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Reports of 1938 trephines submitted from five in-
stitutions over a 30-month period were analyzed looking
for associations between the hospital of origin, operator,
bone marrow pathology, patient’s age and the biopsy
quality. The arbitrary adequacy criteria (min 10 mm of
interpretable marrow or min 10 intertrabecular spaces)
were fulfilled by 61.9% of the biopsies. The performance
of individual operators varied from 15.9% to 87.8% of
adequate trephines. The group of doctors performing
more than 100 biopsies in the study period had satisfac-
tory results. The intermediate group (20-100 biopsies)
was the least homogenous, and on the average had the
poorest biopsy quality. The biopsy quality was influ-
enced by diagnostic categories, correlated positively
with bone marrow fibrosis and negatively with the pa-
tient’s age. The trephine quality in practice may be
lower than the published or declared standards. Ideally
the procedure should be executed by the practitioners
making more than one trephine a week. Prior to the bi-
opsy it is possible to estimate the level of difficulty posed
by an individual patient and use this information to min-
imize the risk of obtaining an inadequate core.

Introduction

Trephine bone marrow biopsy belongs to one of the
most important diagnostic tools in hematology, offering an
insight into the histology of hematopoietic tissue, including
its stroma and the bone framework. Originally limited to the
instances of previous unsuccessful aspiration (“dry tap”), it
gained popularity in the last decades, and now its indica-

tions almost overlap with these for an aspiration (cytologi-
cal) biopsy [1]. The major strength of a trephine biopsy is in
visualization of topography of the bone marrow, particu-
larly abnormal clustering or abnormal location of cells, as-
sessment of the bone marrow stroma (edema, fibrosis, etc),
and visualization of bone trabecule. A good trephine (Fig. 1)
shows nearly two logs more cells than it is assessed using
a routine set of smears!, which is particularly important in
the analysis of relatively rare events, like megakaryocytes,
specific types of macrophages (for instance pseudo-Gau-
cher cells) or non-hematopoietic metastases. However, the
details of morphology of individual cells are much better
seen in the smears than in the trephines, so in practice both
methods are highly complementary. The trephine bone mar-
row biopsies are traditionally performed by clinicians, usu-
ally hematologists, and assessed microscopically by
specially trained pathologists.

The trephine bone marrow biopsy procedure is rela-
tively safe [2], but usually uncomfortable for the patients, so
particular care should be assigned to obtain high-quality
cores, paying off the patient’s suffering with meaningful di-
agnostic data. In an everyday practice we encounter a very
big diversity in the quality of the trephines, and different
reasons behind its frequent technical inadequacy. We un-
dertook this study to shed some light onto the possible fac-
tors influencing the adequacy of the trephine bone marrow
biopsies. Designing this audit we had a subjective impres-
sion that the quality of the biopsies may depend not only on
the skills of an operator, but also on some factors related to
the patient, particularly to the specific bone marrow pathol-
ogy. This study was also aimed at providing some practical
guidelines for practitioners performing this procedure.

*Supported by the State Committee for Scientific Research grant no. 3 PO5SB 084 24

'A standard high power field (lens 40x, area of 0.24 mm?), with 100% cellularity contains approximately 2250 hematopoietic cells. This makes ap-
proximately 5,000 cells per square millimeter in a bone marrow with 50% cellularity and over 50,000 cells per one whole cross-section through an adequate
trephine biopsy. Usually at least 5 cross-sections at different levels are analyzed.
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Material and Methods

The audit was based on trephine bone marrow biop-
sies collected in the Department of Pathomorphology, Co-
llegium Medicum, Jagiellonian University from 1 May
2001 to 31 October 2003, and submitted from the institu-
tions sending more than 40 biopsies in the study period.
Several institutions submitting smaller numbers of biop-
sies were excluded. Those were either the hospitals only
exceptionally performing this procedure (obtained small
groups would be impractical in the subsequent statistical
analysis), or the hospitals generally submitting their tre-
phines elsewhere (the consultation cases we received
could be biased in terms of their quality). In all the hospi-
tals taken into account the trephines were obtained using
the adult-type Jamshidi needle, under local anesthesia.
The routine processing included acid-based decalcifica-
tion using commercially available medium (D-decalcifier,
Shandon, Pittsburgh, PA), paraffin embedding and cutting
into the 3—4 micron sections, stained with hematoxy-
lin/eosin, Giemsa, periodic-acid Schiff and Gomori silver,
and other special stains when appropriate. The trephine
length measurement was performed upon processing, on
histological slides, and was limited to the total area occu-
pied by interpretable bone marrow (i.e. the crushed mar-
row, cortical bone, cartilage, periosteum and more
superficial tissues were ignored).

