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Abstract
The 2008 ICSH guideline was proposed to bring uniformity in bone marrow reporting among pathologists worldwide. The 
objective was to study the usefulness of on-site procedural information in routine marrow reporting. The nature of marrow 
aspirate, gross appearance, and core length of iliac crest trephine biopsies from 174 consecutive subjects (109 males, 65 
females, mean age 47.5 ± 19.2 years) were reviewed by a pathologist blinded to the final diagnosis. The nature of aspirate 
had a significant correlation with a positive diagnostic yield among 149/176 (84.6%) cases (P = 0.03). Among cytopenic 
subjects, megaloblastic anemias (MA) (N = 27) and aplastic anemias (AA) (N = 14) had richly particulate and greasy/fat rich 
aspirates, respectively (P < 0.001). Eighty-six of 104 (82.7%) normal vs. 61/70 (87.1%) abnormal cores (for age) yielded a 
diagnosis (P = 0.43). Seventeen (63%) of the MA had a deep red trephine core (P = 0.18); and 12/14 (84.5%) of the AA had 
yellowish trephine core (P = 0.008). Though acute leukemias (N = 38) yielded variable aspirate materials (P = 0.34), they 
were more likely to have a pale, discolored trephine core (30/38 (79%) vs. 8/38 (21%), P < 0.001). A core length of ≥ 15 mm 
(N = 155) had higher diagnostic yield compared to < 15 mm (N = 19) (P = 0.05). Careful documentation of on-site marrow 
procedure information is necessary; and this may provide valuable clues for the morphological diagnosis.
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Introduction

Bone marrow (BM) examination is a simple, cost-effec-
tive, and essential diagnostic tool for laboratory evalua-
tion of unexplained peripheral blood cytopenia (s) and/or 
cytoses; investigation of abnormal peripheral blood smear 
(PBS) findings; diagnosis, follow-up, and staging of several 

hematolymphoid malignancies like acute leukemias, Hodg-
kin and non-Hodgkin lymphomas, myelodysplastic and/or 
myeloproliferative neoplasms, plasma cell dyscrasias; sus-
pected marrow metastasis from solid malignancies; fever 
of unknown origin (FUO); storage disorders; for exclu-
sion of hematological disease, if any, in potential donors 
of allogenic hematopoietic stem cell transplantation; and 
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last but not the least for submission of marrow aspirate for 
several ancillary studies useful for patient diagnoses [1–3]. 
In order to maintain uniformity in BM reporting among 
hematopathologists worldwide, the International Council 
for Standardisation in Hematology (ICSH) formulated a 
guideline for standardization of bone marrow processing 
and reporting in the year 2008 which is currently in wide 
usage worldwide [4]. This guideline takes into consideration 
the relevant preanalytical variables such as clinical exami-
nation findings, presence or absence of organomegaly and/
or lymphadenopathy, complete blood count, and peripheral 
smear examination findings which need to be integrated into 
BM aspirate (BMA) and trephine touch imprint cytology 
along with trephine biopsy (BMBx) histomorphology, sup-
plemented with results of pertinent ancillary investigations 
(wherever necessary) for an accurate diagnosis [5]. One 
important preanalytical information, although incorporated 
in the 2008 ICSH guidelines but rarely documented in the 
BM requisition form, is the on-site procedure information 
related to nature of aspirated material, trephine core length 
(CL), and its gross appearance. However, there has been a 
paucity of literature surrounding the gross appearance of 
BM trephine core biopsy and its diagnostic utility in routine 
hematopathology practice. In this manuscript, we aim to pre-
sent our data on 176 consecutive cases with special refer-
ences to nature of BM aspirate and gross appearances of BM 
trephine biopsy with their impact on diagnostic outcome.

