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Abstract

Objective: To determine the role of bone marrow biopsy (BMBX), performed in association with comprehensive blood
and imaging tests, in the evaluation of patients with fever of unknown origin (FUO).
Patients and Methods: We reviewed the medical records of 475 hospitalized patients who underwent BMBX in our
medical center from January 1, 2005, to April 30, 2010. We identified 75 patients who fulfilled the accepted classic
Petersdorf criteria for FUO. All patients underwent in-hospital investigation for fever, including chest and abdominal
computed tomography.
Results: In 20 patients (26.7%), BMBX established the final diagnosis. Sixteen patients had hematologic disorders,
including 8 patients with non-Hodgkin lymphoma, 2 with acute leukemia, 1 with multiple myeloma, 1 with myelo-
dysplastic syndrome, and 4 with myeloproliferative disorders. The remaining patients with diagnostic BMBX speci-
mens had solid tumors (2 patients), granulomatous disease (1 patient), and hemophagocytic syndrome (1 patient).
Multivariate analysis revealed the following as the significant positive predictive parameters for a diagnostic BMBX
specimen: male sex (odds ratio [OR], 7.35; 95% confidence interval [CI], 1.19-45.45), clinical lymphadenopathy (OR,
21.98; 95% CI, 1.97-245.66), anemia (OR, 2.21; 95% CI, 1.28-3.80), and increased lactate dehydrogenase levels (OR,
1.003; 95% CI, 1.001-1.006).
Conclusion: Bone marrow biopsy is still a useful ancillary procedure for establishing the diagnosis of FUO, particularly
if used in the appropriate clinical setting. Clinical and laboratory parameters associated with hematologic disease are
predictive of a diagnostic BMBX specimen in patients with FUO.
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E ven in the current era of widespread use of
advanced medical technologies, the investi-
gation of fever of unknown origin (FUO) still

remains a major diagnostic challenge for many phy-
sicians. Not much has changed in the past 5 decades
since Petersdorf and Beeson1 established the work-
ing definition of FUO, namely, an illness of more
than 3 weeks’ duration, accompanied by a temper-
ature greater than 38.3°C on several occasions, the
cause of which was uncertain after 1 week of in-
hospital investigation.

Diagnosing FUO is difficult for both patients and
physicians because the spectrum of diseases causing
FUO is wide and includes numerous conditions, en-
tailing many noninvasive and invasive diagnostic pro-
cedures.2-10 The use of bone marrow biopsy (BMBX)
has been traditionally considered a second-line proce-
dure to achieve diagnosis because of the invasive na-
ture of the procedure. Nevertheless, BMBX was shown
in earlier studies to be a useful but limited adjunct to
the clinical work-up of FUO. These reported studies
were mostly undertaken in patients with human im-

munodeficiency virus (HIV) infection5,9 and in those
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suspected of having mycobacterial disease.11 A recent
tudy conducted in hospitalized patients identified
nemia and thrombocytopenia as positive predictors
or a diagnostic BMBX specimen.12 However, the exact
role for BMBX in the evaluation of patients who have
already undergone extensive blood tests and com-
puted tomography (CT) of the chest and abdomen has
not yet been defined.

We present the diagnostic yield of BMBX in the
evaluation of 75 patients with prolonged fever who
were admitted to a tertiary medical center. Our results
identify simple clinical and laboratory parameters as
predictive indicators that increase the diagnostic yield
of BMBX in the modern investigation of FUO. We be-
lieve that implementing these predictive laboratory
findings will aid in optimal selection of patients best
suited for BMBX as part of the clinical work-up of pa-
tients with FUO.

PATIENTS AND METHODS
In this retrospective study we reviewed the medical
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PARAMETERS FOR A DIAGNOSTIC BONE MARROW BIOPSY SPECIMEN
BMBX during their hospitalization in our medical
center from January 1, 2005, to April 30, 2010. The
Tel Aviv Sourasky Medical Center is a busy tertiary,
1100-bed university hospital in Tel Aviv, Israel. All
the patients included in this study were admitted to
1 of the 9 general internal medicine wards. The
study was approved by the local institutional review
board.

