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Chapter 1

Introduction

Taken from:

Paola A. Erbalnfective Endocarditis and Cardiovascular Implantable
Electronic Device Infection, in: Radionuclide Imaging of Infection and
Inflammation. A Pictorial Case-Based Atlas. Edserid Lazzeri, Alberto
Signore, Paola Anna Erba, Napoleone Prandini, Aalgbversari, Giovanni
D’Errico, Giuliano Mariani. Springer 2013 (ISBN: 8788-470-2762-6 /
978-88-470-2763-3)

Paola A. ErbaMartina Sollini Elena Lazzeri and Giuliano Mariani.
[*®F]FDG PET in Cardiac Infections, Seminar Nuclear Medicine 2013, Spt;
43(5):377-395

Paola A. Erba, Gaurav Malviya, Martina Sollini, lel§{ Anzola, Elena
Lazzeri, Alberto Signore.Current status of molecular imaging in
infectious disorders submittedo Current Opinions in Infections



During the past decades, molecular imaging of itides processes has
enormously contributed to new insights in clinigathctice, for diagnostic
purpose as well as for prognostic loading and rmeat decision making.
Such strengthening relies on the ability of molacumaging to pinpoint
singular phase of disease onset besides the pumghological anomalies,
generally depicted by the majority of radiologiéalaging procedures. In
fact, morphologic techniques (i.e. computed tomphya CT and
ultrasonography, US) are extremely useful for tremtt management once
macroscopic changes are present. However, theysofégr from limitations
in the early phase of infectious processes, whdistinctive sings of disease
are manifested and when foreign bodies, implamtstpesis are present.

Cardiac infections

Cardiac infections can occur in different tissuée lthe heart muscle, the
pericardium or the endocardial surface of the héaféctions can extend to
prosthetic material or the electrocatether (leatspase of the implantation of
devices. Despite their relative low incidence, éhesfections, that are

associated with high morbidity and mortality, inwela relevant burden of
diagnostic workup. Moreover, the number of patiemith suspected cardiac
infections is progressively rising because of thereased use of prosthetic
valve and cardiovascular electronic device implarfarly diagnosis is

crucial for adequate patient treatment managemast,early treatment

improves the prognosis. Unfortunately, the clinioanifestations are often
nonspecific.

Accurate diagnosis typically requires the correlatof imaging data
with laboratory data. Echocardiography is alwaydgquened as a first line
test, primarily to evaluate heart structures, wlailtkness, wall motion, and
cardiac function. Computed tomography (CT) and metignresonance
imaging (MRI) are also being increasingly employbdcause of their
possibility for tissue characterization.

Positron emission tomography with fluorine-18-flodeoxyglucose
([*®F]FDG PET) is a well-established imaging modality the diagnosis and
management of malignanclesind evidence is also increasing regarding its
value for assessing infectious and inflammatorgates This introduction
summarizes published evidence on the usefulness®®fFDG PET and
radiolbelled leukocytes for the diagnosis of cacdiafections and vascular
graft infections. Since the majority of such repateal with endocarditis and
cardiovascular device infections, these two coodgi constitute the main
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topic of this introduction. Nevertheless, the diasfic potential of 'F]JFDG
PET in patients with pericarditis and myocardigsailso briefly reviewed,
considering the most likely future advances and pewgpectives that the use
of PET/MR would provide in the diagnosis of sucinditions.

Infective Endocarditis

Infective endocarditis (IE) is an infection of teaedocardial surface of the
heart that can involve prosthetic material in cafsealve replacemeritsThe
incidence of IE is approximately 2-4 cases per Q0D,persons per yéar
Although this overall value has not changed in fgast 50 years, it is
increasing in elderly subjects. At present, 25%-50R4he cases occur in
patients older than 60 yeadrsAn age-related pattern that implies several
diagnostic and therapeutic challenges. Additionahg clinical patterns of IE
have changed significantly since the 1960s particular, the increasing
diffusion in the population of substance addictipvith intravenous self-
administration), growing and wider applications ofvasive vascular
procedures and massive use of antibiotics haveipheidt the cases of IE
linked to intravenous drug abuseprosthetic valve endocardftisand
nosocomial I& The underlying valvular pathology in IE has at$tmnged
from rheumatic disease (that was predominant afilut 30 years ago) to
calcific aortic stenosis (now accounting for 50% tbé cases in elderly
patients)®. On the other hand, mitral valve prolapse is cutyethe most
common predisposing condition for native valve ealditis in young
patients (about 30% of the casés)ess commonly, |E arises from artero-
venous fistulas used for hemodialy$icentral venous and pulmonary artery
catheters, peritoneal-venous shunts for ascites, vantriculo-atrial shunts
for hydrocephalus, or as a complication of livegaft, and heart-lung
transplantS’. IE may present itself as an acute, rapidly prssjke infection,
or else as a sub-acute or chronic disease withdowde fever and non-
specific symptoms which may prevent or confoundiahiassessment.
Therefore, patients may be referred to a varietyspécialists who may
consider a range of alternative diagnoses.

The diagnosis of IE is essentially clinifsand should be suspected in
all patients presenting with fever of unknown amigparticularly when fever
(up to 90% of the cases) is associated with laboyasigns of infection,
anemia, and microscopic haematuria, and when seyptimlic manifestations
are present (brain, lung or spleen, in about 30%hefcasesj’® The main
cardiac signs include heart murmur (up to 85% efdases) and progressive
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heart failure. Systemic signs, typically represdny spleen enlargement,
glomerulonephritis, and peripheral stigmata, ocemhen IE remains
undiagnosed for a long period. Vascular and immagioll phenomena such
as splinter haemorrhages and Roth spots are comhmnever, atypical
symptoms may occur in elderly or immunocompromisatients’.

Microbiological tests for germ characterization regowith positive
echocardiographic findings are necessary to estalalidiagnosis according
to the modified Dukes criteri&®® (Table 1.1). Overall sensitivity of the
Duke criteria is 80%. However, in several instances blood culture and/o
echocardiography are inconclusive, thus leadingatbigh proportion of
unconfirmed cases of suspected IE. Indeed, up % @#the patients with
pathologically proven endocarditis can be miscfesbias "possible” IE
based on Duke criteria alofle The main reasons for the relatively low
diagnostic accuracy of the Duke criteria are repmesd by either a negative
blood culture or the failure to demonstrate vegetaat echocardiography.

Negative blood cultures occur in 2.5-31% of IE eats, more
commonly because of prior antibiotic administratfdd Sub-acute right side
endocarditis and mural endocardijs slow-growing and fastidious
organisms asCoxiella burnetij Brucella spp, Abiotrophia spp, HACEK
group endocarditisListeria monocytogeneand fungi accounts for other
causes of culture-negative endocarditis. A negatieed culture results in
delayed diagnosis and therefore negatively impamtseatment outcorme

Both transthoracic echocardiography (TTE) and treassphageal
echocardiography (TEE) may be used for detectingetaions, with
sensitivities ranging 40-63% and 90-100%, respebtiv Three
echocardiographic findings are major criteria ire tkhiagnosis of IE:
vegetation, abscess, and new dehiscence of a ptigstralve. A negative
TEE has a very high negative-predictive value ®1(86-97%§". However,
identification of vegetations may be difficult ihet presence of pre-existing
severe anatomic changes, especially in the eadggshwhen vegetations are
very small. Furthermore, several conditions may imimegetations, as
occurs in degenerative valve disease, rheumatizabss, valvular thrombus,
chordal rupture, and with small intracardiac tumoBesides representing a
crucial diagnostic aid for IE, echocardiographygpaeters are also useful for
predicting the potential embolic burden, even thou@T and MRI are
generally necessary for detecting septic embdfism



Table 1.1: modifies Duke criterig*®

Major criteria:
A) Positive blood culture with typical IE microorgamisdefined as one of the
following:
= Typical microorganism consistent with IE from 2 aggde blood cultures, as noteg
below:
* Viridans-group streptococci, or
e S. bovigncluding nutritional variant strains, or
« HACEK group, or
* S.aureusor
e Community-acquired enterococci, in the absencemfraary focus
" Microorganisms consistent with IE from persistg positive blood cultures
defined as:
« Two positive cultures of blood samples drawn >1@rk@apart, or
e All of 3 or a majority of 4 separate cultures obddl (with first and last
sample drawn 1 hour apart)
« Coxiella burnetiidetected by at least one positive blood culture or
antiphase | IgG antibody titer >1:800
2. Evidence of endocardial involvement
Echocardiographic findings positive for IE (TEE @emmended in patients with
prosthetic valves, rated at least possible IE byaal criteria or complicated I1E
[paravalvular abscess]; TTE as first test in ofheients), defined as follows:
= Oscillating intracardiac mass on valve or suppgrtructures, in the path
of regurgitant jets, or on implanted material i Hbsence of an alternative
anatomic explanation, or
= Abscess, or
= New partial dehiscence of prosthetic valve or nelwwar regurgitation
(worsening or changing of pre-existing murmur ndgfisient)

