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 List of Frequently Asked Questions

 1. What is the relevance of morphological examination of 
bone marrow and the role of surgical pathologist in the 
era of molecular diagnostics?

 2. What are the indications of bone marrow examination?
 3. Are there specific indications in certain patient groups?
 4. What are the contraindications for a bone marrow 

biopsy?
 5. What is the optimal procedure for obtaining and pro-

cessing bone marrow samples?
 6. What is the role of imaging studies in bone marrow 

examination?
 7. What clinical information is needed to adequately evalu-

ate a bone marrow specimen and what does the informa-
tion imply for underlying disease?

 8. Which laboratory test results are needed to adequately 
evaluate most bone marrow specimens?

 9. Which additional laboratory tests are needed for specific 
indications listed above?

 10. What is the optimal specimen for cytological examina-
tion of the marrow?

 11. How to judge the quality of aspirate smear?
 12. What information is obtained from cytological examina-

tion of the marrow?
 13. What is the role of the core biopsy?
 14. What additional studies should be considered in the 

evaluation of a bone marrow?
 15. Which findings are of immediate importance and should 

be reported to a clinician?

 16. What is the optimal organization of the bone marrow 
report?

 17. What are the mimics and what is the clinical relevance of 
misinterpretation between the true diagnosis and mimics 
with reference to mistreatment and/or prognosis?

 18. Which morphological findings in the peripheral blood/
BM aspirate/biopsy are reliably diagnostic? Which ones 
suggest the diagnosis? Which is (are) unreliable for 
diagnosis? Which findings rule out the diagnosis?

 19. What should be the approach to provide maximum, but 
defensible information, from a limited specimen or 
work-up?

 20. When is a diagnostic comment necessary and what 
should be discussed in the diagnostic comment?

 21. When is it appropriate to seek external consultation for a 
bone marrow biopsy?

 1. What is the relevance of morphological 
examination of bone marrow and the role 
of a surgical pathologist in the era 
of molecular diagnostics?

Despite the emergence of many ancillary tests, morphological 
examination of the bone marrow remains the mainstay of diag-
nostic work-up for almost all neoplastic hematologic conditions 
and many non-neoplastic conditions as well, because:

• Availability: Bone marrow aspiration for pathological diag-
nosis dates back to 1903 [1], and the trephine biopsy taken 
from the posterior superior iliac crest has been an integral 
part of the diagnostic workup since the mid- 1960s [2]. 
Morphological examination of bone marrow is now an 
established technique, requiring relatively simple equip-
ment and reagents which are almost universally available.

• Objective and comprehensive morphological informa-
tion: Morphology of individual cells and overall histology 
can be assessed, using the aspirate smear, clot section, and 
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core biopsy. Objective, quantitative, and qualitative 
 findings from each preparation can be recorded indepen-
dently. Laboratory technologists can perform quantitative 
assessment such as bone marrow differential counts, pro-
viding an extra layer of unbiased observation.

• Correct classification of most neoplastic/clonal conditions 
according to the latest WHO guidelines still requires accu-
rate morphologic identification and enumeration of abnor-
mal cell types in the marrow [3]. Well-stained preparations 
which allow detailed cytological and histological exami-
nation and precise qualitative and quantitative assessment 
of each marrow component are critical for accurate diag-
nosis and to assess prognosis.

• Specimen triage decisions: The repertoire of ancillary 
studies has steadily grown in the past two decades. It is 
the responsibility of the pathologist to properly triage 
low volume specimens for competing demands of vari-
ous ancillary techniques in a timely manner, someties 
based on limited clinical information and laboratory 
results. Thus, familiarity with requirements of tissue 
handling, amount of tissue required, and the relative 
advantages and disadvantages of different tests in the 
clinical context are needed.

• New Challenges: While combinations of clinical presenta-
tion with peripheral blood and laboratory findings are associ-
ated with a limited set of bone marrow morphological 
findings, newer therapies can produce unanticipated mor-
phological changes and create new diagnostic pitfalls and 
challenges. Novel applications of older drugs (arsenic, tha-
lidomide analogues), designer molecules targeting subcellu-
lar organelles (bortezomib) or precise molecular defects in 
individual hematological malignancies, as well as the vari-
ous modalities of immunotherapy improve survival but can 
cause unexpected morphological changes in the bone mar-
row and can induce therapy-related secondary pathology.

 2. What are the indications of bone marrow 
examination?

As the primary function of the bone marrow is production 
and maturation of cellular components of the blood, and to a 
lesser extent of lymphoid tissues, it is not surprising that 
most bone marrow biopsies are performed to evaluate quan-
titative or qualitative abnormalities of the blood. Indications 
for bone marrow examination and the key variables which 
may provide etiological clues are listed below.

• Abnormalities of the complete blood count and/or periph-
eral smear:

 – Evaluation of cytopenias – cells involved, duration
 – Evaluation of cytosis – cells involved, duration

 – Evaluation of circulating immature/abnormal cells  – 
leukoerythroblastosis, acute leukemia, other tumor cells

• Evaluation of a monoclonal paraprotein, lytic bone 
lesions, and suspected amyloidosis

• Follow-up after therapy for a marrow-based malignancy
• Staging of lymphomas and non-hematolymphoid 

malignancies
• Work-up of a fever of unknown origin/infection
• Evaluation of a storage disease
• Evaluation of suspected hemophagocytic syndrome

Additional clues to possible etiologies in common indica-
tions are:

• Cytopenias: Copper deficiency can cause pancytopenia 
[4] and a myelopathy which may develop with zinc 
excess, after gastric bypass, and with total parenteral 
nutrition [5] (Fig.  20.1a). Evaluation of cytopenias in 
patients with a diagnosis of a systemic autoimmune dis-
ease may be particularly challenging, and bone marrow 
examination may reveal a specific cause such as MDS in 
about 20% of cases [6]. In one study, evaluation provided 
no new information and dysplasia often was reactive [7]. 
Patients may develop autoimmune myelofibrosis which 
must be distinguished from primary myelofibrosis [8]. 
Isolated immune-mediated thrombocytopenia does not 
produce consistent morphologic changes in the marrow 
[9], and bone marrow examination should be undertaken 
only when an alternate or additional pathological process 
is suspected. Detailed lists of possible etiologies of pan-
cytopenia and suggestions for additional testing for defin-
itive diagnosis are available [10, 11].

• Immature cells in blood: Presence of circulating blasts 
suggests a primary hematopoietic neoplasm, and circu-
lating abnormal lymphoid cells suggest lymphoma. 
A  leukoerythroblastic reaction can occur not only in 
hematopoietic neoplasms (primary myelofibrosis, etc.) 
but also in marrow involvement by metastases from non- 
hematolymphoid neoplasms [12] and some benign con-
ditions [13–15].

• Staging bone marrow: In areas with high incidence of 
HIV/AIDS, a significant proportion of previously unsus-
pected lymphomas may be diagnosed on bone marrow 
examination [16]. The diagnostic yield for non- 
hematological neoplasms in unselected bone marrow 
specimens was found to be about 1% among the more 
than 10,000 bone marrows analyzed retrospectively [17]. 
Frequent clinical indications in these cases were microan-
giopathic hemolytic anemia, leukoerythroblastosis, or 
unexplained anemia [18]. About 50% of these metastases 
came from cancers of the lung, GI tract, and breast. 
Metastases are often associated with marrow fibrosis [12], 
which may be the reason why malignant cells cannot be 
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identified in the aspirate smears from more than 25% of 
these cases.

• Suspected infections: The diagnostic yield for identification 
of infection is higher among immunosuppressed patients 
such as renal transplant recipients (about 10% compared to 
1–2% in unselected bone marrows) [19, 20]. In contrast, 
bone marrow examination in liver transplant recipients did 
not detect specific infection or granulomata [21]. In HIV-
AIDS patients, special stain for fungi on bone marrow biop-
sies appears to be as sensitive as blood and/or bone marrow 
culture, but only 30% bone marrows from patients with 
positive mycobacterial cultures demonstrate acid-fast 
organisms [22]. In immunocompetent patients with a fever 
of unknown origin, bone marrow examination is much more 
likely to show an underlying hematologic malignancy com-
pared to an infectious etiology [23], and using a simple scor-
ing system can increase the likelihood of a diagnostic bone 
marrow examination in such cases [24].

• Hemophagocytic syndrome: or hemophagocytic lympho-
histiocytosis (HLH), often presents as fever of unknown 
origin (Fig. 20.1b). Hereditary abnormalities of cytotoxic 
molecules are responsible in a minority of cases, which 
generally present in children, while HLH in the vast 
majority of patients is triggered by infections or as para-
neoplastic effect of a variety of malignancies, including 
lymphomas [25]. Rare nucleated red cells can be found 
inside macrophages in many bone marrow aspirates, 
without evidence of HLH, reducing the specificity of this 
finding in the diagnosis of HLH [26]. Conversely, the 
absence of microscopically demonstrable erythrophago-
cytosis in the marrow does not rule out the diagnosis [27]. 
Using “bone marrow index” incorporating laboratory val-
ues which reflect the functional status of the bone marrow 
is reported to be an independent predictor of HLH [28].

