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Background  Diagnosis of an infected arthroplasty
is often difficult. Fever, abnormal physical findings,
radiographic changes, findings at bone scintigraphy,
an elevated erythrocyte sedimentation rate, CRP, and
leucocytosis are not specific enough. We evaluated the
diagnostic value of white blood cell scintigraphy.

Methods We retrospectively reviewed 76 cases (66
patients) admitted for white blood cell scintigraphy with
a clinical suspicion of infection in a hip prosthesis during
the period 1995-2003. The leukocytes were labeled with
99mTc.HMPAO or with !!'In-oxin. Anterior and poste-
rior views were taken of both hip joints at 3 different
time points after injection: 1 h, 3 h, and 22 h. Infection
was verified by means of bacteriological cultures, his-
topathological findings, intraoperative frozen sections,
and follow-up (up to 3.5 years).

Results  Of 76 scintigraphies, 51 were negative and
25 were positive. There were 81% true positive, 94%
true negative, 6% false positive, and 19% false negative
outcomes.

Interpretation White blood cell scintigraphy with
additional late imaging is an effective tool for differen-
tiation between loosening and infection in painful hip
arthroplasty.

Accurate choice of diagnosis between aseptic loos-
ening and infected painful hip arthroplasty is often
difficult (Fitzgerald et al. 1977, Spangehl et al.
1998, Jackson and Schmalzried 2000). Markers of
inflammation such as erythrocyte sedimentation

rate, C-reactive protein level, and white blood cell
count are not specific for infection (Canner et al.
1984, Levitsky et al. 1991, Niskanen et al. 1996).
Fluid cultures after joint aspiration have been
reported, with large numbers of false positive and
false negative results (Barrack and Harris 1993,
Spangehl et al. 1998, 1999). In clinical practice,
plain radiographs are used first to evaluate painful
prostheses but they identify the cause of pain in
only some of the cases (Weissman 1983, O’Neill
and Harris 1984). Imaging modalities such as CT
and MRI are limited by the artefacts caused by the
prosthesis material (Tormanen et al. 1996).

Bone scanning using **™Tc-labeled phosphate
complexes is highly sensitive but unspecific
(Tehranzadeh et al. 1988, Segura et al. 2004).
In histopathological analysis, the inflammatory
reaction accompanying the infected prosthesis
is identical to that present in aseptic loosening,
with one important difference: neutrophils, usu-
ally absent in aseptic loosening, are often present
in large numbers during infection (Tsukayama et
al. 1996, Lonner et al. 1996). At least in theory,
labeled white blood cell imaging is particularly
well suited to distinguish between the inflamed
aseptically loosened prosthesis (in which neutro-
phils are generally absent) and the infected pros-
thesis (in which neutrophils are present) (Palestro
et al. 2002).
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Table 1. Baseline patient characteristics

Uninfected Infected
(n=49) (n=27)
Female 2 30 (0.6) 11 (0.4)
Age b 73 (47-92) 74 (63-95)
Years since prior
arthroplasty P 2.0 (0.07-14) 1.5 (0.17-14)
Primary indication 2
Osteoarthritis 18 (0.4) 7 (0.3)
Trauma 17 (0.4) 6 (0.2)
Revision 11 (0.2) 6 (0.2)
Unknown 3(0.1) 8 (0.3)

anumber (rate); ® median (range)

Patients and methods

We undertook a retrospective analysis of all white

blood cell scintigraphies performed from May 1995
to September 2003 in patients with a painful hip
prosthesis where loosening and/or infection were
suspected. The reasons for joint replacement were
osteoarthritis, trauma, and/or revision. 76 scintig-
raphies were performed in 66 patients. There were
62 total arthroplasties in 55 patients and 8 of these
were revision implants. 32 were cemented, 8 were
cementless, and 22 were hybrid (cementless ace-
tabular and cemented femoral components). There
were 14 hemiarthroplasties (only the femoral com-
ponent) in 14 patients; 3 were cemented and 11
were cementless. 32 of the patients were operated.
20 of the arthroplasties were infected and 12 were
loose (Table 1).

Patients with infection and without infection were
similar regarding age, indication for initial implant,
and time since the most recent arthroplasty. There
were more men in the infected group, however, and
more women in the uninfected group. Local signs
of infection (erythema, warmth, edema, or fistula),
elevated white blood cell count, and elevated C-
reactive protein and erythrocyte sedimentation rate
levels were present in both infected and uninfected
patients (Table 2).