Minor criteria:

= Predisposition, predisposing heart condition, travenous drug use

= Fever, temperature >38°C

= Vascular phenomena, major arterial emboli, septlmpnary infarcts, mycotic
aneurysm, intracranial hemorrhage, conjunctival trehages, and Janeway lesions

= Immunologic phenomena: glomerulonephritis, Oslates) Roth spots, and
rheumatoid factor

= Positive blood culture (that doesn't meet a majiberdon) or serologic evidence of]
infection with organism consistent with |E but satisfying major criterion

= Positive echocardiogram (that doesn't meet a nuaj@rion)*

Although attempts have been made to improve thegnadistic
performance of the Duke criteria by proposing salvadditional clinical and
microbiological parametel$ molecular imaging techniques (i.e.,
radionuclide imaging) could in principle be useftd integrate such
traditional diagnostic criteria. Therefore, moleguimaging techniques might
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fill uncertain gaps with information on the biochieal burden of the
endocardial vegetations. However, during the lastades the use of
radionuclide imaging for IE has been rather limitedaily clinical routine,
because of the general perception of their relgtiosv diagnostic value. The
introduction of hybrid equipment for both conven@ nuclear medicine
(e.g., SPECT/CT) and PET (e.g., PET/CT) has notelyhged this scenario.
In fact, thanks to a technology that allows the e¢xdimensional
reconstruction of small regions of interest andcise localization of the
site(s) of abnormal radiopharmaceutical accumutatevidence is growing
that SPECT and PET, performed with suitable infgcimaging agents and
co-registered with CT, improve the diagnosis of #RPECT/CT imaging
relies on the use of autologous radiolabeled leyiescthat accumulate in a
time-dependent fashion at the site of infectiorifédence between delayed
images acquired at 3 hrs versus late image acqatr@d-24 hrsf. PET/CT
is generally performed using a single acquisitiometpoint (generally at 1
hour) after administration of-§F]FDG, which is actively incorporated by
activated leukocyté§ monocyte-macrophag@sand CD4 T-lymphocyte&’
present at the site of infection. Less common PHETaBplications involve
the use of autologous leukocytes labeled by ireviincubation with
[*®F]FDG, a more cumbersome procedure that is stilhéxphase of clinical
validatiort.

The majority of the reports available in literatare based on the use
of suboptimal radiopharmaceuticals for imaging dtiftn (mostly f'Ga]-
citrate and®™Tc-labeled anti-granulocyte antibodies and justen@cently
[*®F]FDG), combined with planar and/or stand-alone GPEacquisitions.
Scintigraphy with {'Ga]-citrate and"'in-labeled leukocytes has been used
mainly for the detection of myocardial absé&d8 Scintigraphy witf*™Tc-
labeled anti-granulocyte monoclonal antibodiesnalmr associated with
echocardiography is the technique with the highestiracy for the detection
of IE (100% sensitivity, 86% specificity, 92.2% oakt accuracy, 89%
positive predictive valuef>*® However, these data have been produced
before the introduction of SPECT/CT and PET/CT pment, therefore
limiting the correct evaluation of the heart regideukocyte scintigraphy
can detect IE of native (Figure 1.1) and prosthgatve infection origin
(Figure 1.2). In the latter circumstance, bothdttenuation-corrected images
and the non-corrected CT images should be alwaented side by side, to
minimize metal-related artefacts. It is reasondblexpect that, similarly as
demonstrated for other infectious conditidr the use of suitable infection-
specific agents and hybrid SPECT/CT or PET/CT eageimt would
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strengthen the diagnostic performance of molecufaging of IE. In fact,
SPECT/CT with*®™Tc-HMPAO-WBC can accurately diagnose cardiac and
additional unsuspected extra-cardiac sites of tidecin up to 30% of IE
patients and 23% of patients with CIED-related &&pswith limitations to
be considered in case of small central nervousesygmbolism. Similarly,
the use of*"Tc-HMPAO-WBC images allows to detect perivalvulaseess
with 100% positive predictive value, impacting patients management in
29% of patient¥. Furthermore, whole-body images followed by addiil
planar imaging and SPECT/CT may allow to identifstaht sites of septic
embolism. Figure 1.3 represent some examples olisieeof radiolabelled
white blood cell (WBC) scans to detect septic ensbwé. Table 1.2
summarized all the studies with’Ga]-citrate and*!in-labeled leukocytes
and**™Tc-HMPAO-WBCs in patients with IE.

Most of the published evidence concerning the usd'%]FDG
PET/CT in patients with suspected IE is represebtedase reports or small
series reports. The main findings of such reportssammarized in Table
1.3. In particular, fF]JFDG PET/CT has been used to confirm the presence
of IE involving either native valves IE (9 patients prosthetic valves IE (18
patients). Suspicion of IE was based on clinicghsj laboratory tests and
positive blood culture/serology (n=24), while ecambiography was negative
or inconclusive in 17/24 cases (6/9 native valves B1/18 prosthetic valve).
In the remaining 3 patients negative blood culwwes associated with either
a negative echocardiography (n=2) or with the eataiographic finding of
paravalvular leak (n=1). Of interest, after a pwsitPET/CT a repeat
echocardiography detected vegetations in 3 patighs]FDG PET/CT
confirmed the presence of IE in 8/9 patients wisttive valve infection and
in 16/18 patients with prosthetic valve. In two ipats with complex
prosthesis of the aortic valve, the aortic root ahd ascending aorta
(Bentall's procedure), IE was excluded BF[FDG PET/CT, that localized
infection at the aortic portion of the graft. Outthe 27 [°FJFDG PET/CT
scans, one was false negative, in a patient witiven&alve IE sustained by
Bartonella henselathat also exhibited a negative echocardiography.



Figure 1.1 - Example of radiolabelled leukocyte scintigraphya patient with native valve
endocarditis (coronal images at upper panel ams#épdal images at lower panel, SPECT at
left and superimposed SPECT/CT at right panel

Figure 1.2 - Example of radiolabelled leukocyte scintigraghya patient with prosthetic
mitral valve endocarditis (From left to right: tsmxial SPECT, transaxial CT, SPECT/CT
and transaxial non attenuated corrected SPECT shadde CT uncorrected CT image
should always be inspected next to the correcteahéto exclude artifacts due to metal
implants.
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Figure 1.3- Examples of the use of radiolabelled WBC scargetect septic embolisms and
metastatic sites of infection in patients with eratdlitis. Lung embolisms (A), spleen
embolisms (B), cholecystitis (C) as well as veradl{D) embolisms were detected.. (left
column SPECT images and right column SPECT/CT islagbnages demonstrate the focal
area of uptake at left upper lung lobe (A, and llecystis (C) while for spleen and
vertebral embolisms the typical finding at WBC starepresented by a fotopenic area.
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Table 1.2: Published evidence concerning the us€'@Gd]-citrate **"Tc-labelled antibodies arfdin-labeled leukocytes arid™Tc-HMPAO-WBCs in |IE

[*'Ga]-citrate
Patients | Clinical Site of IE | Microbiology Radiopharma| Scintigraphic Echocardiography Reference
presentation ceutical and | finding
acquisition
11 Unknown unknown Unknown *Gaj-citrate 63% sensitivity Unknown Wiseman J et al
Radiology 1976
33 Unknown Mixed Unknown ®[Ga]-citrate 2/33 pts positive 80% sensitivity Mel&ET et al.
Am J Cardiol
1981°°
80y, M | Pirexya after kne¢ Mitral, Staphylococcus| [*'Ga]-citrate, | Pericardium, Negative Martin P, et al.
infective injury native aureus Planar, mitral valve and 1982 Eur J Nucl
SPECT knee Med Mol
Imaging>*
66y, M | Sepsis after Aortic Escherichia coli| [*'Ga]-citrate, | Right side of the | Negative Miller SW et al. |
urinary retention Planar, heart Nucl Med, 198%°
SPECT
3 mths, | Fever and Mitral, Staphylococcus| [*'Ga]-citrate, | Knee, hip, hearth| Vegetation at mitral| Hardoff R et al. Euf
M thrombophlebitis | native aureus Planar, valve J Nucle Med.
post pyloric SPECT 1989°°
myotomy
52y, M | Abdominal pain, | Aortic, Staphylococcus| [*'Ga]-citrate, | Site of aortic No vegetation; mitral | O’'Brian K, et al. J
fever and diarrhea biological | aureus Planar, valve and aortic Nucl Med 199#?
3 weeks after prosthesis SPECT insufficiency
insertion of
ureteric stent
62y, F Persisten fever in Aortic, Enterococcus | [*'Ga]-citrate, | Abscess aortic Vegetation on aortic | Desai SP et al.
IE after extensive | native spp Planar, valve, pericarditis| valve Nucl Med. 199%’
12 dental work SPECT