 3. Are there specific indications in certain 
patient groups?

• Children and infants (Table  20.1): The indications in 
infants are evaluation of cytopenias and suspicion of stor-
age disorders [29] (Fig. 20.1c). In one study, biopsies in 
infants constituted about 10% of pediatric bone marrow 
biopsies and yielded a satisfactory sample in over 95% 
biopsies, all of which were performed by pathologists. The 
commonest diagnoses were acute leukemia and storage 
disorders. In older children, cytopenias affecting more 
than one line account for over half the bone marrow exam-
inations performed [30]. In these children, simultaneous 
occurrence of anemia and thrombocytopenia is the com-
monest finding, often accompanied by circulating blasts.

• In resource-limited settings, the indications are primar-
ily pancytopenia, anemia, and suspected leukemia 

a

b

c

Fig. 20.1 Unusual bone marrow abnormalities in non-neoplastic bone 
marrow disorders (aspirate smears, Wright stain, 1000×). (a) Vacuolated 
red and white cell precursors in copper deficiency. (b) Hemophagocytic 
histiocytes in hemophagocytic lymphohistiocytosis. (c) Histiocytes 
with abundant “tissue paper” cytoplasm in Gaucher disease

20 Bone Marrow at Initial Diagnosis: Clinical Associations and Approach to Diagnosis



450

 according to a study from Sudan [31]. The diagnostic 
yield of such bone marrows was over 75%, with only a 
small minority of cases being normal. In a study of over 
1100 bone marrows obtained over a 4-year period in Iran 
[20], about 10% of specimens were unsatisfactory. Sixty 
percent of the technically satisfactory specimens yielded 
a definite diagnosis. The likelihood of a definitive diag-
nosis varied according to the clinical indication for the 
bone marrow, being highest in suspected leukemia 
(54%), followed by plasma cell myeloma (30%), myelo-
proliferative neoplasms (25%), and lymphoma (16%). 
On the other hand, bone marrow examination rarely pro-
vided definite diagnosis in suspected storage disorders 
or infection (≤2%).

 4. What are the contraindications for a bone 
marrow biopsy?

• Absolute contraindications: In adults, there are no abso-
lute contraindications.

• Relative contraindications, particularly in children, are 
[32]:

 – A hemorrhagic disorder  – correction of coagulation 
factor deficiency is advisable, but severe thrombocy-
topenia is not a contraindication if sufficiently pro-
longed pressure is applied post-biopsy. In obese 
patients, correction of severe thrombocytopenia is 
advisable.

 – Hereditary or acquired bone disorders such as osteo-
genesis imperfecta or osteomyelitis.

 – Skin infection or recent radiation to the biopsy site.

 5. What is the optimal procedure for 
obtaining and processing bone marrow 
samples?

Guidelines for adult patients and pediatric patients differ to 
some extent:

Adults Instructional videos demonstrating the technique for 
obtaining the bone marrow sample are available (e.g., https://
www.youtube.com/watch?v=EYd7OnCt7ug from the 
University of Oslo, https://www.youtube.com/watch?v=3hz 
VvCl8UkM by Dr. Alejandro Calvo), and various mono-
graphs and textbooks provide protocols for processing speci-
mens for examination [33] or for harvesting stem cells [34].

• If needed, specimen quality can be improved through a 
systematic quality improvement initiative involving 
pathologists and relevant clinicians/ physician extenders 
[35]. The International Council for Standardization in 
Hematology has provided guidelines for a universal pro-
tocol for procurement and the contents of the pathology 
report [36].

• If aspirate smears are inadequate, touch imprints from 
marrow core biopsies are quite helpful. When correctly 
prepared, such “touch preps” have the advantage of trans-
ferring sufficient cells to the slide from fibrotic or other-
wise inaspirable marrows and providing some architectural 
details in addition to good cytomorphology [37].

• A trephine core biopsy of the marrow provides informa-
tion that is complimentary to the cytological preparations 
mentioned above. The biopsy can be done with a Jamshidi 
needle or a powered drill, which has been introduced rela-
tively recently. The diagnoses from aspirate smears and 
core biopsies can be discordant in 20–30% cases [38]. 
The Hammersmith protocol, in which biopsy cores are 
fixed in acetic acid-zinc-formalin fixative and decalcified 
in 10% formic acid-5% formaldehyde, before processing 
for paraffin embedding, is widely adopted, as it allows 
sectioning at 1–2 micron thickness and renders excellent 
cytological and architectural details [39]. However, 10% 
buffered formalin can be used if other fixatives are not 
readily available.

• The precise site and order of the core biopsy with respect 
to the bone marrow aspiration are important determinants 
of the “aspiration artifact” in the core biopsy (Fig. 20.2a), 
which has the potential for limiting the usefulness of the 
core biopsy [40]. If the aspirate is performed first, care 
must be taken to biopsy from an area away from the site 
of the aspirate. Unilateral biopsy appears to be adequate 
for staging of non-Hodgkin lymphomas, provided the 
core is of sufficient length (≥26  mm according to one 
study) [16].

Table 20.1 Clinical indications for bone marrow evaluation in chil-
dren [49]

Peripheral blood 
numerical 
abnormalities

Cytopenias (isolated or pancytopenia)

With or without dysplastic features
With or without circulating blasts
Leukocytosis
Blasts
Neutrophilia and/or monocytosis with or 
without blasts

Systemic findings Fever
Lymphadenopathy and/or 
hepatosplenomegaly
Bone pain
Lytic bone lesions
Masses suspicious for malignancy in anatomic 
sites that are difficult to sample; biopsy of 
bone marrow metastases may serve as the 
diagnostic sample
Clinical manifestations of osteopetrosis
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• While the unfixed cells obtained from an aspirate are 
essential for critical ancillary studies such as flow cytom-
etry and cytogenetics, much of the same information can 
now be obtained from paraffin-embedded core biopsies. 
If decalcification and/or zinc-containing fixative pre-
clude any type of testing, clot preparations prepared from 
residual aspirate material can be used. Most molecular 
tests for DNA and RNA as well as many fluorescent in 
situ hybridization (FISH) assays and immunohistochem-
istry can be performed on formalin-fixed, paraffin-
embedded (FFPE) tissue. Alternatively, immunostaining 
protocols can be modified to work on decalcified and 
fixed bone marrow cores [41]. In resource-limited regions 
of the world, bone marrow aspiration by itself, when per-
formed in patients with appropriate clinical presenta-
tions, can provide definitive diagnosis in a high proportion 
of cases [31].

Children Guidelines provided by Abla et al. [32] stress that 
the procedure should be performed only by well-trained pro-
fessionals. Need for conscious sedation or anesthesia and 
performing the procedure in an operating room must be care-
fully assessed. A platelet count is recommended in all chil-
dren prior to undergoing the procedure and basic coagulation 
tests (PT and aPTT) in those with history of coagulation 
defects or anticoagulant therapy. Posterior superior iliac 
crest is preferred in most patients, but the anterior superior 
iliac crest is more accessible in obese patients. Irrespective 
of the biopsy site (anterior or posterior iliac crest), it appears 
that biopsies shorter than 1.5 cm in length are more likely to 
produce inadequate samples [42], which suggests that the 
generally accepted lowest threshold of 0.5 cm [43] may be 
too short.

 6. What is the role of imaging studies in bone 
marrow examination?

While not as crucial as in other areas of pathology (i.e., 
bone and soft tissue), evaluation of imaging studies can be 
helpful in interpretation of bone marrow specimens. For 
example, the presence of lytic lesions can lead to a diagno-
sis of plasma cell myeloma if the marrow shows clonal 
plasma cells, and the presence of lymphadenopathy or sple-
nomegaly may help in evaluating lymphoid infiltrates. 
Positron emission tomography (PET) scans may be valu-
able in suspected benign and malignant conditions affect-
ing the bone marrow [44]. In some cases, a positive PET 
scan can obviate the need for a staging marrow in lym-
phoma [45–47].

a

b

c

Fig. 20.2 Core biopsy, initial assessment (core biopsies, hematoxylin 
and eosin stain, 100×). (a) Aspiration artifact. The marrow contains 
hemorrhage and a paucity of hematopoietic cells as aspirate smear was 
obtained first and in the same location where the core biopsy was done. 
(b) Hypercellular marrow from an adult. (c) Variably cellular marrow 
from an adult

20 Bone Marrow at Initial Diagnosis: Clinical Associations and Approach to Diagnosis



452

 7. What clinical information is needed 
to adequately evaluate a bone marrow 
specimen and what does the information 
imply for underlying disease?

Age of the patient: This is critical in narrowing the differen-
tial diagnoses in several ways (Table 20.2):

• Is the observed cellularity normal, high, or low (Fig. 20.2b, 
c)? The first step in examination of bone marrow is to deter-
mine if the observed cellularity is hypocellular, normocel-
lular, or hypercellular. The simple formula to find the 
normal expected cellularity for a patient is 100 minus age 
of the patient. However, the calculated value is too high in 
children [48] and too low in very old patients. Age-specific 
cellularity considered together with the peripheral blood 
findings is useful to guide further evaluation.