Enrollment Criteria
To be included in the study patients had to meet 3
criteria. First, they had to meet the 2 primary criteria
of the FUO definition set by Petersdorf and Beeson1:
(1) duration of illness of more than 3 weeks before
diagnosis and (2) repeatedly documented increased
body temperature of more 38.3°C. Second, BMBX
had to have been performed as part of the evaluation
for prolonged fever, preceded by CT. Third, the pa-
tient had to have no medical history associated with
current immunosuppression. Patients were excluded
from this study if they were known to have HIV infec-
tion or neutropenia (white blood cell count �1.0 �
109/L and/or granulocyte count �0.50 � 109/L [to
convert white blood cells and granulocytes to /�L, di-
vide by 0.001]), had undergone active immunosup-
pressive therapy or solid organ transplant, or had hy-
pogammaglobulinemia (IgG �50%). All the patients
were older than 18 years.

Diagnostic Work-Up
Diagnostic work-up included a standardized medi-
cal history, physical examination, routine blood
tests, urinalysis, blood and urine cultures, chest ra-
diography, and diagnostic contrast-enhanced chest,
abdominal, and pelvic CT with submillimeter spa-
tial resolution. The routine blood tests included
complete blood cell count and differential; routine
blood chemistry analysis; erythrocyte sedimentation
rate or C-reactive protein; electrolytes and kidney
function tests; liver enzymes and total bilirubin; al-
kaline phosphatase, �-glutamyl transpeptidase, and
lactate dehydrogenase (LDH); antinuclear antibod-
ies, antineutrophil cytoplasmic antibodies, and
rheumatoid factor; and serologic tests for cytomeg-
alovirus, Epstein-Barr virus, and HIV. In some pa-
tients with appropriate clinical clues, the investiga-
tion was extended to include serologic tests,
including for Q fever, Brucella, Bartonella, and
others.

The CT results were initially categorized either
as normal or abnormal. Abnormal results were fur-
ther characterized as being either “suggestive of a
malignant neoplasm,” namely, those studies that
showed tumor masses suggestive of disease or
prominent lymphadenopathy, splenomegaly, or

hepatosplenomegaly. Alternatively, CT studies were
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categorized as “suggestive of infection” if they in-
cluded one of the following: pulmonary infiltrates,
serous collections, or signs of colitis or inflammation
in other organs, such as bone or soft tissues. Studies
that demonstrated ascites or nonspecific findings,

BMBX
2005-2010
475 patients

In-hospital population 

Indication:
evaluation of fever

89 patients (18.7%) 

Fulfilling FUO criteria
75 patients (84.2%)

N

Diagnostic BMBX specimen
20 patients (26.7%)

Dia

FIGURE 1. Patient selection algorithm. BMBX �
FUO � fever of unknown origin.

TABLE 1. Baseline Characteristics of the Study Patien

Characteristic

Age, mean � SD (y)

Sex

Male

Female

Fever duration, mean � SD (d)

B symptoms (exclusive of fever)

Pruritus

Rash

Clinical lymphadenopathy

Clinical splenomegaly

Clinical hepatosplenomegaly

Abnormal chest or abdomen CT

Suspected malignant neoplasm on chest or abdomen C

Diagnostic BMBX specimen

Data are presented as No. (percentage) of patients unless oth
indicates hepatosplenomegaly or splenomegaly alone. Hepatosple
ot fulfilling FUO criteria
14 patients (15.8%)

gnostic BMBX specimen
2 patients (14.2%)

bone marrow biopsy;
ts

Finding (N�75)

59.6�17.9

37 (49.3)

38 (50.7)

66.5�88.6

41 (54.7)

6 (8.0)

7 (9.3)

12 (16.0)

14 (18.7)

17 (22.7)

53 (70.7)

T 38 (50.7)

20 (26.7)

erwise indicated. Splenomegaly
nomegaly indicates hepatomeg-
aly, splenomegaly, or both. BMBX � bone marrow biopsy; CT � computed tomography.
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such as slightly enlarged lymph nodes, spleen, or
liver, were categorized as “others.”

Bone marrow biopsies were performed by
puncture of the posterior iliac crest using a T-lock
bone marrow biopsy needle (Angiotech, Gainesville,
FL). Sections were immersed in formalin and pro-
cessed in the pathology department. Specimens
were fixed and decalcified, and slides were made and
routinely stained with hematoxylin-eosin. When ap-
propriate, immunoperoxidase stains, performed ac-
cording to standard techniques, were performed to di-
agnose hematologic malignant neoplasms.

Statistical Analyses
The quantitative data were expressed as mean � SD
and the categorical data with their percentages. To
compare the results of the 2 subgroups (diagnostic
vs nondiagnostic), we used (1) the t test for indepen-
dent groups and the nonparametric Mann-Whitney
test in the case of quantitative data and (2) the �2 test
and Fisher exact test in the case of categorical data.