Materials and methods

The archival BM records of all the subjects who under-
went BM procedure over a period of 2  years (January 
2014 to December 2015) at the Department of Pathology 

at Pondicherry Institute of Medical Sciences, Pondicherry, 
India, were retrospectively reviewed. The Institutional Eth-
ics Committee approved the retrospective record review 
and this study was conducted as per the Declaration of Hel-
sinki. After obtaining the patient consent, BM procedure was 
undertaken by a consultant pathologist (SP) trained in BM 
procedure or a resident under his supervision from posterior 
superior iliac spine in lateral position under 2% xylocaine 
infiltration anaesthesia under strict aseptic precautions fol-
lowing a double needle technique (DNT) [6, 7]. In all cases, 
aspirate was taken first using Salah bone marrow aspira-
tion needle prior to obtaining BMBx. Trephine biopsy was 
performed using Jamshidi™ biopsy needle (11G × 9 cm for 
adults, 13G × 9 cm for pediatric subjects less than 10 years 
of age; CareFusion, USA) through the same skin incision 
site but at a different point on the bone 0.5 to 1 cm apart; 
and following a different angle laterally (so-called lateral 
approach) [8]. In total, 1 to 2 ml BMA was slowly pulled 
into a 5-ml syringe containing 0.5 ml of 1% dipotassium 
EDTA, quickly mixed, and then poured drop-wise onto a 
slanted clean glass slide allowing the excess blood to be 
drained off the slide into the petri dish. Then, marrow frag-
ments/particles were carefully taken out with the edge of 
another clean glass slide onto 5 to 6 slides to prepare “parti-
cle crush/squash” smears (Supplement 1, S1). As a routine 
practice at our center, the smears were prepared by the con-
sultant pathologist or the pathology residents who described 
the nature of aspirate material as follows: (i) aparticulate/
hemodiluted, (ii) scant or tiny particulate, (iii) greasy (fat 
rich, oily), (iv) particulate, (iv) richly particulate, (v) clot-
ted, (vi) dry tap (Fig. 1). Similarly, after extraction from the 
biopsy needle, the trephine core was gently rolled on a filter 
paper; and then the gross appearance and prefixation core 
length (pre-CL) (including the periosteum, cortex, and/or 

Fig. 1  Gross description of nature of the bone marrow aspirate smears obtained during the procedure. All slides were stained with May-Grün-
wald-Giemsa stain
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cartilage) were noted down carefully. The following descrip-
tors were used to describe the gross appearance of trephine 
core such as normal or abnormal for age; the latter further 
described as follows: (i) deep red/cherry red, (ii) fatty/yel-
lowish/greasy, (iii) pale (discolored), (iv) soft/slimy. This 
was followed by preparation of minimum six “serial touch 
imprint” smears by gently touching a clean glass slide over 
it. Representative smears were stained with May-Grünwald-
Giemsa (MGG) for cytomorphological assessment.

The trephine biopsy was fixed in 10% neutral buffered 
formalin for 8 to 10 h followed by slow decalcification using 
formol-citrate solution for 12 to 24 h before paraffin embed-
ding. Two 4-µm-thick trephine sections were stained with 
haematoxylin eosin (H&E); and one each for per iodic acid 
Schiff (PAS) and Gomori silver reticulin staining for routine 
histomorphological evaluation. The following parameters 
were noted: number of evaluable intertrabecular marrow 
spaces (EIMS); age wise marrow cellularity; architectural 
distribution and morphology of trilineage hematopoiesis; 
grade of reticulin condensation on a 0 to 3 scale as per Euro-
pean consensus on the grading of bone marrow fibrosis [9]; 
stromal alteration; and presence or absence of any patho-
logic abnormality to reach a comprehensive morphologic 
diagnosis. The microscopic evaluation of BMA and BMBx 
was performed in accordance with 2008 International Coun-
cil of Standardization in Hematology guidelines [5]. In all 
cases, the operator who performed and documented the aspi-
rate and trephine core findings was blinded to the underlying 
diagnoses.

