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The aim of our study was to evaluate the clinical value of immu-
noscintigraphy with the monoclonal antibody ™ Tc-BW 250/183 in
patients with fever of unknown origin (FUO). The antibbody BW
250/183 is an immunoglobulin G, subtype that binds to the antigen
NCA-95, which is expressed on the cell membrane surface of
granulocytes. Methods: We studied 51 patients who were referred
with the diagnosis of FUO. Thirty-five percent of the patients
suffered from infection, 17% had autoimmune diseases, 14% had
neoplasms and 8% had other diseases. The remaining 28% of the
patients did not have a diagnosis. Planar imaging was performed in
all patients, and 19 patients underwent SPECT. In our analysis, both
cold and hot spots were considered diagnostic. Results: Pyogenic
infections were visualized correctly in 13 foci. The diagnosis of
endocarditis (n = 4) could be determined only by SPECT. False-
negative results were found in 4 patients and false-positive uptake
was seen in 2 patients. No false-positive uptake or cold spots in the
central bone marrow were found in patients with viral, granuloma-
tous and autoimmune diseases or in those patients in whom no FUO
cause was found in a 6-mo follow-up. In these patients, a negative
scan did not change their diagnostic work-up. Cold spots in the
central bone marrow were correctly interpreted in 5 of 6 patients.
Sensitivity in detecting pyogenic foci was 73% and specificity was
97%. Positive and negative predictive values were 93% and 87%,
respectively. Including areas of decreased uptake in the analysis,
sensitivity for detecting an underlying inflammatory or malignant
process for FUO was 81% and specificity was 87%. Positive and
negative predictive values were 81% and 87%, respectively. Con-
clusion: Immunoscintigraphy with ®™Tc-BW 250/183 in patients
with FUO has clinical potential for the diagnosis and exclusion of
pyogenic causes of FUO. Metastatic malignant disease and high-
grade spondyiodiskitis could be diagnosed early in a diagnostic
work-up by a characteristic cold spot pattern in the bone marrow.
SPECT is indispensible for scintigraphic imaging of endocarditis.
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Fever of unknown origin (FUO) is defined as recurrent fever of
38.3°C or greater, lasting 2-3 wk or longer and undiagnosed
after 1 wk of hospital evaluation (/). Prolonged undiagnosed
fever is usually an atypical manifestation of more common
diseases rather than a manifestation of an exotic illness.

The three most common causes of fever are infection,
neoplasm and autoimmune or collagen vascular diseases (/,2).
Malignant diseases have now replaced infection as a leading
cause of FUO. Nevertheless, in some larger studies, the prev-
alence of infection in patients with FUO is up to 50% (2).
Previous studies used ¢’Ga (3-6), '''In white blood cell (WBC)
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scans (7-/1) and '''In-labeled human immunoglobulin (HIG)
scintigraphy (/2) in FUO patients.

The murine monoclonal antibody BW 250/183 has been
successfully used to diagnose musculoskeletal infection
(13,14), inflammatory bowel disease (/5,/6) and infective
endocarditis (/7). Recently, Becker et al. (/8) published the
first results of using the monoclonal antibody **"Tc-BW
250/183 in patients with FUO using planar scintigraphy. In
Becker’s patients, the diagnostic value of photopenic lesions
was not examined.

The aim of our study, using the same monoclonal antibody,
was to gather more information about the clinical value of this
method for FUO patients, including the use of SPECT and using
a different approach to interpret photopenic bone marrow
lesions in a series of patients with FUO who had an interme-
diate prevalence (35%) of pyogenic infections.

MATERIALS AND METHODS

This study is a retrospective analysis of 51 patients (age range
2-75 yr; median age 41 yr) who underwent immunoscintigraphy of
inflammation between January 1989 and July 1995.

The patients were referred with the diagnosis of FUO by the
department of internal medicine (n = 39), the pediatric department
(n = 6) and other departments (n = 2) of our university. Four
patients were referred from other hospitals. Criteria for inclusion in
this study were: monosymptomatic fever of a 38.3°C or greater
lasting more than 2 wk and no established diagnosis after at least
1 wk in the hospital.

The duration of fever was 22 days—15 yr (median duration 8 wk).
Twelve of the 51 patients received antibiotic or immunosuppres-
sive therapy for more than 1 wk before immunoscintigraphy.