• Which conditions are likely to involve the marrow at this 
age? The common conditions seen at different age groups 
in Western countries are shown in Table 20.2. The inci-
dence of these conditions varies in different parts of the 
world, and awareness of the local epidemiology of hema-

tological conditions is very useful to increase the effi-
ciency of bone marrow examination.

• Is the presence and percentage of certain cells normal for 
the patient’s age? The percentage of mature lymphocytes, 
including hematogones (normal B-precursor cells) 
(Fig.  20.3b), decreases from infancy to adulthood [49], 
but may aberrantly increase in a regenerating marrow as 
well as unrelated conditions such as copper deficiency 
[50]. Plasma cells and mature lymphocytes increase in 
older adults [51]. Furthermore, the presence of lymphoid 
aggregates (Fig. 20.3b) in older adults is not necessarily 
pathological (see also Chap. 26).

Family history of hematologic conditions A hemoglobin-
opathy or thalassemia can produce erythroid hyperplasia with 
mild dyserythropoiesis, while rare conditions like congenital 
dyserythropoietic anemia, hemophagocytic lymphohistiocyto-
sis, and Fanconi anemia are causes of significant morphologi-
cal alternations in pediatric marrows [10]. Some malignancies 
such as chronic lymphocytic leukemia and plasma cell 
myeloma have a familial predisposition.

Table 20.2 Common bone marrow findings in different age groups

Age group Infants (0–1 yr) Children (1–10 yrs)
Adolescent/young 
adults (10–25 yrs) Adult (25–65 yrs) Elderly (65+ yrs)

Normal marrow 
cellularity

Can be lower than 
calculated by formula

Can be lower than 
calculated by formula

As calculated by 
formula

As calculated by 
formula

Can be higher 
than calculated 
by formula

Pathology More 
likely at 
this age

Iron deficiency, 
congenital hemolytic 
anemia, +21 related 
MPNa

AA, ALL, BL, 
congenital anemia, 
nutritional deficiency, 
storage disorders

BL, cHL, CML, 
DLBCL

BL, cHL, CML, 
DLBCL, ET

AML, CLL, FL, 
MDS, myeloma, 
metastasis

Possible 
at this 
age

ALL, AML, BL, 
DLBCL, infant 
leukemia, 
mastocytosis, 
metastases

AML, DLBCL, FL, 
MCL, PTCL, 
mastocytosis, 
metastases, pediatric 
MDS

AA, AITL, EATL, 
MCL, MZL, PTCL

AA, AITL, AML, 
EATL, FL, PMF, 
PTCL, PV, 
myeloma

AA, ALL, CML, 
PMF, PTCL, PV

Rare at 
this age

AA, MDS, MPN CML, PMF, PV AA, CLL, 
mastocytosis, 
metastases, 
myeloma, storage 
disorders

Congenital 
anemia, 
metastases, 
storage disorders

Storage 
disorders

Not seen 
at this 
age

CLL, myeloma CLL, myeloma Congenital 
anemias

Non-hematopoietic cells 
often present

Hematogones++, 
mature lymphs++, 
mast cells

Hematogones++, 
mature lymphs+++, 
mast cells

Hematogones+, 
mature lymphs++

Few plasma cells, 
rarely lymphoid 
aggregates

Interstitial 
lymphoid 
aggregates, 
plasma cells

Non-hematopoietic cells 
usually absent/rare

Lymphoid aggregates, 
plasma cells

Lymphoid aggregates, 
plasma cells

Lymphoid 
aggregates, plasma 
cells

Hematogones +/− Hematogones 
−/+

aAbbreviations (in alphabetical order): AA aplastic anemia, AITL angioimmunoblastic T-cell lymphoma, ALL acute lymphoblastic leukemia, AML 
acute myeloid leukemia, BL Burkitt lymphoma, cHL classic Hodgkin lymphoma, CLL chronic lymphocytic leukemia, CML chronic myeloid leu-
kemia, DLBCL diffuse large B-cell lymphoma, EATL enteropathy-associated T-cell lymphoma, ET essential thrombocythemia, FL follicular 
lymphoma, MCL mantle cell lymphoma, MDS myelodysplastic syndrome, MPN myeloproliferative neoplasm, MZL marginal zone lymphoma, 
PMF primary myelofibrosis, PV polycythemia vera, PTCL peripheral T-cell lymphoma, NOS not otherwise specified
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Prior malignancy and treatment Marrow recovery after 
chemotherapy and growth factor therapy can cause dyspoi-
esis and, in rare instances, increased blasts. History of prior 
cytotoxic drug or radiation therapy can lead to therapy- 
related myeloid neoplasms in a significant minority of 
patients [52]. Radiation field covering current biopsy site 
may lead to marrow suppression, fibrosis, and cellular 
atypia due to direct radiation effect. The effects of various 
immunotherapies, antibody based, stem cell based, or other, 
are not well documented but may mimic dysplasia or 
include left or right shift in maturation, hypoplasia, hyper-
plasia, and fibrosis.

Chronic diseases and medications Endocrinopathies includ-
ing diabetes [53]and thyroid disease [54], chronic kidney 
disease [55], and chronic inflammatory conditions should be 
evaluated as there may be complex and unexpected interac-
tive effects.

Immunodeficiency and autoimmune/rheumatic dis-
eases These conditions can have variable functional and 
structural effects on the marrow. Patients with HIV-AIDS 
may have fungal and mycobacterial infections, lymphomas 
[16, 22], and pathological changes indistinguishable from 
MDS [56]. The pathology of immunodeficiency-associated 
lymphoid neoplasms is covered in detail in Chaps.  10 and 
11. Autoimmune conditions may present with unexplained 
cytopenias [6], “primary” bone marrow fibrosis [57–59], and 
sometimes as combination of pancytopenia and myelofibro-
sis [60, 61].

Significant physical examination findings Splenomegaly 
and/or hepatomegaly can be a key finding to differentiate 
between myelodysplasia with fibrosis and a myeloprolifer-
ative neoplasm as well as some lymphomas. 
Lymphadenopathy is important in proper assessment of 
marrow lymphocytosis. Skin lesions may suggest a mast 
cell or Langerhans cell neoplasm as well as T-cell lympho-
mas such as adult T-cell leukemia/lymphoma and periph-
eral T-cell lymphoma NOS.

 8. Which laboratory test results are needed 
to adequately evaluate most bone marrow 
specimens?

• Complete blood count (CBC) and evaluation of a well- 
spread and stained peripheral blood smear: Evaluation of 
the presence and degree of either cytopenias or cytosis 
may be helpful in determining a diagnosis. The MCV 
may be beneficial in determining the cause for an anemia 
(macrocytosis is often associated with myelodysplastic 
syndromes).

• A well-stained blood smear is important because features 
such as neutrophil granulation are prone to artifacts and 
may be misinterpreted as dysplasia. The WHO recom-
mends a 200-cell WBC differential, excluding any nucle-
ated red blood cells. Identification of blasts, blast 
equivalents, and other immature cells is critical for any 
case in which acute leukemia, myelodysplastic syndrome, 
or myeloproliferative neoplasm is suspected.

a

b

Fig. 20.3 Lymphoid cells in normal marrows. (a) Precursors of B lym-
phocytes (hematogones) in a marrow from a child undergoing evalua-
tion for neuroblastoma; these cells with high nuclear/cytoplasmic ratios 
can be mistaken for blasts (aspirate smear, Wright stain, 1000×). (b) A 
well-circumscribed benign-appearing lymphoid aggregate. Lymphoid 
aggregates are seen with increased frequency in older patients (clot sec-
tion, hematoxylin and eosin stain, 400×)
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 9. Which additional laboratory tests are 
needed for specific indications listed above?

• Tests performed to rule out a neoplastic/clonal hemato-
logic process: Ideally, clinicians should rule out reac-
tive, nutritional, or toxic causes of the peripheral blood 
changes before performing the bone marrow aspiration; 
however, knowledge of vitamin B12, folate, serum cop-
per, and heavy metal (lead, mercury, and zinc) levels is 
important to avoid overdiagnosis of MDS. Iron studies, 
tests for hemoglobinopathies and other congenital red 
cell abnormalities, tests for immune hemolytic anemia, 
and tests for paroxysmal nocturnal hemoglobinuria may 
be helpful in microcytic and normocytic anemia.

• Tests performed to confirm/classify suspected hemato-
logic neoplasms: Cytogenetic and/or molecular tests for 
suspected myeloproliferative neoplasms are often per-
formed on blood. A suspected plasma cell neoplasm is 
further investigated with serum and/or urine protein elec-
trophoresis, immunofixation electrophoresis, and serum 
light chain evaluation. Serum tryptase may be helpful in 
the evaluation of mast cell disorders.

• Laboratory tests in systemic diseases with hematological 
manifestations: Suspected autoimmune, metabolic, or 
infectious diseases are investigated with appropriate labo-
ratory tests prior to bone marrow biopsy to clearly formu-
late a rationale for the procedure and to guide additional 
testing on the bone marrow specimen.

