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Abstract

Introduction : For diagnosis of hematologi' disorders there are three modalities to examine
marrow, bone marrow aspiration cytology (BMA), bomarrow biopsy (BMB) and touch impri
cytology (BMI). BMA gives cytological picture, BMdlso gives cytological picture but cells are |
in number ad BMB gives cytological as well as bone marrowhéectural picture. BMA alone me
not be sufficient to reach diagnosis thereforeptesent study was undertaken to compare the ¢
three modalities.

Material and methods: The present study was a proctive study done from January 2013
December 2013. Total Shses, where BMA, BMI and BMB were performed on O&il IPD
patients at Dhiraj General Hospital, Vadodara weotuded. Complete clinical data were recor
including physical examination, colete hematological study along with other rele\
investigations and proforma fille

Results: The various diseases diagnosed by BMA, BMI and BMBre megaloblastic anerr
(19.6%), aplastic/ hypoplastic anemia (13.7%), ideficiency anemia/ micronormestic erythroid
hyperplasia (2.0%), dimorphic anemia (5.9%), idibgathrombocytopenic purpura (2.0%), plas
cell dyscrasias (3.9%), Myeloproliferative disosl€3.9%), leukemia (15.7%), normocellular mari
(13.7%), metastasis (15.7%) and miscellais (3.9%).

Conclusion: BMA is found to be the superior procedure for eatibn of hematological disorde
compared to BMI and BMB.
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Introduction outpatient departments of Dhiraj General

The bone marrow can be examined by Bonléospital, Vadodara, where BMA, BMI and BMB
Marrow Aspiration cytology (BMA), Bone Were performed from January 2013 to December

Marrow Biopsy (BMB) and Bone Marrow 2013. Complete clinical data were recorded

Imprint (Touch Imprint) cytology (BMI). BMA including . physical examinfation, complete
gives cytological picture, BMI gives cytologicalhematmog'cal study along with other relevant
picture but cells are less in number and BM@EVestigations and pro-forma filled.

gives cytological picture as well as bone marrow _ o

architecture. The BMA alone may not bdnclusion criteria

sufficient to make a diagnosis. The present studfjdications for bone marrow examination with
was undertaken to compare the above thr&&'® informed consent of patients admitted to or

modalities for bone marrow evaluation. Théttending OPD in Dhiraj General Hospital [2].
technique of BMA is universally accepted and

widely used. However, BMB, as a diagnosti¢ndications for BMA

procedure, is being increasingly used for the * Red cells disorders (e.g. Pancytopenia,

study of hematological pathology and could Pure red cell aplasia)

possibly be the only way for reaching a correct * Leukocytic disorders (e.g. Subleukemia
diagnosis. If performed correctly, BMA is simple and aleukemic leukemia, acute leukemia)
and safe and can be repeated many times and * Megakaryocytic and platelets disorders
even performed on outpatients. It seems to be (e.g. Unexplained thrombocytopenia and
safe in almost all circumstances, even when thrombocytosis)

thrombocytopenic purpura is present [1]. * Myeloproliferative disorders

However, when there is a major disorder of ¢ Myelodysplastic syndromes
coagulation, such as hemophilia, BMA should <« Paraproteininemias

never be attempted without appropriate cover e« Pyrexia of unknown origin

and checking by Coagulation Factor Assay prior « Suspected lysosomal or other storage
to the procedure. BMB is little less simple, but disorders

can also be performed on outpatients. BMI iS « |ron store assessment

also a reliable diagnostic tool for determining the . \etastasis

cellular composition. The bone marrow Unexplained  hepatomegaly  and/or
evaluation may either confirm clinically splenomegaly

suspected disease or provide previously

unsuspected diagnosis. A_lthO_UQh sf[udies _ha"f% correlate information obtained on BMA with
evaluated the role of BMA in diagnosing variougn and BMB and to evaluate the necessity for

hematological disorders but fewer studies ha¥@vig and BMI. bone marrow BMA and bone
compared the relative value of BMB and BMl. 510w BMB were performed in all cases.

