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Indications for Bone marrow 

Aspirations
 Diagnostic

 Thrombocytopenia

 Bicytopenia

 Pancytopenia

 Unexplained organomegaly/ Fever/anemia

 Suspected acute leukemia

 Staging for lymphomas, round cell tumors

 Baseline evaluation –
 Chronic myeloproliferative disorders

 Myeloproliferative myelodysplastic disorders

 Plasma cell dyscrasias

 Post treatment evaluation
 Post induction, Post consolidation, Day 10 marrows

 Clinical suspicion of relapse
○ Unexplained cytopenias

○ Unexplained fever



Supportive investigations

 Cytochemical stains –
 Perls iron stain

 Myeloperoxidase

 Sudan black B

 Non specific esterases – ( α-naphthyl acetate or 
α-naphthyl butyrate esterase)

 Ancillary investigation like flow cytometric
immunophenotyping

 Cytogenetic and molecular testing – These tests 
have to be targeted based on reports of the 
above.



Aspiration of the BM

 Satisfactory samples can usually be 
aspirated from the

 Sternum

 Anterior or posterior iliac spines

 Aspiration from only one site can give 
rise to misleading information; this is 
particularly true in aplastic anaemia as 
the marrow may be affected partially.



 There is little advantage in aspirating 

more than 0.3 ml of marrow fluid from a 

single site for morphological 

examination as this increases peripheral 

blood dilution.

 For ancillary investigation dilution may 

not affect the results





Which do you prefer ?

 What has gone 

wrong ?

A B

C



Touch Imprints

A B



What has happened here ?



 Even films without fragments are worth 

examining as useful information may be 

gained.

 However, assessment of cellularity and 

megakaryocyte numbers is unreliable and 

dilution with peripheral blood may lead to    

lymphocytes and neutrophils being  over-

represented in the differential count.



 Only after the bone marrow has been 

carefully assessed on low and medium 

power should the X100 oil be used to 

assess cellular detail.



Assessment of BM cellularity

 Cellularity cannot be assessed without 

knowing the age of a patient.

 A young child on average has about 

80% of the intertrabecular space 

occupied by haemopoietic cells whereas 

in a 75-year-old the average has fallen 

to around 30%.



Comparing normo, hyper, & 

hypocellular marrows 



Erythroid series

Myeloid series

Lymphoid series

Megakaryocytic series



*Proerythroblast

**Early erythroblast

***Intermediate erythroblast

****Late erythroblast



Proerythroblast

 Normal proerythroblast
[dark red arrow] in the 
bone marrow. This is a 
large cell with a round 
nucleus and a finely 
stippled chromatin   
pattern. Nucleoli are 
sometimes apparent. 

 The cytoplasm is   
moderately to strongly 
basophilic.

 There may be a 
paler staining area of 
cytoplasm surrounding 
the nucleus. 







Myeloid precursors

 Myeloblast promyelocyte myelocyte

metamyelocyte band form  mature 

neutrophil.



Myeloid precursors

 Normal myeloblasts have no granules but 
abnormal myeloblasts may have a few granules.

 Myeloblasts undergo one cell division and mature 
into promyelocytes. 

 Promyelocytes have primary or azurophilic
granules. They have a Golgi zone a pale area     
adjacent to the nucleus that is the site of granule 
production. The chromatin pattern of a 
promyelocyte shows some condensation or 
clumping, in contrast to the diffuse chromatin     
pattern of a myeloblast, but nucleoli are still visible. 



Normal granulocyte precursors in

the bone marrow

 . Note the  myeloblast [dark 
red arrow] with a    high 
nucleocytoplasmic ratio, 
diffuse chromatin pattern 
and  nucleolus. 

 There is a promyelocyte
[green arrow] which is larger 
and has a lower 
nucleocytoplasmic    ratio 
and abundant azurophilic
granules. 



Myelocytes 

 Myelocytes are smaller 

than promyelocytes and 

have specific granules that 

indicate whether they are of    

neutrophil, eosinophil or 

basophil lineage.