 10. What is the optimal specimen 
for cytological examination of the marrow?

• Wedge “pull” smear versus crush film smear [62, 63]: In 
the authors’ experience, both “crush” smears made by plac-
ing marrow particles directly from the aspirating syringe on 
coverslips (Fig. 20.4a) and well-made “pull” smears made 
at the bedside (Fig. 20.4b) can provide consistently high-
quality cytomorphology and uniform staining.

• Smears prepared from EDTA anticoagulated marrow are not 
inferior to those prepared directly from the aspirated marrow 
[64], but the WHO recommendation is to prepare smears 
from fresh marrow whenever possible, and smears prepared 
from anticoagulated marrow beyond 2 hours from collection 
are not suitable for determination of dysplastic changes.

• If the aspirate does not contain particles, the touch prepa-
ration (Fig. 20.4c) provides an alternative for cytological 
examination. Touch preps may provide diagnostic mate-
rial while aspirate smears do not in focal involvement 
of the marrow by conditions such as metastatic carci-
noma and plasma cell myeloma and diseases frequently 

a

b

c

Fig. 20.4 Bone marrow aspirate preparations (aspirate smears, 
Wright stain, 100×). (a) Example of a crush preparation. (b) Example 
of a direct smear. (c) A touch preparation, made by touching the core 
biopsy on the glass slide. These can be helpful if the aspirate smear 
does not contain particles
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 associated with  marrow fibrosis (various myeloprolifera-
tive neoplasms, MPNs, or MDS/PMN overlap).

 11. How to judge the quality of aspirate smear?

• The presence of marrow particles (or spicules) in aspirate 
smears provides assurance that the findings are represen-
tative of the marrow. The proportion of various cell types 
expected in the marrow is best represented in the “tails” 
of smears following the marrow particles, where staining 
and cytologic details are optimal.

• Familiarity with the correct hues of basophilic, amphophilic, 
and eosinophilic staining at various stages of myeloid and 
erythroid precursors is essential to correctly assess dysplasia 
in these lineages. Avoid under-stained areas where blasts 
may be overestimated based on apparently fine chromatin.

 12. What information is obtained 
from cytological examination 
of the marrow?

The aspirate smear (and/or the touch prep) is used for:

• Assessing proportion of erythroid and myeloid elements: 
A 500-cell differential of all nucleated cells is recom-
mended, particularly when accurate and reproducible 
blast counts are critical for diagnosis or prognosis; how-
ever, in many cases, a 300-cell count suffices [61]. A dif-
ferential count may be skipped if the total number of cells 
on the aspirate smear and touch preparation is limited as 
such counts are error-prone. The differential count 
includes myeloid (all three types of granulocytic and 
monocytic) and erythroid precursors as well as lympho-
cytes (mature and immature) and plasma cells (Fig. 20.5a). 
The megakaryocytes, mast cells, stromal cells, histio-
cytes, and any abnormal, non-hematopoietic cells, if pres-
ent, are not included (Fig. 20.5b). The myeloid to erythroid 
ratio is calculated based on the differential count and 
should be normally 2–3:1. Ideally, the differential should 
be counted from several different slides.

• Assessing maturation of each line: Morphologic criteria 
for blasts and blast equivalents must be defined. Typical 
cells at various stages of myeloid and erythroid matura-
tion are depicted in many standard texts, but it is impor-
tant to recognize that maturation is a continuous process 
and each cell type spans a range of morphology. The labo-
ratory should establish normal adult ranges for each cell 
type (Table  20.3). Widely accepted normal ranges for 
pediatric bone marrow are not available.

• Evaluating dysplasia: Despite the advances in molecular 
diagnostic methods, identification of cellular dysplasia is 

a

b

c

Fig. 20.5 Evaluation of bone marrow cells. (a) Normal myeloid and 
erythroid precursors. The myeloid to erythroid ratio should be approxi-
mately 2–3:1, and full maturation of both cell lines should be present 
(aspirate smear, Wright stain, 1000×). (b) Megakaryocytes are scattered 
on the smears (aspirate smear, Wright stain, 100×). (c) A Prussian blue 
for iron can be done on the aspirate smears or the clot sections (clot 
section Prussian blue stain, 40×)
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a central pillar for diagnosis and categorization of myelo-
dysplastic syndromes and some types of acute leukemia. 
The morphological findings of dysplasia are presented in 
Chap. 24. In addition to vitamin B12 and folate defi-
ciency, copper deficiency as a cause of such changes 
should be kept in mind [65, 66].

• Storage and sideroblast iron: An iron stain should be per-
formed on all initial adult bone marrow specimens. 
Aspirate smears containing particles are best suited for 
sensitive detection as well as quantification of storage iron 
[67]. We find a semi-quantitative, 4-point scale useful to 
grade iron stores; absent (grade 0 of 4) and trace of 4 stain-
able iron indicated reduced iron stores, grade 1–3 of 4 
staining indicates normal stores, and grade 4 of 4 staining 
indicates increased stores. The amount of stainable iron in 
patients with normal iron stores varies widely, and only the 
two ends of the scale denote pathological finding.
 – Iron staining of clot section or core biopsy may be 

used if the aspirate does not contain particles and stor-
age iron is not detected on the smear (Fig. 20.5c). The 
core biopsy is less sensitive because of tissue thickness 
and/or decalcification [68]. Iron-stained aspirate 
smears or touch preparations are required to assess 
ring sideroblasts which is important for classifying 
subtypes of myelodysplastic syndrome. Iron stains are 
less helpful in patients treated for a variety of hemato-
logic malignancies as these patients often develop iron 
overload due to repeated transfusions.

 13. What is the role of the core biopsy?

An H&E stained section (3–4uM) of a core biopsy, which is 
1.5 cm in length and contains at least 10 marrow spaces, is 
optimal for examining the histological “architecture” of the 
marrow. This includes:

• Bone marrow cellularity: Cellularity is estimated in areas 
without significant aspiration or crush artifact. To estimate 
cellularity, it is useful to mentally estimate what percentage 
of the marrow space would be occupied if all the cells were 
together and all the fat was together. Highly fibrotic mar-
row may have very low proportion of fat, but also may con-
tain few hematopoietic cells. A rare abnormality is 

gelatinous transformation or serous atrophy in which there 
is focal hypocellularity, accumulation of mucopolysaccha-
rides, and normal fat replaced by a light pink granular 
material [69]. It occurs in a variety of clinical situations 
including anorexia nervosa, acute fever, HIV-AIDS, alco-
holism, lymphoid and other  malignancies, and chronic 
heart failure [70]. A similar change, called “marrow injury 
effect” or fibrinous necrosis (Fig. 20.6a) is often observed 

Table 20.3 Reference ranges for bone marrow differential count in adults

Cell type Reference range Cell type Reference range Cell type Reference range
Segs (7–25) Lymphocytes (3–20) Plasma cells (0–3.5)
Bands (6–36) Atypical lymphocytes RBC precursors (10–30)
Metas (9–25) Lymphoblasts Pronormoblasts (0–3)
Myelos (8–15) Eosinophils (0–4) M:E ratio
Promyelos (1–6) Basophils (0–1) Iron (Scale 0–4+)
Myeloblasts (0–3.5) Monocytes (0–2)

a

b

Fig. 20.6 Stromal abnormalities (core biopsies, hematoxylin and eosin 
stain, 100×). (a) Fibrinous necrosis. Stromal damage, hypocellularity, and 
focal hemorrhage due to recent chemotherapy. (b) Necrosis. Hypocellularity 
and necrotic tumor are seen in this example of marrow necrosis
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after recent chemotherapy for a hematopoietic malignancy. 
It is more important to describe these abnormalities, rather 
than emphasizing a percentage  cellularity. If the cellularity 
varies by more than 20%, the range should be mentioned 
and an average cellularity should be given. Subcortical 
marrow spaces can have lower cellularity than the rest of 
the marrow, and these should be avoided in calculating the 
average cellularity if possible.

• Appropriate distribution, proportion, and maturation of 
hematopoietic elements: Myeloid cells proliferate in para-
trabecular areas (Fig. 20.7), and more mature myeloid ele-
ments are present in the interstitium. Erythroid cells are 
present as small colonies of cells at various stages of matu-
ration in the interstitial areas. Megakaryocytes should be 
evenly distributed, away from bone. Adequacy of mega-
karyocytes is best assessed on the core biopsy as well as 
megakaryocyte dysplasia and clustering. The M:E ratio is 
assessed independently on the core biopsy and compared to 
that calculated on the aspirate smear. Left shift in matura-
tion and collections of five or more immature precursors 
(myeloblasts and promyelocytes, proerythroblasts, mono-
blasts, and promonocytes) can be appreciated in the core 
biopsy, while it is generally not possible to verify minimal 
increase in immature cell types which are normally present 
in the marrow. An immunohistochemical stain for CD34 
may be helpful in enumerating blasts.

• Marrow sinuses and vessels: The sinuses are inconspicu-
ous unless they are dilated and/or filled with hematopoi-
etic cells (as in primary myelofibrosis) (Fig.  20.8a) or 
abnormal infiltrating cells (as certain types of B- or T-cell 
lymphomas do). The normal marrow microvasculature is 
barely noticeable unless the vascularity is increased or the 
individual vessels have pathological changes. Small arter-

ies are seen occasionally and when present are useful to 
assess amyloid deposition.