The diagnostic evaluation of the patients before scintigraphy
included at least routine blood chemistry, radiographic studies,
serological and bacteriologic tests and abdominal ultrasound ex-
amination. Final diagnosis was established by clinical follow-up,
radiography, CT, MRI, echocardiography, endoscopy, biopsy,
surgery, culture or serological tests. Full hospital records and a
follow-up of at least 6 mo were available for all patients. Thirty-
five percent (18 of S1) of the patients had infection, 16% (8 of 51)
autoimmune diseases, 14% (7 of 51) neoplasms and 8% (4 of 51)
other diseases. Fever remained unexplained in 27% (14 of 51) of
the patients.

The murine monoclonal antibody BW 250/183 (Behringwerke,
Marburg, Germany) was used for immunoscintigraphy. BW 250/
183 is an immunoglobulin G, subtype that binds to the antigen
NCA-95, a surface glycoprotein with a molecular weight of 95 kD
that appears early in the differentiation of granulopoietic cells and
is expressed on the cell membrane surface of almost all human
granulocytes and their more mature precursors.

According to the manufacturer’s recommendation, 250-500 ug
of the intact antibody were labeled with 550 MBq **™Tc-pertech-
netate and injected intravenously. In all patients, scintigraphy was
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TABLE 1
Patients with Increased Tracer Uptake

Patient no. (W] Sex (increased uptake) diagnosis Final diagnoses verified by
1 22 F Left sacroiliac joint Pyogenic sacroileitis Pyogenic sacroileitis MRI, C
2 8 F Right maxillary sinus Sinusitis Sinusitis S,C
3 75 F Tip of pacemaker lead Infective endocarditis Infective endocarditis TEE, C, S
4 48 M Heart valves Infective endocarditis Infective endocarditis TEE, C, S
5 50 F Heart valves Infective endocarditis Infective endocarditis TEE, C
6 2 M Terminal ileum lleitis Salmonellosis C, SE
7 10 F Right ascending colon Colitis Salmonellosis C, SE
8 4 M Pelvis Abscess Abscess, C,S CT
salmonellosis
9 63 F Liver, Sheidon catheter Hepatic abscess, Hepatic abscess, C, US, SE
catheter infection sepsis, catheter
infection, (Candida
albicans)
10 60 F Colon Colitis Ulcerative colitis EN
1 58 M Upper abdomen Abscess Paracolonic abscess S,C
due to colorectal
cancer
12 67 F Pelvis Abscess Carcinoma of the S
sigmoid
13 27 M Mediastinum Mediastinitis Teratoma S
14 74 M Heart valves Infective endocarditis Infective endocarditis TEE, C

C = culture; S = surgery; TEE = transesophageal echocardiography; SE = serology; US = ultrasound; EN = endoscopy.

performed between (mean * s.d.) 4 = 1 hr and 22 * 2 hr after
injection.

Planar scans of the head, chest, abdomen and extremities were
performed in the anterior and posterior projections using a single-
head (SX 100; Picker International, Ohio) or a double-head
(PRISM 2000; Picker) gamma camera fitted with a parallel-hole,
high-resolution and low-energy (LEHR) collimator (128 X 128
matrix, 300-500 kcts/image; whole-body scans were performed
with an acquisition time of 30 min). In 19 patients, SPECT images
of the thorax (n = 17) or abdomen/pelvis (n = 2) were obtained 24
hr postinjection using a single-head (ECAT; Picker) or a double-
head (PRISM 2000) gamma camera fitted with LEHR collimators
(360° circular orbit, 60 stops at 30 sec per stop, 64 X 64 or 128 X
128 matrix). SPECT reconstruction using an Odyssey 2000 (Pick-
er) computer system was done both by filtered backprojection (low
pass/ramp) and by iterative reconstruction (ISA) described else-
where (/9) using eight iterative steps and attenuation correction.

In the first step of analysis, a scan was considered true-positive
when abnormal accumulation of the tracer outside organs of
physiologic uptake (liver, spleen, bone marrow, kidneys and
bladder) was confirmed by further investigation as representing a
pyogenic cause of fever. A scan was considered false-positive
when abnormal uptake represented a noninfectious process. A
true-negative scan was a normal immunoscintigraphic study, in
which noninfective causes of FUO were established by further
investigations. A false-negative scan was a normal study, in
which a pyogenic cause for FUO was demonstrated subse-
quently.