The present study comprises of 51 BMA, BMB
and BMI carried out at Dhiraj General Hospitalp gcedure for examination[3, 4]

Vadodara, to compare relative amount Ofya BMI and BMB were evaluated after

information obtained in each procedure. taking detailed clinical history. PBSs were taken
at the time of BMA/BMB, stained with

Material and methods Romanowsky stain and evaluated followed by

The present study was prospective studgMA/BMI examination.

consisted of 51 patients of inpatient and
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BMA/ BMI smears

BMB

» Smears were chosen having marrow
particles and cell trails of particles.

e Under low power cellularity,
megakaryocytes and
metastatic carcinoma cells if any were
assessed.

» Area was selected in the cell trail of the
particle where dilution was not present

and cell morphology were best made out .

and differential count was carried out on

presence of .

or infiltrates of metastatic tumor or

lymphoma were studied. Topographical
relationship between bony trabeculae
and the marrow was assessed.

Following this, the bone, hemopoietic

elements and marrow stromal elements
were studied using medium power (10x
objective) and a high power(40X

objective)

Examination under oil immersion (100X

objective) was not done.

at least 500 nucleated cells other than

erythroid precursors using oil immersion. _ )

M: E ratio was then calculated. Comparative evaluation was based on

Perl's stained BMA were examined * Ease of technique gsed ]

under lower power (10X) to assess » Adequacy of materials obtained

storage iron. Examination under high » Cytomorphology,  cellularity

power (40X) and oil immersion (100X) architecture

was done to assess whether siderotic  ° Utility in diagnosis of different disorders

granulation was reduced, normal or

increased in normoblasts ~ andResults

macrophages, and to detect abnormallgased on the hematological findings and other

prominent iron deposits. relevant investigations, the cases were broadly
classified into 11 groups and were diagnosed
based on BMA, BMI and BMB were as per

Under low power, general impression offable - 1 The positive correlation between these

the biopsy, including overall cellularity, three diagnostic tools was as perTiable - 2

architecture and megakaryocyte numbeBMI alone was not diagnostic in any of the case.

and distribution, abnormalities of theBut, it was found to be supplementary in

bone, focal lesions, such as granuloméasllowing cases.Table - 3, 4

and

Table - 1: 51 cases diagnosed based on BMA, BMI and BMB.

Sr. No. Diagnosis (Total no. of cases) BMA BMI BMB

1 Megaloblastic anemia (10) 10 8 9

2 Aplastic/ hypoplastic anemia (7) 7

3 Microcytic hypochromic anemia (1) 1

4 Dimorphic anemia (3) 3 1 1

5 Idiopathic thrombocytopenic purpura (1) 1 1 1

6 Plasma cell dyscrasias (2) 2 2 2

7 Myeloproliferative disorder (2) 1 2

8 Acute leukemia (8) 7 2 2

9 Normocellular marrow (8) 8 6 6

10 Metastasis (7) 6 2 6

11 Miscellaneous (2) 2 1 1
Total (51) 41 23 37
Percentage (%) 80.39 45.10 72.55
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Table - 2: Positive correlation between BMA, BMI and BMB.

ST Diagnosis (Total)

Z
©

BMA and
BMI

BMA
BMB

and

BMB
BMI

and

Megaloblastic anemia (10)

Aplastic/ hypoplastic anemia (7)

Microcytic hypochromic anemia (1)

Dimorphic anemia (3)

Idiopathic thrombocytopenic purpura (1)

Plasma cell dyscrasias (2)

Myeloproliferative disorder (2)

Acute leukemia (8)

OO N0 AW NP

Normocellular marrow (8)

[EnY
o

Metastasis (7)

=
[N

Miscellaneous (2)

RO W LI NP R O N

R WOIWN NP OIN O

NSO RFR|INFPI N OIN|

Total (51)

w
(o2}

w
o1

N
o

Percentage (%)

70.59

68.62

78.43

Table - 3: Cases diagnosed by BMA where others were supplanyen

o\
pd
o

Diagnosis (Total diagnosed by BMA)

BMB

BMI

Megaloblastic anemia (10)

9

Microcytic hypochromic anemia (1)

o

Dimorphic anemia (3)

Idiopathic thrombocytopenic purpura (1)

Plasma cell dyscrasias (2)

Myeloproliferative disorder (1)

Acute leukemia (7)

Normocellular marrow (8)

OO N0 B W NP

Metastasis (1)

[EnY
o

Miscellaneous (1)

Total (35)

Percentage (%)

Table - 4: Cases diagnosed by BMB where others were supptanmyen

Diagnosis (total diagnosed by BMB)

BMA

BMI

Aplastic/ hypoplastic anemia (7)

Myeloproliferative disorder (1)

Metastasis (6)

1
2
3 Acute leukemia (1)
4
5

Miscellaneous (1)

Total (16)

Percentage (%)

37.5
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Discussion On comparison with the study by Nanda A., et al.