• Marrow fibrosis: A reticulin stain may be routinely or 
selectively performed depending on the institution but is 
essential in myeloproliferative neoplasms for accurate 
grading of the disease (Fig. 20.8b). It also can highlight 
early mastocytosis or minimal involvement by lymphoma. 
Fibrosis is rarely seen in conditions such as CLL/SLL, 
plasma cell neoplasms, and MDS. When present in these 
conditions, it may have prognostic significance [71]. A 
trichrome stain is required in selected cases of primary or 
secondary myelofibrosis for accurate grading.

• Infiltrative lesions: These may arise from neoplastic or 
inflammatory processes. The former may be hematolym-
phoid malignancies or other solid tumors metastasizing to 
the marrow (see also Chap. 27). Benign lymphoid aggre-

Fig. 20.7 Myeloid maturation (core biopsy, hematoxylin and eosin 
stain, 400×). Early myeloid precursors are seen in a paratrabecular loca-
tion in this normal bone marrow

a

b

Fig. 20.8 Marrow sinusoids and fibrosis (core biopsies, hematoxylin 
and eosin stain, reticulin stain, 200×). (a) Dilated marrow sinusoids 
with intrasinusoidal hematopoiesis are present from a patient with pri-
mary myelofibrosis. (b) Increased reticulin fibrosis is present. Reticulin 
stains are essential in the evaluation of myeloproliferative disorders
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gates may be seen with aging or a systemic chronic inflam-
matory condition. Other infiltrative/focal lesions most 
often are due to plasma cell neoplasms, systemic mastocy-
tosis, Langerhans cell histiocytosis, and rarely histiocytic 
sarcomas. Granulomas are also seen in marrows and may 
be due to a variety of underlying causes [72].

• Necrosis: Diffuse necrosis of the bone marrow is seen in 
less than 1% bone marrows (Fig. 10.6b) and is almost 
always associated with metastatic or hematopoietic 
malignancy [73]. In some instances, extensive necrosis 
can make it difficult to determine the nature of the under-
lying malignancy.

• Changes in bone: While primary bone pathology is an infre-
quent finding in the bony trabeculae, evidence of hyperpara-
thyroidism or Paget disease of bone may be present. Diffuse 
necrosis of bone marrow may be associated with karyolysis 
of osteocytes in the bony trabeculae and should be distin-
guished from true avascular necrosis of bone.

• Presence of unexpected “second” pathological process 
or disease: Particularly in older individuals, one can 
find evidence of a clinically unsuspected hematolym-
phoid process [74]. When both processes are relatively 
common, it is difficult to determine if they have any 
clonal or causal relationship or it is a chance occurrence 
[75]. (See Chap. 30 for more details).

 14. What additional studies should 
be considered in the evaluation of a bone 
marrow?

Ancillary studies vary based on the indication for performing 
the bone marrow aspiration. The menu can be optimized by 
creating standard protocols [76, 77]. Some studies can be 
performed on routinely processed tissue, but some require 
additional specimen and decision to do these tests must be 
made at the time of collection. These studies include:

• Flow cytometry: A specimen should be collected in 
nearly every case. Two ml to 5 ml of marrow in a hepa-
rinized syringe is optimal. It is recommended that the 
first pull should be used for minimal residual disease 
(MRD) detection, especially for plasma cell myeloma 
[78]. In resource-poor settings, actual analysis can be 
safely delayed in almost all cases for 24–72 hours if the 
indication is not definitive.

• Karyotyping and FISH: Conventional cytogenetic analy-
sis requires 2 ml or more of fresh (unfixed) heparinized 
marrow collected under aseptic conditions. FISH tests are 
often performed as a panel. FISH for PML/RARA translo-
cation needs a rapid turnaround time if acute promyelo-
cytic leukemia is suspected. These concerns must be 

communicated promptly to the performing laboratory so 
the test can be set up appropriately.

• Molecular tests: Most DNA-based tests can be performed 
on paraffin-embedded tissue, but decalcification can ham-
per some tests. However, DNA, and even more so RNA, 
promptly purified from fresh bone marrow collected in 
EDTA is more intact and provides more reliable results. 
Heparin may interfere in some PCR reactions. See Chap. 
2 for additional precautions in collecting specimen for 
molecular tests.

• Bone marrow culture: When an infectious process is 
suspected, marrow should be submitted for culture, 
which can be more sensitive than morphological identi-
fication of mycobacteria (but not fungi) and blood cul-
ture [22].

• Additional unstained aspirate smears should be saved for 
performing cytochemical stains, including iron stain, as 
well as for FISH studies, particularly those involving 
numeric abnormalities.

• Ancillary tests which are performed on FFPE bone mar-
row biopsy and clot section include the following (see 
Chaps. 1 and 2 for more information about these tests):
 – Immunohistochemistry
 – Histochemical stains (Congo red, PAS, trichrome, etc.)
 – Paraffin FISH
 – Molecular tests (PCR-based amplification and 

sequencing, next-generation sequencing, RNA-based 
assays for gene expression)

 15. Which findings are of immediate 
importance and should be reported 
to a clinician?

The following findings in the aspirate smear and/or touch 
preparation should be reported immediately to the clinician:

• Increased blasts (>20%) suggestive of acute leukemia, 
particularly if the morphology is suggestive of acute pro-
myelocytic leukemia (see Chap. 21). Determining lym-
phoid versus myeloid leukemia may be difficult in the 
absence of Auer rods.

• When the definitive diagnosis from a set of limited dif-
ferential diagnoses based on clinical or radiographic find-
ings is obtained by morphological examination, the 
preliminary diagnosis should be  conveyed to the clini-
cians; for example, metastasis versus plasma cell neo-
plasm causing lytic bone lesions.

• Presence of fungal or other organisms in the bone mar-
row – Histoplasma and candida may be detected in rou-
tinely stained aspirate smears. Prompt notification may 
help timely treatment and isolation of the patient.
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 16. What is the optimal organization of 
the bone marrow report?

• Bone marrow reports often include morphological 
descriptions. Pertinent parts of a concurrent CBC and 
microscopic findings in the peripheral blood and bone 
marrow aspirate (and/or touch preparation and clot sec-
tion and core biopsy), including results of special stains, 
should be given. The choice of a narrative description 
versus a tabular reporting of findings varies from institu-
tion to institution. The College of American Pathologists 
has proposed synoptic report templates for hematologic 
neoplasms [79].

• In addition to morphology, flow cytometric, immunohis-
tochemical, cytogenetic, FISH, and molecular results 
which are available at the time of completing the report 
may influence the specificity of the report.

• Bone marrow diagnoses can be broadly categorized based 
on degree of diagnostic certainty:
 – Definitive diagnosis of an entity: For neoplastic condi-

tions, diagnosis according to WHO classification should 
be the goal [80]. Other clinically important findings or 
presence of a second pathological process should be men-
tioned as secondary diagnoses. In a comment, mention 
the key ancillary findings which support the diagnosis, 
such as positive FISH for BCR/ABL in a case of CML.

 – In case of a new malignant diagnosis, when all ancil-
lary studies are completed, it is recommended that a 
comprehensive addendum diagnosis is issued which 
correlates the diagnostic, therapeutic, and prognostic 
impact of the additional results.

 – In follow-up marrows after therapy, the presence or 
absence of residual disease should be mentioned promi-
nently so clinicians can easily find this information.

 – A descriptive diagnosis is appropriate when:
 – There are no pathological findings: The normal state of 

the marrow is conveyed by a phrase such as 
“Normocellular marrow with adequate trilineage 
hematopoiesis” along with status of iron stores.

• The pathological findings are not specific: The distinction 
between neoplastic and non-neoplastic conditions cannot 
be made with certainty, either because there is insufficient 
evidence of a clonal process (blast count is not high, flow 
cytometry is not diagnostic, etc.) or the morphological 
findings such as dysplasia, megakaryocytic abnormali-
ties, or reticulin fibrosis are not well developed, or nutri-
tional deficiencies, toxins, or infections can cause 
identical morphological change. In these situations, the 
key morphological findings, both normal and abnormal, 
are listed to provide a snapshot of the likely functional 
status of the marrow. Particularly in cases of cytopenias, 
the distinction between inability to produce enough cells 
or their destruction in the marrow or in the periphery is 
helpful. In these cases, the  comment should include the 

likely differential diagnoses, the ancillary studies, and/or 
clinical/radiographic findings which can narrow the dif-
ferential or provide a definitive diagnosis.

 17. What are the mimics and what is 
the clinical relevance of misinterpretation 
between the true diagnosis and mimics 
with reference to mistreatment and/or 
wrong prognosis?