 The nucleolus is no longer 

visible.



A neutrophil metamyelocyte

 The metamyelocyte
differs from a 
myelocyte in having 
some indentation of 
the nucleus.

 It differs from a band 
form in not    having 
any part of its nucleus 
with two parallel 
edges.



Band or juvenile Neutrophils 

There are smaller 
numbers of cells of 
neutrophil lineage with   
non-segmented nuclei. 
They are referred to as 
neutrophil band cells or 
band forms. They are 
less mature than 
segmented 
neutrophils. 

.



*Megakaryoblasts

**Megakaryocytes 



Megakaryocytes in the BM
 . Most megakaryocytes

[arrows] are large cells 
which can be identified 
with low power. Their    
numbers are very variable 
in normal bone marrow 
films, being    partly related 
to the number of  
fragments present. 

 This image shows 
increased megakaryocyte   
numbers. 



Systemic scheme for 

Examining aspirated BM films

 Low power (x10)

Determine cellularity

 Identify megakaryocytes

 Look for clumps of abnormal cells

 Identify macrophages

 Look for variation in distribution of 

cells



Systemic scheme for 

Examining aspirated BM films

 Higher power (x40, x100)

 Identify all stages of maturation of myeloid 

and erythroid cells.

 Determine the M:E ratio

 Perform a differential count.

 Assess the iron content.



Reporting results

 List the various descriptive comments 

regarding all the cell lines present in the 

BM

 Mention the striking abnormalities 

separately.

 Write your impression and any 

recommendations to the clinician. 



 Always correlate the peripheral blood 

counts and smear findings with bone 

marrow morphology.

 Bone marrow is a poor substitute for the 

above.



 Anemia – look at erythroid series

 Leukopenia or leukocytosis – look at 

myeloid and lymphoid series

 Thrombocytopenia / thrombocytosis look 

at Megakaryocytes

 When an obvious diagnosis is not 

evident write the impression based on 

why the marrow was done.



Normal bone marrow



Megakarocytic cells



Lymphoid cells





Pattern approach

Increased blasts greater than 20%.

 Acute leukemia/ CML blast crisis 

(presence of a documented chronic 

phase)/ rarely high grade non hodgkins

lymphoma

 Various morphology of blasts

 Cytochemistry/ Immunophenotyping 

/Cytogenetics/ molecular studies



Cytochemistry

 Myeloperoxidase- If positive Acute 

Myeloid Leukemia. If negative  then 

immunophenotyping is essential.

 Nonspecific esterase – positive in Acute 

Monoblastic and Acute Monocytic

leukemias



Immunophenotyping

 Essential for diagnosis of 

 Acute Lymphoblastic Leukemia (B cell and T

cell type)

 Acute Myeloid Leukemia M0

 Acute Monoblastic Leukemia M5

 Acute Megakaryoblastic Leukemia M7

 In oncology centres immunophenotyping

is essential for all patients of acute 

leukemia. 



Immunophenotyping
 2 techniques

 Immunohistochemistry

Flow cytometry using 

immunofluorescence



Immunophenotyping

Comparison of the two methods currently

Flow cytometry

(Immunofluorescence)

Immunohistochemistry

 Multiparametric evaluation of 

single cells

 Higher sensitivity

 Requires significant 

concentration of population of 

interest in the sample

 Gives accurate counts and 

percentages 

 Fixation and antigen retrieval 

problems

 Morphological confirmation of 

population of interest

 Can detect a few cells in a 

section

 Certain degree of subjectivity in 

interpretation of weak positivity



Case 

 45yr Male presenting with Fever and 

weakness









Immunophenotyping



















 68% Blasts,

 MPO-Positive.

 The blasts are negative for CD64 and CD123. 
Advise: - t (8; 21) & Kit mutation studies. Mast 
cells are neoplastic, expressing CD25, CD2, 
CD117 & CD33. This is best regarded as 
systemic mastocytosis with associated clonal 
hematological non - mast cell lineage disease 
(SM –AHNMD ) – Acute Myeloid Leukemia.