The comparative evaluation of BMA, BMI and[®]; the p value is found to be significant. Nanda
BMB was undertaken to assess whether all thrée: €t @l- [5], in their study has found that BMA
procedures are required in every case or glone was sufficient in making a diagnosis in
certain cases only BMA or only BMB wou|d88'6% cases. In the remaining 11.4% cases,
give adequate diagnostic information, therebfMB Was necessary for making a diagnosis due
relieving the patient from unnecessary additiondf Incomplete information provided by BMA or
stress. In thirty one cases all three procedur§ inability to give a correct diagnosis. These

were performed. In rest of the cases only one GS€S Were mostly hypoplastic, aplastic marrow,
two procedures were done. myelofibrosis, and marrow infiltration by

metastatic  tumours and  lymphomatous
infiltrations. (Table — 9

Table - 5: Comparison of diagnostic accuracy of BMA and tieptBMB.
Study BMA (%) BMB (%)
Nanda A., et al. (2002) [5] 88.6 11.4
Pandya A., et al. (2012) 70 30
Smita Chandra, et al. (2011) 70 30
Present study 68.62 31.38

In the present study of 51 cases, BMA waBigure — 1 Microphotograph of BMA showing
diagnostic in 68.62% cases and trephine BMByper cellular marrow (4X) in MA. Inset
was diagnostic in 31.38% cases where BMAhowing megaloblasts.

mainly was a dry tap or diluted with blood. BMI” g & © &
was supplementary to BMI in 82% and'-ﬁ*% ‘dw'.
supplementary to BMB in 37.5 % of cases. It Wag%‘ﬁ?a'" '
found that complete clinical and other relevani®gayse -
parameters (i.e. laboratory and radiologica “ &
findings) were needed in evaluating the BMA &

BMI and BMB to arrive at a conclusive
diagnosis by ruling out other differential

diagnosis.

In all cases, the cytomorphology was the best in
BMA (Figure - 1, 2, 3, 4) followed by BMI Figure — 2 Microphotograph of BMA showing
(Figure - 5, 6, 7 and least in BMBRigure - 8, Hypocellular Marrow in AA. (10X)
9, 10, 11) since the BMA/BMI had not been anti-Wiffw ' .f" S
>t T} . by B T

coagulated or stored before making smears. BN +
were made by either gentle rolling or touching b~
trephine specimen, since they were not spredi /
smears. Therefore cells overlapped with eac
other. While in BMB tissue processing the cellsf‘
got shrunken. Comparative values, merits an ‘
demerits of different techniques were explainer
as perTable — 6
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Figure — 3 Microphotograph of BMA showing Figure — & Microphotograph of BMI showing
PCs in Plasma Cell Dyscrasia. Tri-nucleatedypo-cellularity in AA. (10X)
Plasma Cell is best appreciated (60X)

Figure — 7. Microphotograph of BMI in Plasma
Figure — 4 Microphotograph of BMA showing Cell Dyscrasia. Cell crowding affects
intracellular LD Bodies in kalaazar. (60X) morphological identification of cells. (20X)

Figure — 5 Microphotograph of BMI showing Figure — 8 Microphotograph of BMB showing
hyper-cellularity in  MA. Morphological hypocellular marrow with arrow showing island
identification is difficult than BMA due to of marrow cells in AA. BMB is so the diagnostic
overlapping of cells. (10X) in case of AA (20X).
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Figure — 9 Microphotograph of BMB showing

Conclusion

fibrosis and streaming of cells. In case of MPN BoRe marrow examination is a safe quick and
IMF, BMB is the diagnostic aid. (10X)

easy procedure with very less patient discomfort.
It is cost-effective and does not require
sophisticated equipments. It may be difficult to
perform BMB under local anesthesia in non-co-
operative cases and relatively takes longer time
to perform with a bit of patient discomfort. BMA
shows better cellular details when compared to
BMI and BMB. BMB is the diagnostic
investigation in dry tap cases like AA, IMF,
MDS and metastatic tumors. The cellular
architecture is well preserved compared to BMA.
The advantages in correct diagnosis of a case by
BMA in conjunction with the clinical,
hematological, BMI and BMB study, far

Figure — 10 Microphotograph of shows BMB outweighs the minor disadvantages with BMB.
diagnosed as ALL. BMA was dry tap due tdBMA is found to be the superior procedure for

packed marrow. (20X)
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Figure — 11 Microphotograph of BMB showing

evaluation of hematological disorders compared
to BMI and BMB.
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Table - 6: Evaluation of BMA, BMB and BMI based on differgudrameters.