in

6ly, F Fever and Ventricula | Propinibacteriu | [*’Ga]-citrate, | Lf ventricle, patch| Negatibe (TTE, TEE) Vandenbo=tFal.
neutrophilia after | r patchl m acnes Planar, J Infect 200%°®
AMI, SPECT
aneurismectomy,
positioning of
Teflon patch
28y, M | Fever Aortic, Staphylococcus| [*'Ga]-citrate, | Site of aortic Vegetation (TEE) Pena FJ, Clin Nu
prosthesis | spp Planar, valve med 200%*°
SPECT
44y, M | Fever lasting for 3 Aortic, Unknown P’Ga]-citrate | Periaortic valve | Negative (TTE, TEE)| Salem R. et al. C|
wks prosthesis + 99T c- abscess Nucl Med 20043
SestaMibi
SPECT
70y, M | Fever, sweating, | Aortic, Enterococcus | [*'Ga]-citrate, | Aortic root, spine | Perivalvular aortic | Thomson LE, et al.
weight loss and | prosthesis | spp Planar, root abscess (TEE) | ClinNucl Med
worsening of back SPECT 2005
pain. CABG,
valve prosthesis,
PM
70y, M | Pirexya, Aortic, Coagulase [*'Ga]-citrate, | Aortic prosthesis | Negative (TEE) Yavari A et al. Cirg
confusion. prosthesis | negative Planar, disappearing at Cardiovasc Imaging
CABG, valve Staphylococcus| SPECT and | FU scan 2009°°
prosthesis, PM co-registration
with CT
67y,F Fever, chest pain| Aortic, Unknown P’Ga]-citrate, | Aortic, prosthesis| No vegetation, McWilliams ET, et
after aortic valve | prosthesis Planar, suspicious of abscess al. J Cardiovascu
replacement SPECT and (TEE) Comput Tomogr

co-registration

with CT

2011
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9mre_labelled antibodies

54y, F | Clinical signs of | Aortic and | Unknown BW 250/136/In- | Valve No vegetation Bair HJ, et al.

IE mitral oxine WBCs Nuklearmedizin
prosthesis 199142

38 Persistent fever, | Prosthetic | Unknown BW 250/130, Valve TTE+TEE Morguet AJ, et al,

suspected IE valve SPECT 20-24 hrs | (Sensitivity=78 | (Sensitivity=89%, | Dtsch Med
%, Specificity=95%) | Wochenschr.
Specificity=85 1995°
%)

24 FUO and Aortic, Streptococcus | LeukoScafi, planar | Valve TTE Gratz S, et al. |
predisposing heart mitral spp, Bacillus 4 and 24 hrs, (Sensitivity=71. | (Sensitivity=40%, | Cardiol. 2008°.
disease (native fastidiousus, SPECT 17-26 hrs | 5%, Specificity=76%)

and Staphylococcus Specificity=94 | TEE
prosthesis)| aureus %) (Sensitivity=80%,
Specificity=79%)

"Min-oxine/99mTc-HMPAO WBCs

52y, F Elevetaed WBCs| Mitral Staphylococcus | *'In-oxine WBCs +| Spleen Unknown O’Doherty et al
post mitral prosthesis | aureus 9™ ¢-colloids abscesses Eur J Nucl Med
replacement+ 1985°3
tricuspid
valvoplasty
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Mitral Mitral, ™in-oxine WBCs | Valve Positive Oated E et 4l
calcification native Clin Nucl Med
1988
59y, F unknown Mitral Staphylococcus | *"'In-oxine WBCs Valve Unknown Cerqueira MD| J
aureus Nucl Med
1989*
30 unknown Unknown | Unknown "n-oxinef”"Tc- | Sensitivity=67%| Unknown Borst U, et al. Z
HMPAO WBCs : Kardiol. 1992%
specificity=95%
72y, M | Septicaemia, EC Staphylococcus | *"Tc-HMPAO Right atrium , Vegetation in right Ramackers JM
suspected aureus WBCs, planar and | PM pocket atrium at EC et al. Eur J Nuc
recurrent IE; SPECT 3 hrs Med. 1995°°
previous IMA and
PM infection
56y, M | unknown Unknown | Staphylococcus | ®"Tc-HMPAO Myocardial Unknown Adams BK. Clin
aureus WBCs, planar and | abscess, spleen Nucl Med
SPECT 3/24 hrs | infartcs 1995
49y, M | Renal failure, Aortic, Staphylococcus | *"In-oxine WBCs | Peristernal, TTE: aortic sclerosis.| Campeau RJ, et
sepsis, dyspnea | native aureus hearth region Subsequent TEE: al. Clin Nucl
aortic perivalvular | Med 1998°
abscess
6 Suspected IE Unknown Unknown 9" Tc-HMPAO All negative 6/6 positive TTE or | Ellemann A, et
WBCs, planar and | scans TEE a. Cardiovasc J

SPECT/CT 30 min,

S Afr 2003%°
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4-24 hrs

perivalvular
infection

management in
29%

7 Fever, Aortic Staphylococcus | *In-oxine WBCs | All negative Vegetations (5- McDermott BP,
native and | spp, Serratia, scans 15mm) et al. Am J Med
prosthisis, | Streptococcus 20047°
mitral pneumoniae
native

42 Fever infectious | aortic and | mixed P"Tc-HMPAO Valve- TEE semsitivity 67% | Hyafil F et al.

syndrome and/or | mitral, WBCs, planar and | perivalvular, for abscess detection Eur Heart J
TEE indicating prosthesis SPECT/CT 4-24 hrg impact on pts’ Cardiovascular

Imaging 201%°

AMl=acute myocardial

infarction,

PM=Pacemaker, IE=infectious endocarditis, FUO=fafarnknown origin

16
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Native valve

ol

Patients Clinical presentation Site of IE Microbioby [*FIFDG Echocardiography Reference
PET/CT findings
n=4 Prior ischemic stroke with left | Aortic (1) Staphylococcus| Valve Perivalvular mass Yen RF et al. Aca
hemiparesis epidermidis Radiol 2004
Anemia, severe tricuspid Tricuspid (1) Staphylococcus Vegetation
regurgitation, dilated aureus
right ventricle
Rheumatic heart disease, mitral Mitral (2) Escherichia coli Thrombus
stenosis, mitral+/- (1)
aortic regurgitation, anemia Negative culture
1)
40y, F FUO (6 w), severe Mitral Negative culture| Base of left Negative Ho HH et al. Eur
thrombocytopenia erythematoys ventricle, cardiac Heart J 2008
swelling on right foot fibrous ring near
aortic root
Spleen embolism
A7y F Fever >40°C (1 w), productive| Aortic Haemophilus Valve No vegetation Vind SH et al. J
cough, pain in left side of chest, infuenzaet (stenosis); repeat Nucl Cardiol 2010
aortic stenosis, systolic murmur Staphylococcus TEE 173
spp post PET/CT:
pseudoaneurysm
64y, M Persistent fever, suspected |IE Aorticbpid | Negative culture| Sigmoid Negative, repeat TTH Sankatsing SU et
valve) (final diagnosis: | diverticulosis (1 m) after positive | al. J Heart Valve
Bartonella (FN) serology: vegetation | Dis 201"
henselag
87y, F Fever (39.6°C) Mitral Pseudomonas | Valve Negative Yeh CL et al.
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aeruginosa Spleen embolism | (calcification) Repeat| Kaohsiung J Med
post PET/CT: Sci 20117
vegetation
59y, F Persistent MRSA sepsis Mitral Staphylococcus| Valve Vegetation Gheysens O et al.

following removal of
Hickman catheter

aureus

Lung embolisms
Spleen embolism,
Bone and muscle
infections

Eur J Nucl Med

Mol Imaging 2012
176
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Table 1.3:Published evidence concerning the use of[18F]FDBEE in patients with suspected infective endodardi

Prosthetic valve
Patients Clinical Site of IE Microbiology t°FIFDG PET/CT Echocardiograp | Reference
presentation findings hy (TTE/TEE)
unknown Chronic fever post| Aortic Staphylococcus aureus | Valve unknown Belohlavek O et al.
total knee biological Left knee Eur J Nucl Med Mol
replacement Imaging 2005’
unknown Persistent Mitral Positive culture Intracardiac uptake Valvular Love C et al.
bacteremia, mitral | (unknown) (organism vegetations and| Radiographics 2005
valve replacement unknown) mitral annular
abscess
77y, M FUO Unknown Enterococcuspp Valve unknown Klingensmith WC et
Lung embolsm al. Mol Imaging Biol
2007
82y, M Fever, malaise (10| Aortic Streptococcus viridans | Right lateral atrial No vegetation, | Moghadam Kia S, et
d) mechanical wall and left atrial mild aortic al. Hell J Nucl Med
appendage/pulmonar regurgitation, | 2009%°
y outflow tract. aortic leaflet
Lumbar embolism thickening
71y, M Ischemic occipital | Aortic Oxacillin resistant Valve Negative Huyge V etal. Am J
stroke, FUO biological Staphylococcus Mediastinal Ins Med 2010'®*
epidermidis
35y, M Fever 38-39°C >14 Pulmonary | Streptococcus viridans | Artificial blood Negative Kenzaka T et al. J
d; (tetralogy of mechanical vessel site of right Nucl Cardiol 201182
Fallot, pulmonary ventricular outflow
atresia repaired) tract

