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Background Both dual time-point **™Tc-
hexamethylpropylene amine oxime (HMPAO)-leukocyte
scintigraphy and dual-tracer **"Tc-HMPAO-leukocyte
scintigraphy (with the addition of **™Tc-nanocolloid

bone marrow scintigraphy) have been used to diagnose
prosthetic joint infection (PJI). A treatment evaluation of
persistent PJI using these imaging protocols has yet to be
presented.

Objective The purpose of this study was to compare
the accuracy of dual time-point *°™Tc-HMPAO-leukocyte
scintigraphy to the dual-tracer alternative of single time-
point **™Tc-HMPAO-leukocyte scintigraphy or single-
photon emission computed tomography/computed
tomography (SPECT/CT) combined with a **™Tc-
nanocolloid bone marrow scintigraphy or SPECT/CT, for
treatment evaluation of PJI.

Material and methods Thirty-one PJI patients under
antibiotic treatment were included in this retrospective
study. Examinations were organized into three settings.
Setting one used dual time-point approach with delayed
(2h) and late (24 h) planar *°™Tc-HMPAO-leukocyte
scintigraphy, including both visual and semiquantitative
analysis. Setting two used delayed (2 h) planar **™Tc-
HMPAO-leukocyte scintigraphy combined with *™Tc-
nanocolloid bone marrow scintigraphy and for setting
three SPECT/CT replaced planar imaging.

Results Accuracy was 0.68 for visual evaluation and
0.55 for semiquantitative evaluation of setting one; 0.71

Introduction

Early detection and optimal treatment of a prosthetic joint
infection (P]JI) is crucial for the outcome. Debridement,
antibiotics, irrigation, and prosthetic retention (DAIR)
treatment may prevent infecting microorganisms from
establishing a persistent chronic biofilm infection. If
a chronic infection develops, total revision surgery is
required for cure. However, surgery is not suitable for
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for setting two; and 0.68 for setting three. Sensitivity was
0.54 for visual evaluation and 0.31 for semiquantitative
evaluation of setting one; 0.38 for setting two; and 0.46 for
setting three. Specificity was 0.78 for visual evaluation and
0.72 for semiquantitative evaluation of setting one; 0.94 for
setting two; and 0.83 for setting three.

Conclusion No significant difference in accuracy,
sensitivity, or specificity between the approaches for
treatment evaluation of suspected persistent PJI in the hip
or knee was observed. Nucl Med Commun 42: 719-724
Copyright © 2021 The Author(s). Published by Wolters
Kluwer Health, Inc.
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all patients and a lifelong suppressive antibiotic therapy
with varying efficacy could be an alternative [1].

Evaluation of the treatment effect following DAIR in
suspected persistent PJI is of utmost importance, espe-
cially in patients with ongoing antibiotic treatment where
an early cessation of antibiotics would cause a relapse of
infection with risk for the development of sepsis and
chronic illness. The main reason for an early treatment
failure is the establishment of a so-called biofilm protect-
ing the bacteria from the innate immune system and anti-
biotics and thereby making the infection persistent [2,3].

To evaluate whether a treated infection is cured or has
become persistent, a diagnostic tool such as nuclear
DOI: 10.1097/MNM.0000000000001403
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imaging would be of great value. Its utility would be
even greater in patients with inflammatory diseases such
as theumatoid arthritis, where clinical signs, for example,
joint pain and elevated inflammatory markers often are
present and could be misinterpreted as persisting PJI.

During the last three decades, different scintigraphic
approaches were proposed for the diagnosis of PJI. Dual
time-point acquisition protocol with leukocyte scin-
tigraphy gained increased popularity and was recently
proposed as the primary nuclear imaging method for
P]JI diagnosis [4,5]. This method uses reinjected radiola-
beled autologous leukocytes and planar images that are
obtained at two or more time points where an increased
relative uptake in the joint over time is considered a sign
of infection [6,7].

Another frequently applied approach is dual-tracer imag-
ing where leukocyte scintigraphy is combined with bone
marrow imaging to subtract unspecific post-surgically
induced activity in activated or redistributed bone mar-
row [8]. This method is commonly used to complement
inconclusive dual time-point leukocyte scintigraphy
examinations. There is no reported direct comparison
between dual time-point *™Tc-hexamethylpropylene
amine oxime (HMPAO)-leukocyte scintigraphy and dual-
tracer imaging when *™Te-HMPAO-leukocyte scintigra-
phy is combined with *™Tc-HMPAO-nanocolloid bone
marrow scintigraphy for treatment evaluation of PJI [6].