BMA BMB BMI

Procedure Easy and smoatRelatively painful| If proper cautions arg
procedure. procedure. not taken  while
Very little discomfort to] Chances of procedurepreparing imprints
the patient. failure are high andchances of breaking
Dilution of the| distortion of area in down of BMB
specimen by blood iswhich BMA is done. specimen are there.
common problem  with
BMA.

Processing and staining BMAs are cheapern 3ections are expensiv| Same as BMA.
prepare, rapidly stainedpreparation &
with widely available processing requires at
routine stains. least 6-24hrs
Ready for examination Techniques to cut
within few minutes. sections with minima
Cost effective. distortion at 4 to 5 pm

require experienced and
trained person.

Cellularity Approximation of| It is reliable mode of Imprints give good
cellularity can be doneaccurate idea of cellularity.
from direct smear butdetermination of But though they are
dilution by peripheral cellularity not spread smears
blood makes all types af chances of falsg
smears and volumetric positive results
data  worthless in regarding cellularity
accurate estimation of is there.
cellularity. In hypercellular

marrow imprints may
not have cell drop
out.

Megakaryocytes Megakaryocytic densjtfhe  megakaryocytesimprint smears
by BMA smears are accurately assessedobviate the difficulty
examination is clearly of assessing
measured. megakaryocytic
Morphology is density as well ag
excellent. morphology.

Topographical It is only seen in BMB.

alteration of marrow

Megakaryocytic
heterotopia is
observed in PV.

wel
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Differential count

The smears
marrow  material i
evenly spread &
undistorted.

So, this preparation is
convenient for
differential count. At

least 500 cells should K
calculated
particles,

easily done on BMA.

in whichNot possible.

in different
this can be

e

The cytomorpholog

SO as to dg
differential count in
at least 500 cells.

Morphology

BMA smears are foun
to be “the best” for
examination of]

cytological details since satisfactory.

BMA has not beer
anticoagulated or storg
before making smears.
By this almost all
diagnosis can be mag
except for IMF, AA and
LPD.

dCells get shrunken i
this preparation, s
cellular details are ng

d

le

nThe morphology is

Drelatively less
tappreciated as th
imprints are  not

spread smears. S
over cellular imprintg
and overlapping o
cells may obscurg
exact

cytomorphology.

IS not so appreciated

y

f

1%

Cytomorphology

characterization 0
immature cells (blasts
is better on BMA. Sd
FAB classification of
acute leukemia ig
applied on smear by
not on sections.

It

Immature cells teng
to be hidden in
overlapped areas (
smear, so the ratio ¢
immature to maturg
cells is artificially
depressed in smears

)

f

=

g

In smears evaluation (
intracellular inclusions
maturation of erythroig
precursors are mof
satisfactory .

pfMorphological
identification of

edifficult than smear

individual cell is more

Basophilic granulocyte

& precursors are
recognizable in
Romanowsky  staine
smears but not iy
section.

12

o

Morphology of mitotic

figure is better. Becausg
dividing cells are
concentrated in
particles.
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Iron content

BMA is superior, in
estimation  of  iron
stores.

Identification of iron

store is done only on

BMAs.

The patrticles are to
less in imprint
material so there an
high chances of fals
negative results.

D

Pattern of involvement

Easily missed or ndnly trephine section

apparent.

identifies pattern o
involvement which ig
important for diagnosis
and staging 0
lymphoma, hairy cel
leukemia, multiple|
myeloma and
metastatic tumors.

Not apparent

Metastatic tumors

Often tumor cells 3
irregularly  distributed
individually/ in groups
so difficult to classify

from other marrow
cells. Metastasis i
under diagnosed d

misdiagnosed.

rbletastatic tumors arp

5 of
rhistological

more easily found
better classified ang
even origin of primary
can be judged becau
architectural ang
patterns
displayed in section
especially when BMA
found to be normal.

O ==

Same as BMA

2
D
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