19



63y, M Dyspnea, elevated| Mitral Negative culture Valve Inconclusive Plank F et al. Interact
CRP and WBC. biological Cardiovasc Thorac
Surg 2012
24y, M Fever, cough, Pulmonary | Haemophilus Pulmonic stent Negative Yedidya | et al. Ann
vomiting. (Kono biological parainfluenzae Thorac Surg 201'8*
repair)
75y, M Fungal Aortic Candida parapsilosis Valve Negative Wallner M et al. Herz
sepsis biological 2012%°
74y, M TIA Aortic Negative culture Valve Paravalvular | Feuchtner G et al. Eur
mechanical leak Heart J Cardiovasc
Imaging 2012
64y, M Fever > 2 mths Aortic Unknown Valve, decreased Negative Klaipetch A et al. Clin
mechanical after antibiotic Nucl Med 2012%
therapy
30y, F Asthenia, fever Aortic Streptococcus sanguinig Valve No vegetations,| Pons J et al. Rev Esp
episodes >39°C (1| mechanical thickened area | Cardiol 2012%
m) at noncoronary
sinus of
Valsalva
84y, F Right femur Mitral Morganella morganii+ | Valve + lead Mitral Gouriet F et al. Scand
osteosynthesis, biological + | Enterococcus fecalis regurgitation + | J Infect Dis 2015°
infection of total PM prolapsing cusp
knee prosthesis
24y, Fever, vomiting Pulmonar Staphylococcus aureus | Pulmonic stent Echogenic magsYedidya | et al. Ann
mechanical + within the Thorac Surg 201'8*
pumonic pulmonic stent
stent
84y, M* FUO, weight loss Aortic Streptococcus ovi Valve Negative Dumarey N et al. J
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| biological

| Nucl Med 2008

Septic embolism detection

n=25

IE definite
according to
Duke’s
criteria

Native unknown
(15)

Prosthetic unknown

(10)

Staphylococcus aureus
4

Streptococcuspp (10)
Enterococcus faecali®)
Escherichia coli(1)
Negative culture (1)

12% IE

44% septic embolism
of metastatic
infection

25 positive,
unspecified

Van Riet J et al. Eur J
Nucl Med Mol
Imaging 2016

Prosthesis of aortic valve, aortic root and ascemgliaorta (Bentall's procedure)

n=2 Fever Aortic Staphylococcuspp Aortic valve + aortic | Inconclusive Yen RF et al. Acad
Salmonellaspp root Radiol 2004
6ly, F Fever and chills (1| Aortic Staphylococcus aureus | Aortic arch Unknown Vos FJ et al. Q J Nu¢
d) Med Mol Imaging
2008°*
47y, F Fever >40°C + Aortic Staphylococcus aureus | Valve + base of Negative Vind SH et al. J Nucl
chills (6 d) ascending aorta/ Cardiol 2016
aortic wall/graft +
aorta (atherosclerotic
changes, FP)
56y, M Fever, chills, night | Aortic Cardiobacterium Aortic graft No vegetations,| El Hajjaji | et al. Int J
sweats (3 w) hominis non-specific Cardiol 2012%
thickening of
aortic root

FUO, fever of unknown origin; Ins = lymph nodeRE, c-reactive protein; FN, false negative; MRS®ethicillin-resistant Staphylococcus aureus; TIA,

transient ischemic attack; PM, pacemaker; FP, fadsitive, WBC, white blood cell; *{F]JFDG-radiolabelled leukocytes
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Taken altogether, these data support the use'¥|FDG PET/CT in
association with echocardiography, to confirm deraut IE in equivocal
and/or difficult-to-explore situations, such asgbalue to artifacts caused by
mechanical prosthesis or catheters. However, itilshbe noted that all the
cases that have been reported so far investigaitd [WF]FDG PET/CT
represent patients with a high pre-test probabdityE. Therefore, the false
positive rate of FJFDG PET/CT can be underestimated. In fact, some
drawbacks in the use of®F]JFDG for the diagnosis of IE should be
considered when interpreting the scan, avoidingefglositive findings in
PET studies. Variable focal of diffuse physiolo§itF]JFDG uptake is often
observed in the normal myocardium of fasting nobeliz patients (6-12
hours to overnight) with normal glucose levél#ccumulation of {*F]JFDG

is most notable in the left ventricular myocardiumhich has a greater
muscle mass than other cardiac chambers. Uptakieeirwall of the right
ventricle is typically equal to or less intenserttipat in the left ventricular
myocardium; uptake in the wall of the right andt lafria is usually not
detected. Factors possibly influencing myocardigtake of [°FJFDG
include blood glucose levels, and a low-carbohydrdiet. In particular,
while age and fasting time do not affeJFDG uptake in the myocardium,
blood glucose levels may have a nonlinear effecingncardial uptaké. A
low-carbohydrate diét and a very high-fat, low-carbohydrate, protein-
permitted meal followed by fasting for 3-6 holirsefore °F]JFDG injection
might be adopted to decrease myocardial uptake.edery no specific
protocol has yet been standardized and/or recomederid reduce the
nonspecific myocardial uptake when assessing aardidiection with
[*®F]FDG PET/CT. Another potential confounding factfor [“*F]FDG
PET/CT is represented by increased metabolic &gtalong the posterior
aspect of the heart, where lipomatous hypertroghthe interatrial septum
may appear as a fat-containing mass with incredS#gJFDG uptaké’.
Furthermore, a number of pathological conditions namic the pattern of
focally increased'fF]JFDG uptake that is typically observed in IE, stash
active thrombt!, soft atherosclerotic plagui@svasculitié’, primary cardiac
tumord®, cardiac metastasis from a non-cardiac tdfhopost-surgical
inflammatior’® and foreign body reactions (such as BioGlue, aisat
adhesive used to repair the aortic rébt)ndeed, high specificity for IE using
[*®FJFDG can be achieved only by adopting accuratéepaselection and
inclusion criteria. On the contrary, the use BF[FDG PET/CT in patients
with lower pre-test probability will rely on thedh negative predictive value
of this imaging procedure. Figure 1.4 shows examplepositive {°FJFDG
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PET/CT scans in patients with IE. Figurel.5 showsxample of the use of
[*®FIFDG PET/CT to exclude the presence of IE in depatwith doubtful
echocardiographic finding and fever.

<
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Figure 1.4 Examples of fF]JFDG uptake in patients with IR) Biological aortic prosthesis
with linear focal uptake in the anteromedial portiB) Mechanical aortic prosthesis with
predominant uptake at the posterior and medialoregif the aortic valveC) Mechanical
aortic prosthesis with predominant uptake at thetgy@r region of the valvé®) Mechanical
aortic prosthesis with perivalvular absceE$.Mechanical mitral valve IE with prevalent
uptake at the posterolateral region of the valve.

Left column: SPECT emission transaxial images, middlumn: CT transaxial images, right
column transaxial superimposed PET/CT images.
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Figure 1.5 [**F]JFDG PET/CT excluding the presence of IE in aguatiwith fever and a

doubtful echocardiographic positive finding. Imagéeft column: SPECT emission

transaxial images, middle column: CT transaxial gasm right column: transaxial

superimposed PET/CT images) show absence of signifuptake at the region of the mitral
mechanical valve. Transaxial images of the thoraxiierent levels (upper panel with
mediastinal window, middle and lower panel usingglyparenchyma window) show multiple
sites of {%F]FDG uptake in both lungs, appearing to show fteeaf infection (pneumonia

by Aspergillus).
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An additional advantage of®F]JFDG PET/CT imaging is its ability to
reveal the concomitant presence of extra-cardidection sites as the
consequence of septic embolisms, resulting fromtdstatic" infections
which originate from IE. According to literaturepts, such embolisms
were detected in a total of 11/27 patients evatudesuspected IE. The sites
of septic embolism were mainly localized at thegsinbones, and spleen.
Similarly, in a prospective study carried out intipats with definite IE,
according to the modified Duke criteria prior tagery, [°FJFDG PET/CT
was able to detect at least one focus of periphenabolization and/or
metastatic infection in 11/24 patients (448)These complications were
detected even in patients without prior clinicak@gion and in patients
without the typical echocardiographic findings ddesed as predictors of
systemic embolisfi. This unique whole-body exploring ability of PETIC
to detect multiple sites of disease with a singtangnation, can guide
treatment management considering the optimal tinmedew for surgical
intervention. A limitation to the use of°’FJFDG PET/CT is localization of
septic embolisms in the brain, due to the high pggical uptake of this
tracer in the brain cortex and to the fact that askgitic infections are
generally smaller than 5 mm, which is the spagablution threshold of the
current PET/CT scanner. Figure 1.6 show examplesepfic embolism and
metastatic infections in patients with |E detedigd'°FJFDG PET/CT.