Statistical analysis

All statistical analyses were performed using Statistical 
Package for Social Science (SPSS, version 20.0) for Micro-
soft Windows. Descriptive statistics were presented as num-
bers and percentages for categorical variables; mean and 
SD for continuous variables. Chi-square test/Fisher’s exact 
test was used for qualitative data. The data was checked for 
normality and, thereafter, parametric/nonparametric tests 
were performed. Kruskal–Wallis test and Mann–Whitney 
test were used for nonnormally distributed continuous data. 
The One-Sample Proportion test was used to assess trephine 
core appearance. A two-sided P value < 0.05 was considered 
statistically significant.

Results

One hundred and seventy-six consecutive subjects under-
went simultaneous BMA and BMBx procedure which 
included 111 males (63.1%) and 65 females (36.9%) 
with mean age of 47.5 ± 19.2 years (range 2 months to 

85 years); and only 5 cases (2.8%) were under 14 years of 
age (Table 1). The four most common clinical indications 
were hematological malignancies (N = 74, 42%), fever of 
unknown origin (FUO) (N = 36, 35%), cytopenia(s) (N = 35, 
35%), and staging for non-Hodgkin lymphoma (N = 20, 
11%). Similarly, the four most common diagnoses offered 
by pathologists after BM examination were hematologi-
cal malignancies (N = 66, 37%) (acute leukemias (N = 38), 
myelomas (N = 15), myeloproliferative neoplasm (N = 6), 
myelodysplastic syndrome (N = 4), chronic lymphoprolifera-
tive neoplasm (N = 3)); benign/nonspecific reactive change 
(N = 52, 30%); megaloblastic anemia (N = 27, 15%); and 
aplastic/hypoplastic marrow (N = 17, 10%).

In one hundred and thirty-four (76%) cases, the procedure 
yielded an “easy” aspirate; and it was reported as “difficult” 
in the remaining 42 subjects (24%). The aspirate samples 

Table 1  Basic characteristics among 176 consecutive subjects

* Length not available for two cases
¶ 21/27 megaloblastic
 ≠ 15/17 myelomas, 2 gelatinous marrow transformation (GMT)
§ 12/14 aplastic/hypoplastic

Parameters Number Percentage

Gender
  Male 111 63.1
  Female 65 36.9

Mean age (years) (± SD) 47.5 ± 19.2 -
Aspirate

  Easy 134 76.1
  Difficult 42 23.9

Nature of aspirate
  Particulate 88 50
  Richly particulate 21 12
  Scant, tiny particulate 37 21
  Greasy, fat rich 14 8
  Aparticulate 7 4
  Clotted 6 3
  Dry tap 3 2
Trephine biopsy (N = 174/176)*

   ≥ 15 mm 155 89.1
   < 15 mm 19 10.9

Gross appearance of trephine core*
  Normal for age 104 59.8
  Abnormal for age 70 40.2
  Deep  red¶ 27/70 38.6
  Soft/slimy/gelly-like≠ 17/70 24.3
  Fatty/greasy§ 14/70 20.0
  Pale, discolored 12/70 17.1

Diagnosis from BM study
  Yes 149 84.6
  No 27 15.4
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were particulate in 88 (50%); richly particulate in 21 (12%); 
scant/tiny particulate with or without hemodilution in 37 
(21%); aparticulate and hemodiluted in 14 (8%); greasy 
or fat like in 14 (8%), aparticulate and hemodiluted in 7 
(4%), clotted in six (3%), and dry tap in remaining three 
(2%) cases. One hundred eleven among 134 (82.8%) cases 
with easy aspirate and thirty-eight of forty-two (90.5%) 
with difficult aspirate yielded a morphological diagnosis 
(P = 0.23). Similarly, eighty-six of 104 (82.7%) normal vs. 
61/70 (87.1%) abnormal cores (for age) yielded a diagnosis 
(P = 0.43). Among 149 cases with a morphological diag-
nosis, 66 (44.3%) had particulate aspirate, 21 (14.1%) had 
richly particulate aspirate, 34 (22.8%) yielded scant par-
ticles, seven (4.7%) had greasy (fat rich) aspirate, twelve 
(8.1%) had aparticulate aspirate, three (2%) yielded dry 
tap; and the remaining six (4%) had clotted sample during 
the procedure. Similarly, among twenty-seven cases with 
no diagnosis offered on BMA examination, twenty-two 
(81.5%), three (11.1%), and two (7.4%) had particulate, scant 
particulate, and aparticulate aspirate, respectively (P = 0.03) 
(Table 2).