TABLE 2. (continued)

Diagnosis

No. (%) of
patients
(N�75)

Fungal infection

Pneumocistis carinii pneumonia
in HIV-positive patient 1

Others

Pneumonia 1

Sinusitis 1

Oral cavity infection 1

Total 11 (14.7)

Solid malignant neoplasms

Metastatic prostate cancer 1

Metastatic pancreatic cancer 1

Metastatic renal cell carcinoma 1

Metastatic lung or upper
gastrointestinal carcinoma 1

Total 4 (5.3)

Miscellaneous

Histiocytosis X 2

Littoral cell angioma of spleen 1

Hemophagocytic syndrome 1

Total 4 (5.3)

No diagnosis 5 (6.7)

Lost to follow-up 1 (1.3)

HIV � human immunodeficiency virus; pANCA � perinu-
clear antineutrophil cytoplasmic antibody.
TABLE 2. Final Diagnoses of the Study Patients

Diagnosis

No. (%) of
patients
(N�75)

Hematologic diseases

Leukemia

Acute lymphoblastic leukemia 1

Acute myeloid leukemia 1

Non-Hodgkin lymphoma

Diffuse large B-cell lymphoma 7

Peripheral T-cell lymphoma 3

Small lymphocytic lymphoma 4

Low-grade lymphoma, others 3

Hodgkin disease 5

Myeloproliferative disease

Primary myelofibrosis 3

Chronic myeloid leukemia 1

Myelodysplastic syndrome 1

Multiple myeloma 1

Lymphoproliferative disorder,
unspecified 1

Total 31 (41.3)

Inflammatory disorders

Vasculitis

Temporal arteritis 1

Polymyalgia rheumatica 1

Polyarteritis nodosa 1

pANCA-associated vasculitis 1

Behçet syndrome 1

Still disease 2

Seronegative arthritis 1

Relapsing perichondritis 1

Sjögren syndrome 1

Granulomatous disease 1

Steroid responsive disorders,
unspecified 8

Total 19 (25.3)

Infectious disorders

Viral infection

Cytomegalovirus infection 1

Viral disease, unspecified 1

Bacterial infection

Tuberculosis 1

Q fever 1

Nocardiosis 1

Methicillin-resistant Staphylococcus
aureus infection 1

Neisseria sicca bacteremia 1

(continued)
The P values for the comparison between the 2 sub-

bruary 2012;87(2):136-142 � doi:10.1016/j.mayocp.2011.08.002
www.mayoclinicproceedings.org



m
t
l
n
(

d
a
t
g

PARAMETERS FOR A DIAGNOSTIC BONE MARROW BIOPSY SPECIMEN
groups are reported. We also used the multivariate
approach by applying the multivariate logistic re-
gression model to examine the effect of several fac-
tors on the diagnostic vs nondiagnostic status. This
model was used in a stepwise manner (the backward
stepwise method) for all the potential predictors and
with age and sex forced into the final model. Use of
the multivariate logistic regression allows us to esti-
mate the odds ratio (OR) of each of the predictors,
which is the magnitude of the effect of the predictor
variable on the outcome, controlled for the effect of
the other predictors. The ORs for each predictor
were reported with their P values and associated
95% confidence intervals (CIs). All analyses were
performed using SPSS statistical software, version
18.0.0 (SPSS Inc, Chicago, IL).

RESULTS
We reviewed the medical records of 475 patients
who underwent BMBX at our medical center from
January 1, 2005, to April 30, 2010. In 89 patients
the indication for BMBX was prolonged fever. Of
these patients, 75 were eligible for inclusion using
the Petersdorf criteria. The patient selection algo-
rithm is presented in Figure 1.

Baseline characteristics of the study population
are summarized in Table 1. Our study population
showed an almost equal male-female distribution
(37 men and 38 women), with a mean age of 59.6
years (range, 21-85 years). The median duration of
fever was 66.5 days (range, 21-548 days). Notably,
the B symptoms of night sweats and weight loss
(excluding fever) were common in the study popu-
lation (54.7%).

Table 2 lists the conditions diagnosed as causing
the FUO as determined during the entire inpatient
work-up. Hematologic disorders and particularly ma-
lignant neoplasms were the most common diagnoses
(41.3%), followed by inflammatory (25.3%) and infec-
tious (14.7%) diseases, which together comprised
more than 80% of the total patient population whose
conditions were diagnosed by BMBX. Notably, solid
tumors were an uncommon cause of FUO (5.3%) and
were mostly metastatic. Only 5 patients (6.7%) had
undiagnosed conditions after this extensive work-up.