The trephine bone marrow biopsy was reported adequate
(representative) if it contained at least 10 mm of technically
satisfactory bone marrow or at least 10 fully preserved in-
tertrabecular spaces. The tangential biopsies containing exclu-
sively the fat tissue were considered inadequate due to
a well-known phenomenon of local subcortical aplasia consti-
tuting a variant of the histological norm [3]. The areas identifi-
able as a previous biopsy site were not considered as
belonging to the adequate part of the biopsy.
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Fig. 1. Gross photography of a representative trephine bone marrow biopsy

core after a brief routine formaldehyde fixation. Intertrabecular spaces and
“honeycomb”-like trabecular bone marrow scaffolding are clearly visible

without any magnifying devices. On the right the cortical bone can be seen.
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The “operator factors” possibly influencing the bi-
opsy quality included the hospital, the time of the proce-
dure, and the name of a doctor identified as performing the
biopsy from the requisition forms. The “patient factors”
encompassed the patient’s age, sex, disease, degree of
bone marrow fibrosis and osteopenia. For the sake of
a meaningful statistical analysis we arbitrarily grouped
the diagnoses into 9 working categories: acute lympho-
blastic leukemias (ALL), acute myeloid leukemias
(AML), chronic lymphocytic leukemia (CLL), lympho-
mas other than CLL, myelodysplastic syndromes (MDS),
multiple myeloma (MM), chronic myeloproliferative dis-
orders (CMPD), nonspecific changes and others.

A case was assigned to one of the neoplastic catego-
ries (ALL, AML, CLL, lymphoma, MDS, MM or CMPD)
only when the bone marrow in the trephine biopsy contained
any identifiable neoplastic infiltrate, even the minimal re-
sidual disease. The “nonspecific” group was designed to in-
vestigate the cases with a more or less normal bone marrow,
so the negative post-treatment biopsies or the negative stag-
ing trephines from the patients with a prior diagnosis of one
of these neoplasms mostly fell into the “nonspecific” cate-
gory. The CLL group was limited to the B-cell tumors, but
encompassed also the small lymphocytic lymphoma (SLL).
The “lymphoma” category excluded CLL/SLL, but inclu-
ded the Hodgkin disease. The MDS/MPD overlap syn-
dromes were lumped with the MDS cases. The “others”
group was created to consider the rare and diverse condi-
tions, largely to be eliminated from the further analysis due
to a small number of cases. Thus it contained rare infiltrative
diseases of bone marrow (disseminated non-hematopoietic
tumors, Gaucher disease), bone marrow aplasia or intense
degeneration (total or subtotal necrosis or gelatinous trans-
formation), and finally these trephines in which extreme
technical inadequacy completely precluded any, even ten-
tative, diagnosis.

The bone marrow stromal fibrosis was originally re-
corded in a five-grade semi-quantitative scale [4], but for
the subsequent statistics it was reduced to 3 categories: nor-
mal (0/+1), mild fibrosis (+2), strong fibrosis (+3/+4).
Osteopenia was analyzed as a yes/no phenomenon, upon the
diagnosis based on the standard guidelines [3].

The statistical analysis encompassed the time-series
methods, logistic regression, and Mann-Whithey U or %2
tests, when appropriate. The significance level was set at
0.05. All computations were performed with Statistica 6.0
PL software (StatSoft, Inc., USA).

A standardized questionnaire was sent to the members
of European Bone Marrow Working Group (EBMWG) to
obtain the information on their working criteria for an ade-
quate trephine bone marrow biopsy.
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Results

The “Doctor” factors

Of'the total 1938 trephine bone marrow biopsies in the
study period 1201 (61.97%) were considered adequate by
our arbitrary criteria.

The length of the interpretable bone marrow part of the
trephines varied between 0 to 57 mm (mean 13.1 + 8.3 mm,
median 11 mm). The Figure 2 shows the skewed distribution
of bone marrow length of the cores. The median number of
intertrabecular spaces was 10, maximum 131.

400

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

mm

Fig. 2. Length distribution of 1938 trephine biopsies (interpretable bone
marrow only) submitted from five hospitals to the Department of
Pathomorphology, Jagiellonian University during 30 consecutive months.