The association between the various morphological 
diagnoses with their nature of aspirate and corresponding 
trephine gross appearances is presented in Table 3. Megalo-
blastic anemia cases (N = 27) were more likely to have richly 
particulate than particulate aspirate smears (21/21 (100%) 
vs. 6/66 (9.0%), respectively, P < 0.001) and a deep red to 
cherry red trephine core than normal for age (17/27 (63%) 
vs. 10/27 (37%), respectively, P = 0.178). Aplastic/hypo-
plastic anemias (N = 14) were more likely to have greasy 
(fat rich) (7/7, 100%), aparticulate (5/12, 41.6%), and scant 
(2/34, 5.8%) particulate aspirate; and 12/14 (85.8%) of such 
marrow trephine cores were grossly abnormal (yellowish) 
(P < 0.001). Acute leukemias (N = 38) did not show any 
statistically significant association (P = 0.34) with aspirate 
quality; although a higher proportion of such cases were pale 
and discolored than normal cores (30 (79%) vs. 8 (21%), 
respectively, P < 0.001). Myelomas (N = 15) yielded par-
ticulate aspirate smears more often than scant (P = 0.21); 
and a very high proportion (14/15, 93.3%) had a soft and 
slimy trephine core on close examination (P = 0.001). The 
median age at myeloma diagnosis was 67 years (range 47 to 
70 years). The only case which had a normal gross appear-
ance had focal nodular aggregate of differentiated (non-blas-
tic) myeloma cells which constituted 30% of marrow nucle-
ated cells. On the other hand, cases with a “soft and slimy” 
trephine core (N = 14) had higher tumor burden (median 
60%, range 40 to 90%) with interstitial to diffuse pattern 
of marrow involvement by tumor cells. Besides this, four 
of the latter had a plasmablastic morphology. Four of six 
(66.7%) CMPN (one primary myelofibrosis, three chronic 
myeloid leukemia) yielded hard, pale, discolored trephine 
cores representative of thickened and sclerotic trabeculae; 

3/3 (100%) with gelatinous marrow transformation yielded 
soft, mucoid-like biopsy, whereas there was no statistically 
significant association with the gross appearance of tre-
phine core among reactive/nonspecific category (P > 0.05) 
(Fig. 2a-f).

One hundred and fifty-five subjects (89%) had CL 
of ≥ 15 mm whereas the remaining nineteen (11%) had CL 
of < 15 mm. The mean CL was 23.63 ± 9.26 mm (range 9 to 
50 mm); and CLs obtained from male and female subjects 
were comparable (24.71 ± 9.52 mm vs. 21.83 ± 8.57 mm, 
respectively, P > 0.05). Increasing CL was not associated 
with a diagnostic yield (P = 0.57) (Table 2).

Discussion

This retrospective review analyzed the trend in bone mar-
row sampling at a tertiary academic centre over a period 
of 2 years. As a part of quality assurance program and 

Table 2  Comparison of characteristics according to diagnostic status 
(N = 176)

* Correlated well with findings on trephine imprint cytomorphology 
which latter confirmed by trephine core histomorphology

Characteristics Diagnosis P value

Yes (N = 149) No (N = 27)

Aspirate
  Easy (n = 134) 111 (82.8%) 23 (17.2%) 0.23
  Difficult (n = 42)* 38 (90.5%) 4 (9.5%)