Caution should be exercised in interpreting following morpho-
logical findings, because they can be deceptively similar in the 
conditions listed below in the absence of ancillary studies:

• Small (8–9 uM diameter) blasts with high N:C ratio  – 
hematogones (Fig. 20.3a), B-ALL (Fig. 20.9a), minimally 
differentiated AML

a

c

b

Fig. 20.9 Mimics (aspirate smears, Wright stain, 1000×). (a) Small 
blasts in B lymphoblastic leukemia should be differentiated from hema-
togones. Similarly, (b) hypogranular acute promyelocytic leukemia 
must not be mistaken for (c) Monocytic leukemia
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• Large (12–18 uM diameter) immature cells with folded 
nuclei  – hypogranular APL, monocytic acute leukemia 
(Fig. 20.9b,c)

• Blastoid cells – myeloblasts, plasmablasts, megaloblasts, 
metastases of small blue cell tumors (Fig. 20.10a), blastic 
plasmacytoid dendritic cell neoplasm, large cell lym-
phoma (Fig. 20.10b)

• Spindle cells, particularly in paratrabecular location  – 
systemic mastocytosis (Fig.  20.11a), osteosclerotic 
myeloma, follicular lymphoma

• Giant cells  – abnormal megakaryocytes, inflammatory 
giant cells (Fig. 20.11b), osteoclasts

• Abnormal granulocytes: toxic granules in infection and 
growth factor administration, hypolobate nuclei in benign 
Pelger-Huet anomaly or MDS

 18. Which morphological findings 
in the peripheral blood/BM aspirate/biopsy 
are reliably diagnostic? Which ones suggest 
the diagnosis? Which is (are) unreliable 
for diagnosis? Which findings rule out 
the diagnosis?

Most morphological marrow findings must be interpreted in 
the context of clinical and other findings. Few are completely 
diagnostic or completely rule out a process.

• Pathognomonic findings: Auer rods (Fig.  20.12) are 
pathognomonic to distinguish abnormal myeloid from 
lymphoid blasts, but not acute leukemia from myelodys-
plasia. Amyloid identified by Congo red stain is consid-

a

b

Fig. 20.10 Blastoid cells (aspirate smears, Wright stain, 1000×). (a) 
Metastatic small round blue cell tumor (neuroblastoma). These can be 
separate cells and resemble lymphoblasts. (b) Lymphoma cells. These 
cells may resemble blasts

a

b

Fig. 20.11 Spindle cells and giant cells (core biopsy, hematoxylin and 
eosin stain, 400×). (a) Spindle cells in systemic mastocytosis shown 
here may be difficult to differentiate from fibroblasts. (b) Inflammatory 
giant cells need to be distinguished from megakaryocytes and 
osteoclasts
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ered specific; however; the determination of the 
underlying cause for the amyloid needs further study. 
Fungal and mycobacterial infections with appropriate 
special stains are considered sufficiently diagnostic even 
in the absence of additional proof by culture or molecular 
methods. A blast count above 20% of marrow cells based 
on morphological identification from a good quality 
aspirate smear is typically sufficient to diagnose acute 
leukemia, but exceptions occur such as infants with 
Down syndrome and patients receiving myeloid growth 
factor therapy.

• Suggestive of diagnosis: Dysplastic morphology is 
required for diagnosis in most MDS cases and is sugges-
tive but is not sufficient for definitive diagnosis. 
Characteristic combinations of morphological findings 
are suggestive of the subtypes of MPNs, but diagnosis 
requires demonstration of specific mutations or ruling out 
reactive causes.

• Unreliable for diagnosis: See morphologic mimics above.
• Findings that rule out a diagnosis: Stainable storage iron 

rules out iron deficiency, but absence of stainable iron 
may be due to biological or technical reasons.

 19. What should be the approach to provide 
maximum, but defensible information, 
from limited specimen or work-up?

• Following morphological findings tend to be unreliable in 
quantitatively limited specimens: proportion of various 
cells including M:E ratio and blast percentage in sparsely 
cellular aspirate smears, iron stores in aparticulate aspi-
rate smears, marrow cellularity in subcortical marrow, 
and involvement by focal processes such as lymphoma, 
myeloma, metastases, etc., in small specimens (<5  mm 
long or <5 marrow spaces).

Fig. 20.12 Auer rods (Wright stain, 1000×). Auer rods are only seen in malignant myeloid blasts (upper panels) and abnormal promyelocytes 
(lower panels) and can be helpful in distinguishing lymphoid from myeloid blasts
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• Qualitatively suboptimal aspirate smears preclude accu-
rate assessment of dysplastic changes and should not be 
used to count blasts. Often, some part of the specimen, 
either biopsy or clot section or aspirate or touch prep, has 
material of sufficient quality and quantity. Some of these 
parameters, such as blast count, can be measured by flow 
cytometry even when morphologically the specimen 
appears hopelessly inadequate with the caveat that blasts 
are often under-represented in flow cytometry 
specimens.

• The quality and quantity of the bone marrow core biopsy 
is less important in disorders like leukemia if there is a 
good aspirate smear compared to evaluation for infiltra-
tive lesions like lymphoma or metastatic disease. Provided 
only the findings deemed reliable are reported, very few 
marrows are completely insufficient for diagnosis.

 20. When is a diagnostic comment necessary 
and what should be discussed 
in the diagnostic comment?

A diagnostic comment is the rule rather an exception in bone 
marrow reports, because in many cases a definitive diagnosis 
of a well-defined entity is not possible. The report is part of 
an ongoing consultation between the hematopathologists and 
the clinicians. The content of the comment is dependent on 
whether the diagnosed entity is neoplastic or non-neoplastic 
and how definitive is the diagnosis (see the question about 
content of a bone marrow biopsy report).

 21. When is it appropriate to seek external 
consultation for a bone marrow biopsy?

External consultation may be appropriate:

• If the clinical picture does not fit the pathological diagno-
sis. For example, the patient is clinically well and stable 
despite an apparent high-grade MDS.

• When there is a major discrepancy between the morpho-
logical diagnosis and the molecular/genetic results. For 
example, BCR/ABL translocation without any evidence of 
progressive leukocytosis, thrombocytosis, or acute 
leukemia.

• If certain pathological findings are not adequately explained 
by the overall diagnosis. Such findings may include reticu-
lin fibrosis, histiocytic or lymphoid collections, deposition 
of acellular material of uncertain nature, etc.

• When the pathological findings are borderline or suggest 
a rare condition.

• In morphologically identical conditions with significant 
therapeutic differences.

References

 1. Parapia LA.  Trepanning or trephines: a history of bone marrow 
biopsy. Br J Haematol. 2007;139(1):14–9.

 2. Ellis LD, Jensen WN, Westerman MP. Needle biopsy of bone and 
marrow; an experience with 1,445 biopsies. Arch Intern Med. 
1964;114:213–21.

 3. Arbor DA, Orazi A, Hasserjian RP, Brunning RD, Beau MML, 
Porwit A, et  al. Introduction and overview of the classification 
of myeloid neoplasms. In: Swerdlow SH, et  al., editors. WHO 
Classification of tumours of haematopoietic and lymphoid tis-
sues. Lyon: International Agency for Research on Cancer; 2017. 
p. 16–27.

 4. Wazir SM, Ghobrial I.  Copper deficiency, a new triad: anemia, 
leucopenia, and myeloneuropathy. J Community Hosp Intern Med 
Perspect. 2017;7(4):265–8.

 5. Gabreyes AA, Abbasi HN, Forbes KP, McQuaker G, Duncan 
A, Morrison I. et  al. Hypocupremia associated cytopenia and 
myelopathy: a national retrospective review. Eur J Haematol. 
2013;90(1):1–9.

 6. Papageorgiou A, Ziakas PD, Tzioufas AG, Voulgarelis M.   
Indications for bone marrow examination in autoimmune disorders 
with concurrent haematologic alterations. Clin Exp Rheumatol. 
2013;31(1):76–83.

 7. Hunt KE, Salama ME, Sever CE, Foucar K.  Bone marrow exami-
nation for unexplained cytopenias reveals nonspecific findings in 
patients with collagen vascular disease. Arch Pathol Lab Med. 
2013;137(7):948–54.

 8. Pullarkat V, Bass RD, Gong JZ, Feinstein DI, Brynes RK.  Primary 
autoimmune myelofibrosis: definition of a distinct clinicopatho-
logic syndrome. Am J Hematol. 2003;72(1):8–12.

 9. Mahabir VK, Ross C, Popovic S, Sur ML, Bourgeois J, Lim W, 
et  al. A blinded study of bone marrow examinations in patients 
with primary immune thrombocytopenia. Eur J Haematol. 
2013;90(2):121–6.

 10. Leguit RJ, van den Tweel JG. The pathology of bone marrow fail-
ure. Histopathology. 2010;57(5):655–70.

 11. Weinzierl EP, Arber DA. The differential diagnosis and bone mar-
row evaluation of new-onset pancytopenia. Am J Clin Pathol. 
2013;139(1):9–29.

 12. Delsol G, Guiu-Godfrin B, Guiu M, Pris J, Corberand J, Fabre J.  
Leukoerythroblastosis and cancer frequency, prognosis, and phys-
iopathologic significance. Cancer. 1979;44(3):1009–13.

 13. Kakkar N, Mittal D, Das S, John JM, Rajamanickam T.   Bone mar-
row involvement in systemic oxalosis: a rare cause of leukoerythro-
blastic anemia. Indian J Pathol Microbiol. 2011;54(3):659–60.

