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Lab

WBC 6.8-8.9 PTT 26 Urea 37
RNC 1.99-2.1 ESR 44 Cr 0.8
HB 7.8-8.2 Retic 0.9
HCT 21.2-23.6 INR 1.11
MCH 39 FBS 115 - 98
MCV 135-112 TSH 1.3
MCHC 36.7 T4 6
PLT 116 TIBC 333
RDW 22 PSA 0.4
s i g5 70% ferritin 288
Caans il 22% Coombs diect | negative




Normal hematologic parameters in adults

Parameter Men Women
Hemoglobin (g/dL) 13.6 to 16.9 11.9to 14.8
Hematocrit (%) 40 to 50 35 to 43
RBC count ( X 106/microL) 4.2 to 5.7 3.8t0 5.0
MCV (fL) 82.5 to 98
MCHC 32.5 to 35.2
RDW (%) 11.410 13.5
Reticulocyte count (x 16 to 130 16 to 98
103/microL or x 10 9/L)

Platelet count { % 152 to 324 153 to 361
10 3/ microL)
WBC count ( X 103/microL) 3.81t0 10.4




Problem List?



Male 63 y/o

Fatigue & Lightheadedness
30 pack year smoking
Unintentional weight loss
Pale conjunctiva

Sublingual icterus

Hb 7.7

MCV 135

CVA 2 times
Thrombocytopenia
No heart murmur
Clear lungs

3VD

Left Carotid Stent
White buccal mucosa
plaque

Poor dental hygiene
Mechanical neck pain
True vertigo
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Abnormalities of DNA metabolism

Shift to immature or stressed red cells

Vitamin B12 (cobalamin) deficiency
Folate deficiency
Drugs
Antiretroviral therapies for HIV infection (eg, zidovudine)

Azathioprine or 6-mercaptopurine
Capecitabine

Cladribine

Cytosine arabinoside
Hydroxyurea

Imatinib, sunitinib

Methotrexate

Reticulocytosis

Action of erythropoietin - skip macrocytes, stress erythrocytosis
Aplastic anemia/Fanconi anemia

Pure red cell aplasia

Primary bone marrow disorders

Myelodysplastic syndromes
Congenital dyserythropoietic anemias

Some sideroblastic anemias

Large granular lymphocyte (LGL) leukemia



Lipid abnormalities

Liver disease

Hypothyroidism

Mechanism unknown

Alcohol abuse

Multiple myeloma and other plasma cell disorders




Gastric abnormalities Pancreatitis

Autoantibodies to intrinsic factor or gastric parietal cells (ie, pernicious anemia) Pancreatic insufficiency
’ Gastrectomy/bariatric surgery Diet
‘ Gastritis Breastfed infant of a mother with vitamin B12 deficiency
‘ Autoimmune metaplastic atrophic gastritis Strict vegan diet
Small bowel disease Vegetarian diet in pregnancy
Malabsorption syndrome Agents that block or impair absorption

Ileal resection or bypass Neomycin

Inflammatory bowel disease (eg, Crohn disease) Biguanides (eg, metformin)

Proton pump inhibitors (eg, omeprazole)

Bacterial overgrowth . : ; 30 e
Histamine 2 receptor antagonists (eg, cimetidine)

Blind 1
ncloop Nitrous oxide (N 9 0) gas, used for anesthesia or recreationally

’ Celiac disease
‘ Dibothriocephalus latus (fish tapeworm)

Inherited transcobalamin II deficiency




Nutritional deficiency

Substance use disorders that lead to inadequate dietary intake

Chronic excessive alcohol use, which may be associated with malnutrition and increased metabolic demands
Inadequate dietary intake due to severe malnutrition or restrictive diets

Consumption of overcooked foods (cooking inactivates folates)

Reduced intake of green leafy vegetables if residing in a country where cereals and grains are not supplemented with folic acid

Malabsorption

Celiac disease (sprue)
Inflammatory bowel disease

Infiltrative bowel disease

Short bowel syndrome

Bariatric surgery



Drugs (various mechanisms)

Methotrexate
Trimethoprim
Ethanol

Phenytoin

Increased requirements

Pregnancy, lactation
Chronic hemolysis

Exfoliative dermatitis or severe eczema

Other conditions with high cellular turnover







Anemia evaluation in outpatients (nonpregnant adults)

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

v

What is the MCV?