Nature of aspirate
  Particulate 66 (44.3%) 22 (81.5%) 0.03
  Scant particulate 34 (22.8%) 3 (11.1%)
  Aparticulate 12 (8.1%) 2 (7.4%)
  Dry 3 (2.0%) 0
  Clotted 6 (4.0%) 0
  Greasy 7 (4.7%) 0
  Richly particulate 21 (14.1%) 0

Gross appearance of trephine core (N = 174/176)
  Normal for age (n = 104) 86 (82.7%) 18 (17.3%) 0.43
  Abnormal for age (n = 70) 61 (87.1%) 9 (12.9%)
  Deep red (n = 27/70) 21 (77.8%) 6 (22.2%) 0.16
  Soft/slimy/fleshy 

(n = 17/70)
17 (100.0%) 0 (0)

  Yellowish/greasy 
(n = 14/70)

12 (85.7%) 2 (14.3%)

  Pale/discolored (n = 12/70) 11 (91.7%) 1 (8.3%)
Core length

   < 15 mm (n = 19) 14 (73.7%) 5 (26.3%) 0.57
  15–19 mm (n = 38) 33 (86.8%) 5 (13.2%)
  20–24 mm (n = 31) 26 (83.9%) 5 (16.1%)
  25–29 mm (n = 25) 23 (92.0%) 2 (8.0%)
   ≥ 30 mm (n = 61) 51 (83.6%) 10 (16.4%)
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residential training, there was a shift in trend of BM proce-
dure from being done by clinicians towards the pathologists; 
and unilateral marrow sampling was performed exclusively 
in all cases. In our center, benign marrow disorders outnum-
bered the hematological and non-hematological solid malig-
nancies; and pediatric marrows were rarely performed. We 
obtained a satisfactory CL (≥ 15 mm) in a higher proportion 
(155/174 (89.1%)) of our subjects as per the recommended 
guideline [10–12]; though increasing the core length was not 
associated with improved diagnostic yield.

In slight deviation from the 2008 ICSH guidelines, we 
did a minor modification in aspirate sampling and smear-
ing technique by collecting the BMA into EDTA containing 
syringe to avoid hemodilution and clotting. This technique 
was useful in preparing crush smears devoid of background 
blood elements and enhanced the quality of cytomorphologi-
cal details in MGG staining. Moreover, the conditions which 
were expected to have a predilection for quicker clotting 
such as acute leukemia(s), especially APML, hypoplastic/
aplastic anemias, HLH, etc., were better picked up by this 
sampling technique.

Among cytopenic subjects, megaloblastic anemias 
yielded richly particulate smears with very high cellular-
ity. On the other hand, a greasy, lipoma-like aspirate with 
hypocellular (fat rich) smears was almost always diagnostic 

of marrow hypoplasia that correlated with trephine histol-
ogy. Acute leukemias did not correlate with aspirate mate-
rial, though cases with dry tap were better picked up in 
imprint cytosmears in the form of clusters and/or nodular 
aggregates of blasts. The architectural patterns such as clus-
tering and nodular aggregates of plasma cells, and epithe-
lioid cells were better appreciated on imprint smears than 
aspirates. The EDTA collection technique also enabled us to 
prepare “particle clot” tissue sections in myeloma subjects 
where getting an adequate, unbroken trephine core was a 
challenge due to the friable nature of bones.

We used DNT as well as a different angle to obtain the 
BMBx to prevent the “same needle track” core damage due 
to background hemorrhage. Also, we meticulously docu-
mented the macroscopic appearance after soaking off the 
extra blood from the core biopsy. Considering the age wise 
physiologic variation in hematopoietic marrow (red mar-
row), it is expected that proportion of red marrow decreases 
with age with corresponding increasing in fat cells (yel-
low marrow). This forms the basis of nearly 100% marrow 
hematopoietic cellularity among newborns and children 
to roughly equal proportion (50:50) of hematopoietic and 
fat elements in middle-aged individuals to greasy (fat rich) 
in the elderly population. Therefore, any variation in this 
physiology would be reflected on the alteration of the gross 