Of the 737 inadequate trephines 662 (90%) were too
small to fulfill our minimal criteria, 181 (24.6%) were
crushed, 13 (1.8%) extensively permeated with blood or se-
rum. Additionally 31 (4.2%) biopsies were tangential and
inadequate due to visualization of subcortical fat and 15
(2%) contained predominantly the site of the previous bi-
opsy. These reasons behind the inadequacy to some extent
overlapped, for instance of 181 crushed trephines only 26

TABLE1

(14.4%) were large enough to be considered adequate if not
mechanically damaged.

Five hospitals submitted more than 40 biopsies and
were considered in the analysis of possible differences in
the trephine quality between referring centers. The num-
ber of biopsies submitted in the study period varied from
44 (less than 2 biopsies per month) to 1683 (56 biopsies
per month). The percentage of adequate biopsies ranged
from 15.9% to 77.4%, and differed significantly between
the hospitals ()* p<0.00001, Table 1). There was no corre-
lation between the number of biopsies and their quality at
the hospital level.

To test for the performance of the individual operators
we analyzed the quality of biopsies for 31 clinicians sub-
mitting more than 10 trephines in the study period. The in-
dividual success rate varied from 15.9% to 87.8% of
adequate trephines (Fig. 3). Three groups of doctors —
these performing a large number of biopsies (over 100 in
the study period), performing 100 — 20 biopsies, and per-
forming below 20 biopsies — showed differences in the
percentage of adequate trephines (Fig. 3). The most expe-
rienced operators had a relatively high success rate with
low inter-individual variability (66.9% * 7.2% of ade-
quate trephines) and differed significantly from all other
doctors taken together (55.7% * 15.6, x* p=0.0000012),
and from the very inhomogeneous median group
(54.0% * 18.5%, x* p=0.0000002, F=0.049). Unexpect-
edly, there was a marginal tendency towards better perfor-
mance of the infrequent operators (below 20 biopsies,
62.3% * 8.3%) over the medium group (3> p=0.056).
There were no statistical differences between the groups
of frequent (>100 trephines) and infrequent (<20 tre-
phines) operators.

The quality of biopsies varied also in the study period,
showing not a steady trend, but rather a seasonal variation
demonstrating some periodicity (Fig. 4). The periods of the
poorest performance were corresponding to each of the
three summers within the study time span. Additionally

Quality of trephine bone marrow biopsies submitted from 5 hospitals over the 30-month study period (May 2001-October
2003). The differences in percentage of adequate cores are significant with x? p<0.00001.

. Number of biopsies in L Trephine length (mm) Number of intertrabecular spaces
Hospital . % of adequate biopsies . . L .
the 30-month period median (inter-quartile range) median (inter-quartile range)
A 44 15.9% 5(4-10) 4(2-5.5)
B 53 77.4% 15(10-19) 12 (9-16)
C 47 42.6% 8(5-13) 7(4-10)
D 111 51.3% 10(7-12) 10 (7-14)
E 1683 63.9% 12(7-18) 10(6-17)
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Fig. 3. Absolute numbers (above) and per-
centages (below) of adequate and inade-
quate trephines produced by each operator
who performed more than 10 trephines in
the study period. The operators are ranked
by the number of biopsies. The medium
group (20-100 biopsies, gray color on the
lower panel) produced statistically poorer
biopsies than the >700 biopsies group and
the <20 biopsies group, and showed the
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there was one big and one small winter drops in the biopsy
quality, both paralleling to the decrease in the amount of
biopsies in these periods.

The “Patient” factors

The patients whose biopsies were adequate were on
the average significantly younger than these whose tre-
phines were inadequate (mean 51.7 years, SD 15.8 vs. 55.2
years, SD 15.8, p<0.00001). It is of note that in the study pe-
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riod we did not receive pediatric biopsies, and the lowest pa-
tient age was 16 years. The linear correlation model showed
a negative association between the patient’s age and the bi-
opsy quality measured as the number of intertrabecular
spaces and the length of the interpretable marrow (r=—0.22
and —0.16, respectively). Although the correlation coeffi-
cients were small, these associations were strongly statisti-
cally significant with p values below 0.001. When stratified
into the age cohorts the drop in the biopsy quality could
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Fig. 5. The percentages of adequate trephine bone marrow biopsies in the
consecutive age cohorts.