For white blood cell scintigraphy, leucocytes
were isolated and labeled with !'!'In-oxine (mean
dose 36 MBq, range 14-51) (25 scintigraphies)
or 9mTc-HMPAO (mean dose 628 MBgq, range
359-1,092) (51 scintigraphies). Separation of
white blood cells and the labeling methods were
performed as described previously (Becker et al.

Table 2. Clinical and laboratory indications of infection.
Values are number (rate)

Uninfected Infected

(n=49) (n=27)

WBC > 9 mia/L 24 (0.5) 15 (0.6)
ESR > 40 mm/h 23 (0.5) 17 (0.6)
CRP > 10 mg/L 39 (0.8) 25 (0.9)
Local signs of infection 14 (0.3) 13 (0.5)

WBC: white blood cell count;
ESR: erythrocyte sedimentation rate;
CRP: C-reactive protein.

1988, Seabold et al. 1997, Datz et al. 1997). The
scintigraphic images were acquired with a dual-
head large-field-of-view gamma camera (Mul-
tispect; Siemens, Erlangen, Germany) equipped
with low-energy parallel-hole collimators (140
keV photo-electric peak, 15% symmetrical
window) for the %*™Tc-HMPAO scintigraphy. In
32 cases of the 51 white blood cell scintigraphies
performed with 9™Tc, a 9°™Tc-MDP bone scintig-
raphy (mean dose 768 MB(q) was performed with
a mean of 14 days between the two studies (range
1-133). All the white blood cell scintigraphies
in which the leukocytes were labeled with !In-
oxine were dual-tracer studies with simultaneous
99mTc. MDP bone scintigraphy. The %™Tc-MDP
(mean dose 775 MBq) was injected just after blood
for labeling of the leucocytes was taken, and bone
scintigraphy was performed before the labeled leu-
kocytes were re-injected. The dual-tracer scintigra-
phy was done the next day (22 h after injection of
the leucokytes). These scintigraphic images were
acquired with medium-energy parallel-hole colli-
mators (**MTc: 140 keV photo-electric peak, 15%
symmetrical window. 111In: 247 keV photo-elec-
tric peak, 15% symmetrical window and 172 keV
photo-electric peak, 15% symmetrical window).
Static anterior and posterior images (256 x 256)
of the hip region were performed 1 h (only #™Tc-
HMPAO), 3 h, and 22 h after injection.

The scintigraphic images were evaluated by 2
experienced observers together as a consensus
reading, and interpreted as being positive or nega-
tive for infection by visual analysis. The evaluation
was done before the operation and independently
of the surgeons. The images were considered posi-
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tive for infection when periprosthetic uptake was
greater than the activiaty in surrounding bone tissue
and in the contralateral site. The scintigraphy was
considered to be negative for deep infection when
uptake was similar to that observed in healthy tis-
sues of the contralateral and ipsilateral adjacent
sites at any imaging time or when increased uptake
that had been visible on 3-h images dramatically
decreased to become scarcely visible on 22-h
images. In the cases where a bone scintigraphy was
also performed, the two scintigraphies were inter-
preted together.

The orthopedic surgeon determined the final
diagnosis, based on operative findings and on bacte-
riological and histopathological data obtained from
tissue biopsies and by follow-up (at least 1 year).

Infection was diagnosed when one or more of
the following criteria were fulfilled: positive cul-
tures from biopsy specimens, purulence at the time
of surgery defined as the presence of pus identified
by the surgeon, or acute inflammation consistent
with infection on histopathological examination,
defined as the presence of more than 10 neutrophil
granulocytes per high power field in fresh frozen
sections (Lonner et al. 1996). Infection was dis-
proved in the absence of any of these criteria, and
if surgery was not performed, in the absence of any
suggestive sign or symptom over at least 1 year of
follow-up.

On the basis of clinical parameters, we consid-
ered as being uninfected those patients for whom
antibiotic treatment was not required by the end of
follow-up. We considered as being infected those
patients who were not operated but who required a
justified antibiotic therapy with favorable clinical
response during follow-up.

Results

Of the 76 cases, 51 white blood cell scintigraphies
were negative (48 patients) (Figure 1) and 25 white
blood cell scintigraphies were positive (22 patients)
(Table 3; Figure 2). Table 3 includes all cases; how-
ever, if only the operated hips were evaluated, the
rates were similar (data not shown).

Of the true positives, 17 were diagnosed by sur-
gery and 5 by favorable clinical response to pro-
longed antimicrobial therapy.