Table 3  Association of nature of aspirate and gross appearance of trephine core with diagnostic outcome (N = 114/176)

# ; in one case, the appearance was not documented

Diagnoses N Nature of aspirate P Trephine core appearance P

Megaloblastic anemia 27 Richly particulate 21/21 (100%)  < 0.001 Deep red/cherry red 17/27 (63%) 0.18
Particulate 6/66 (9.0%) Normal 10/27 (37%)

Aplastic/hypoplastic 14 Greasy 7/7 (100%)  < 0.001 Yellowish, greasy 12/14 (85.8%) 0.008
Aparticulate 5/12 (41.6%) Normal 2/14 (14.2%)
Scant 2/34 (5.8%)

Myelomas 15 Particulate 12/66 (18.2%) 0. 21 Soft, friable, slimy 14/15 (93.3%) 0.001
Scant 3/34 (8.8%) Normal 1/15 (6.7%)

Acute leukemia (lymphoid and myeloid) 38# Particulate 19/66 (53.0%) 0.34 Pale, discolored 30/38 (79%)  < 0.001
Scant 8/34 (23.5%) Normal for age 8/38 (21%)
Aparticulate 5/12 (41.6%)
Dry 2/3 (66.6%)
Clotted ± 3/6 (50%)

Hemophagocytic lymphohistiocytosis 7 Particulate 2/66 (3.0%) 0.13 Pale, discolored 2/7 (28.6%) 0.257
Scant 4/34 (11.8%)
Clotted 1/6 (16.7%) Normal 5/7 (71.4%)

Chronic myeloproliferative neoplasm 6 Scant 3/34 (8.8%) 0.12 Pale, discolored 4/6 (66.7%) 0.414
Normal 2/6 (33.3%)Dry 1/3 (33.3%)

Clotted 2/6 (33.3%)
Gelatinous marrow transformation 3 Scant 2/34 (5.8%) 1.0 Soft, friable, slimy 3/3 (100%) -

Aparticulate 1/12 (8.3%)
Granulomatous 4 Particulate 4/66 Normal 4/4 (100%) -
Total 114
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appearance of trephine core. In accordance with this, all 
histologically proven hypoplastic/aplastic marrows were 
grossly abnormal (yellowish) to the naked eyes. The mye-
lomatous disease process weakens the bone making it more 
friable and prone for microfracture and thinned out trabecu-
lae; and the cores were slimy or gelly-like making imprint 
smearing difficult in the latter. This was further corrobo-
rated by the increased tumor burden (advanced histologic 
stage) in 14/15 myeloma cases in our series which showed 
an abnormal gross morphology in comparison to the only 
case with a normal gross morphology as the disease process 

was patchy (focal nodular) in the latter with a lesser tumor 
burden. On the other hand, megaloblastic cores were deep 
red to cherry red in appearance due to erythroid-rich florid 
trilineage hyperplasia with reversal of myeloid to erythroid 
ratio. Similarly, both acute leukemias and particularly CML 
cores were grossly discolored to pale red in appearance due 
to suppressed trilineage hematopoiesis by the leukemic 
blasts in the former; and erythropenic florid myelo-mega-
karyocytic hyperplasia (M: E ranging from 10 to 15: 1) with 
or without associated myelofibrosis, osteosclerosis in the 
latter (Fig. 2b). The hard, pale, whitish appearing trephine 
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core obtained from one of our cases of primary myelofi-
brosis demonstrated extensive osteomyelosclerosis, marrow 
hypocellularity, and irregularly thickened bony trabeculae 
(Fig. 2d). Consequently, the trephine tissue sections from 
acute leukemias and megaloblastic anemias appeared “pur-
ple” in hematoxylin eosin staining due to packed marrow-
like pattern secondary to sheets of blasts in the former and 
florid eythroid hyperplasia in the latter. Similarly, all CML 
cores yielded “pink” tissue sections due to florid myeloid 
and/or megakaryocytic hyperplasia.