In the second step of analysis, photopenic lesions in the central
bone marrow were included in the analysis using the following
interpretation: Multiple cold spots in the bone marrow were
considered to represent malignant disease (20-22). Decreased
uptake in two adjacent segments of the spine was considered to be
spondylodiskitis. This interpretation was adopted because of the
way infection normally spreads from the intervertebral disk to
adjacent vertebral bodies due to the special blood supply of the
vertebral column (23). A single cold spot in the bone marrow was

considered to represent an infective rather than a malignant cause
(14). A scan was regarded as true-positive if abnormal accumula-
tion of the tracer outside organs of physiologic uptake represented
a pyogenic cause for fever or decreased uptake in the bone marrow
was correctly interpreted to represent either an inflammatory or
malignant process with reference to the criteria cited earlier. A scan
was regarded as false-positive when abnormal uptake represented a
noninfectious process or if no correct interpretation of decreased
uptake in the bone marrow could be given. A true-negative scan
was a normal immunoscintigraphic study in which noninfectious
causes of FUO were established by further investigations. A
false-negative scan was a normal study in which further evaluation
revealed pyogenic inflammation or metastatic disease in the bone
marrow as a cause of FUO.

RESULTS

The patient data including scintigraphic findings and their
interpretation compared with final diagnoses are shown in
Tables 1-3. A 35% prevalence of pyogenic inflammation was
found in our series.

Pyogenic infections as a cause of FUO were correctly
visualized in 12 patients (13 foci). Infective endocarditis was
successfully imaged in 4 of 5 patients. Vegetations were >8
mm in diameter, and the diagnosis was proven by transesoph-
ageal echocardiography (TEE) culture, clinical course and
surgery in 2 patients. The diagnosis of endocarditis could be
made only using SPECT. Filtered backprojection and ISA
revealed full concordance with the results. Three of S abdom-
inal abscesses could be correctly diagnosed by immunoscintig-
raphy. In 1 patient (Patient 9, Table 1), hepatic abscess was
observed by scintigraphy 5 days before ultrasound showed an
anechoic lesion at the inflammation site. In other patients who
were true-positive by scintigraphy, their ultrasounds and CT
scans were false-negative or misleading. For example, paracolic
abscess (Patient 3, Table 1) infiltrating the spleen was regarded
as a splenic infarction by CT. In 3 patients, inflammatory bowel
disease as a cause of FUO was correctly imaged by immu-
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TABLE 2
Patients with Decreased Tracer Uptake in Central Bone Marrow

Age Scintigraphic findings Scintigraphic Diagnosis
Patient no. (V) Sex (decreased uptake) diagnosis Final diagnoses verified by
15 40 F Right sacroiliac joint Pyogenic sacroileitis Pyogenic sacroileitis BS, C
16 74 M Thoracic vertebrae (T8-9) Spondylodiskitis High-grade spondylodiskitis S,H,C
17 64 F Muittiple foci of Neoplasm Non-Hodgkin's lymphoma H
decreased uptake
18 67 F Muttiple foci of Neoplasm Bone marrow metastases, MRI
decreased uptake small-cell lung cancer
19 50 M Muttiple foci of Neoplasm Bone marrow metastases H, MRI
decreased uptake (carcinoma of the
sigmoid)
20 24 M Thoracic vertebra (T9) Spondylitis Fatty infiltration of the bone MRI
marrow

BS = bone scintigraphy; H = histology; C = culture; S = surgery.

noscintigraphy 22 * 2 hr after injection of the radiopharma-
ceutical. In one patient, ulcerative colitis already was diag-
nosed, but neither a barium enema nor endoscopy, including
biopsy, could show current inflammatory processes. In contra-
distinction to these findings, immunoscintigraphy detected
granulocytic infiltration of the whole colon. The clinical course
after immunosuppressive medication revealed that in this pa-
tient highly acute ulcerative colitis was the only cause of
monosymptomatic fever.