 14. Simon D, Galambos JT.  Leukoerythroblastosis with blasts 
in a patient with alcoholic hepatitis. J Clin Gastroenterol. 
1987;9(2):217–8.

 15. Tapia G, Navarro JT, Navarro M.  Leukoerythroblastic anemia 
due to oxalosis with extensive bone marrow involvement. Am J 
Hematol. 2008;83(6):515–6.

 16. Phillips L, Opie J. The utility of bone marrow sampling in the diag-
nosis and staging of lymphoma in South Africa. Int J Lab Hematol. 
2018;40:276.

 17. Xiao L, Luxi S, Ying T, Yizhi L, Lingyun W, Quan P.  Diagnosis 
of unknown nonhematological tumors by bone marrow biopsy: a 
retrospective analysis of 10,112 samples. J Cancer Res Clin Oncol. 
2009;135(5):687–93.

 18. Ozkalemkas F, Ali R, Ozkocaman V, Ozcelik T, Ozan U, Ozturk 
H, et al. The bone marrow aspirate and biopsy in the diagnosis of 
unsuspected nonhematologic malignancy: a clinical study of 19 
cases. BMC Cancer. 2005;5:144.

 19. Garewal G, Ahluwalia J, Kumar V, Shukla R, Das R, Varma N, 
et al. The utility of bone marrow examination in renal transplanta-

A. S. Lagoo and N. S. Rosenthal



463

tion: nine years of experience from north India. Transplantation. 
2006;81(9):1354–6.

 20. Mirzai AZ, Hosseini N, Sadeghipour A. Indications and diagnostic 
utility of bone marrow examination in different bone marrow disor-
ders in Iran. Lab Hematol. 2009;15(4):38–44.

 21. Borcek P, Ozdemir BH, Sercan C, Yilmaz Akcay E, Karakus S, 
Haberal M.  Histologic changes in bone marrow biopsies from liver 
transplant patients. Exp Clin Transplant. 2016;14(Suppl 3):109–11.

 22. Kilby JM, Marques MB, Jaye DL, Tabereaux PB, Reddy VB, Waites 
KB.  The yield of bone marrow biopsy and culture compared with 
blood culture in the evaluation of HIV-infected patients for myco-
bacterial and fungal infections. Am J Med. 1998;104(2):123–8.

 23. Hot A, Jaisson I, Girard C, French M, Durand DV, Rousset H,  et al. 
Yield of bone marrow examination in diagnosing the source of 
fever of unknown origin. Arch Intern Med. 2009;169(21):2018–23.

 24. Wang HY, Yang CF, Chiou TJ, Yang SH, Gau JP, Yu YB,   et al. 
A “bone marrow score” for predicting hematological disease 
in immunocompetent patients with fevers of unknown origin. 
Medicine (Baltimore). 2014;93(27):e243.

 25. Rosado FG, Kim AS.  Hemophagocytic lymphohistiocytosis: 
an update on diagnosis and pathogenesis. Am J Clin Pathol. 
2013;139(6):713–27.

 26. Goel S, Polski JM, Imran H.  Sensitivity and specificity of bone 
marrow hemophagocytosis in hemophagocytic lymphohistiocyto-
sis. Ann Clin Lab Sci. 2012;42(1):21–5.

 27. Gupta A, Tyrrell P, Valani R, Benseler S, Weitzman S, Abdelhaleem 
M.  The role of the initial bone marrow aspirate in the diagnosis 
of hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer. 
2008;51(3):402–4.

 28. Wang HY, Yang CF, Chiou TJ, Yang SH, Gau JP, Yu YB,  et  al. 
Risk of hemophagocytic lymphohistiocytosis in adults with fevers 
of unknown origin: the clinical utility of a new scoring system on 
early detection. Hematol Oncol. 2017;35(4):835–44.

 29. Sreedharanunni S, Sachdeva MU, Kumar N, Sharma P, Naseem S, 
Ahluwalia J,  et al. Spectrum of diseases diagnosed on bone mar-
row examination of 285 infants in a single tertiary care center. 
Hematology. 2015;20(3):175–81.

 30. Naseem S, Varma N, Das R, Ahluwalia J, Sachdeva MU, Marwaha 
RK.  Pediatric patients with bicytopenia/pancytopenia: review of 
etiologies and clinico-hematological profile at a tertiary center. 
Indian J Pathol Microbiol. 2011;54(1):75–80.

 31. Elmadhoun WM, Noor SK, Bushara SO, Almobarak AO, Husain 
NE, Ahmed MH.  Bone marrow aspiration in north Sudan: the 
procedure, indications and the diagnostic value. Int J Health Sci 
(Qassim). 2015;9(4):434–9.

 32. Abla O, Friedman J, Doyle J. Performing bone marrow aspiration 
and biopsy in children: recommended guidelines. Paediatr Child 
Health. 2008;13(6):499–501.

 33. Afkhami M, Vergara-Lluri M, Brynes RK, Siddiqi IN.  Peripheral 
blood smears, bone marrow aspiration, trephine and clot biopsies: 
methods and protocols. Methods Mol Biol. 2014;1180:257–69.

 34. Friedlis MF, Centeno CJ. Performing a better bone marrow aspira-
tion. Phys Med Rehabil Clin N Am. 2016;27(4):919–39.

 35. Yang RK, Nazeef M, Patel SS, Mattison R, Yang DT, Ranheim EA,  
et al. Improving bone marrow biopsy quality through peer discus-
sion and data comparisons: a single institution experience. Int J Lab 
Hematol. 2018;40:419.

 36. Lee SH, Erber WN, Porwit A, Tomonaga M, Peterson LC.   ICSH 
guidelines for the standardization of bone marrow specimens and 
reports. Int J Lab Hematol. 2008;30(5):349–64.

 37. Gong X, Lu X, Wu X, Xu R, Tang Q, Xu G, et al. Role of bone mar-
row imprints in haematological diagnosis: a detailed study of 3781 
cases. Cytopathology. 2012;23(2):86–95.

 38. Gilotra M, Gupta M, Singh S, Sen R.  Comparison of bone marrow 
aspiration cytology with bone marrow trephine biopsy histopathol-
ogy: an observational study. J Lab Physicians. 2017;9(3):182–9.

 39. Naresh KN, Lampert I, Hasserjian R, Lykidis D, Elderfield 
K, Horncastle D, et  al. Optimal processing of bone marrow 
trephine biopsy: the Hammersmith Protocol. J Clin Pathol. 
2006;59(9):903–11.

 40. Douglas DD, Risdall RJ.  Bone marrow biopsy technic. Artifact 
induced by aspiration. Am J Clin Pathol. 1984;82(1):92–4.

 41. Kremer M, Quintanilla-Martinez L, Nahrig J, von Schilling C, 
Fend F.  Immunohistochemistry in bone marrow pathology: 
a useful adjunct for morphologic diagnosis. Virchows Arch. 
2005;447(6):920–37.

 42. Grant RC, Shaikh F, Abdelhaleem M, Alexander SW, Cada M.  
Risk factors for inadequate bone marrow biopsies in children. Am J 
Hematol. 2015;90(9):E187–9.

 43. Reid MM, Roald B.  Adequacy of bone marrow trephine biopsy 
specimens in children. J Clin Pathol. 1996;49(3):226–9.

 44. van der Bruggen W, Glaudemans A, Vellenga E, Slart R.  
PET in benign bone marrow disorders. Semin Nucl Med. 
2017;47(4):397–407.

 45. El Karak F, Bou-Orm IR, Ghosn M, Kattan J, Farhat F, Ibrahim T, 
et al. PET/CT scanner and bone marrow biopsy in detection of bone 
marrow involvement in diffuse large B-cell lymphoma. PLoS One. 
2017;12(1):e0170299.

 46. Agbay R, Loghavi S, Zuo Z, Fayad L, Dabaja B, Medeiros LJ, 
et  al. Bone marrow involvement in patients with nodular lym-
phocyte predominant Hodgkin lymphoma. Am J Surg Pathol. 
2018;42(4):492–9.

 47. Puccini B, Nassi L, Minoia C, Volpetti S, Ciancia R, Riccomagno 
PC, et al. Role of bone marrow biopsy in staging of patients with clas-
sical Hodgkin’s lymphoma undergoing positron emission tomogra-
phy/computed tomography. Ann Hematol. 2017;96(7):1147–53.

 48. Friebert SE, Shepardson LB, Shurin SB, Rosenthal GE, Rosenthal 
NS.  Pediatric bone marrow cellularity: are we expecting too much? 
J Pediatr Hematol Oncol. 1998;20(5):439–43.

 49. Onciu M. Pediatric bone marrow interpretation. Surg Pathol Clin. 
2010;3(4):1091–125.

 50. Sutton L, Vusirikala M, Chen W. Hematogone hyperplasia in cop-
per deficiency. Am J Clin Pathol. 2009;132(2):191–9; quiz 307.

 51. Liang J, Malherbe JAJ, Fuller KA, Mirzai B, George C, Carter 
TL, et al. Automated enumeration of lymphoid and plasma cells in 
bone marrow to establish normal reference ranges. J Clin Pathol. 
2018;71:916.