In 20 patients (26.7%) a final diagnosis was es-
tablished after a BMBX. Table 3 details the specific
diagnoses gained from diagnostic BMBX specimens.
Hematologic disorders were the predominant group,
comprising 16 (80.0%) of 20 patients with definitive
histopathologic findings. Non-Hodgkin lymphomas
and myelofibrosis constituted most of the patient
group. Remarkably, we did not identify Hodgkin lym-
phoma or infectious diseases in patients undergoing
BMBX.

To ascertain whether certain clinical or labora-

tory parameters could predict whether a BMBX s

Mayo Clin Proc. � February 2012;87(2):136-142 � doi:10.1016/j.may
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specimen could be diagnostic, we performed a uni-
variate analysis of clinical and laboratory parameters
comparing the group of patients with a diagnostic
BMBX specimen with the group of patients with a non-
diagnostic BMBX specimen (Table 4). A marginally
significant difference was noted regarding B symp-
toms, which were surprisingly less prominent in the
diagnostic group (P�.07), whereas clinical spleno-

egaly was significantly more frequently present in
he diagnostic group (P�.04). Notably, clinical
ymphadenopathy was also more frequent in the diag-
ostic group, although only marginally significant
P�.07).

Laboratory parameters that were significantly
ifferent between the groups were the hemoglobin
nd platelet levels, which were lower in the diagnos-
ic group (P�.001 and P�.04, respectively). The 2
roups did not differ significantly with respect to age,

TABLE 3. Final Diagnoses Determined by
Diagnostic Bone Marrow Biopsy Specimens

Diagnosis No. of patients

Hematologic disorders

Leukemia

ALL 1

AML M0 1

Non-Hodgkin lymphoma

SLL 4

DLBCL 3

T-cell lymphoma 1

Hodgkin lymphoma 0

Multiple myeloma 1

MDS 1

MPD

Myelofibrosis 3

CML 1

Total 16

Solid malignant neoplasm

Metastatic lung or upper
gastrointestinal carcinoma 1

Metastatic prostate carcinoma 1

Total 2

Other diagnoses

Granuloma 1

Hemophagocytic syndrome 1

Total 2

ALL � acute lymphocytic leukemia; AML � acute myeloid
leukemia; CML � chronic myeloid leukemia; DLBCL � diffuse
large B-cell lymphoma; MDS � myelodysplastic syndrome;
MPD � myeloproliferative disease; SLL � small lymphocytic
lymphoma.
ex, duration of fever, presence of pruritus, clinical
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lymphadenopathy, and hepatosplenomegaly. Impor-
tantly, CT scans with positive findings, including those
with findings “suggestive of malignancy,” did not differ
significantly between the 2 groups.

To further investigate which parameters could
be independently predictive of a diagnostic BMBX
specimen, we performed a multivariate logistic re-

sis of Patients With a Diagnostic Bone Marrow

Diagnostic
(n�20)

Nondiagnostic
(n�55) P value

64.8�15.5 57.6�18.3 .13

.31

12 (60.0) 25 (45.5)

8 (40.0) 30 (54.6)

SD (d) 54.3�51.0 70.6�98.3 .49

f fever) 7 (35.0) 34 (61.8) .07

0 6 (10.9) .18

y 6 (30.0) 6 (10.9) .07

7 (35.0) 7 (12.7) .04

galy 7 (35.0) 9 (16.4) .11

phy findings 2 (10.0) 10 (18.2) .50

“suggestive
13 (65.0) 28 (50.9) .31

n � SD

129.1�77.5 110.2�83.4 .38

8.7�5.6 10.1�8.0 .49

9.6�1.8 11.0�1.5 .001

233.5�150 342.0�214 .04

g/dL 16.2�6 16.8�7.5 .46

1.0�0.2 1.0�0.2 .60

6.2�2.3 6.6�0.9 .20

3.2�1.4 3.1�0.7 .98

3.3�0.8 3.5�0.6 .17

725.9�508 542.1�320 .07

0.7�0.6 0.5�0.5 .09

32.1�21.7 37.2�33.9 .54

/L 185.5�174.5 137.9�170.8 .29

rcentage) of patients unless otherwise indicated. ALT � alanine
d urea nitrogen; CT � computed tomography; LDH � lactate

