritin

Determine source of bleeding if unexplained

iron deficiency present®

Correct iron deficiency prior to assessing for
suspected thalassemia

Assass for anemia of chronic disease and for blood loss

Obtain:
® Iron, TIBC, ferritin
¥ Liver biochemical tests
" BUN, creatinine
® C-reactive protein, ESR

Determine source of bleeding if unexplained
iron deficiency present®

Normal/high reticulocyte count, assess for hemolysis

Obtain:
® Total and indirect bilirubin
" [ DH
® Haptoglobin
® Direct antiglobulin {Coombs) test

Request hematologic consultation to evaluate anemia
associated with low to absent reticulocyte count or
new-onset hemolysis

Assess for alcohal, hemolysis, and nutrient deficiency

Obtain:
" Vitamin B12, folate
" Liver biochemical tests
" TSH

Normal/high reticulocyte count, assess for hemolysis
(as described for normal MCV and normal/high reticulocyte
count) as well as bleeding

Request hematologic consultation to evaluate anemia
associated with low to absent reticulocyte count, new-onset
hemalysis, or worrisome abnormalities of other cell lines




Capyrishts apply

Initial evaluation of low hemoglobin, hematocrit in adults*

Are any of the following present?
= Hemodynamic instabil

= Hemorrhage

= Brisk or new-onset hemolysis
= End-organ ischemia
= Emergencies associated with pancytopenia

Hydration, hemodynamic support, Obtain:

transfusion, if appropriate
Urgent specialty consultation

Obtain:
= Type and crossmatch

= CBC with differential, platelet count

= Raticulocyte count

= PT, aPTT

= Liver biochemical tests&
= BUN, creatinine

Review:
= peripheral blood smear®

Distinguish between iron deficiency and thalassemia
Obtain:

= Iron

= TIBC

= Ferritin

Determine source of bleeding if unexplained
iron deficiency presentS

Correct iron deficiency prior to assessing for
suspected thalassemia

® Repeat CBC with differential and
platelet count

= Abzolute or corrected reticulocyte
count, if not already measurad

Review:
= RBEC indices
= peripheral blood smear®

MNormal MCV
(80 to 100 fL)

¥

Assess for anemia of chronic disease and for blood loss

Obtain:

® Iron, TIBC, ferritin

= Liver biochemical tests

= BUN, creatinine

= C-reactive protein, ESR
Determine source of bleeding if unexplained
iron deficiency present®

Normal/high reticulocyte count, assess for hemalysis

Obtain:
= Total and indirect bilirubin
= LDH
= Haptoglobin
= Direct antiglobulin {Coombs) tast
Request hematologic consultation to evaluate anemia

associated with low to absent reticulocyte count or
naw-onset hemalysis

This algorithm is intended for use with additional UpToDate content on anemia.

High MCV
(>100 fL)

i

Assess for alcohel, hemolysis, and nutrient deficiency

Obtain:
= Vitamin B12, folate
= Liver biochemical tests
= TSH

Mormal/high reticulocyte count, assess for hemolysis
(as described for normal MCV and normal/high reticulocyte
count) as well as bleeding

Request hematologic consultation to evaluate anemia
associated with low to absent reticulocyte count, new-cnsat
hemolysis, or worrisome abnormalities of other cell lines

C complete blood count; PT: prothrombin time; aPTT: activated partial thromboplastin time; BUN: blood urea nitrogen; RBC: red blood cell; MCV:

mean corpuscular volume; TIBC: total iron binding capacity; ESR: erythrocyte sedimentation rate; LDH: lactate dehydrogenase; TSH: thyroid-

stimulating hormone.

= Reference values for RBC parameters depend on age, sex, and other factors. Interpretation of a specific abnormal test result should be based
upon the reference range reported by the laboratory.
1 Life-saving interventions should not be delayed while awaiting the results of diagnostic testing.

A Liver biochemical t include total and indirect bilirubin, alanine aminotra

erase, and aspartate aminotra

%+ Review of the peripheral blood smear by an experienced individual may identify abnormalities not detected by automated machines but is not

required in all patients.
§ Common sourc

nal bleeding.







