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Learning Objectives

1. Learn to identify the body’s best organ – the BLOOD – of course.

2. Master all parts of the CBC.

3. Takeaway pearls from real hematology cases.





How many new red blood cells do you make every day?

A. 2 million

B. 20 million

C. 200 million

D. 2 billion

E. 20 billion



Normal CBC numbers

# In each ul In each ml In each liter 5L person

WBC 8.0 8,000 8 x 106 8 x 109 4 x 1010

RBC 5.00 5 million 5 x 109 5 x 1012 2 x 1013

PLT 400 400,000 4 x 108 4 x 1011 2 x 1012



Blood production

# In each ul In each ml In each liter 5L person

WBC 8.0 8,000 8 x 106 8 x 109 4 x 1010

RBC 5.00 5 million 5 x 109 5 x 1012 2 x 1013

PLT 400 400,000 4 x 108 4 x 1011 2 x 1012

# 5L person Life-span New daily Every minute

WBC 8.0 4 x 1010 24 hours 4 x 1010 30 million

RBC 5.00 2 x 1013 120 days 2 x 1011 150 million

PLT 400 2 x 1012 5 days 4 x 1011 300 million





75F with anemia

• Isolated anemia.

• Normocytic anemia.

• The other CBC parameters are normal.



75F with isolated normocytic anemia.

A. Anemia of chronic renal disease.

B. Anemia of chronic inflammation.

C. Autoimmune hemolytic anemia.

D. Iron deficiency.

E. Beta-thalassemia.



75F with anemia of chronic renal disease

• Erythropoietin is produced 
in specialized kidney cells 
that are outside the 
glomerulus.

Quan et al. 2008. Int. J. Legal Medicine



75F with anemia of chronic renal disease

Normal range
~5-21

Confirming the 
diagnosis?



Dynamics of serum erythropoietin

HCT
Expected 

Serum EPO
Response

50% 1

40% 10

30% 100

20% 1000

NEJM 1991



75F with anemia of chronic renal disease

Erythropoietin
Started 10,000 U TIW

Increased to 15,000 U TIW

????



The RDW

https://www.degruyter.com/document/doi/10.1515/cclm-2014-0585/html



RDW is a “quality control” metric of the bone marrow

• The bone marrow is supposed to make red blood cells according to specific 
tolerances of size and shape.

• The more regular the RBC, the smaller the RDW.

• Analogy:
• Low RDW = Dunkin’ donuts.
• High RDW = Expensive handcrafted hipster donuts.

• Certain underlying factors can predispose to a high basline RDW, e.g., 
thalassemia, hereditary spherocytosis, etc. 



Low RDW

• Marrow extrinsic effects.

• Anemia of chronic renal disease (e.g., 
low erythropoietin).

• Anemia due to hypogonadism (e.g., low 
testosterone). 

High RDW

• Marrow intrinsic effects or limitations in 
RBC building blocks.

• Intrinsic (inherited): thalassemia.

• Intrinsic (acquired): infiltrative processes, 
hemolytic processes, production 
problems (MDS).

• RBC building blocks: Fe, B12, Folate.

Anemia by the RDW





What happened between October and April?



What happened?

A. Treatment of MDS.

B. Consistent sobriety.

C. Therapy for autoimmune hepatitis.

D. Bone marrow transplant.

E. Liver transplant.



Liver failure & spur cell anemia



The liver is very important to bone marrow health

• Liver disease and spur cell anemia is very 
challenging.

• Tendency towards bleeding & clotting given the 
disrupted balance in the coagulation system.

• Tendency towards bleeding (esophageal varices, 
hemorrhoidal bleeding) and iron deficiency (+ 
patients are on proton pump inhibitors). 





84M with mild anemia



84M with anemia

1.3 g/dL IgG-Kappa M-component
(1300 mg/dL)

mg/dL



84M with anemia

1.3 g/dL IgG-Kappa M-component

mg/dL

1,984 mg/dL

1,300 mg/dL
IgG-Kappa

M-component
“Abnormal”

684 mg/dL
IgG

Polyclonal
“Normal”



Is the MGUS the cause of his anemia?