Table 3. Comparison of the scintigraphic results with
operative results and clinical follow-up (n = 76)

Scintigraphic results Number Rate
of sites

True positive 22 0.8

False positive 3 0.1

True negative 46 0.9

False negative 5 0.2

Positive predictive value (%) 88

Negative predictive value (%) 90

Likelihood ratio @ 13

2 ([sensitivity] / 1 — [specificity])

Of the false positives, 2 were diagnosed by sur-
gery and 1 was followed for more than 1 year with-
out medical treatment. Of the true negatives, 11
were diagnosed by surgery and 35 were followed
without any need of medical treatment for at least
1 year (up to 3.5 years) after the date of the scin-
tigraphy. 4 of the false negatives were diagnosed
to be positive by surgery and 1 by favorable clini-
cal response to prolonged antimicrobial therapy.
The organisms identified by culture in 15 of the
infected hips were Staphylococcus spp. (n = 10),
Streptococcus spp. (n = 3), Enterococcus faecalis
(n = 1), and Pseudomonas aeroginosa (n = 1).

Discussion

The gold standard for determining the presence
of arthroplasty infection varies. We pooled all
patients regardless of whether they were operated
upon or not. We do not feel that it is relevant only
to look into the group of patients that were oper-
ated, because it is an acceptable clinical endpoint
for the outcome of treatment of arthroplasty infec-
tions that the patient did not receive any medical
treatment one year after the antibiotic treatment
was stopped. Furthermore, the rates of positive and
negative results in the operated hips were similar to
those in all cases (data not shown).

Bone scintigraphy has been the most frequently
performed radionuclide study for evaluation of a
painful joint replacement (Weiss et al. 1979). It is
of limited value early after the operation, since it
is positive for as long as 1 year after an uncompli-
cated hip replacement and for more than 2 years
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Anterior

3 h. postinj.

Posterior

3 h. postinj.
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P
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Figure 1. Normal white blood cell scintigraphy. Anterior and posterior images of the hips in a
patient with an 8-month-old right-sided total hip prosthesis. The figure shows a normal distribu-
tion of ¥MTc-HMPAO leukocytes in the hip region. Note there is concordance in the distribu-
tion of leukocytes around the femoral component in the right hip in the images obtained 3 h

and 21 h after the injection.

after insertion of a prosthesis without cement
(Oswald et al. 1989). At bone scintigraphy, focally
increased radionuclide uptake around the prosthe-
sis is commonly considered to represent loosen-
ing, while diffusely increased uptake is commonly
considered to represent infection (Williamson et al.
1979, Palestro and Torres 1997). However, infec-
tion may also be present in prostheses with focal
uptake (Aliabadi et al. 1989, Mountford and Coak-
ley 1989).

We found that white blood cell scintigraphy
had a sensitivity and specificity of 81% and 94%,
respectively. These values are similar to those in
other studies (Mulamba et al. 1983, Mountford et
al. 1986, Pring et al. 1986, Gomez-Luzuriaga et al.
1988, Magnuson et al. 1988, Moragas et al. 1991,
Devillers et al. 1995, Wolf et al. 2001, Vanquick-
enborne et al. 2003, Love et al. 2004) where sen-
sitivity and specificity were in the 75-100% range.

However, in the largest retrospective study on
suspected hip prostheses comprising 116 patients,
Teller et al. (2000) found a sensitivity of 64% and
a specificity of 78% and concluded that routine use
of white blood cell scintigraphy in combination
with bone scintigraphy could not be used to differ-
entiate between loosening and infection. Another
study combined “*™Tc marrow scintigraphy with
11 Jeukocyte scintigraphy to detect infected total
hip and knee arthroplasties and found a sensitiv-
ity of 46% and specificity of 100% (Joseph et al.
2001). In these studies, the white blood cell scin-
tigraphies were done with '!'Indium. The %9™Tc-
HMPAO has the advantage of better resolution, the
possibility of doing SPECT studies, lower radiation
dose, and the continuous availability of the tracer
(in contrast to MIndium) (Becker et al. 1988).
Recent studies of infected hip prostheses, where
99mTe white blood cell scintigraphy was performed
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Figure 2. White blood cell scintigraphy showing an infected hip prosthesis. Anterior and pos-
terior images of the hips in a patient with a 5-year-old right-sided total hip prosthesis. There
is an abnormal distribution of %MTc-HMPAO leukocytes around the right femoral component.
Note that the pathological leukocyte distribution increased from the image obtained 3 h after
the injection to the image obtained 22 h after the injection.

both as planar images and SPECT, have shown that
SPECT increases the sensitivity and specificity
(Weon et al. 2000, Vanquickenborne et al. 2003).
We used both '"!Indium and ’™Tc-HMPAO.
Indium labeling was routine at the beginning of
the period (1995-1998). After that, *™Tc-HMPAO
labeling was introduced to the department and is
now preferred. In 19 cases of white blood cell
scintigraphy performed with “°™Tc-HMPAO, the
primary indication was to exclude septic loosen-
ing of the hip prosthesis. Because the white blood
cell scintigraphy was normal, there was no need for
supplementary bone scintigraphy.