A

have been noticed at the age of 50 years (% p=0.00003). The
patient’s age did not exert significant influence below 50
years, whereas after this age there was a drop in the biopsy
quality in the oldest subjects (p=0.032) (Fig. 5).

Males had slightly better biopsies than females
(63.5% vs. 60.3% adequate), but this difference was not sig-
nificant (32 p=0.14).

The specific type of bone marrow pathology exerted
influence on the biopsy quality with 2 p=0.01. The best bi-
opsies were generally obtained from the patients with
chronic myeloproliferative disorders (74% adequate, mean
13.8+£7.7 mm), whereas the poorest from the patients with
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Fig. 6. A. The percentages of adequate trephine bone marrow biopsies against the diagnostic categories (definitions of the categories: see the Material and

Methods). B. Adequate trephine bone marrow biopsies against patient’s age in different diagnostic categories.
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a detectable multiple myeloma infiltrate (57% adequate,
mean 11.746.7 mm) (Fig. 6A). Since the average age within
the diagnostic categories varied, sometimes significantly
(for instance for ALL 41.4 years, for MDS 62.5,
p=1.2x10"%), we examined the adequacy of biopsies in the
diagnostic categories split into the age cohorts (Fig. 6B).
Thus in some diagnostic categories, like AML or MM, the
age did not exert any significant influence on the biopsy
quality, whereas the age-dependent decrease in the trephine
adequacy was observed in older patients with uninvolved
marrow (the “nonspecific” category), suffering from
CMPD, or with lymphomatous infiltrates.

Among the cases with strong bone marrow fibrosis (+3 or
+4) the percentage of successful trephines was significantly
higher than in the two other groups (Fig. 7) (}2 p=0.03).
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Fig. 7. The association of bone marrow fibrosis and the number of adequate
vs. inadequate trephine bone marrow biopsies.

TABLE 2

The influence of osteopenia on the trephine adequacy
was not easy to examine, as in the extremely poor biopsies
it was frequently impossible to assess the quality of bone
trabecule. An indirect inference could have been made
limiting the analysis to the adequate trephines whose re-
ports always contained the statements on the quality of the
bones. The biopsies demonstrating osteopenia were on the
average shorter (16.61£7.2 mm) compared to the biopsies
with the bone structure evaluated as appropriate for age
(17.3+7.4 mm, % p=0.0034).

To test for the most significant factors influencing the
adequacy of trephine bone marrow biopsy we used logistic
regression.

The independent factors influencing biopsy adequacy
emerging from this analysis were the patient’s age
(p<0.0001), bone marrow fibrosis (p=0.018), and an opera-
tor performing the procedure (p=0.008). Addition of other
factors to this model did not improve its goodness of fit.

Twelve members of the EBMWG responded to the
questionnaire and submitted the criteria for an adequate tre-
phine bone marrow biopsy adopted in their everyday prac-
tice (Table 2).

Discussion

Currently there are no universally adopted criteria for
an adequate trephine bone marrow biopsy. The recommen-
dations for a minimal adequate trephine vary between the
authors and practitioners. Campbell et al. required at least
5 mm [5]. Brynes et al. considered 15 mm as the minimal

Numerical criteria for a minimal adequate trephine bone marrow biopsy used in the everyday practice and kindly submitted
by 12 members of the European Bone Marrow Working Group to the author’s request.

Pathologist Minimal whole biopsy Minimal bone marrow length . Minimal number of Minimal biopsy diameter
length (mm) (mm) intertrabecular spaces (mm)

1 15 5

2 15 12 10 2

3 12 8-10 8-12 24

4 20 2

5 20 10

6 20 20

7 20 20 5

bilateral 20-30 mm for
8 lymphomas, 10-20 mm for
leukemias

9 20 15 5 1
10 10 5 2
11 20 2
12 20
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length of the specimen [6]. Bain stated that the minimal
length was 16 mm, and the ideal over 20 mm after process-
ing [1]. The minimal core length of 20 mm was recom-
mended by the National Cancer Institute — sponsored
international working group [7]. Some authors based their
criteria on parameters different than the total core length:
Schmid and Isaacson suggested at least 5 well-preserved
intertrabecular spaces [8], and Coller et al. at least 5
high-power fields [9]. Finally, Roath et al. required a mini-
mal interpretable bone marrow area of 15 mm? [10].