nmol/L, multiply by 9.524; to convert white blood cells to �109/L,
globin values to g/L, multiply by 10; to convert platelets to �109/L,
to mmol/L, multiply by 0.357; to convert creatinine values to
vert protein to g/L, multiply by 10; to convert globulins to g/L,
in to g/L, multiply by 10; to convert LDH to �kat/L, multiply by
mol/L, multiply by 17.104; to convert ALT to �kat/L, multiply by
phatase to �kat/L, multiply by 0.0167.
gression analysis. In this analysis we included age, c
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sex, and all parameters that in the univariate analysis
reached a P�.10. Table 5 gives the results of the
multivariate analysis identifying clinical lymphade-
nopathy (OR, 21.98; 95% CI, 1.97-245.66; P�.01)
and male sex (OR, 7.35; 95% CI, 1.19-45.45;
P�.03) to be associated independently with a diag-
nostic BMBX specimen. Lower hemoglobin values
(OR, 2.21; 95% CI, 1.28-3.80; P�.004) and in-
creased LDH values (OR, 1.003; 95% CI, 1.001-
1.006; P�.01) emerged as the laboratory parame-
ters indicative of a diagnostic BMBX specimen.
Notably, the absence of B symptoms (exclusive of
fever) was associated with the diagnostic group (OR,
0.10; 95% CI, 0.02-0.59; P�.01). Age was not
found to be significant in the multivariate analysis
(OR, 1.04; 95% CI, 1.00-1.09; P�.08). Figure 2
illustrates the sequential decreased yield of BMBX as
it relates to increased hemoglobin levels. There was
a significant trend of a decreased diagnostic yield of
BMBX when hemoglobin levels were higher
(P�.04).

DISCUSSION
In this study we attempted to determine the role of
BMBX in the setting of a population of hospitalized,
immunocompetent patients using all the routine di-
agnostic means available in most medical centers,
including extensive blood tests combined with CT
of the chest and abdomen.

Because of its invasive nature, BMBX is not al-
ways used as a first-line procedure in most cases of
FUO, and accordingly only a few reports have ad-
dressed the utility of this readily available tool for
diagnosis. Indeed, some authors do not even consider
BMBX to be part of the standard routine algorithm for
the diagnosis of FUO.13 In the present study, the rate
of diagnostic biopsy specimens compares favorably
with that reported in previous publications, which was
in the range of 14% to 20%.9,14,15 We cautiously be-
ieve that we may attribute our modest increment in
iagnostic yield of BMBX to a rate of 26% in our patient
opulation to the fact that these patients had already
ndergone extensive work-up, including imaging
tudies. Performing CT and other imaging techniques
s part of the early work-up of FUO can guide the
reating physician to additional diagnostic procedures
ther than BMBX,2,13 and as a consequence the patient
opulation undergoing BMBX may differ from that in
he past. These figures are also complemented by a
arked decrease in the rate of patients with undiag-

osed conditions in our cohort of 6.6%, compared
ith the older and other more recent studies, which
ad higher proportions of patients with undiagnosed
onditions.

We found by univariate analysis that clinical
plenomegaly, lower hemoglobin level, and platelet
TABLE 4. Univariate Analy
Biopsy Specimena

Variableb

Age, mean � SD (y)

Sex

Male

Female

Symptoms

Fever duration, mean �

B symptoms (exclusive o

Pruritus

Signs and imaging

Clinical lymphadenopath

Clinical splenomegaly

Clinical hepatosplenome

Abnormal chest radiogra

Chest or abdomen CT
of malignancy”

Laboratory parameters, mea

C-reactive protein, mg/L

White blood cells, /�L

Hemoglobin, g/dL

Platelets, �109/�L

Serum urea nitrogen, m

Creatinine, mg/dL

Total protein, g/dL

Globulins, g/dL

Albumin, g/dL

LDH, U/L

Total bilirubin, mg/dL

ALT, U/L

Alkaline phosphatase, U

a Data are presented as No. (pe
aminotransferase; BUN � bloo
dehydrogenase.
b To convert C-reactive protein to
multiply by 0.001; to convert hemo
multiply by 1; to convert BUN
�mol/L, multiply by 88.4; to con
multiply by 10; to convert album
0.0167; to convert bilirubin to �
ount were associated with a positive diagnostic