False-negative results were obtained in 4 patients (endocar-
ditis, hepatic abscess, pancreatic abscess and pyogenic intersti-
tial nephritis). In 2 patients, a false-positive accumulation of the
tracer was seen in malignant disease (mediastinal teratoma and
sigmoid carcinoma). No false-positive uptake occurred in viral,
granulomatous and autoimmune diseases. Furthermore, no
false-positive uptake or cold spots in the central bone marrow
occurred in those patients in whom no cause of FUO could be
found at a 6-mo follow-up. In these patients, the fever resolved
without any specific therapy. Negative scans did not change the
diagnostic work-up in these patients because the referring
physicians were aware that a scan could be helpful, but it would
not definitively exclude pyogenic inflammation.

Decreased activity in the central bone marrow was verified in
6 patients. The underlying process was correctly interpreted in
5 patients (malignant disease in 3 patients, inflammation in 2
patients). In 1 patient, a focal cold spot in the thoracic spine,
which represented a fatty infiltration of the bone marrow, was
misinterpreted as osteomyelitis.

Results of SPECT reconstruction done either by filtered
backprojection or ISA algorithm were fully concordant in all
patients. Five true-positive, 2 false-negative and 12 true-nega-
tive scans were obtained. These results included endocarditis
(true-positive: 4 patients, false-negative: 1 patient) and abdom-
inal abscesses (true-positive: 1 patient, false-negative: 1 pa-
tient).

With reference to the analysis proposed previously, sensitiv-
ity for detecting pyogenic foci was 73% and specificity was
97%. Positive and negative predictive values were 93% and
87%, respectively.

When areas of decreased uptake were included in the analy-
sis, sensitivity for detecting underlying inflammatory or malig-
nant processes, as causes of FUO, was 81% and specificity was
87%. Positive and negative predictive values were 81% and
87%, respectively.

TABLE 3
Patients with Normal Scans
Sex
Disease (no. (no. of Diagnosis verified by
of patients) Age (yn) patients) Final diagnoses (no. of patients)
Pyogenic 10-59 M(1) Infective endocarditis (n = 1), hepatic abscess TEE (1), C (3), S (1), SE
disease (4) F@) (n = 1), pancreatic abscess (n = 1), (1), CT(1),H(1)
pyogenic interstitial nephritis (n = 1)
Various 40-57 M (6) Tuberculosis (n = 1), prolonged virus infection CL@3),S(),SE@Q),H(1)
diseases (8) F@) (n = 1), cytomegalic infection (n = 1),
brucellosis (n = 1), foreign body reaction
(n = 1), granulomatous hepatitis (n = 1),
self-induced fever (n = 1), renal cell
carcinoma (n = 1)
Autoimmune 2-67 M(2) Autoimmune hemolytic anemia (n = 1), chronic CL (6), X-ray (1), S (8)
disease (8) F (6) relapsing neuropathy (n = 1), Still’'s disease
(n = 4), Horton’s disease (n = 1),
rheumatoid arthritis (n = 1)
FUO (14) 2-72 M@ No cause found for FUO US (14), CT (13), SE (14),
F@) TEE (3), EN (8), H (3),

C (13), MRI ()

C = culture; S = surgery; EN = endoscopy; SE = serology; BS = bone scintigraphy; US = ultrasound; TEE = transoesophageal echocardiography; H =

histology; CL = clinical course.
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DISCUSSION

The ideal radiolabeled agent for imaging inflammation in
patients with FUO should, despite a high photon flux, have a
radiation burden as low as possible and the diagnosis should be
available as soon as possible. In the FUO context, that shows a
wide range of underlying diseases. It would not be disadvanta-
geous if the radiotracer was trapped in other than inflammatory
(e.g., malignant) foci. Even the absence of accumulation of the
radiopharmaceutical at sites that normally show a physiologic
uptake of the tracer can give further information about the
underlying pathology.

For example, ®’Ga images acute, chronic and granulomatous
inflammation, but it also accumulates in various malignant
diseases (24) that are known to be potential FUO causes. On the
other hand, ®’Ga yields a considerable radioactive burden for
the patient and is excreted into the bowel with possible
superimposition and pathologic foci in planar scans.

Scans with '''In WBC are highly sensitive and specific for
diagnosing acute and chronic inflammations (25,26). Occa-
sional accumulation of the tracer can be found in malignant
disease, contributing to the final diagnosis in patients with FUO
(11). Although cold spots in the central bone marrow are
considéred an unspecific finding in '''In WBC scintigraphy
(27), they should not be rejected as nondiagnostic if their value
in detecting metastatic or chronic inflammatory disease is
considered. Unfortunately, labeling blood cells with '''In-oxine
is time-consuming and the photon flux of '''In WBC is too low
to enable SPECT acquisition.