Images can also be acquired in a three-dimensional
mode using single-photon emission computed tomog-
raphy (SPECT), commonly combined with a concomi-
tant (often low-dose) computed tomography (CT) scan
for additional anatomical detail. Only a few studies have
been published in patients with orthopedic prostheses
with this technique, generally showing increased sensi-
tivity and/or additional information of anatomical details
and location of uptake when SPECT was used compared
to planar imaging [9-11].

An established biofilm affects leukocyte aggregation [12]
which could influence the way the infection is visualized
in scintigraphic images, emphasizing the need to evalu-
ate all versions of leukocyte scintigraphy in patients with
suspected persistent chronic PJI.

This study aims to compare the accuracy, sensitivity, and
specificity of dual time-point ™ Tc-HMPAO-leukocyte
scintigraphy with dual-tracer imaging combining single
time-point ™ Te-HMPAO-leukocyte scintigraphy and
9™ Te-nanocolloid bone marrow scintigraphy using pla-
nar imaging or SPECT/CT for treatment evaluation of
suspected persistent chronic PJI.

Methods

Study design

All patients referred for leukocyte scintigraphy with
suspected hip or knee prosthetic infection between
June 2010 and December 2013 at a single institution

were screened for inclusion in this retrospective study.
Inclusion criteria were verified PJI prior to scintigraphic
imaging, completed scintigraphic imaging using both dual
time-point and dual-tracer scintigraphy and SPECT/CT,
on-going antibiotic treatment at the time of imaging, and
24 months of follow-up after the cessation of antibiotics.
Patients with labeling efficacy below 40%, injected activ-
ity below 150 MBq were excluded.

The PJI verification followed international criteria [13]:
the presence of a fistula from the joint and/or positive
microbial culture(s) from tissue biopsies or aspirated joint
fluid. The endpoint of this study was defined as either
cured infection or relapse with new microbiological veri-
fication of infection after imaging. If the patient had only
negative microbial cultures and no recurring symptoms
of PJI 24 months after the cessation of antibiotic therapy,
the infection was considered cured.

Ethical considerations
Ethical approval was given by the Regional Ethical
Review Board ahead of patient screening and inclusion.
All patients gave their informed consent to access their
electronic medical records before in-depth screening and
inclusion or exclusion.

Imaging methods

%" Te-labeled white blood cells (™ Te-HMPAO-WBCs)
were prepared following the guidelines of the European
Association of Nuclear Medicine (EANM) without isolat-
ing granulocytes from lymphocytes [14].

Imaging was performed with low-energy high-resolution
collimators on a dual-head SPECT/CT system (Siemens
Symbia T16, Erlangen, Germany). Planar images were
acquired for 2min at Zh post-injection using a 256 x 256
matrix and followed by SPECT/CT. The late planar
images at 24h post-injection were acquired for 25min
to account for decay and physiological clearance of the
radiopharmaceutical.

P Te-HMPAO-WBC SPECT/CT was performed using 40's
per projection, 64 projections, step and shoot mode with

Fig. 1

“(a) (b)

Example of setting one with the examination positive for persistent
infection in the right knee. There is an uptake in the right knee (arrows)
that increases in intensity between the delayed (a) and late (b) images.
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an acquisition matrix of 128 x 128 combined with an ultra-
low dose CT (130kV, 10mAs, pitch factor 1.5). SPECT
reconstruction, fusion, and interpretation were performed
on a Hermes workstation (Hermes Medical solution AB,
Stockholm, Sweden) using an ordered subset expectation
maximization algorithm with four iterations, eight subsets,
resolution recovery, and a Gaussian postfilter with 0.9cm
full width at half maximum. Attenuation correction was
not performed as the C'T contained metal artifacts. Fusion
was made with 5 mm thick CT slices using a BO8 kernel to
reduce metal artifacts from the prosthesis.

The bone marrow examination was performed at least
72 h before or after the leukocyte scan as a 2-min static
scan 1h after injection of 500 MBq **™Tc-nanocolloid.
%™ Te-nanocolloid SPECT/CT was performed with the
same parameters as for * Tc-HMPAO-WBC.

Evaluation of images

The standard imaging protocol consisted of delayed and
late leukocyte planar images, delayed leukocyte SPECT/
CT images as well as bone marrow planar and SPECT/

Fig. 2

Example of setting two with the examination positive for persistent
infection in the left hip. The increased uptake (arrow) on the leukocyte
image (a) has no matching increase of uptake in the same area (arrow)
on the bone marrow image (b).