Finally, an additional promising role of’FJFDG PET/CT considers
patients with established IE, in whom it can bedusemonitor response to
antimicrobial treatment. In fact, considering th#ficulties in the choice of
the proper type, dose and duration of antimicrotstment, the possibility
to distinguish patients who respond favorably eatment from those who
require intensified administration or alternativeeatment options with
PET/CT imaging is extremely attractive. Figure $hows an example of the
use of f®FJFDG PET/CT to monitor response to antimicrobiaatment in a
patient with IE.

The possibility of efficient radiolabelling of adégous leukocytes
with positron emitting radionuclides can be expeéde change the whole
scenario of PET imaging for patients with suspedted In this regard,
intense {®F]FDG-WBC uptake at the site of valve infection hasen
described only for one patient with IE, reportedtapow?. Unfortunately,
the physical half-life of°F is too short to encompass the whole kinetics of
leukocyte migration into sites of infection, thusaking the use of this
procedure suboptimal for this purpose.
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A new interesting radiopharmaceutical for PET ima*Cu-DTPA-
ProT) has been developed to tag prothrombin andefibre track its
deposition to the fibrin-rich vegetations istaphylococcus aureus’
experimentallE in ratS°. This interesting approach is certainly worthy of
further investigation.

Figure 1.6 Examples of septic embolism detection usitf§]FDG PET/CT.Upper panel:
[**F]FDG PET/CT uptake in the lower posterior portifithe spleen in patients with aortic
IE (left column: SPECT emission, middle column: G@ight column: PET/CT) Lower
panel [**F]FDG PET/CT uptake in the spine, involving theeiibr portion of the vertebral
body of L3 and the superior portion of the vertétimady of L4 in patients with aortic IE,
identifying spondylodiscitis(left column: SPECT, ddie column: CT, right column:

SPECT/CT).
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Figure 1.7 Example of the use of*FJFDG PET/CT to monitor response to antimicrobial
therapy.Upper panel PET/CT images in a patient with IE at the mecbalrhortic prosthesis
at baseline condition show intens€F|FDG uptake at the posterior part of the aortic
prosthesis. Concomitant uptake at the left vemtniehll is also evident, making it difficult to
interpret the images. Mild pleural effusion is emidin the CT images.

Lower panel A PET/CT performed 4 months after initiation attianicrobial therapy shows
normalization of the'fF]JFDG uptake at the site of the mechanical valwerdased pleural
effusion is detected at the CT component of tha,scansistent with the worsening of the
valve regurgitation as indicated by echocardiogyapiherefore, prosthetic valve
substitution was performed at this stage baseth@®ET/CT finding of significant reduction
in infective burden. Left column: SPECT, middlewnh: CT, right column: PET/CT.

Cardiovascular implantable electronic devices infe@ns
In the past few decades there has been an increashe use of
cardiovascular implantable electronic devices (QlERostly related to an
increasing elderly population, both in the devetbpad in the developing
countries. Worldwide there are approximately 3.28lion functioning
pacemakers and 180,000 functioning implantableiceedter defibrillators®.
Infection rates for these devices range from 1%% 3’ The majority of
CIED infections are caused by eith®raphylococcus aureus coagulase-
negative staphylococci; a variety of other bactemiad fungi are less
commonly identified as causes of CIED infectbt®® CIED-associated
infections cause significant morbidity and high theaate, particularly
regarding endovascular infection (20%)he incremental cost for managing
CIED infection has been estimated to be about $788to $ 53,349%
Nearly half of this amount being due to intensivarec procedurds
Furthermore, device replacement procedures thapemedically necessary
for battery depletion or for upgrading, are assedawith infection rates
higher than those occurring after initial implaiat®®’.

The interval between CIED implant or revision armk tonset of
infection varies widely, from days to years. Thaickl presentation of CIED
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infection depends on several factors, including sfie of infection (e.qg.,

generator's pocketersusintravascular leads or epicardial leads), the ype
microorganism, and the origin of the infection (egpcket erosion, localized
infection of the generator's pocket, bacteremianfr@ remote site). Early
infections, i.e. those occurring within a few manthfter implantation,

manifest as acute or sub-acute infections of thisepgenerator's pocket.
Bacteremia may occur even without clinical signd aygmptoms. Fever is the
most common finding and is the only sign in appmetely 33% of the

patients. Although some cases of CIED infectionuocwithout obvious

inflammatory changes of the skin, the diagnosiniast often (about 70% of
cases) based on findings at the generator's padietincluding local pain,
swelling, redness, drainage, and skin and sofirktisgceration. The first sign
of infection may be erosion through the skin at ¢ite of the generator's
pocket, with external exposure of the generataherleads, with or without
local inflammatory changes. Late infections occprta several years after
implantation or reimplantation and have much marbtle manifestations.
Most often the transvenous or epicardial leadsimavelved. In the latter

circumstance, complications such as pericarditiediastinitis and right-

sided endocarditis are often present.

The diagnostic workup of CIED infections is probkgm, since
patients can present with a variety of manifestatimcluding subtle signs of
systemic or local infection. Final diagnosis of Olinfection is generally
based on microbiological tests (blood cultures anlture of material from
exposed sites of the device) and ultrasound evatualf the cardiac region
(either TTE or TEE) and of the venous pathway @& tlevice. The above
tests constitute the basis for defining the pasielitelihood to have CIED
infection according to the Duke criteffa However, in case of CIED
infections the Duke criteria, originally developked the diagnosis of IE, may
be inadequate. Even with the addition of clinicargmeters’® the
possibility remains high of missing the presencd/@nunderestimating the
extent of infectioft".

Blood cultures are recommended in all suspecteéscas CIED
infection, regardless of whether the patient isrifelor has other signs or
symptoms of systemic infection. However, blood wds may be negative
despite CIED infection, particularly in patientstivpocket-site infection and
in those receiving antibiotics shortly before blosamples are drawn for
culture. Moreover, positive blood cultures may lie ¢b a source other than
an infected CIED. The likelihood of CIED infectiavhen blood cultures are
positive varies according to the pathogen detedtelnumber and duration
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of positive blood cultures, and the presence otfindings that suggest
device-related infectioi§"".

TEE is recommended for patients with bacteremipe@slly if the
bloodstream infection is due to staphylococcal &zeor if the source is not
identified. Also for patients with signs of systenmfection, regardless of the
results of blood-culture TEE is recommentfe@he main purpose of TEE is
to identify complications such as valvular vegetasi or myocardial or
perivalvular abscesses. In adults, TEE is more ittemsthan TTE for
detecting signs of an intracardiac infecfitf Vegetations on a lead are
consistent with, but not diagnostic of, lead-redatendocarditis. Bland
(uninfected) clots on leads have been found on aoldographic
examination in 5% to 10% of patients with CIED desghe absence of
infectiorf>® and these mass lesions usually cannot be dissimeg from
infected vegetations. A negative TEE result dogsrule out the possibility
of lead infectiof®. Fever and/or a positive blood culture without
identification of a primary source in patients wahCIED, represent device-
associated IE until proven otherwise.

Several nuclear medicine imaging techniques hawn lapplied to
evaluate patients with suspected or ascertained® @ikection. In particular
[*'Ga]-citrate scintigraphy has been successfully eggal in small series of
patients with CIED infectiot® The role of scintigraphy witfiin-oxime-
leukocytes or®™ c-HMPAO-leukocytes has been tested in this clinica
setting as well, demonstrating that this technigqusome cases can define the
presence of CIED infection and to evaluate its msi@?>®’, also in patients
with implantation of left-ventricular-assist devi¢eVAD)®8. In this study,
leukocyte SPECT/CT was able to identify and defime precise anatomic
location and extent of a suspected infection, imioig patients’ treatment
managemeft®. Additionally, “°™Tc-HMPAO-leukocyte SPECT/CT allows
the detection of additional unsuspected extra-eardites of infection in up
to 23% of patients of device-related sepsialthough with some limitations
in case of small SNC embolism. Similar results hiagen published in one
case of lead-associated infection using SPECT/GHR Wi'Tc-sulesomaly.
Figure 1.8, Figure 1.9 and Figure 1.10 represemicéy patterns of
radiolabelled leukocyte scintigraphy in presenceCttD infections. Table
1.4 summarized all the published evidence on the ofs ‘Ga]-citrate
scintigraphy, **!in-oxime-leukocytes or **™Tc-HMPAO-leukocytes and
9Mrc-sulesomab.

