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Abstract

Labelled leucocyte scintigraphy (LS) is regarded as helpful when exploring bone and joint infections. The aim of this study was

to evaluate the utility of LS for the diagnosis of chronic periprosthetic joint infections (PJIs) in patients exhibiting arthroplastic

loosening. One hundred sixty-eight patients were referred to centres for treatment of complex PJI. One hundred fifty underwent

LS using 99mTc-HMPAO (LLS); 18 also underwent anti-granulocyte scintigraphy (AGS) and 13 additional SPECT with

tomodensitometry imaging (SPECT-CT). The LS results were compared with bone scan data. For all, the final diagnoses were

determined microbiologically; perioperative samples were cultured. LS values were examined, as well as sensitivity by micro-

organism, anatomical sites, and injected activity. LS results were also evaluated according to the current use of antibiotics or not.

The sensitivity, specificity, and positive predictive value of LLS were 72%, 60%, and 80%, respectively. LLS performed better

than did AGS. SPECT-CT revealed the accurate locations of infections. The sensitivity of LSwas not significantly affected by the

causative pathogen or the injected activity. No correlation was evident between the current antibiotic treatment and the LS value.

The test was more sensitive for knee (84%) than hip arthroplasty (57%) but was less specific for knee (52% vs. 75%). Sensitivity

and specificity of LLS varied by the location of infection bone scan provide no additional value in PJI diagnosis. Current

antibiotic treatment seems to have no influence on LS sensitivity as well as labelling leukocyte activity or pathogens responsible

for chronic PJI.
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Introduction

As life expectancy increases, total hip and knee joint replace-

ments are becoming more common; these procedures improve

quality-of-life. Chronic periprosthetic joint infection (PJI) is a

serious complication of joint surgery causing substantial mor-

bidity (chronic pain, loss of ambulation) and requiring com-

plex treatment (repeat surgery, long-term antibiotic therapy).

Moreover, the financial costs are high, despite the low fre-

quencies of complications (which arise after 1% of total hip

arthroplasties [THAs] and 2% of total knee arthroplasties

[TKAs]) [1].

When the clinical signs of infection are not obvious, it can

be very challenging to distinguish delayed infection from me-

chanical loosening. Use of the C-reactive protein level lacks

specificity (Sp) and sensitivity (Se). Joint aspiration data are

also unreliable in cases of chronic infection [2, 3]. Plain radio-

graphs cannot differentiate septic from aseptic loosening, and
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artefacts frequently limit the utility of computed tomography

and magnetic resonance imaging.

Radionuclide imaging, which is not affected by metallic

hardware, can be helpful when exploring bone and joint in-

fections. In vitro labelled autologous leucocyte scintigraphy

(LLS) is a valuable imaging modality [4]. Other radiopharma-

ceuticals (18FDG, 18F-fluoride, radiolabelled peptides, and

radiolabelled antibiotics) have also been used but afford no

significant advantage over LLS or anti-granulocyte scintigra-

phy (AGS) when evaluating PJI [4–6].

The aim of the present study was to evaluate the usefulness

of leucocyte scintigraphy ([LS], meaning LLS and AGS) in

relation with the pathogens involved in PJI. We explored the

detection rates of complex chronic bone and joint infections in

two referral centres and evaluated the effects of technical fac-

tors on radionuclide imaging data.

Patients and methods

Patient population

Between June 2007 and April 2014, 168 consecutive patients

with mechanical joint loosening from two referral centres

treating complex bone and joint infections were enrolled ret-

rospectively. Only patients who had undergone operations at

least 6 months prior to scintigraphy were included. All

arthroplasties were revised because of loosening of the pros-

theses. A total of 37 patients with a suspicion of chronic PJI

were prescribed antibiotics at the time of scintigraphy. The

final diagnoses relied exclusively on microbiological data

from perioperative samples. Infection was confirmed when

at least two perioperative samples were positive for the same

bacterial or fungal strain [6].

To limit potentially confusing factors, we excluded patients

with periprosthetic fractures, inflammatory rheumatism, auto-

immune disease, and scalable neoplasms and those undergo-

ing immunosuppressive treatment. We also excluded those for

whom only joint aspiration data (no surgical samples) were

available.