Scans with '''In-labeled HIG (/2), which has not been
commercially available until recently, could be useful in par-
ticular patient subgroups (e.g., granulocytopenic patients or
HIV-positive patients).

Compared to other compounds, **™Tc-BW 250/183 has the
advantage of rapid availability. SPECT acquisition is possible,
even 24 hr postinjection due to the high photon flux of *™Tc.
Furthermore, the low background activity enables imaging of
inflammatory foci with a high target-to-background ratio. Due
to superior targeting of the central bone marrow, where approx-
imately 55% of the radiolabeled antibodies are bound, cold
spots cdn be detected with higher accuracy than with other
techriques (217).

In our series, 13 foci in 12 patients were correctly imaged by
immunoscintigraphy. In all of these patients, granulocytic
irifiltration either had been assumed or was proven by further
evaluation (Figs. 1 and 2). Infective endocarditis could be
diagnosed using only SPECT, which is concordant with the
findings of Morguet et al. (/7). Infective endocarditis ac-
counted for the high rate of false-negative immunoscintigraphic
scans in the series examined by Becker et al. (/8) who used
planar scintigraphy in their patients with FUO. An ISA that has
proved superior to filtered backprojection in various circum-
stances (28,29) showed no advantage in showing infective
endocarditis (Fig. 3). In our patients, 3 of 5 abdominal abscesses
were correctly diagnosed by immunoscintigraphy. In these
patients, ultrasound and CT were false-negative or misleading
in the diagnosis. These observations support the results of
previous studies that compared '''In WBC scans with ultra-
sound and CT (25,26). In our series, inflammatory bowel
disease as a cause of FUO was correctly imaged in 3 patients
22 * 2 hr after injection of the radiopharmaceutical. Immu-
noscintigraphy proved useful especially in children with salmo-
nellosis and ulcerative colitis with an atypical clinical course.
These findings are concordant with previous data in which
immunoscintigraphy was useful for diagnosing inflammatory
bowel disease, although its accuracy was lower than with '''In

FIGURE 1. Planar scan of pelvic abscess caused by saimonellosis in 4-yr-old
child, which was observed 4 hr after injection.

WBC scintigraphy and imaging with **™Tc-labeled leukocytes
(15,16).

Cold spots in the central bone marrow found by '''In WBC
scintigraphy are associated with a wide range of pathological

~Jm T30

FIGURE 2. Whole-body scan shows multiple cold spots in thoracic and
lumbar spine indicating bone marrow metastasis. False-positive accumula-
tion of tracer was in sigmoid carcinoma.
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FIGURE 3. Whole-body scan obtained 22 hr after injection in 8-yr-old child
shows sinusitis in right sinus maxillaris.

conditions including infection, metastatic disease, fracture,
postradiation therapy changes, surgical interventions, Paget’s
disease and degenerative disk disease (27,30,37). This also
proved true for immunoscintigraphy with MAb **"Tc-BW
250/183 (13,21). Decreased uptake is usually considered non-
diagnostic. In these patients, dual-isotope imaging with '''In
WBC and **™Tc-sulfur colloid (32) could be helpful in the
diagnosis. Combined scintigraphy with *™Tc-BW 250/183 and
9°mTc-sulfur colloid has the potential for reducing nondiagnos-
tic studies, but data about this topic are not available. On the
other hand, the amount and configuration of cold spots in the
central bone marrow represent important information about the
underlying process, especially when screening patients with
FUO. In our patients, widespread photopenic bone marrow
lesions were correctly interpreted as representing malignant
disease (Fig. 4). In these patients, immunoscintigraphy estab-
lished the diagnosis of malignant disease early in their diagnos-
tic work-up. As known from '''In WBC scintigraphy and
recently shown in immunoscintigraphy with **Tc-BW 250/
183 (33), spondylitis predominantly presents as a photopenic
defect rather than as increased uptake in the central bone

‘- S J ‘ﬂ
FIGURE 4. Colonal slices of image show infective endocarditis in projection

to tip of pacemaker with lead shown with ISA (top) and filtered back
reconstruction (bottom). SPET was performed 24 hr after injection.