All the above guidelines were formulated without the
reference to the patient’s age. The anatomical and psycho-
logical specificity of the trephine bone marrow biopsy in
a pediatric setting contributes to bigger problems in obtain-
ing large cores. For neuroblastoma staging the European
Neuroblastoma Study Group required at least 5 mm of pre-
served bone marrow, a criterion that was met by most practi-
tioners [11]. There are no published minimal standards for
an adequate trephine in pediatric hematological disorders.

Of these different methods the measurements of the bi-
opsy length seem to be most efficient, being relatively simple
and objective. The gold standard would be of course the mea-
surement of the whole interpretable bone marrow area, like
proposed by Roath et al. [10]. In practice it is hard to accom-
plish, as many biopsies (and especially their interpretable
parts) are far from even approximate rectangles and such mea-
surements would require sophisticated computer-assisted pla-
nimetry or tedious manual counting. Assessing the trephine
quality according to its length one has to take into account two
important factors. First, it makes a big difference if the core is
measured before or after processing. The trephine bone mar-
row biopsies on histological slides are much shorter than fresh
specimens, shrinking by approximately 25%-29% [1, 12].
Second, it has to be clearly stated if the measurement is limited
to the preserved bone marrow or encompasses the whole core.
The trephine bone marrow biopsy, especially tangential, may
contain a surprisingly long chunk of periosteum, bone, carti-
lage or crushed marrow, which is not always appreciated by
a clinician, considering the biopsy to be adequate upon the
gross inspection, and not repeating the procedure. The aver-
age proportion of these tissues to the interpretable bone ma-
rrow part of the cores was like 33% to 67% in a study of
Bishop et al. [12].

The published or declared recommendations for an
adequate trephine are usually arbitrary, but two studies ad-
dressed this issue in a systematic way for specific categories
of disorders. Already mentioned study of Campbel et al.,
based on the examination of 172 patients with diffuse large
B-cell lymphoma, showed that the percentage of trephines
with neoplastic involvement reached plateau for the cores of
22-30 mm [5]. A group from Manchester examined 767 tre-

phines with a wide spectrum of disorders and found out that
the percentage of biopsies with neoplastic infiltrates in-
creased along with the length of interpretable marrow or the
total core length to plateau at the values of 8 mm (marrow)
and 12 mm (whole core) [12]. According to the latter study
our minimal criteria (10 mm of bone marrow after process-
ing or 10 well-preserved intertrabecular spaces) seem quite
realistic although most investigators declare that they prefer
to adhere to higher standards. This is also illustrated by the
results of our questionnaire within the EBMWG (Table 2).

However, in an everyday practice such high standards
can only hardly be met. Bishop et al. summarizing the data
on the trephine quality in a clinical setting similar to ours in
1992 had the average length of interpretable marrow after
processing of only 7.4 mm [12]. In a more recent single-in-
stitution study analyzing 84 trephines the whole core length
was ranging from 3 to 25 mm (mean 10.7 mm) when the
procedure was performed by the doctors, and from 2 to
22 mm (mean 11.0 mm) when the biopsy was done by the
trained nurses [13]. The quality of our material is slightly
better than in these two British studies, and very similar to
the recently published data from Australia [5]. In the mate-
rial of the Australasian Leukaemia and Lymphoma Group,
limited to the biopsies larger than 5 mm, the median whole
trephine length was 19 mm [5]. We measured only the bone
marrow part of the trephines, but if we assume that this cor-
responds to 67% of the whole biopsy [12] and similarly limit
the analysis to the cores longer than 5 mm (1476 out of 1938
biopsies) we will have an almost identical calculated median
length of 20.1 mm.

Although the quality of the trephine bone marrow bi-
opsies in our material is comparable to these published sur-
veys, still only 17.6 % of our biopsies contain more than
20 mm of interpretable marrow, which is a frequently en-
countered published threshold for a good trephine. Approxi-
mately one-third of our biopsies is equal or longer than
15 mm (bone marrow part), which is a median value in the
questionnaire filled by the EBMWG members. Thus in real-
ities the quality of trephine bone marrow biopsies may
markedly diverge form the declared standards, and in the
everyday practice many biopsies are considered inadequate.