All patients were evaluated in terms of clinical signs, med-

ical history, and levels of biochemical markers (C-reactive

protein and the erythrocyte sedimentation rate [ESR]) relevant

to chronic PJI. Figure 1 shows a flow chart of the work. A total

of 150 patients underwent 99mTc-hexamethylpropyleneamine

oxime (99mTc-HMPAO)-labelled leucocyte scintigraphy

(LLS), and 18 underwent anti-granulocyte scintigraphy

(AGS). Of the latter patients, 13 underwent additional

single-photon emission computed tomography with

tomodensitometry imaging (SPECT-CT). The results of LLS

and AGS were compared with those of whole-body bone

scans (BSs). AGS was preferred to LLS if the ESR was less

than 5 mm/h or the number of polynuclear leucocytes < 2000/

mm3.

Imaging protocol and analysis

In vitro labelled autologous leukocyte scintigraphy (LLS):

leucocytes were obtained from 50-mL venous blood and la-

belled with 740–850 MBq 99mTc-HMPAO (Ceretec®, GE

Healthcare SA, France) according to the guidelines of the

European Association of Nuclear Medicine [7]. After label-

ling, we re-injected cells carrying 99–824 MBq of the radio-

pharmaceutical. Planar images (both anterior and posterior

views) of the joint were acquired at 4 h (early) and 24 h

(late) after injection. For the early images, the acquisition time

was 15 min using a high-resolution/low-energy collimator.

For the late images, the acquisition time was increased to

25 min, because the count rate was low. Additional SPECT-

CT imaging was sometimes performed instead of early planar

acquisition (n = 7 patients) using a dual-head gamma camera

equipped with a low-dose X-ray system.

Tracer distribution was analysed visually. An increase in

uptake from 4 to 24 h was considered to indicate an infection.

The absence of uptake was considered to reflect the absence of

infection. A constant or decreasing uptake was considered to

indicate a sterile inflammatory process rather than septic pro-

gression. SPECT-CT was considered useful when the site of

infection was precisely located and/or when separate bone and

soft tissue involvements were evident.

Anti-granulocyte scintigraphy (AGS) was performed after

intravenous injection of 750–925 MBq 99mTc-sulesomab

(LeukoScan®, Immunomedics GmbH, Germany). Images

were acquired 6 and 24 h after injection. The acquisition pro-

tocol and the mode of image analysis were similar to those of

LLS. Additional SPECT-CT was performed on six patients.

BSs were performed 1 week before LLS to confirm loos-

ening of the prosthesis. Patients underwent LLS if loosening

was obvious on X-ray or computed tomography. Images were

acquired 2 h after intravenous injection of 99mTc-

hydoxymethylene diphosphonate (99mTc-HDP) (555 MBq

for a 70-kg adult). Planar images were obtained in both the

anterior and posterior views using a high-resolution parallel

collimator. A BS was considered to indicate loosening when

periprosthetic uptake was apparent 12 months after surgery

and 24 months after TKA surgery (these intervals limited

surgery-related artefacts). Infection was considered absent if

no loosening was apparent.

All scintigraphic data were evaluated by two experienced

nuclear physicians.

Statistical analysis

The Se, Sp, positive predictive value (PPV), negative predic-

tive value (NPV), accuracy, and statistical strength were
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calculated using classical methods and compared using

Fisher’s test. Microbiological evaluation of surgical samples

was the gold standard. Receiver-operator characteristic curve

was realized. Rank correlations between the levels of injected

radioactivity and the Se and Sp values were calculated using

Spearman’s non-parametric test. The significance threshold

was set at 0.05 (p < 0.05) and the threshold for statistical

strength at 80%. SAS Enterprise Guide version 5.1 (SAS

Institute, Cary, NC, USA) and MedCalc 13.1 (MedCalc

Software, 8400 Ostend Belgium) were used for all statistical

analyses.

Results

The cohort parameters (prosthesis type, proportion of infected

prostheses, mean age, and sex ratio) were statistically compa-

rable between the two groups (Table 1). We evaluated 87

males and 81 females (mean age, 67 years). A total of 112

patients were infected, and 56 were sterile.