Fig. 3

CT images. The images were divided into three settings
with each patient being represented in all settings.

Setting one included planar *™Te-HMPAO-WBC
images at 2 and 24h evaluating dual time-point leuko-
cyte scintigraphy as shown in Fig. 1. For this setting,
both visual and semiquantitative analyses were per-
formed. The visual analysis was considered positive for
infection if the uptake in the joint increased between the
two time-points. For the semiquantitative analysis, the
mean uptake in a region of interest (ROI) placed over
the suspected infectious focus (lesion) was related to the
mean uptake in a similar ROI on the contralateral side
(reference) to calculate a lesion-to-reference ratio (LL/R)
for both the delayed and the late scan. An increase of [./R
of 10% or more between the delayed and the late images
was considered positive for infection [4].

Setting two included planar *™Tc-nanocolloid images
and delayed planar *™Te-HMPAO-WBC images at 2h
evaluating the dual-tracer approach as shown in Fig. 2.
The examination was considered positive for infection if
an increased *™Te-HMPAO-WBC uptake was observed
in the joint that was not matched by a similar uptake on
the bone marrow images.

Setting three included **™Tc-nanocolloid SPECT/CT
images and delayed “™Tc-HMPAO-WBC SPECT/
CT images, for example, dual-tracer approach by tomo-
graphic imaging as shown in Fig. 3. The criteria for infec-
tion were identical to setting two except that SPECT/C'T
images were used instead of planar images.

Two experienced nuclear medicine physicians with
national board certifications in Nuclear Medicine and
Radiology performed the analysis of the blinded inves-
tigations separately. In the case of diverging opinions,
a consensus evaluation was made through discussion.
For the semiquantitative evaluation of setting one, both
observers measured the /R and an average of the two
ratios was used.

Example of setting three with the examination positive for persistent infection. The increased uptake (arrows) on the *"Tc-HMPAO-WBC SPECT
(a) and SPECT/CT (b) images have no matching uptake in the same area (arrows) on the bone marrow SPECT (c) and SPECT/CT (d) images.
CT, coméauted tomography; HMPAO, hexamethylpropylene amine oxime; SPECT, single-photon emission computed tomography; #*"Tc-HMPAO-

WBC, *°™Tc-HMPAO-white blood cell.
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Statistical analysis

For comparing sensitivity and specificity between the
settings, McNemar’s test was used with a 95% confidence
interval and was considered significant when P<0.05.
Power calculations were performed using G*Power [15].
All other statistical analyses were performed with SPSS
Statistics for Macintosh, version 26.0.

Results

A total of 139 patients with suspected PJI in the hip or
knee were evaluated for inclusion in the study. One hun-
dred eight patients were excluded, 52 due to lack of veri-
fication of infection (according to the definition) previous
to imaging, 12 due to loss of follow-up because of death

Table 1 Patient characteristics

Age 69 (67.6£10.2)
Male, n (%) 24 (77%)
Knee, n (%) 17 (55%)
Hip, n (%) 14 (45%)

123 (196+275)
615 (1815+2302)
208 (732+1328)

Days with antibiotic therapy
Days since arthroplasty
Days since last surgery

Cemented prosthesis 19 (61%)
Revision surgery 11 (35%)
Rheumatoid arthritis 5 (16%)
Diabetes mellitus 6 (19%)
Malignant disease 1 (3%)

51% (42.1% +7.5%)
305 (308+45)

Labelling efficacy
Injected activity (MBq)

Values reported as number and percentage or median (mean+SD).

or moving to other region, 11 due to incomplete exam-
ination, 14 due to low labeling efficacy or low injected
activity, 8 due to no on-going antibiotic treatment at the
time of imaging and finally 11 due to difficult verifica-
tion after the examination (for example, due to on-going
suppression treatment or infection in different location).
Thirty-one patients with 31 joints were included for fur-
ther evaluation.

The patients’ characteristics are presented in Table 1.

At last follow-up, at least two years after antibiotic cessa-
tion, 58 % had a cured infection and 42% a failure, that is,
persistent chronic PJI.

Consensus evaluation was used for four joints in the
visual evaluation of setting one, one joint in setting two,
and five joints in setting three.

For the leukocyte scintigraphy, the injected activity was
between 222 and 454MBq. Labeling efficacy varied
between 40 and 71%.