Leukocytes migrate actively from the circula-
tion into inflamed tissue. They not only accumu-
late around infections but in the bone marrow as
well. The distribution of hematopoietically active
marrow varies, making it difficult—when the
images are interpreted without comparison—to

distinguish uptake of labeled leukocytes in infec-
tion from uptake in aberrantly located but other-
wise normal marrow. Moreover, the implantation
of a prosthetic joint may produce additional varia-
tion in the location of normal bone marrow. This
problem has been overcome by the addition of
complementary bone marrow imaging performed
with 9°mTc-sulfur colloid. Both labeled leukocytes
and sulfur colloid accumulate in the bone marrow,
but while bone infection stimulates leukocyte
accumulation, it has been reported to reduce sulfur
colloid accumulation. This makes white blood cell
scintigraphy combined with bone marrow scintig-
raphy useful for the evaluation of the prosthetic
joint, with an accuracy of more than 90% (King et
al. 1990, Palestro et al. 1990, Palestro and Torres
1997, Seabold and Nepola 1999, El et al. 2004). We
did not do a bone marrow scintigraphy; however,
we compared the early white blood cell images
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with the late images—and if there was increased
leukocyte accumulation, we interpreted it as infec-
tion (Figure 2).

This technique has been shown to increase the
diagnostic accuracy in other studies (Larikka et al.
2001, Dutton et al. 2004, Pelosi et al. 2004). In our
study, 5 of 27 infected patients were false negative
in the scintigraphy. 4 of these scintigraphies were
performed with 9°™Tc-HMPAO labeled leuco-
cytes. We have no clear explanation for this result,
though it may have been caused by a low-grade or
chronic infection with a limited number of neutro-
phils (Glithero et al. 1993). In 2 patients, there was
no clinical sign of infection during the operation.
In 1 of these patients, 1 of 5 cultures from biopsy
specimens was positive for Staphylococcus aureus
and in the other patient all cultures from biopsy
specimens showed the presence of E. coli. In 1
patient there were shady fluids during the opera-
tion, and all cultures from biopsy specimens were
positive for E. coli. In 1 patient, there was puru-
lence during the operation and the cultures from
biopsy specimens were positive for Streptococcus
haemolytica. 1 of the false negative patients was
treated with antibiotics. During the operation there
were positive signs of an abscess but the cultures
from biopsy specimens were negative. The admin-
istration of antibiotics prior to scintigraphy might
explain this false negative. However, Datz and
Thorne (1986) have reported a large series show-
ing no significant change in the sensitivity of white
blood cell scintigraphy during antibiotic therapy.
In a recent retrospective study on 210 patients with
possible non-spinal osteomyelitis, Galperine et al.
(2004) found that 17 patients had cold bone defects
on white blood cell scintigraphy, and in all cases
the site of the defect was the hip. All the patients
had orthopedic hardware-related infection with
Staphylococcus. This was the first time that cold
lesions in white blood cell scintigraphy had been
described in infected hip arthroplasties, although
the phenomenon is well known during spinal bone
infections (Palestro and Torres 1997), and it cannot
be excluded that this may be an explanation for
some of our false negative results.

There were 3 false positive white blood cell
scintigraphies in our study. In 1 case the patients
symptoms improved clinically, and the erythro-
cyte sedimentation rate and white blood cell count

decreased to normal levels without treatment with
antibiotics before the operation, and the opera-
tion was cancelled. In 1 patient, the white blood
cell scintigraphy showed marginally increased
uptake at the distal point of the femoral compo-
nent. During the operation, the femoral component
was found to be loose but microbiological and his-
topathological analyses were negative. In the last
patient, the white blood scintigraphy showed accu-
mulation of leukocytes in the soft tissue around the
hip and deep infection could not be excluded; how-
ever, during the operation infection was only found
in the soft tissues.

One limitation of our study is that an exact
diagnosis of prosthetic joint infection depends on
microbiological or histopathological analysis. Sur-
gery was performed on 32 of our 76 hips, while
diagnosis was based on noninvasive assessments
and clinical follow-up in the others. This was the
case also in most of the studies we have referred
to, however. Another important factor to be consid-
ered is that all the white blood cell scintigraphies
were performed in a selected group of patients who
were suspected of having deep infection.

In summary, we conclude that white blood cell
scintigraphy with additional late imaging is an
effective tool for differentiation between loosening
and infection in painful hip arthroplasty.
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