Overall performance

Table 2 lists the Se, Sp, PPV, and accuracy of LLS, AGS, and

BS. Neither the Se nor Sp differed significantly among the

various modalities. Septic and aseptic loosening could not be

distinguished on BSs (Fig. 2). The NPVs were relatively low.

Thirteen patients underwent SPECT-CT, the Se and Sp of

which were 67% and 80%, respectively. No patient exhibited

leucocyte accumulation in soft tissue.

Influences of the prosthesis type, pathogen, antibiotic
treatment, and injected activity

LS was more sensitive in TKA than THA patients (84% vs.

57%, p = 0.0002) but less specific in the former than the latter

Table 1 Prosthesis

group composition THA TKA EA AA

Infected prosthesis

Unit 1 26 11 0 0

Unit 2 36 37 0 2

Total 62 48 0 2

Non infected prosthesis

Unit 1 15 9 0 0

Unit 2 16 14 2 0

Total 31 23 2 0

THA total joint arthroplasty, TKA total

knee arthroplasty, EA elbow arthroplasty,

AA ankle arthroplasty

Fig. 1 Flowchart of the study
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patients (52% and 75%, respectively; p = 0.0017). Only one of

the two infected ankle prostheses was detected. Only one of

the two aseptic loosenings of an elbow prosthesis was diag-

nosed correctly.

Figure 3 shows the LS sensitivities according to the in-

volved pathogen. No significant difference was apparent

(p > 0.05). However, the statistical strength was < 80% and

was thus inadequate to allow valid observations.

Thirty-seven patients were on antibiotics at the time of

scintigraphy. No correlation was found between the current

antibiotic treatment and LS data (p > 0.05). The LS Se and

Sp were 76% and 63% for patients on antibiotics and 66%

and 65% for those not on antibiotics, respectively. Seven

false-negatives were found among those on antibiotics versus

29 among those not on antibiotics. Although no significant

difference was evident between the two groups (p > 0.05),

the statistical strength was < 20%.

We defined seven activity ranges of labelled white blood

cell (WBC) (from < 200 to > 700 MBq). The number of pa-

tients in each range was similar [8–11]. Neither the Se nor Sp

differed significantly among those exhibiting different activity

ranges. We were unable to define a minimal extent of labelling

affording optimal performance.

Discussion

Microbiological and histological analyses of periprosthetic

tissues are more useful than synovial fluid aspiration or assays

of inflammatory blood markers when diagnosing chronic PJI

[6, 7, 12]. We compared scintigraphic data with those from

perioperative samples, to appropriately evaluate the utility of

scintigraphy in chronic PJI diagnosis. Patients treated in the

two referral centres were comparable in terms of sex ratio and

mean age.

Many nuclear imaging studies have been published on PJI;

significant differences in Se and Sp were apparent. Table 3

lists the features of a few studies published between 2000 and

2016. They included patients with hip and knee prostheses.

The radiopharmaceuticals used were the same as those

employed by us.

Various interpretive criteria were used in earlier studies [13,

14, 16–18, 23]. Some were qualitative in nature (visual com-

parisons of early and late acquisitions, comparisons between

periprosthetic uptake and that of the surrounding bony tissue

or the contralateral site) [13, 18]. Other authors employed

semi-quantitative criteria (labelled WBC activity in the region

of the symptomatic prosthesis, compared with bone marrow

Table 2 Overall performances of

LLS, AGS and BS Nb Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

LLS Unit 1 43 72 64 81 53 70

Unit 2 107 71,6 57,6 79 45 66

Total 150 72 60 80 47 67

AGS Unit 1 18 25 90 67 60 61

LLS +AGS 168 68 65 79 50 67

BS 124 94 11 65 50 64

Nb patients number, PPV positive predictive value,NPV negative predictive value, LLS in vitro labelled leucocyte