The use of PFJFDG PET/CT in CIED infections has been
implemented to respond to specific clinical neayisonfirming/excluding
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the presence of infection in patients with equiVvoeahocardiographic
findings or during febrile episodes without evideraf a primary source; ii)
defining the extent of device involvement; iii) ess®g in the decision
whether to treat medically or to remove the deving; evaluating the
response to antimicrobial therapy; v) selectingdgpgmal time to re-implant.
Although the earliest reports on the use'8JFDG PET/CT for diagnosing
CIED infection date back to 2006, original retrospee studies were
published only in 2011 (Table 1.5). Overall, a tatal59 patients have been
evaluated so far, including 54 controls. Based bese¢ data, ‘FJFDG
PET/CT appears to provide useful information whddeal in the diagnostic
workup of CIED infection, mostly because of its lapito confirm the
presence of infection (70/78 total confirmed CIEE@ciated infections), to
define the extent of device involvement, and to edetassociated
complications such as infectious endocarditis aptis embolism (occurring
in more than 20% of the patients).

Figure 1.8 - Typical pattern of radiolabelled leukocyte sigraiphy in presence of CIED
infections limited at the intracardiac portion ¢ietlead. Planar images at both early and
delayed time points seem negative (A upper pai@®emmidutes and lower panel 6 hrs.) while
only using SPECT/CT (B upper panel coronal imageslawer panel transaxial images, left
column SPECT and right column SPECT/CT) it's pdssiio demonstrate and localize a
focal area of increased radiopharmaceutical upttkéhe distal part of the intracardiac
portion of the lead, without any involvement of ttber portion of the lead and the pocket.
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Figure 1.9 - Typical pattern of radiolabelled leukocyte sigraiphy in presence of CIED
infections. SPECT/CT (transaxial SPECT left colur@, central column and SPECT/CT
right column) demonstrate and localize a focal afeiacreased radiopharmaceutical uptake
at the intravascular portion of the lead just bdHime sternum, without any involvement of
the other portion of the lead. However, in thisigrattthe pocket is also infected (see below
Figure 1.10 upper panel).

Figure 1.10 - Examples of SPECT/CT images acquired 6 hrs.r at&Tc-HMPAO
administration (left panel: transaxial images ot thttenuated corrected SPECT (left
column), CT (central column) and SPECT/CT (rightucan)) demonstrate and localize a
focal area of increased radiopharmaceutical upshlitke pocket site that is confirmed at non
attenuated corrected images (right panel, transarige) in the first two cases (upper and
middle panel) while in the last case (lower partb® disappearance of uptake at the
corresponding non-attenuated corrected imagesansequence of metal artifact.
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Table 1.4: Published evidence concerning the use of scimifgravith **in/**"Tc-HMPAOradiolabelled leukocyte alifTc-sulesomab in Cardiovascular
Implantable Electronic Device infections.

Cardiovascular implantable electronic device
Patients | Clinical Site of Microbiolgy Radiopharmaceutical | Scintigraphic | Echocardiography | References
presentation | IE and acquisition finding
74y, F Fever after | ICD Staphylococcus n-oxine WBCs, Patches, EC | unknown Bhadelia RA elt
CABG and aureus planar and pocket al. Ann Thorac
ICD Surg 199%
positioning
57y,M | Fever, LVAD unknown ™n-oxine WBCs, Uptake at the | CT: rindlike | Roman CD ef
anorexia and planar and SPECT LVAD tubular | thickening around al. Clin Nucl
weight loss 15 remnant the LVAD tubing | Med 200%®
mths post
cardiac
transplant
8 FUO LVAD Staphylococcus 97"Tc-HMPAO WBCs, | Treatment na Litzler PY et al.
aureus plana and SPECT/CT | modification J Nucl Med
Corynebacterium, | at4 and 24 hrs in 23% pts 2010°
Klebsiella oxytocgy
57y, M Suspected IE| ICD Staphylococcus 9" c-sulesomab plangd EC in inconclusive Schiavo R et al.
20 mths after aureus and SPECT co- superioir caval J  Cardiovasq
positioning registered with CT course Med
ICD (Hagerstown)
2009°

CABG= coronary artery bypass graft, ICimplantable cardia defribillator, LVAD= left-ventiilar-assist device, CT=computed tomography, FU@stfe
of unknown origin; EC=eletrocatheter
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Table 1.5:Published evidence concerning the use of[18F]FIEG/ET in Cardiovascular Implantable Electronic Drevinfections

Cardiovascular implantable electronic device

atrioventricular
block progressing
to complete heart
block (1 y previous)

TEE post PET/CT:
vegetations on
PM lead +
tricuspid

valve annulus

Patients Clinical Site of IE Microbiology f*F]FDG PET/CT Echocardiography | Reference
presentation findings

40y, F Fever,tenderness gt PM, prosthetic| Staphylococcus aureus PM pocket + Initial TEE no Vos FJ et al. Eur J Nug
PM pocket after tricuspid valve Leads + IE. vegetations/valvular Med Mol Imaging
tricuspid dysfunction; 2006°*
valvuloplasty repeated TEE:
replacement & PM valvular
battery change (3 w insufficiency.
previous)

80y, M Fever after PM PM Negative culture PM + leads Negative Miura Blet)
replacement for Arrhythmia 2006°%
infection (3 y
previous)

55y Fever, axillary AICD, PM Pseudomonas spp. Old wire track in left | Unknown Khamaisi M et al. J

F wire of PM axilla + lead + tip of Cardiovasc
removed and lead at coronary sinus Electrophysiol 2008°
replaced (3 m
previous)

8y, F FUO, PM for PM/lead Staphylococcus aureus PM pocket +leads Initial TTE no Abikhzer G et al. J
congenital infection Lung embolism vegetations. Nucl Cardiol 2018
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t

origin

9y, M Low-grade Epicardial Unknown Around PM, along | Abdominal US: Turpin S et al. Eur J
fever,induration in | dual chamber the tunnelized wires, | negative Nucl Med Mol Imaging
the epigastric PM intra-abdominal leads 2010
region tunneled to the
left upper
abdominal
quadrant
n=50 PM implanted PM Staphylococcus aureus Sensitivity=100% TTE and TTE Ploux S et al. Heart
(40 >3 m previously (2) Specificity=93% negative Rhythm 2011
controls) Staphylococcus PPV=66%
epidermidis(4) NPV=100%
n=35 Suspected CIED PM, ICD Staphylococcus spf4) | Sensitivity=80% 31.25% TEE Bensimhon L et al.
(14 infection (21) and Streptococcus sp2) | Specificity=100% positive for Clin Microbiol Infect
controls) | asymptomatic (14) Klebsiella pneumoniae] PPV=100% vegetations 2011°°
1) NPV=84.6%
Corynebacterium
jeikeium(1)
Pseudomonas
aeruginosa(l)
Escherichia coli(1)
50y, M Swelling over PM | PM, Staphylococcus PM pocket Negative Mehta PA et al. Hear
box (5 months mechanical | epidermidis Candida 2012
previous), rigors & | mitral valve albicans
sweats (1 m). Prior
heart block after
BPAC+mitral valve
substitution
n=2 Severe sepsis/septicPM Unknown PM (unspecified) Positive Kluge S etlaCrit
shock of unknown Care 201%®
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75y, M FUO (1 w); PM (8 | PM Mycobacterium Atrial lead Negative Amraoui S et al. Arch
y previous) with peregrinum Cardiovasc Dis 2012
septic episode (7 y
previous)
60y, M Bacteremia of ICD Staphylococcus Intravascular lead Unk van Oostrom AJ et al.
unknown origin epidermidis Europace 201%°
PM dependent for
30 y with 7 leads
n=42 Suspected CIED | PM Staphylococcus spp. | Qualitative analysis: | 54.5% TEE positivel Sarrazin JF et al.
infections (35/42 (18) Sensitivity=88.6% J Am Coll Cardiol
confirmed) Streptococcus spg4) | Specificity=85.7% 2012%
Others n=5 PPV=96.9%
NPV=63.7%
Semiquantitative
analysis*:
Sensitivity=88.7%
Specificity=100%
PPV=100%
n=21 CIED infection PM Staphylococcus spp. | For pocket infection | 77% positivity Cautela J et al.

(10)

Streptococcus spi3)
Propionibacterium
acnes(3)

Sensitivity=86.7%
Specificity=100%
PPV=100%
NPV=75%

For cardiac device
related El
sensitivity=30.8%,
specificity=62.5%
PPV=57%
NPV=36%

(either TTE or
TEE)

Europace 201%3
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60y, M

Infection at the
percutaneous
retroauricular skull-
mounted pedestal

Left ventricle
assistance
device

Unk

Left cutaneous
retroauricular
pedestal, thoracic
internal cable, Left
lung, normalized
after treatment

Unk

Costo S et al. Clin Nug
Med 201%%

FUO, fever of unknown origin; Ins, lymph nodes; Pphcemaker; US, ultrasoundlCD = Automatic C; PPV = positive predictive valuNPV =

negative predictive value; ICD = implantable caxeirter-defibrillator; CABG = coronary artery bygagraft *Using maximum count rate device/mean

count rate between right and left lung parenchyh8?%
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[*®FIFDG PET/CT enabled to discriminate patients wigblated pocket
infections (Figure 1.11) from patients with morevee and extended
infection, involving the pocket and leads (Figur&2land Figure 1.13). This
also accounts for early device infection. In caspazket infection °F]JFDG
PET/CT sensitivity ranges from 86.7%-100% and djmétyi from 85-100%.
However, in case of CIED infections’f{JFDG specificity becomes
particularly relevant when classifying patients hwitundetermined
echocardiographic findings, e.g., bland clots adhieon leads detected on
echocardiography without clear signs of infectiofherefore, in this
circumstance and considering the high rate of falsstive findings (up to
8%) reported in asymptomatic patients with paciggtems®, [®°FIFDG
PET/CT is of clinical value mostly because of iighhnegative predictive
value.