The consideration that some doctors make good tre-
phines and some have notorious problems is a trivial one,
and is not only our finding [12]. Collecting the data for this
study we expected that the practitioners who perform nu-
merous biopsies would have generally better results than the
others, which really was the case (Fig. 3). Surprisingly, the
outcomes for the group of doctors performing less than one
trephine per month was also good, and statistically did not
differ from these who made the procedure approximately at
least once a week. The intermediate group (20—100 biopsies
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in the 30-month study period) was very heterogeneous, con-
taining both very good and very poor operators. This per-
plexing phenomenon is probably related to the basic
mechanisms underlying human learning, when the begin-
ners pay their utmost attention to the challenging task,
whereas many of these who already have some, but in fact
still limited experience, tend to overestimate it and make er-
rors. The performance of individual operators greatly influ-
enced the outcomes of their hospitals, especially when the
number of practitioners doing the trephine bone marrow
biopsy was limited.

The number of trephine bone marrow biopsies per-
formed in the area we serve increases more than linearly
each year (data not shown), so we expected that this rising
trend would also have a positive impact on the biopsy qual-
ity. However, the trend line for the biopsy quality was rather
erratic, with an insignificant overall rising tendency, and
marked drops in quality corresponding to each summer holi-
days. This paralleled to the decrease in the number of biop-
sies performed per month at this time, but still can be
explained by an increased personal workload for these who
stay at work during the vacation time. According to the
common practice in July and August the number of stuff is
usually close to 50%. Unfortunately the time trends for the
individual operators could not have been examined due to
relatively small numbers of biopsies per even the most ac-
tive practitioners in the monthly intervals. Overworking
may influence negatively the trephine quality also at the end
of the year, when the staff is complete, but traditionally both
patients and doctors try to finish the diagnostic process “be-
fore Christmas” and before the new budget year, meaning
always some insecurity in our country. The pessimistic pic-
ture, i.e. that at the level of a whole institution doing more
trephines did not necessarily improve their overall quality,
emerged also from the Neuroblastoma Study Group report
in pediatric patients [ 14].

Our study differs from the previous audits of the tre-
phine bone marrow quality in looking also at the factors as-
sociated with the patient. The strongest factors exerting an
impact on the trephine bone marrow biopsy quality were the
patient’s age and bone marrow fibrosis. Older patients had
poorer trephines, which might be at least partially explained
by more brittle bones, more frequent obesity and lesser pa-
tient’s compliance. The “brittle bones™ are frequently re-
ported by the clinicians as an obstacle in obtaining
a satisfactory core, and the histological equivalent of this
phenomenon — osteopenia — was shown in our study to have
a significant negative impact on the biopsy quality.

On the other hand the strong bone marrow fibrosis
made the procedure easier, an effect opposite to that well
known for an aspiration biopsy. This may be explained by
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more homogeneous consistency of the whole core (analogy

to specimen cutting on a microtome is obvious for patholo-

gists here), but also by resistance of fibrotic bone marrow to
distortion by a previous aspiration from the same site.

The significant association between the biopsy quality
and different diagnostic categories can only partially be ex-
plained by the influence of age and fibrosis. For some
groups of diseases, like acute myeloid leukemias and multi-
ple myeloma the biopsy quality does not depend on the pa-
tient’s age, for multiple myeloma being uniformly poor. In
multiple myeloma there is no significant difference in the bi-
ology of the disease in young people compared to elderly
patients [ 15], so this may at least partially explain the nullifi-
cation of the age effect on the biopsy quality.

A pathologist’s report should always comment on the
trephine adequacy, and contain some numerical measure of
its quality. Such a feedback is invaluable for the clinicians,
and may be used in planning the additional training for these
whose performance is poor. An audit of the type we present
here identifies not only the operators requiring such train-
ing, but also the persons and the centers that potentially can
share their good experience.

To summarize, we offer two basic guidelines, which
we believe are substantiated by our audit:

1. Not every doctor whose patients require trephine bone
marrow biopsy has to do the procedure personally. Ide-
ally the operators should be selected from these who
have an occasion to carry out more than one biopsy per
week.

2. A trephine bone marrow biopsy is more difficult in some
patients than in others, and to some extend this difficulty
may be estimated prior to the procedure. A beginner
trainee should rather avoid an older lady with multiple
myeloma and perform his/her first trephine in a young
man with a strong index of suspicion for a chronic
myeloproliferative disorder, particularly idiopathic
myelofibrosis.

Acknowledgements: The authors thank to the members of the European
Bone Marrow Working Group who returned the questionnaires with their

criteria for an adequate trephine.
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