scintigraphy, AGS anti-granulocyte scintigraphy, BS bone scan

Fig. 2 Comparative ROC curves of labelled leucocyte scintigraphy (LLS

+ AGS) and BS. Bone scan ROC curve (dashed line) was near to the

random classification line. It was unable to distinguish septic from aseptic

loosening. SO bone scan, Leucocytes leucocyte scintigraphy
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Fig. 3 LLS sensitivity (in %) depending on pathogens. None of the

results were statistically different (p > 0.05). PI polymicrobial infection,

S.aureus Staphylococcus aureus, GNB Gram-negative bacilli, CNS co-

agulase negative staphylococci, Strepto. Streptococcus, P.acnes

Propionibacterium acnes
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uptake) [24]. Various gold standards have been used to con-

firm diagnoses. Some authors have employed combined

criteria (data on surgical samples with favourable clinical

follow-up [25] or joint aspiration data with clinical assessment

[8]).

The acquisition protocols differed greatly in previous pub-

lications. In some studies, early and late images were acquired

over fixed times or to fixed numbers of counts. Usually, no

corrections for isotope decay were made; the data were thus

affected by variations in background activity. Erba et al. ob-

tained good results by acquiring images at 3–4 h and 20–24 h

in time mode with acquisition times corrected—24 h and

correcting the data for isotope decay [13].

In terms of the Sp and Se of functional imaging, labelled

WBC accumulation is considered to reflect inflammation rath-

er than infection.We found that LLS had a Sp of 60%, slightly

lower than the Sps reported in most previous studies (cf.

Table 3). However, all of our patients had inflammatory con-

ditions caused by prosthesis loosening; this reduced the Sp.

The eight most representative studies listed in Table 3 had a

mean Se of 79%, close to our rate of 72% (Table 2).

Certain patients presenting with chronic PJI require multi-

ple surgeries, which may reduce the Se over time. In contrast,

comorbidities such as diabetes may increase the Se. Therefore,

it is possible that the pre-test probability differs among pa-

tients [26].

AGS afforded good Sp but very low Se (cf. Table 2).

However, these findings were not statistically significant giv-

en the small number of patients (18 of 168). Moreover, this

technique was used only when the ESR was < 5 mm/h or the

number of polynuclear leucocytes was< 2000/mm3, rendering

measurement conditions unfavourable regardless of the meth-

od used.

In terms of the utility of hybrid imaging, the addition of

SPECT-CT to LS increased the Sp to 80%, supporting what

other authors have also found [9–11]. SPECT-CT may be

useful for differentiating soft tissue infections from bone in-

fections. Nevertheless, metallic artefacts sometimes limit the

ability of SPECT-CT to identify the location of lesions, and

tomodensitometry adds to the burden of patient irradiation.

We found that the Ses of planar and SPECT-CT imaging were

rather similar (68% vs. 67%).

A negative BS indicates a low probability of periprosthetic

infection [9, 10, 27]. We found that the NPV was low (50%)

(cf. Table 2 and Fig. 1). Selection bias was probably at play;

BS was often positive because of mechanical loosening.

LS seems to be more sensitive to TKA than to THA infec-

tion; we can offer no obvious explanation for this. Certain

factors may increase the Se. These include differences be-

tween knee and hip loadings, the surgical technique used

(whether cement is employed to fix the prosthesis or not; a

cementless prosthesis may be associated with more inflamma-

tion), and joint characteristics (the knee is more superficial

than the hip, which may be associated with greater predispo-

sitions to inflammation and infection).

We found no correlation between the current antibiotic

treatment and LS values, as was also true in other studies

[11, 26, 28, 29].

To the best of our knowledge, no literature data are avail-

able on LLS values in relation to the extent of WBC labelling.

According to the Society of Nuclear Medicine, the usual

amount of 99mTc-HMPAO-labelled WBC injected into adults

is 185–370 MBq [30]. The levels varied among published

studies: the lowest value was 185 MBq reported by

Fernandez et al. [31], while Pelosi et al. injected 430–

600 MBq [24], Filippi et al. 400–555 MBq [19], and

Simonsen et al. 628–775 MBq [25]. We were not able to

determine the best compromise between Se and irradiation.