High diagnostic accuracy of’F]JFDG PET/CT was also reported for
ruling out the involvement of devices during febrdpisodes and for defining
the embolic burden in patients with ascertaine@atidén. A negative scan
(negative predictive value from 75% to 100%) hasststently been
associated with a favorable clinical outcome wheitinacrobial therapy
alone is initiated.

A strong correlation between sites of infectiomitified by [°F]FDG
PET/CT and outcome following various treatment megis was also
demonstrated. Thereforé®f]FDG PET/CT has been suggested as a guide to
clinicians for choosing the most suitable treatmei., conservative
treatment (antimicrobial agents alone, or remoVv@lst the generatosersus
full hardware extraction. This would be especialjevant considering the
ongoing debate arising from the observation thathantimicrobial agents
can penetrate the bacteria-produced bidfithus potentially decreasing the
need of hardware removal in CIED infectfdnHowever, the diagnostic
accuracy of PFJFDG PET/CT for cardiac device related IE has beeently
questioned, based on the very low sensitivity (2).8nd specificity (62.5%)
reported by Cautela et®al Previous antimicrobial therapy (that was ongoing
in 9/13 patients with cardiac device related IEQ/an vegetation size could
account for the poor sensitivity of®FJFDG PET/CT in such report.
Furthermore, ’FJFDG uptake in normal heart tissue may explain \dvy-
intensity lesions were undetected. Considering tiatdifferential diagnosis
between an infection limited at the skin/pocket andhore severe infection
that involves the device over the pocket, remamgsmost important issue,
which translates into a different patients’ managetii (from medical to
surgical treatment). This issue requires furthevestigation before the
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technique can be introduced in the routine diagonosork-up of CIED
infection.

Figure 1.11 [*®F]JFDG PET/CT in patients with suspected infectidrao pacemaker. Left
column: chest X-ray with delineation of the generatite (yellow) and the leads course
(red). Right column: PET/CT (from left to right: EET image, CT | image and PET/CT
image) showing intensé’F]JFDG uptake at the pocket site.

Figure 1.12 [“*F]JFDG PET/CT in patients with suspected infectiohao pacemaker.
Transaxial PET/CT images at different levels (: SFEmage, CT image and PET/CT
image) show intense®F]JFDG uptake at the pocket site (upper panel) dhdlang the
intravascular portion of the lead (lower panel).
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Figure 1.13 [*®F]JFDG PET/CT in patients with suspected infectidrao pacemaker. Left
upper panel: chest X-ray with delineation of theerator site (yellow) and the leads course
(red). PET/CT images (from left to right: emissimnages, CT images and superimposed
PET/CT) in coronal views (right upper column) amdnsaxial views (lower panel) show
intense {°F]JFDG uptake at the intracardiac portion of the Y.

Figure 1.14 [®F]JFDG PET/CT images of patients with infection ofkmown origin
demonstrating sites of increasé@F|[FDG uptake at the pericardium, finally diagnosed
CMV-related pericarditis. Upper panel: coronal PET/images (left column emission
images, middle column CT images and right columpmesimposed PET/CT). Lower panel:
transaxial PET/CT images (left column emission iesgggmiddle column CT images and
right column superimposed PET/CT).
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Acute Pericarditis

Pericarditis is an inflammatory process that cancéesed by localized or
systemic diseases, including infection, connectilgsue disorders, and
uremia, or can occur after radiation therapy. Aliio dyspnea and pleuritic
chest pain that changes with patient’s position taeetypical signs of the
disease, clinical manifestations can be more vimjalepending on the extent
of pericardial disease, the rate at which it depgl@and its effect on cardiac
functior™®. Additional signs include pericardial friction rubt physical
examination and nonspecific S-T segment and T-waaages on ECG.

Discriminating pericarditis from myocardial disease pulmonary
infarction can be difficult on the basis of physi@xamination alone.
Imaging may instead be helpful for distinguishihgge different conditions.

Echocardiography, CT, and MRI are frequently emetbyo identify
and characterize the pericardium and pericardiatesptheir typical findings
including pericardial thickening, pericardial enbament and pericardial
effusiong’. However, echocardiographic assessment of pefidahickening
can be difficult, and the entire pericardium oftannot be fully evaluated
because of the poor acoustic window. CT and MRIovallclearer
characterization of the pericardium and pericard@ce and can therefore
help to distinguish between pericardial fluid eftusand thickening.

[*®FJFDG PETI/CT is generally employed as a complentenither
imaging modalities, since the different pattern['8F]JFDG accumulation in
the pericardium or in the pericardial fluid mighelp in distinguishing
infectious/inflammatory conditions from neoplastiericardial involvement.
In fact, noninfectious and inflammatory processeslving the pericardium
or pericardial space generally present a mild tadenate increase or no
increase infF]JFDG uptake, whereas neoplastic conditions gelyepaésent
intense metabolic activity often associated witloeal soft-tissue mass.
Incidental reports of cardiac infection or inflamma with increased
[*®F]FDG activity have been described in patients @atald with {°F]FDG
PET/CT for fever of unknown origifi In patients with meningococcal sepsis
and AIDS, intense pericardial uptake ®F]JFDG PET allowed to recognize
infectious pericarditi§®'®* Three cases of tuberculous pericarditis were
diagnosed using Y{FJFDG PET/CT, that identified either tuberculous
pericardial involvement alon®&'% or associated with disease dissemination
throughout the bod§®. A recent study exploited the ability of*f]FDG
PET/CT to distinguish acute tuberculous from idibjpa pericarditis®
Patients with acute tuberculous pericarditis shoaediffuse or multifocal
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pattern of {®F]JFDG uptake in the pericardium associated with iastthal

and supraclavicular lymph nodes with increasedkgt&ignificantly higher
mean pericardial thickness (5.1 mm) and {k\at both pericardium and
lymph-nodes was observed in tuberculous pericardfi3.5 and 5.3,
respectively) as compared with patients with aalitgpathic pericarditis (3.4
mm, 3.0 and 2.8) who showed diffuse or region®#]FDG uptake. On the
contrary, constrictive or effusive constrictive iparditis, an uncommon
complication of chemotherapy, can present with maitd diffuse pericardial
[*®F]FDG uptaké®™. Similarly, the lack of TFJFDG accumulation in the
pericardial space in a patient presenting with pdibic pericarditis
associated with striking hypermetabolism of therdlo@w and abdominal
aortic wall (highly suggestive of large vessel wdi$is) is consistent with
pericarditis as the initial manifestation of giarell arteritis®. Figure 1.14
shows an example of*®FJFDG PET/CT in a patient with infective
pericarditis.

Myocarditis

Myocarditis, or inflammation of the heart muscleayrpresent as an acute,
sub-acute, or chronic illness. A large proportidrafflicted individuals may
be asymptomatic. Because of such insidious natdréeh® disease, its
epidemiology has been defined through post-mortemsies. Prospective and
retrospective studies have identified myocardidlammation in 1-9% of
routine post-mortem examinatidi§'®® Myocarditis is a major cause of
sudden, unexpected death (up to 20% of cases)uhsagbunger than 40
years™®. The causes of myocarditis include a variety &dtious or systemic
diseases, toxins, and drugs. Viruses, especialigr@nruses, are the most
important causes of myocarditis in developed coemtrThe enterovirus
genome has been identified in the myocardium okptt with myocarditis
or with dilated cardiomyopatfi§***3 Since the early 1980s, endomyocardial
biopsy has been used to evaluate patients withestespp myocarditis. In
1986, the Dallas criteria for the histologic diagisoof myocarditis were
defined** based on the identification of infiltrating lymptytes and of
myocytolysis. Patients with lymphocytic infiltraho but  without
myocytolysis were classified as having sub-clinical ongoing myocarditis.
However, less than 10% of the patients with susgechyocarditis had
positive biopsies when assessed by the Dallasriatite thus raising the
issue of low sensitivity and high inter-observeriability. A second clinical
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classification system was proposed in 999but has not been widely
accepted.

Although there have not been major advances inddatification of
the etiology of myocarditis in recent years, newenolar techniques such as
polymerase chain reaction and genomic hybridizatioave allowed
confirmation of the etiology in some cases whichuldohave otherwise
remained undiagnosed. The serum level of creatimesk-MB (CK-MB) has
high specificity, but limited sensitivity for theatjnosis of myocarditis. On
the other hand, serum troponin | is more often &k than CK-MB in
patients with myocarditts”*'® Echocardiography performed in the setting of
acute myocarditis may demonstrate either normakthtenction, global
hypokinesis or regional left ventricular hypokirggswith an overall low
reported sensitivity®. MRI allows discrimination of myocarditis from
myocardial infarction by depicting scattered aredshyper-enhancement
with a nonvascular distribution (in midmyocardialsmbepicardial locations)
in case of myocarditis. These areas of hyper-erdraant correspond to
inflammation and cell necrosis, and are most comynseen in inferior and
inferiolateral myocardial segmeht*?