A. Yes.

B. Yes, and he should be referred for treatment.

C. Yes, and he needs IVIG replacement therapy. 

D. No. It is an incidental finding that needs no follow-up.

E. No. It is an incidental finding that should be followed annually.

F. Probably not. It is an incidental finding that should be followed annually.



David’s MGUS-Library Analogy



Normal Library

• 1,000,000 books

• 1 copy of each book

• Lots of appeal to every reader (and 
antibodies to recognize different 
infectious pathogens)

MGUS Library

• 1,400,000 books

• 900,000 books with 1 copy of each

• 500,000 copies of Harry Potter
• Monoclonal gammopathy

• Some loss of ‘normal books’ but 
generally speaking no increased risk of 
infection

Antibodies are like books in a library







72M with diabetes and proteinuria seen in renal clinic



What is this?

A. Nothing.

B. MGUS – Monoclonal Gammopathy of Undetermined Significance.

C. Multiple Myeloma.

D. Light Chain Myeloma.

E. Plasma cell leukemia.



Is there any CRAB criteria?

• C – Calcium is normal.

• R – Renal function is normal.

• A – no Anemia.

• B – any bony disease?



New IMWG criteria

• >60% plasma cells in the marrow

• Serum light chain ratio >100





33F with fatigue

• Long history of heavy menstrual 
periods. 

• Pelvic ultrasound suggestive of 
adenomyosis.



33F with fatigue

A. Looks like iron deficiency.

B. Looks like iron deficiency on top of thalassemia.

C. Looks like thrombocytopenia.

D. Looks like early onset MDS.

E. Looks like an acute bleeding event.



33F with fatigue

• Iron deficiency
• Anemia + microcytosis + wide RDW

• Iron deficiency on top of thalassemia
• Impossible to tell in this setting

• Thrombocytopenia
• Lab artifact!

• Acute bleeding event
• Acute bleed is a NORMOCYTIC anemia



33F with iron deficiency



Total body iron stores – about 5 grams of iron

2000 mg
Liver

Ferritin

2500 mg
RBC

Hemoglobin

500 mg
Enzymes

e.g., myoglobin

5 grams
5000 mg



2000 mg
Liver

Ferritin ~50
Iron sat ~20%

2500 mg
RBC

Hgb ~13
Hct ~40%

500 mg
Enzymes

5000 mg

Ferritin ~12
Iron sat ~5%

Hct ~22%

Normal stores

Our patient

Iron deficit ~1500 mg 1000 mg 2500 mg



How to replete an iron deficit of 2500 mg?

• Oral iron

• Low dose iron is much better tolerated

• Every-other-day iron has better fractional absorption

• Assuming no further blood loss, and an excellent 
absorption of ~25 mg a day, a deficit of 2500 mg will 
therefore take ~100 days to overcome. 



How to replete an iron deficit of 2500 mg?

• Common preparations of intravenous iron

• Iron sucrose: 300 mg x 3 doses = 900 mg

• Ferumoxytol: 510 mg x 2 doses = 1020 mg



Ferritin 12
Iron sat 5%

Hct 22%

Iron deficit ~1500 mg 1000 mg 2500 mg

Ferritin ~13
Iron sat ~6%

Hct 41%
Iron Sucrose
300 mg x 3

The ferritin remains 13!
Is she “iron-refractory?”

Our patient gets 3 infusions of iron sucrose



Iron thoughts

• Iron is a math game, the iron IN must exceed the iron OUT

• Storage iron (e.g., ferritin) will not go up until the RBC have what they need

• Do not check for a response too early! 
• Red blood cell lifespan ~100-120 days (a little shorter in iron-deficient cells)

• Wait for the cells to turnover once before rechecking labs



When can one declare iron “victory” (i.e., iron replete)

A. The HCT/HGB are normal

B. The HCT/HGB and MCV are normal

C. The HCT/HGB and MCV and RDW are normal

D. The MCHC is normal

E. Magnets start to spontaneously adhere to the patient



Low RDW

• Marrow extrinsic effects.