Moreover, the separation of polynuclear leucocytes from other

blood cells was less than perfect. Therefore, somered blood

cells may have been labelled, which could reduce the Se of

LLS and limit the comparisons made among the various ac-

tivity groups. However, influence of these labelled red blood

cells has not been studied and we did not know if there is a

correlation between activity of this extra leucocyte labelling

and Se of the scintigraphy.

Table 3 Literature review of

labelled leukocytes scintigraphy

value

Tracers Number of prostheses Sensitivity (%) Specificity (%)

Simonsen et al. [13] LLS 76 81 94

Teller et al. [14] LLS 166 64 78

Larikka et al. [15] LLS 30 62 100

Pelosi et al. [16] LLS 95 85 71

Trevail et al. [17] LLS 221 80 99.5

Erba et al. [18] LLS 132 93 100

Gratz et al. [19] AGS 20 100 83

Sousa et al. [20] AGS 27 100 20

Rubello et al.(21) AGS 78 93 78

Pakos et al.(22) AGS 19 75 86

LLS in vitro labelled leucocyte scintigraphy, AGS anti-granulocyte scintigraphy

Eur J Clin Microbiol Infect Dis (2019) 38:1625–1631 1629



As FDG accumulates at sites of infection and inflamma-

tion, positron emission tomography (PET) has been used to

diagnose disorders of the musculoskeletal system, including

PJI. However, FDG imaging afforded no significant advan-

tage over LS [5, 14].

Leucocyte uptake around a prosthesis may reflect bone mar-

row displacement or surgical activation. Therefore, LS has been

combined with 99mTc-sulphur colloid. In patients lacking PJI,

the bone marrow distributions evident on LS and bone marrow

scans are similar. The reported accuracy of the LS/bonemarrow

scan combination ranged from 86 to 98% [32].

Conclusion

LLS is a very interesting imaging modality used to explore

chronic bone and joint infections. In practice, we found that

AGS was less efficient but preferred when LLS was not pos-

sible for various reasons. In a selected population, we found

that the Se of LS varied by the location of the infection. The

current antibiotic treatment, the type of pathogen, and the

injected activity had no influence on LS accuracy. Hybrid

imaging using SPECT-CT seemed to increase the Sp of LS.

Thus, PET/CT imaging may be the next step in leucocyte

exploitation. The radiolabel (18F) has a short half-life

(110 min), and labelled leucocyte PET is thus unsuitable for

data acquisition later than 4–6 h after injection. In cases of

chronic PJI, delayed imaging is mandatory because of slow

leucocyte biokinetics at the infected sites. It will be interesting

to follow the contributions made by new radiotracers such as
64Cu, the half-life (2.6 days) of which allows radiolabelled

antibodies or white blood cells to be tracked.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of

interest.

Ethical approval The study was carefully examined by the University

Hospital Ethics Committee (reference number 2018-13). The conclusion

is that French ethic and regulatory requirements were totally respected in

the above report.

Open Access This article is distributed under the terms of the Creative

Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /

creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give appro-

priate credit to the original author(s) and the source, provide a link to the

Creative Commons license, and indicate if changes were made.

References

1. PRATIQUE RDB. Prothèse de hanche ou de genou: diagnostic et

prise en charge de l’infection dans le mois suivant l’implantation.

2014 [cité 22 juin 2014]; Disponible sur: http://www.has-sante.fr/

portail/upload/docs/application/pdf/2014-03/rbp_argumentaire_

prothese_infectees_vd_.pdf

2. Trampuz A, Hanssen AD, Osmon DR, Mandrekar J, Steckelberg

JM, Patel R (2004) Synovial fluid leukocyte count and differential

for the diagnosis of prosthetic knee infection. Am J Med 117(8):