There has been a surge of data highlighting the impact 
of procedure techniques and type of needle used (single 
bevelled vs. triple bevelled; manual vs. powered devices, 
etc.) on the quality and adequacy of the marrow specimen 
obtained [6, 7, 13–15]. Some centers across the USA like 
Washington University School of Medicine do in fact prac-
tise collection of marrow aspirate into EDTA tube as well 
as performing a gross inspection of trephine cores by their 

operators (nurses) before submitting to the hematopathology 
department [13]. They reported that triple bevelled biopsy 
needles procure better length but microscopically evaluated 
inferior quality of trephine cores and more hemodiluted 
aspirate materials when compared with the same obtained 
by single bevelled biopsy needle. However, no correlation 
of gross findings was reported in that study [13]. We do 
also suggest that using a single insertion site single needle 
technique may have a more hemorrhagic (reddish) trephine 
core compared to double needle technique which may cause 
gross interpretation tricky.

The major strength of our study is that of meticulously 
describing the gross (macroscopic) appearance of trephine 
core biopsy from a sizable number of cases by a pathologist 
who was blinded to the underlying diagnoses. To the best of 
our knowledge, correlation between gross and microscopy 
in bone marrow trephine pathology has not been previously 
described in the literature. Using simple descriptors such 
as “normal” or “abnormal” for age was easily reproducible 
among operators. The retrospective nature of the review, 
possible operator bias, and non-inclusion of potential con-
founding factors could be considered limitations of our 
study. To conclude, abnormal appearance of trephine core 
may provide valuable clue for specific underlying bone mar-
row disease. Careful documentation of such on-site proce-
dural information should be a part of mandatory preanalyti-
cal checklist as suggested by ICSH guidelines.
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tary material available at https:// doi. org/ 10. 1007/ s12308- 021- 00449-5.
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with 100% cellularity, myeloid hyperplasia, abnormal (dwarf) mega-
karyocytes, and markedly suppressed erythroid islands (hematoxy-
lin eosin, × 200). c A grossly abnormal (yellowish, greasy) trephine 
core from a 37-year-old male with severe pancytopenia; and the cor-
responding photomicrographs demonstrating marked hypocellular-
ity, suppressed trilineage hematopoiesis, and near total replacement 
by fat diagnostic of aplastic anemia (hematoxylin eosin, × 200). d A 
hard, pale, discolored linear core of trephine biopsy from a 65-year-
old male with splenomegaly and pancytopenia demonstrating mar-
row hypocellularity, osteomyelosclerosis, thickened irregular bony 
trabeculae, and dilated sinusoids consistent with primary myelofi-
brosis (hematoxylin eosin, × 200). e A grossly abnormal linear core 
of trephine biopsy from a 24-year-old male with prolonged fever 
and severe weight loss secondary to pre-B cell acute lymphoblas-
tic lymphoma (diagnosed from other side) demonstrating numerous 
tiny cavitary areas containing myxoid appearing substance. Note 
the aspirated scant, fibrillar, myxoid-like stromal matrix (above, 
right) (May-Grünwald-Giemsa, × 400) and corresponding trephine 
section showing gelatinous marrow transformation (hematoxylin 
eosin, × 200). f Bone marrow morphology from a case of multiple 
myeloma in a 47-year-old female. Bone marrow aspirate smears from 
the case showing myeloma cells with a flame cell morphology (f1, 
May-Grünwald-Giemsa, × 400). Note the abnormal linear core of tre-
phine biopsy with patchy lytic areas (black arrow head) (f2); and the 
representative trephine histology demonstrating sheets of myeloma 
cells with increased osteoclastic activity (top left) (f3, hematoxylin 
eosin, × 400). The myeloma cells constituted 80% of marrow nuclear 
differential count
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