MCV <80 fL

v

Common causes:
= Iron deficiency
= Thalassemia

= ACD/AI (less likely)

Obtain iron studies in all individuals*
(concomitant iron deficiency can affect
hemoglobin analysis)

v

Low ferritin or TSAT?1

r
Yes

v

1
No

A

|
MCV 80 to 100 fL

v

1
MCV >100 fL

v

Iron deficiency anemia diagnosed

= Replete iron
= Address cause

Possible thalassemia or ACD/AI

= Hemoglobin analysis,
especially if severe microcytosis,
family history of thalassemia, and/or
lifelong microcytic anemia

Common causes:
= Iron deficiency
= Vitamin B12 or folate deficiency
= ACD/AI
= Drug-induced
= Infection
= Liver disease or alcohol use
= Hemolysis
= Hypothyroidism
® Others&

Obtain reticulocyte count and
chemistry panel with kidney and
liver function tests.

Subsequent testing is based on the
clinical scenario.

Refer for hematology evaluation if
initial testing is unrevealing.

Common causes:
= Vitamin B12 or folate deficiency
® Drug-induced
= Liver disease or alcohol use
= Hypothyroidism
= High reticulocyte count®
= MDS
= Othersf

Refer to separate algorithm on
evaluation of macrocytic anemia
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Definition

Anemia + MCV>100 + impaired nucleic acid metabolism



Mechanism of Action

A. Deficiency of B Vitamins and Met

l :

‘%3% ~

— |

B9
/ T
/ BCAAs
Folate Met Fatty Acds

Cholesterol

Propionate
metabolism

Decreased DNA/histone
methylation

methylation (RNA
and proteins)

Decreased

Decreased

Decreased DNA synthesis

Increased DNA damage

myelin synthesis

Decreased

propionate
catabolism




Clinical Manifestation

Subacute combined degeneration
(B,, deficiency)

Dorsal column
(loss of position/vibration sense)

Spinocerebellar tract
(ataxia)

Lateral corticospinal
tract (spastic paresis)




Diagnostic testing for suspected vitamin B12 or folate deficiency

Suspected vitamin B12 or folate deficiency based on one or more of the following:
= Underlying condition or diet associated 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

One or both levels borderline Both levels normal

i

Measure MMA and homocysteine

MMA increased; MMA normal; MMA normal;
homocysteine increased  homocysteine increased  homocysteine normal
\ \ \ ¥ \
Vitamin B12 and/or Vitamin B12 Folate

folate deficiency confirmed 1

deficiency confirmed 1 deficiency confirmed 1

Vitamin B12 and folate deficiencies excluded
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Bone marrow /hematologist referral

—— In cases where the cause of macrocytosis is not obvious from
preliminary laboratory testing, hematologist referral is appropriate
to evaluate the possibility of less-common causes of chronic
hemolytic anemia and underlying bone marrow disorders such as
myelodysplasia. Bone marrow evaluation for signs of dysplasia,
hematologic malignancy, or abnormality of RBC maturation is
appropriate if there is pancytopenia or if the initial testing listed
above does not provide a diagnosis. (See 'Initial testing’ above.)

Bone marrow testing should include standard morphologic analysis
as well as iron staining, which is used in the diagnosis of MDS and
may also reveal iron deficiency that could blunt the degree of
macrocytosis. Other special stains may be selected based on
preliminary findings. The usefulness of genetic testing (eg, with a
myeloid somatic mutation panel) has not been studied.

Bone marrow cells should also be sent in preservative-free media
to allow for cytogenetic analysis in cases of possible
myelodysplasia or hematologic malignancy. (See "Evaluation of
bone marrow aspirate smears” and "Bone marrow aspiration and
biopsy: Indications and technique", section on 'Preparation of
samples’.)



Treatment B12

Vitamin B12 deficiency in an outpatient
(refer to separate algorithm for diagnostic testing)

v

Are there any of the following concerning features?

= Symptomatic or severe anemia (Hb <8 g/dL)
= Neuropsychiatric or neurologic symptoms

= Possible/likely malabsorption*

= Concern about adherence or follow-up




1
Yes

v

Initial parenteral therapy

continued for up to 3 months.

= Dose: During the first week, 1000 mcg 1 to 3 times weekly or once daily:
then 1000 mcg once per week for up to 4 weeks.