• Anemia of chronic renal disease (e.g., 
low erythropoietin).

• Anemia due to hypogonadism (e.g., low 
testosterone). 

High RDW

• Marrow intrinsic effects or limitations in 
RBC building blocks.

• Intrinsic (inherited): thalassemia.

• Intrinsic (acquired): infiltrative processes, 
hemolytic processes, production 
problems (MDS).

• RBC building blocks: Fe, B12, Folate.

Anemia by the RDW





45M with anemia

50



45M with anemia

A. Probably a transient viral process.

B. Probably a medication side-effect.

C. Probably ITP (immune thrombocytopenic purpura).

D. Probably Aplastic Anemia.

E. Probably MDS.

F. Probably Acute Leukemia (AML or ALL).

51



45M with anemia

• New (i.e., normal baseline albeit 3 years prior).

• Context: occurred in the setting of travel to 
India, suggesting an exposure of some sort.

• Concerns: this is not an isolated anemia, as all 
three lines appear to be down.

52



Two-week outpatient follow-up

53



Now what?

A. HIV, HBC, HCV, CMV, EBV testing.

B. Peripheral blood flow cytometry for PNH.

C. Coombs test, LDH, Reticulocyte count.

D. Bone marrow biopsy.

E. Trial of steroids +/- IVIG. 

54



Aplastic anemia

• A → D are all correct

• Aplastic anemia is caused by a toxic or autoimmune attack on the 
hematopoietic stem cell

• It leads to pancytopenia because of underproduction
• LDH is typically LOW

• RETIC is typically <0.5%

• Rule out destructive processes

55



Smears!!!



63F with melanoma and new anemia (nivolumab, PD1)



What do you see?

A. Circulating melanoma cells

B. Spherocytes

C. Spherocytes and Schistocytes

D. Spherocytes and nucleated red blood cells

E. Spherocytes and nRBC and auto-antibodies (IgG)

F. Cytokine release syndrome



Spherocytes – drug induced autoimmune hemolytic anemia



29M with chest pain and shortness of breath



29M with chest pain and shortness of breath

A. TTP

B. Sickle cell disease

C. DIC

D. HIT 

E. Thalassemia



Sickle cell disease





What is the arrow indicating?

A. Red blood cell clumping

B. Pseudo-thrombocytopenia

C. Ehrlichia

D. Burkitt’s lymphoma

E. Megakaryocyte

F. Cryoglobulins



Pseudothrombocytopenia



44M with anemia after rasburicase

• New diagnosis of multiple myeloma

• Acute renal failure with creatinine ~6

• Concern for tumor lysis with elevated LDH, K, PO4

• Uric acid ~16

• Decision made to give rasburicase







What are those cells?

A. Staining artifact

B. Blister cells in a patient with G6PD deficiency

C. Bruise cells in a patient with Pyruvate Kinase deficiency

D. Hereditary spherocytosis

E. Gaucher disease in a patient with glucocerebrosidase deficiency

F. Artifact due to hyper-viscosity secondary to myeloma



G6PD deficiency: Bite & Blister cells





Cases if there is extra time!



21M with anemia



21M with anemia





21M with anemia

A. Acute myeloid leukemia (AML).

B. Acute lymphoid leukemia (ALL).

C. Chronic myeloid leukemia (CML).

D. Chronic lymphoid leukemia (CLL).

E. Polycythemia vera



21M with chronic myeloid leukemia

• BCR/ABL (+), translocation between chromosomes 9 & 22

• Started on Dasatinib (PO)





What happens to the CBC during normal aging?

A. Progressive anemia.

B. Progressive increase in the MCV.

C. Progressive increase in the RDW.

D. Progressive neutropenia.

E. Progressive monocytosis.



97M with “Old Blood”?

• Perfectly normal CBC.

• No such thing as ’old age’ anemia.

• That does not mean that anemia is not 
common in aging of course, it is just not a 
normal part of the aging process.