556–562

3. Fink B, Gebhard A, Fuerst M, Berger I, Schäfer P (2013) High

diagnostic value of synovial biopsy in periprosthetic joint infection

of the hip. Clin Orthop 471(3):956–964

4. Gemmel F, Wyngaert H, Love C,WellingMM, Gemmel P, Palestro

CJ (2012) Prosthetic joint infections: radionuclide state-of-the-art

imaging. Eur J Nucl Med Mol Imaging 39(5):892–909

5. Jamar F, Buscombe J, Chiti A, Christian PE, Delbeke D, Donohoe

KJ et al (2013) EANM/SNMMI guideline for 18F-FDG use in

inflammation and infection. J Nucl Med 54(4):647–658

6. Love C,Marwin SE, TomasMB, Krauss ES, Tronco GG, Bhargava

KK et al (2004) Diagnosing infection in the failed joint replace-

ment: a comparison of coincidence detection 18F-FDG and 111In-

labeled leukocyte/99mTc-sulfur colloid marrow imaging. J Nucl

Med 45(11):1864–1871

7. de Vries EFJ, Roca M, Jamar F, Israel O, Signore A (2010)

Guidelines for the labelling of leucocytes with 99mTc-HMPAO.

Eur J Nucl Med Mol Imaging 37(4):842–848

8. Teller RE, Christie MJ, Martin W, Nance EP, Haas DW (2000)

Sequential indium-labeled leukocyte and bone scans to diagnose

prosthetic joint infection. Clin Orthop Relat Res.(373):241–7

9. Weon YC, Yang SO, Choi YY, Shin JW, Ryu JS, Shin MJ et al

(2000) Use of Tc-99m HMPAO leukocyte scans to evaluate bone

infection: incremental value of additional SPECT images. Clin

Nucl Med 25(7):519–526

10. Vanquickenborne B, Maes A, Nuyts J, Van Acker F, Stuyck J,

Mulier M et al (2003) The value of (18)FDG-PET for the detection

of infected hip prosthesis. Eur J Nucl MedMol Imaging 30(5):705–

715

11. Van Acker F, Nuyts J, Maes A, Vanquickenborne B, Stuyck J,

Bellemans J et al (2001) FDG-PET, 99mtc-HMPAO white blood

cell SPET and bone scintigraphy in the evaluation of painful total

knee arthroplasties. Eur J Nucl Med 28(10):1496–1504

12. Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W,

Steckelberg JM, et al. diagnosis and management of prosthetic joint

infection: clinical practice guidelines by the Infectious Diseases

Society of America. Clin Infect Dis 2012;cis803

13. Erba PA, Glaudemans AWJM, Veltman NC, Sollini M, Pacilio M,

Galli F et al (2014) Image acquisition and interpretation criteria for

99mTc-HMPAO-labelled white blood cell scintigraphy: results of a

multicentre study. Eur J Nucl Med Mol Imaging 41(4):615–623

14. Verberne SJ, Sonnega RJA, Temmerman OPP, Raijmakers PG

(2017) What is the accuracy of nuclear imaging in the assessment

of periprosthetic knee infection? A meta-analysis. Clin Orthop

Relat Res 475(5):1395–1410

15. Larikka MJ, Ahonen AK, Niemela O, Junila JA, Hamalainen MM,

et al (2002) Comparison of 99 mTc ciprofloxacin, 99 mTc white

blood cell and three-phase bone imaging in the diagnosis of hip

prosthesis infections: improved diagnostic accuracy with extended

imaging time. Nucl Med Commun 23:655–661

16. Trevail C, Ravindranath-Reddy P, Sulkin T, Bartlett G (2016) An

evaluation of the role of nuclear medicine imaging in the diagnosis

of periprosthetic infections of the hip. Clin Radiol 71(3):211–219

17. Reinartz P (2009) FDG-PET in patients with painful hip and knee

arthroplasty: technical breakthrough or just more of the same. Q J

Nucl Med Mol Imaging 53(1):41–50

18. Palestro CJ (2003) Nuclear medicine, the painful prosthetic joint,

and orthopedic infection. J Nucl Med 44(6):927–929

1630 Eur J Clin Microbiol Infect Dis (2019) 38:1625–1631

http://www.has-sante.fr/portail/upload/docs/application/pdf/2014-03/rbp_argumentaire_prothese_infectees_vd_.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/2014-03/rbp_argumentaire_prothese_infectees_vd_.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/2014-03/rbp_argumentaire_prothese_infectees_vd_.pdf