= Duration: Typically 4 weeks; if neurclogic symptoms are improving this may be

= Monitor: Close follow-up for resolution of symptoms, improvement in anemia and/or
macrocytosis. Frequency depends on level of concern and severity. Repeat CBC at
2 to 3 weeks (may incdude reticulocyte count).

Response as expected?

|

Yes

1
No

v

Maintenance therapy

= Dose:

e IM: 1000 mcg monthly (cyanocobalamin) or once every
2 months (hydroxocobalamin), administered by the
clinician or the patient.
==

e Oral or SL: 1000 mcg daily (available over-the-counter).
Option if symptoms have resolved and adherence assured.

= Duration: Indefinite for individuals with an irreversible
cause of deficiency. May be discontinued if a reversible
cause of deficiency has been addressed (eg, if metformin
is discontinued).

= Monitor: CBC every 6 months for the first year,

then annually; more frequently if concerns or

symptoms recur. Monitoring of vitamin B12 or MMA level is

not required but may be done on an individualized basis.

Re-evaluate

= Other causes of anemia in addition to vitamin B12 deficiency
(iron deficiency, folate deficiency, others).
= Other causes of neuropsychiatric or neurcologic symptoms.

= Need for a more intensive dosing (if vitamin B12 levels
remain borderline or low). 1

Continue therapy

= Resolution of neuropsychiatric and neuroclogic symptoms
may take longer and may be incomplete.




1
No

v

Parenteral or oral therapy (shared decision-making)

= Dose:

e IM: 1000 mcg weekly for 4 weeks, followed by cyanocobalamin (monthly; available
in the United States) or hydroxycobalamin (once every 2 months), administered by
the dinician or the patient.

-or-
¢ Oral or SL: 1000 to 2000 mcg daily (available over-the-counter).
= Monitor: CBC and vitamin B12 level in 4 to 8 weeks, then in 6 months, then annually.

Response as expected?
|
r 1
Yes No
\ \d
Maintenance therapy Re-evaluate
= Dose: Continue same dose. = Assess adherence (if self-administered).
= Duration: Indefinite for individuals with an irreversible = Consider switching to parenteral therapy (if taking orally).
cause of deficiency. May be discontinued if a reversible = Consider more intensive dosing. 1
cause of deficiency has been addressed (eg, if metformin is = Evaluate other causes of anemia (iron deficiency,
discontinued). folate deficiency, others).
= Monitor: CBC every 6 months for the first year, then
annually; more frequently if concerns or symptoms develop. Continue therapy (unless cause of deficiency has been
Monitoring of the vitamin B12 level is not required but may resolved).
be done on an individualized basis.




Duration of therapy

— The duration of therapy depends on whether the initial

cause of the deficiency persists. Lifelong replacement is
necessary for individuals with a condition that is not reversed
(eg, gastric bypass surgery, autoantibodies to intrinsic factor
[pernicious anemia]). If the cause of the deficiency can be
treated or eliminated (eg, excessively restrictive diet, drug-
induced deficiency, reversible cause of malabsorption),
supplementation can be discontinued after the deficiency is
corrected.



Treatment B9

— Folate deficiency is typically treated with oral folic acid (1 to 5 mg daily)

[1]. This dose is usually sufficient

even if malabsorption is present, because it is considerably in excess of the 200 meg (0.2 mg) recommended
dietary allowance (table 2). (See "Vitamin supplementation in disease prevention', section on Folic acid')

For those with a reversible cause of deficiency, therapy is generally given for one to four months or until there
is laboratory evidence of hematologic recovery. For those with a chronic cause of folate deficiency, therapy

may be given indefinitely.

[ntravenous folic acid may be appropriate in certain settings, such as individuals who are unable to take an
oral medication (eg, due to vomiting or obtundation) or those who have severe or symptomatic anemia due to

folate deficiency and hence have a more urgent need for rapid correction.
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https://www.dropbox.com/sh/ywgox4y1rfozikn/AABSn2tIg3dMl5om3dH2BBfta?dl=0
https://www.dropbox.com/sh/ywgox4y1rfozikn/AABSn2tIg3dMl5om3dH2BBfta?dl=0

PBS

(U GLF u)

Giant Platelet

Hypersegmented
Neutrophil
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