 Bone marrow biopsy.

Acute myeloid leukemia with mastocytosis.

 FISH for ETO-AML1: t(8;21) was positive 



Post Induction Marrow

 DILUTE BONE MARROW WITH NO 

EXCESS OF BLASTS. 

 Imprint shows residual mast cells.





Post consolidation





AML-M3







Morphology



AML M5

7/13/2015



Morpological criteria for various 

types of monocytic cells

 Haematologica 2009;94:994-7



 Haematologica 2009;94:994-7



8 yr male child referred from outside as case of 
Acute Lymphoblastic Leukemia.

Thrombocytopenia

Bone marrow done – dilute with scattered 40% 
blasts like cells and 60% lymphocytes

MPO - Negative

FCM - Outside diagnosed as CALLA positive 
ALL with CD19+, CD10+, HLADR+ & small 

percentage of CD34+ cells





Flow cytometric immunophenotyping





Maturation Patterns In Normal B Cell 

Precursors

Run at least 20 normal BM (10 

stressed) 



Hematogones



For Comparison



APML (AML-M3)



Dyserythropoiesis MDS





AML-Myelodysplasia

associated changes





 32 yr male with enlarged cervical Lymph 
nodes, 

 outside lymph node biopsy suggestive of 
hodgkins disease, confirmed at TMH 

 CBC –

 Hb- 7.0 gm/dl

 TLC- 3500 /µl

 Platelets – 30000/µl



Reed Sternberg 

Cell



 25 year old male with pancytopenia with  

fever and hepato splenomegaly.

 Bone marrow is normocellular with 

adequate representation of all series.















 2 yr old child with and abdominal mass





 12 year old male, known patient of T cell 

ALL 

 post induction marrow.





Hairy cell leukemia

• Morphology in the blood

• Atypical lymphocytes

– Moderate amounts of pale blue 

cytoplasm with circumferential 

cytoplasmic projections - hairy

– Oval to irregular kidney bean 

shaped nuclei

– “ground glass” chromatin

• Pancytopenia

• Monocytopenia

• Fibrosis in the marrow-->dry 

tap

• BRAF Mutation > 80%



TRAP positive

Tartrate resistant acid phosphatase
Acid phosphatase staining after incubation with tartrate





HAIRY CELL LEUKEMIA





Burkitts Lymphoma







Chronic Lymphocytic Leukemia











Prolymphocytic leukemia



MCL



MCL







Mantle Cell Lymphoma







Follicular Lymphoma









DLBCL



Diffuse Large B cell Lymphoma



PBL



PBL



PBL





Plasmablastic Lymphoma



CD5- CD10- Subgroup

 Hairy cell Leukemia and variant HCL 

 Marginal zone Lymphoma – Splenic and 

nodal

 Lymphoplasmacytic Lymphoma



43 Yr Male



Hairy Cell Leukemia



HCL



SMZL



SMZL



68/M MZL



Splenic Marginal zone Lymphoma



T cell Lymphomas

Clonality assessment

 Aberrant  T cell antigen expression

 Identification of restricted population of T 

cells



Aberrant  T cell antigen expression
 Absence or lack of staining for Pan T 

cell antigens like CD5 or CD7. NK cells 

normally lack staining for CD5

 Altered intensity of staining of antigens 

as compared to normal T/ NK cells

 Expression of non T/ NK Cells 

associated antigens like myeloid 

associated antigens or CD20 



Identification of restricted 

population of T cells

 highly altered CD4/CD8 ratio

 a significant proportion of CD4 and CD8 

double positive of double negative cells 

 a predominant population of TCR 

gamma-delta cells. 

 identifying restricted Vβ chain expression 

in TCR

 Killer inhibitory receptor (KIR) receptor 

subtype restriction for NK cell disorders.



T cell Lymphomas









T- cell Large Granular Cell Leukemia



HSGDT



HSGDT







Hepatosplenic gamma/delta T-cell 

lymphoma .