19. Filippi L, Schillaci O (2006) Usefulness of hybrid SPECT/CT in

99mTc-HMPAO–labeled leukocyte scintigraphy for bone and joint

infections. J Nucl Med 47(12):1908–1913

20. Sousa R, Massada M, Pereira A, Fontes F, Amorim I, et al (2011)

Diagnostic accuracy of combined 99 mTc-sulesomab and 99 mTc-

nanocolloid bone marrow imaging in detecting prosthetic joint in-

fection. Nucl Med Commun 32:834–839

21. Rubello D1, Rampin L, Banti E, Massaro A, Cittadin S, Cattelan

AM, Al-Nahhas A. (2008) Diagnosis of infected total knee

arthroplasty with anti-granulocyte scintigraphy: the importance of

a dual-time acquisition protocol. Nucl Med Commun 29(4):331–5

22. Pakos Ee, AD Fotopoulos, KS Stafilas, I Gavriilidis, G Al

Boukarali, S Tsiouris, TA Xenakis, (2016) Use of Tc-Sulesomab

for the diagnosis of prosthesis infection after total joint arthroplasty.

Journal of International Medical Research 35(4):474–81

23. Love C, Marwin SE, Palestro CJ (2009) Nuclear medicine and the

infected joint replacement. Semin Nucl Med 39(1):66–78

24. Pelosi E, Baiocco C, Pennone M, Migliaretti G, Varetto T, Maiello

A et al (2004) 99mTc-HMPAO-leukocyte scintigraphy in patients

with symptomatic total hip or knee arthroplasty: improved diagnos-

tic accuracy by means of semiquantitative evaluation. J Nucl Med

45(3):438–444

25. Simonsen L, Buhl A, Oersnes T, Duus B (2007) White blood cell

scintigraphy for differentiation of infection and aseptic loosening: a

retrospective study of 76 painful hip prostheses. Acta Orthop 78(5):

640–647

26. Gratz S, Höffken H, Kaiser JW, Behr TM, Strosche H, Reize P

(2009) Nuclear medical imaging in case of painful knee

arthroplasty. Radiologe 49(1):59–67

27. Nagoya S, Kaya M, Sasaki M, Tateda K, Yamashita T (2008)

Diagnosis of peri-prosthetic infection at the hip using triple-phase

bone scintigraphy. J Bone Joint Surg Br 90(2):140–144

28. Datz FL, Thorne DA (1986) Effect of antibiotic therapy on the

sensitivity of indium-111-labeled leukocyte scans. J Nucl Med

Off Publ Soc Nucl Med 27(12):1849–1853

29. Datz FL (1994) Indium-111-labeled leukocytes for the detection of

infection: current status. Semin Nucl Med 24(2):92–109

30. Datz FL1, Seabold JE, Brown ML, Forstrom LA, Greenspan BS,

McAfee JG, Palestro CJ, Schauwecker DS, Royal HD (1997) Tc-

99m exametazime (hmpao)-labeled leukocyte scintigraphy for

suspected infection/inflammation. Society of Nuclear Medicine. J

Nucl Med. 38(6):987–90

31. Fernandez P, Monet A, Matei C, Clermont H, Guyot M, Jeandot R

et al (2008) 99mTc-HMPAO labelled white blood cell scintigraphy

in patients with osteoarticular infection: the value of late images for

diagnostic accuracy and interobserver reproducibility. Eur J Clin

Microbiol Infect Dis 27(12):1239–1244

32. El Espera I, Blondet C, Moullart V, Saïdi L, Havet E, Mertl P et al

(2004) The usefulness of 99mTc sulfur colloid bone marrow scin-

tigraphy combined with 111In leucocyte scintigraphy in prosthetic

joint infection. Nucl Med Commun 25(2):171–175

Publisher’s note Springer Nature remains neutral with regard to jurisdic-

tional claims in published maps and institutional affiliations.

Eur J Clin Microbiol Infect Dis (2019) 38:1625–1631 1631


	The...
	Abstract
	Introduction
	Patients and methods
	Patient population
	Imaging protocol and analysis
	Statistical analysis

	Results
	Overall performance
	Influences of the prosthesis type, pathogen, antibiotic treatment, and injected activity

	Discussion
	Conclusion
	References