Accuracy was 0.68 for visual evaluation and 0.55 for sem-
iquantitative evaluation of setting one; 0.71 for visual
evaluation of setting two and 0.68 for visual evaluation
of setting three. The results of all examinations and
the sensitivity and specificity of the three settings are
reported as a forest plot in Fig. 4. None of the differ-
ences in accuracy, sensitivity, or specificity were statisti-
cally significant.

Fig. 4
All joints
Study TP FP FN TN Sensitivity (95% ClI) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% CI)
Setting 1 semi-quantative 4 5 9 13 0.31[0.09, 0.61] 0.72[0.47,0.90] —®&—— —
Setting 1 visual 7 4 6 14 0.54 [0.25, 0.81] 0.78[0.52, 0.94] — —
Setting 2 5 1 8 17 0.38 [0.14, 0.68] 0.94[0.73,1.000 —®&%—— —=
Setting 3 6 3 7 15 0.46 [0.19, 0.75] 0.83 [0.59, 0.96] | ﬁl.—. —l—
0020406081 0020406081
Hips
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% CI)
Setting 1 semi-quantative 2 3 3 6 0.40 [0.05, 0.85] 0.67[0.30,0.93] —&— — &
Setting 1 visual 1 2 4 7 0.20[0.01, 0.72] 0.78[0.40,0.97] —&— — &
Setting 2 o 0 5 9 0.00 [0.00, 0.52] 1.00 [0.66, 1.00] &#—— —a
Setting 3 1 0 4 9 0.20 [0.01, 0.72] 1.00 [0.66, 1.00] _!— | ' —F
0020406081 0020406081
Knees
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% CI)
Setting 1 semi-quantative 2 2 6 7 0.25 [0.03, 0.65] 0.78 [0.40, 0.97] —®%—— —
Setting 1 visual 6 2 2 7 0.75 [0.35, 0.97] 0.78 [0.40, 0.97] — I —
Setting 2 5 1 3 8 0.63 [0.24, 0.91] 0.89[0.52, 1.00] — —
Setting 3 5 3 3 6 0.63 [0.24, 0.91] 0.67 [0.30, 0.93] | l—.'— ' =

0020406081 0020406{)8 1

The results of all examinations with sensitivity and specificity were reported for all joints combined as well as hips and knees separately. FP, false

positive; FN, false negative; TP, true positive; TN, true negative.
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Discussion

The results of this study show average accuracy, mixed
specificity, and generally poor sensitivity of all investi-
gated approaches for evaluating chronic persistent PJI in
patients on antibiotic treatment for previously diagnosed
P]JI of knee or hip. The dual-tracer approach performed
using planar or tomographic imaging was not superior to
the standard dual time-point leukocyte scintigraphy.

All methodological approaches evaluated in this study on
chronic PJI have previously been investigated in patients
either with early/acute or non-specified PJI with very
promising results [16] that encouraged us to introduce
the technique in our hospital. We found the method most
valuable in patients with a suspected persistent chronic
PJI and we, therefore, decided to perform this retro-
spective study on this group. Since the study period, the
technique and protocol of leukocyte scintigraphy have
improved [4,6,7].

Planar dual time-point leukocyte scintigraphy was
included in our study as setting one, using a protocol sim-
ilar to the fixed time protocol reported by Glaudemans
et al. [7]. In previous studies, this method has shown
sensitivity between 0.50 and 1.00 as well as specificity
between 0.30 and 1.00 [6,7,9,17-21]. In our study, we
used a protocol with a fixed longer acquisition time for
the late images. The highest diagnostic accuracy using
the method was reported in the study by Erba e 4/. [6],
who reported a sensitivity of 0.93, a specificity of 1.00, and
an accuracy of 0.98 in 84 patients with hip or knee pros-
theses. In their study, visual analysis of decay time-cor-
rected scans had significantly better accuracy than visual
analysis of fixed time scans and also than semiquantative
evaluation regardless of which acquisition timing that
was used. Based on that the accuracy of setting one may
have been higher if we had used decay time-corrected
scans as is the modern standard [4]. As their cohort is not
presented in terms of acute or persistent P]JI it is difficult
to make a more accurate comparison.

Setting two, the planar dual-tracer approach, used bone
marrow images combined with delayed leukocyte scin-
tigraphy images as described by Palestro ez a/. [22]. The
published data by Fuster ¢z /. [18] and Jung ez al. [21]
have shown sensitivity of 0.92 and 1.00, specificity of 0.98
and 0.83 as well as accuracy of 0.97 and 0.91, respectively.
Fuster ez al. [18] showed very good results and had similar
criteria as ours for established infection but excluded all
patients with previously treated infection and on-going
antibiotic treatment and therefore their patient cohort
is not comparable with ours. Most of their patients pre-
sented with late infection, which would suggest that they
had either a persistent chronic or an acute hematogenous
PJI, the latter of which is associated with bacteremia and
strong local inflammatory response that might explain a
higher diagnostic yield.