bruary 2012;87(2):136-142 � doi:10.1016/j.mayocp.2011.08.002
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BMBX specimen; however, in the multivariate anal-
ysis, our findings extended to include clinical
lymphadenopathy, male sex, lower hemoglobin lev-
els, increased LDH levels, and the absence of B
symptoms (excluding fever) as independent positive
predictive parameters. Our results are compatible
with those of a recent study by Hot et al,12 who also
showed lower hemoglobin and platelets levels to be
predictive of a diagnostic and “beneficial” BMBX
specimen. In the latter study, the inclusion criteria
included a minimal diagnostic work-up for FUO, and
CT was not obligatory. Because CT is currently one of
the basic first investigations used for FUO, the yield of
BMBX in the context of the modern work-up algo-
rithm of FUO had to be addressed. Despite the meth-
odologic differences between our study and that of Hot
et al, the conclusions were similar, probably because in
cases in which BMBX is still indicated after CT, this
imaging modality does not really add to the yield of
diagnostic BMBX, irrespective of whether the findings
were normal or pathologic.

Considering that most of our diagnostic BMBXs
detected a diagnosis of hematologic disorders, it
stands to reason that laboratory and clinical param-
eters associated with bone marrow involvement,
namely, anemia, lower platelet count, increased
LDH values, and clinical lymphadenopathy, should
be considered as markers associated with a benefi-
cial BMBX specimen. Interestingly, our study indi-
cates that BMBX is mostly effective in establishing
the diagnosis of malignant neoplasms, which con-
stituted 14 of the 20 diagnostic BMBX specimens. It
may also be inferred that BMBX has almost no role in
cases of FUO in which clinical data suggest an infec-
tious or inflammatory origin. Counterintuitively,
our group of diagnostic BMBX findings, which as
posited herein consisted mainly of hematologic ma-
lignant neoplasms, was marked by the absence of B
symptoms. A possible explanation for this finding
may lie in the fact that unlike most of the other
parameters in this study, this variable is subjective
because it is reported by the patients themselves.
Variability in the patients’ reports regarding night
sweats and fever may account for this finding.

Our results confirm the assertion made by Hot
and colleagues that BMBX should be considered
early in the evaluation of patients with thrombocy-
topenia or anemia in whom a primary hematologic
disease is suspected.12 We strongly believe that
BMBX should not be delayed in these patients be-
cause some of the origins are of an aggressive neo-
plastic nature, requiring early therapeutic interven-
tion. This finding is indeed important because 52%
to 100% of patients with malignant tumor–related
FUO will die within 5 years after diagnosis is
made.14,16 A possible drawback to the routine use of

BMBX is that the procedure is for the most part per-

Mayo Clin Proc. � February 2012;87(2):136-142 � doi:10.1016/j.may
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formed in central medical centers. Decidedly, be-
cause of its invasive nature and limited yield, BMBX
should not be used indiscriminately in the work-up
of FUO, yet our data suggest certain clinical and
laboratory indexes that should alert the physician to
an increased probability for a diagnostic BMBX
specimen.

CONCLUSION
At present, the cause of FUO remains difficult to
determine and evades diagnosis in many patients
despite considerable advances in medical diagnos-
tics. The current study shows that clinical and lab-
oratory parameters indicative of hematologic dis-
ease predict for a diagnostic BMBX specimen in the
work-up of FUO. Bone marrow biopsy is an inex-
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FIGURE 2. The rate of diagnostic and nondi-
agnostic bone marrow biopsy (BMBX) spec-
imens in patients with hemoglobin levels of 12
g/dL or higher (to convert to g/L, multiply by
10) (n�16), between 10 and 12 g/dL (n�31),
and less than 10 g/dL (n�28).

TABLE 5. Multivariate Analysis for Prognostic Determ
Bone Marrow Biopsy Specimen in Work-up for Fever

Determinant Odds ratio (9

Clinical lymphadenopathy 21.98 (1.97-2

Male sex 7.35 (1.19-4

Low hemoglobin level 2.21 (1.28-3

Lactate dehydrogenase 1.003 (1.001

B symptoms (excluding fever) 0.10 (0.02-0

Age 1.04 (1.00-1

In this analysis the following parameters were included: age, sex,
nopathy, splenomegaly, hemoglobin level, platelet count, lactate d
level. CI � confidence interval.
inants of a Diagnostic
of Unknown Origin

5% CI) P value

45.66) .01

5.45) .03

.80) .004

-1.006) .01

.59) .01

.09) .08

B symptoms, clinical lymphade-
ehydrogenase level, and bilirubin
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pensive tool at the disposal of most medical centers,
and in the appropriate clinical setting it should con-
tinue to constitute part of the modern diagnostic
work-up of FUO. Future research is warranted to
better define the routine implementation of BMBX
into the work-up of FUO.
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