 52. Ganser A, Heuser M.  Therapy-related myeloid neoplasms. Curr 
Opin Hematol. 2017;24(2):152–8.

 53. Fadini GP, Ciciliot S, Albiero M.  Concise review: perspectives 
and clinical implications of bone marrow and circulating stem cell 
defects in diabetes. Stem Cells. 2017;35(1):106–16.

 54. Soliman AT, De Sanctis V, Yassin M, Wagdy M, Soliman N.  Chronic 
anemia and thyroid function. Acta Biomed. 2017;88(1):119–27.

 55. Azevedo P, Cardoso PSR, Farah KP, de Melo FHC, Rezende 
SM.  Complete reversal of bone marrow fibrosis after parathy-
roidectomy for secondary hyperparathyroidism. Br J Haematol. 
2017;178(4):500.

 56. Thiele J, Zirbes TK, Bertsch HP, Titius BR, Lorenzen J, Fischer 
R.  AIDS-related bone marrow lesions--myelodysplastic features 
or predominant inflammatory-reactive changes (HIV-myelopathy)? 
A comparative morphometric study by immunohistochemistry 
with special emphasis on apoptosis and PCNA- labeling. Anal Cell 
Pathol. 1996;11(3):141–57.

 57. Piatek CI, Vergara-Lluri ME, Pullarkat V, Siddiqi IN, O’Connell 
C, Brynes RK, et al. Autoimmune myelofibrosis: clinical features, 
course, and outcome. Acta Haematol. 2017;138(3):129–37.

 58. Abaza Y, Yin CC, Bueso-Ramos CE, Wang SA, Verstovsek S.  
Primary autoimmune myelofibrosis: a case report and review of the 
literature. Int J Hematol. 2017;105(4):536–9.

 59. Vergara-Lluri ME, Piatek CI, Pullarkat V, Siddiqi IN, O’Connell 
C, Feinstein DI, et  al. Autoimmune myelofibrosis: an update on 

20 Bone Marrow at Initial Diagnosis: Clinical Associations and Approach to Diagnosis



464

morphologic features in 29 cases and review of the literature. Hum 
Pathol. 2014;45(11):2183–91.

 60. Ungprasert P, Chowdhary VR, Davis MD, Makol A.  Autoimmune 
myelofibrosis with pancytopenia as a presenting manifestation 
of systemic lupus erythematosus responsive to mycophenolate 
mofetil. Lupus. 2016;25(4):427–30.

 61. Tang VK, Huh YO, Tayar JH, Rojas Hernandez CM.  Primary 
autoimmune myelofibrosis as etiology of pancytopenia mimicking 
myelodysplastic syndrome. Leuk Lymphoma. 2016;57(3):731–4.

 62. Lewandowski K, Complak A, Hellmann A. Microscopic examina-
tion of bone marrow aspirates in malignant disorders of haema-
topoiesis--a comparison of two slide preparation techniques. Ann 
Hematol. 2012;91(4):497–505.

 63. Sharma P, Sachdeva MU, Varma N. Bone marrow aspirate smear 
preparation: morphological superiority of the timely wedge smear 
and the importance of imprints. Ann Hematol. 2014;93(6):1063–4.

 64. Aleem A, Alsaleh K, Aljabry M, Aziz S, Iqbal Z, Almomen A.  A 
comparison of two techniques of preparing bone marrow aspirate 
slides. J Pak Med Assoc. 2016;66(5):528–7.

 65. Oo TH, Hu S.  Copper deficiency-related bone marrow changes 
secondary to long-term total parenteral nutrition. Clin Case Rep. 
2017;5(2):195–6.

 66. Dalal N, Hooberman A, Mariani R, Sirota R, Lestingi T.  Copper 
deficiency mimicking myelodysplastic syndrome. Clin Case Rep. 
2015;3(5):325–7.

 67. Beutler E.  Clinical evaluation of iron stores. N Engl J Med. 
1957;256(15):692–7.

 68. Wallerstein RO. Marrow iron. JAMA. 1977;238(15):1661–2.
 69. Das S, Mishra P, Kar R, Basu D.  Gelatinous marrow transforma-

tion: a series of 11 cases from a tertiary care centre in South India. 
Turk J Haematol. 2014;31(2):175–9.

 70. Bohm J.  Gelatinous transformation of the bone marrow: 
the spectrum of underlying diseases. Am J Surg Pathol. 
2000;24(1):56–65.

 71. Tadmor T, Shvidel L, Aviv A, Ruchlemer R, Bairey O, Yuklea M,  
et al. Significance of bone marrow reticulin fibrosis in chronic lym-
phocytic leukemia at diagnosis: a study of 176 patients with prog-
nostic implications. Cancer. 2013;119(10):1853–9.

 72. Brackers de Hugo L, Ffrench M, Broussolle C, Seve P.   
Granulomatous lesions in bone marrow: clinicopathologic find-
ings and significance in a study of 48 cases. Eur J Intern Med. 
2013;24(5):468–73.

 73. Wool GD, Deucher A. Bone marrow necrosis: ten-year retrospec-
tive review of bone marrow biopsy specimens. Am J Clin Pathol. 
2015;143(2):201–13; quiz 306.

 74. Himchak E, Marks E, Shi Y, Wang Y.  Did I miss it? discover-
ing hidden coexisting hematological neoplasms: a single insti-
tutional review of 100 collision tumors. Int J Surg Pathol. 
2018;26(4):296–305.

 75. Alley CL, Wang ED, Dunphy CH, Gong JZ, Lu CYM, Boswell EL, 
et  al. Diagnostic and clinical considerations in concomitant bone 
marrow involvement by plasma cell myeloma and chronic lympho-
cytic leukemia/monoclonal B-cell lymphocytosis. Arch Pathol Lab 
Med. 2013;137(4):503–17.

 76. Seegmiller AC, Kim AS, Mosse CA, Levy MA, Thompson MA, 
Kressin MK, et al. Optimizing personalized bone marrow testing 
using an evidence-based, interdisciplinary team approach. Am J 
Clin Pathol. 2013;140(5):643–50.

 77. Seegmiller AC, Kim AS, Mosse CA, Shaver AC, Thompson MA, 
Li S,  et al. Data-driven iterative refinement of bone marrow test-
ing protocols leads to progressive improvement in cytogenetic and 
molecular test utilization. Am J Clin Pathol. 2016;146(5):585–93.

 78. Arroz M, Came N, Lin P, Chen W, Yuan C, Lagoo A, et al. Consensus 
guidelines on plasma cell myeloma minimal residual disease analy-
sis and reporting. Cytometry B Clin Cytom. 2016;90(1):31–9.

 79. Sever C, Abbott CL, de Baca ME, Khoury JD, Perkins SL, Reichard 
KK, et al. Bone marrow synoptic reporting for hematologic neo-
plasms: guideline from the College of American Pathologists 
Pathology and Laboratory Quality Center. Arch Pathol Lab Med. 
2016;140(9):932–49.

 80. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein 
H, et  al. WHO classification of tumours of haematopoietic and 
lymphoid tissues. In: Sosman FT, et  al., editors. World Health 
Organization classification of tumours. Revised 4 ed. Lyon: 
International Agency for Research on Cancer; 2017. p. 585.

A. S. Lagoo and N. S. Rosenthal


	20: Bone Marrow at Initial Diagnosis: Clinical Associations and Approach to Diagnosis
	List of Frequently Asked Questions
	1. What is the relevance of morphological examination of bone marrow and the role of a surgical pathologist in the era of molecular diagnostics?
	2. What are the indications of bone marrow examination?
	3. Are there specific indications in certain patient groups?
	4. What are the contraindications for a bone marrow biopsy?
	5. What is the optimal procedure for obtaining and processing bone marrow samples?
	6. What is the role of imaging studies in bone marrow examination?
	7. What clinical information is needed to adequately evaluate a bone marrow specimen and what does the information imply for underlying disease?
	8. Which laboratory test results are needed to adequately evaluate most bone marrow specimens?
	9. Which additional laboratory tests are needed for specific indications listed above?
	10. What is the optimal specimen for cytological examination of the marrow?
	11. How to judge the quality of aspirate smear?
	12. What information is obtained from cytological examination of the marrow?
	13. What is the role of the core biopsy?
	14. What additional studies should be considered in the evaluation of a bone marrow?
	15. Which findings are of immediate importance and should be reported to a clinician?
	16. What is the optimal organization of the bone marrow report?
	17. What are the mimics and what is the clinical relevance of misinterpretation between the true diagnosis and mimics with reference to mistreatment and/or wrong prognosis?
	18. Which morphological findings in the peripheral blood/BM aspirate/biopsy are reliably diagnostic? Which ones suggest the diagnosis? Which is (are) unreliable for diagnosis? Which findings rule out the diagnosis?
	19. What should be the approach to provide maximum, but defensible information, from limited specimen or work-up?
	20. When is a diagnostic comment necessary and what should be discussed in the diagnostic comment?
	21. When is it appropriate to seek external consultation for a bone marrow biopsy?
	References