The experience of hybrid imaging with SPECT/CT in
patients with orthopedic prostheses is still limited to a

few studies. Kim ¢z 4/. [9] and Filippi and Schillaci [10]
used this 3D technique with “™Te-HMPAO-WBC-
SPECT/CT and showed sensitivity of 0.93 and 1.00,
respectively, and specificity of 0.93 and 1.00, respec-
tively, as well as accuracy of 0.93 and 1.00, respectively.
Tomographic acquisition was only used with the dual
time-point approach. Kim ez 4/. [9] report very good
results in both hip and knee in 164 patients where 26%
had received antibiotic treatment up to 2weeks before
the study. SPECT/C'T was used as an addition to dual
time-point leukocyte scintigraphy. However, all patients
in their study presented with early/acute infection which,
due to the higher inflammatory response would proba-
bly have been easier to detect than patients with chronic
infection and ongoing antibiotic treatment.

The labeling efficacy of *™Tc-HMPAO-WBC scintigra-
phy is expected to be between 40 and 80%. The mean
labeling efficacy in the present study was in the lower
part of this interval (see Table 1.) A higher labeling effi-
cacy had been desirable from a methodological point of
view [14] and might partially explain our generally low
specificity. However, as all patients were examined with
all three settings the labeling efficacy and any confound-
ers would have had an equal effect on all analyses.

The result of our study differs from the majority of the
previously published literature. There are several possi-
ble explanations.

First, our applied strict criteria for verification of cured
infection after imaging are stronger than the above-men-
tioned studies as we required either negative cultures
from tissue biopsies or at least 24 months follow-up after
cessation of antibiotics for defining an infection as cured.
We also avoided using clinical evaluation as the sole cri-
teria of PJI diagnosis and relied on a stricter and inter-
nationally accepted PJI confirmation such as positive
bacterial cultures and/or fistula from the joint [13].

Second, all patients in this study were suspected to have
a persistent chronic PJI, that is, having implants with
colonized bacteria shielded by a biofilm influencing
the innate immune system [9] and reducing leukocyte
chemotaxis and thus modifying the expected increase in
leukocyte uptake surrounding the prosthesis. Blanc ez a/.
[19] recently presented a sensitivity of 0.72, a specificity
of 0.60, and an accuracy of 0.67 for dual-time leukocyte
scintigraphy on 150 patients with suspected chronic PJI.
The similarity of our results suggests that the presence of
a biofilm might lower the accuracy of the method com-
pared to when it is used on acute infections.

"Third, all patients in our study were under treatment
with antibiotics. Antibiotic therapy has in other studies
commonly been discontinued 14 days before a leuko-
cyte scan [23]. This was not the clinical practice in our
hospital for patients with suspected persistent chronic
PJI and might explain the lower sensitivity of the scan.
Antibiotics suppress bacteria, thereby reducing the

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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stimulus for leukocyte aggregation [24]. In the study by
Blanc ez a/. [19], 37 patients were still on antibiotics at the
time of the scan without any reported reduction of sensi-
tivity or specificity. These results give support to examin-
ing patients without interrupting antibiotic treatment as
we did in our study.

This study supports the recommendations of EANM
in that planar dual time-point leukocyte scintigraphy
should be the first alternative for nuclear medicine
imaging of PJI. We find that replacing the standard dual
time-point approach with dual-tracer approach cannot
be motivated due to the increase in radiation dose to the
patient with no significant increase in diagnostic yield.
However, ™ Tc-Nanocolloid bone marrow scintigraphy
and SPECT/CT might be used as additive imaging in
doubtful cases, as suggested by EANM [4].

In our opinion, nuclear imaging is primarily demanded in
cases of suspected chronic PJT with difficulties in decision
making between cessation of antibiotics and retainment
of a prosthesis, prosthesis revision, or chronic suppres-
sive antibiotic treatment. In light of our result, further
development of nuclear medicine methods enabling the
detection of persistent infection with the presence of
biofilm and antibiotic treatment is warranted.

In conclusion, dual-tracer leukocyte scintigraphy using
either planar imaging or SPECT/C'T was not more sensi-
tive, specific, or accurate than dual time-point leukocyte
scintigraphy for treatment evaluation of suspected persis-
tent chronic PJI.
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