marrow. This may be due to delayed scintigraphy when the
initial granulocytic response has been replaced by a lympho-
cytic/monocytic response. Destruction of the central bone
marrow by septic infarction, reduced influx of labeled granu-
locytes and circulating free antibodies, as a result of disturbed
microcirculation, also has been proposed as the underlying
process (31). Decreased uptake in two adjacent segments of the
spine, as seen in one patient, although highly predictive of
vertebral osteomyelitis (33), is an infrequent pattern of spon-
dylitis on immunoscintigraphy. In our series, pyogenic sacroil-
eitis showed the same scintigraphic pattern as vertebral osteo-
myelitis. The diagnosis was made in one patient (duration of
fever: 3 wk) who had increased uptake in the left sacroiliac
joint, whereas another patient (duration of fever: >4 wk)
presented with decreased uptake in the right sacroiliac joint.
Despite a lack of published immunoscintigraphic data, espe-
cially for sacroileitis, these observations are in concordance
with the findings of Schauwecker (34), who demonstrated that
sensitivity of '''In WBC scintigraphy in chronic osteomyelitis
was significantly lower in the central skeleton (containing
active bone marrow) than in the peripheral bones because of
increasing incidence of photopenic lesions. The same observa-
tions were made by Reuland et al. (/4) using *°™Tc-BW
250/183. The instance of a false-positive interpretation of a
focal cold spot in a thoracic vertebra as osteomyelitis in a
patient, which was proven to represent fatty infiltration of the
bone marrow by MRI, underlines the difficulties that may
appear if an unspecific finding like photopenia is included in the
scintigraphic analysis.

Immunoscintigraphy failed to detect histologically proven
pyogenic interstitial nephritis and one hepatic abscess. These
false-negative findings are probably because of the high phys-
iologic accumulation of radiotracer in the kidneys and liver. In
addition, a chronic pancreatic abscess could not be detected by
immunoscintigraphy even using SPECT (filtered backprojec-
tion and ISA). In this patient, labeled granulocytes or free-
circulating antibodies were probably not able to pass through
the thick wall of the chronic abscess formation. False-positive
uptake was seen in a mediastinal teratoma infiltrated by a large
amount of eosinophiles, possibly cross-reacting with the anti-
body, and in a carcinoma of the sigmoid (Fig. 2). This was
probably caused by granulocytic infiltration of the tumor, an
observation also known from '''In WBC scintigraphy (35).

Studies in FUO patients performed with either ’Ga (3-6) or
""'1n-labeled WBC (7-11) revealed a wide range of sensitivi-
ties (34% to 75% and 17% to 85%, respectively). These
discrepancies may be explained by the small and different
patient populations, generally including no more than 35
patients who suffered from a wide spectrum of diseases. In the
study recently published by Becker et al. (/8), who performed
immunoscintigraphy with *°™Tc-BW 250/183 in 34 patients
with FUO, the overall diagnostic sensitivity was low (40%)
despite a 58.8% prevalence of inflammatory causes for FUO.
This striking difference, compared to our results, may be partly
explained by the fact that SPECT was not performed in these
patients. Therefore, diagnoses in 6 patients suffering from
endocarditis were missed. It is debatable if the vegetations were
>5 mm in diameter, as was common in these patients, that they
would have been detected by SPECT.

CONCLUSION

Immunoscintigraphg performed with the monoclonal anti-
granulocyte antibody “*™Tc-BW 250/183 is a useful diagnostic
tool in patients with FUO in the following conditions: in
endocarditis, scintigraphy could contribute to the final diag-
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noses if SPECT was performed in cases of doubtful findings in
TEE. Immunoscintigraphy was superior to sonography and CT
in the early detection of abdominal abscesses. Immunoscintig-
raphy was able to exclude pyogenic processes with high
accuracy in those patients with autoimmune disease, which is of
particular interest in syndromes like Still’s disease, in which no
established serologic marker of diagnosis existed until now.
Metastatic malignant disease as a common cause of FUO may
be diagnosed and differentiated from other underlying diseases
by a characteristic pattern of multiple cold spots in the central
bone marrow early in diagnostic work-up. A differentiated
analysis of photopenic defects in the bone marrow should be
included in the final scintigraphic interpretation.
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