Diffuse, increased metabolic activity in the lefalwvith mild heterogeneity
suggesting the occurrence of myocarditis have lerved atfF]FDG
PET/CT in a patient with chronic active EBV infextipresenting with fever,
dyspnea on exertion, general malaise, hepatosplegayn The patient
subsequently developed heart failure and myocardias confirmed by
endomyocardial biop$§~. This condition must be discriminated from
congestive heart failure, right ventricular straamd hypertrophy due to
elevated pulmonary artery pressure, which can #sa to increased
[®F]FDG uptake in the right ventricular myocarditith

Vascular graft infection

Vascular prosthetic infection (VPI) is a severdge land most unwelcome
complication following vascular surgery. It has avlfrequency (between
0.4% and 3.0%%***°but it is one of the most challenging issues fothbo
diagnosis and treatment, and has a high morbididyraortality rates (around
50% and 25% 5%, respectively). Its severity depends also erldhation of
the graft, with 13% rate of infection in the ingaimegion followed by aorto-
bifemoral bypass and femoro-popliteal bypass. Mamamnt of infected
vascular grafts depends on several factors, inotudhe position of the
infected prosthesis, the extent of infection, ante tunderlying
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microorganisn?®. Diagnosis is difficult, as there is no single giiastic
procedure that has 100% of accuracy. Therefor@negbmation of physical
examination, laboratory tests, and several imaggehniques is mandatory.
In fact, patients may have a variety of clinicaflguivocal complaints and
assessment of the extent of graft infection (onethsd most difficult
challenges) can be difficult. Furthermore, bloocroistry parameters can
only show moderately elevated WBC counts, erythimsgdimentation rate
and/or C-reactive-protein values, a common, nomifipefinding. When
clinical signs are minimal or absent because of-dgpade infection, the
diagnosis of vascular graft infection is uncertdievertheless, it is critically
important to avoid complications such as sepsiguasmatic ruptures,
gastrointestinal bleeding and suture line disruptiSince risk factors for
infection include removal of infected material by aggressive surgical
treatment, once a vascular graft infection is scigok early and accurate
detection is required for the correct choice ofréipeutic procedures. Delay
in treatment can lead to life-threatening sepst@rbleeding.

The majority of VPI cases are due ftataphylococcus aureus
Escherichia coliand S. epidermidisvhereasKlebsiella spp, Beudomonas
spp, Enterobacterspp andProtews spp account for most of the remaining
infections?’. Patients with suspected graft infection usualfgspnt with
local pain, redness, a palpable lump, and/or deareh the area of the
surgical wound, associated with blood chemistryueal consistent with
infection. Microbiological cultures (obtained by &T-guided needle
aspiration, if technically feasible) may confirmethliagnosis. Success of
surgical intervention is dependent on an early mbag and generally CT
angiography is the technique of choice for botkedtibn confirmation and
complication detection.

In case of a potentially infected vascular grafige tdiagnostic
approach can begin with imaging studies readilyilalvke in all healthcare
institutions (mainly angio-CT and US) and radiomielimaging studies are
usually complementary to radiologic imaging

Ultrasonography with color flow doppler is the fitve imaging
procedure for diagnosing an infected prostheticcuias graft. This non-
invasive technique does not involve any risk of tcast allergy and
nephrotoxicity, does not expose the patient tozimgi radiation, and is in
general highly cost-effective. Unfortunately, especially in case of aortic
grafts, its predictive value is limited both becausf air content in the
intestinal lumen and, sometimes, because of abusddéutaneous fat of the
patient. Computed Tomography (CT), is considered gold standard
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radiologic imaging technique. It has 94% sensigidind 85% specificityf®.
Unfortunately, detection of gas bubbles aroundjttadt, a diagnostic sign for
infection, has good specificity but rather low sewisy (about 50%). Despite
several advantages (high specificity, guidance faredle aspiration,
microbiological analysis, and speed of executi@®il,imaging suffers from
some limitations, such as low sensitivity in detagtlow-grade and early
post-surgical infections, and a significant radiatburden to patient¥.

The diagnostic role of Magnetic Resonance ImagMRglIj in patients with
suspected vascular graft infection is still unci&ar?in particular, its
sensitivity in the detection of peri-graft infeatidias not been thoroughly
investigated, and is probably similar to that of. Elirthermore, MRI suffers
from the same limitations as CT imaging for thefediéntial diagnosis of
peri-prosthetic fluid accumulation in the first wkse after surgery.
Nevertheless, this non-invasive imaging modalitgvides multiparametric
information which is especially useful for tissueacacterization.

Nuclear medicine techniques are in general charaeteby high accuracy in
detecting graft infection in patients with aorticafjs and without specific
signs of infection (low-grade phases), while inqasses localized close to
the prosthesis false positive results have occlitté However, nuclear
medicine procedures and MRI are limited to doubtfates in which CT
sensitivity is low (as in the cases of low-gradéedtion and early after
surgery). Treatment of VPI is controversial: antrobial therapy may be the
only option in high-risk patients. However, surgand antimicrobial therapy
remain the treatments of choice based on the pgtieimical condition. The
appropriate duration of antibiotic therapy bdthn patients treated with or
without surgery is questionEd**° and the decision to discontinue is
clinically guided (absence of symptoms, fever amgative inflammatory
markers}?’.

Radiolabeled autologous leukocytes (either withTc or **in) are most
frequently used for scintigraphy imaging in VPI, tb§'Ga-citrate,
radiolabeled HIG and labeled anti-granulocyte atibs have also been
evaluated. A meta-analysis of the performance otlear medicine
techniques for the diagnosis of prosthetic grdtation (37 papers published
from 1980 to 2003%° have shown a clear superiority 61"Tc-labeled
autologous leukocytes (82-100% sensitivity and, 186% specificity) over
the other methods including CT (specificity 56.6%d asensitivity 75%).
When the abdominal region is included in the staayg *°™Tc-HMPAO
WBC is used, methodological efforts are hecessadetrease false positive
findings (i.e. adequate image acquisition time)isTéuperiority over other
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methods has increased with the introduction of SFET. In fact, fused
images allow exclusion of false positive result®.(iabdominal aspecific
accumulation), accurate characterization of patjiow foci site and
extension, confirmation or rejection of graft inveient even in presence of
post-surgical distortions and in complex anatomisites®***% High
specificity is even maintained when scintigraphpesformed during the first
month after surgery*?. A comparative study between MRI ahdin-WBC
reported a similar performance of the two methquissifive and negative
predictive value of 95% and 80% for MRI and 80% &% for **in-
WBC)*3. WBC scintigraphy may be used to determine the@aese to
treatment, preventing the risk of adverse drugtreasrelated to long-lasting
regimens as well as the acquisition of resistangtients treated with long-
term suppressive antibiotic treatm@ft Figure 1.15 show an example of
9MTc-HMPAO WBC in VPI.

9mre-Fanolesomab was shown to diagnose prosthetaulaasgraft infection
with an accuracy of 95%F. Table 1.6 summarized the published evidence
concerning the use &fGa-citrate,**Iin-oxine WBCs **"Tc-HMPAO WBC
and®*™Tc-Fanolesomab in VPI.

[*®F]FDG-PET and PET/CT may be considered an altematialuable
method for the evaluation of suspected vascularft giafections*®.
Sensitivity of 91% (versus 64% of CT) and spedfiof 64% (versus 86%
of CT) have been reported with significant improesn (sensitivity up to
95%) when appropriate interpretation criteria asedi (presence of focal
[*®FIFDG)™. In fact, inhomogeneous®F]FDG uptake represents unspecific
uptake, possibly related to very low grade infattiveak immune reaction,
inflammation (i.e. vasculitis, atherosclerosis)ronic aseptic inflammation
and post-surgical scar tissue, which may persist years after the
implantation of the prosthesf& More recently, the use of PET/CT allowed
to increase sensitivity to 93% and specificity @91%, with positive and
negative predictive values of 82-88% and 88-88%mainly as a
consequence of the better anatomical localizatizespite those favorable
results, a high false positive rates may be aneisas reported in a small
series of patients using both semiquantitati®]FDG uptake and CT
features (graft wall thickening, oedema, gas surdmg the graft or any
other sightsP° Nevertheless, Spacek et#identified the presence of focal
['®*FIFDG uptake and irregular graft boundary at CT dem as an
independent significant predictor of low-grade VRith erroneous
classification occurring in less than 5% in the onigy of patients (75%).
Table 1.7 summarized the published evidence commpthe use offFJFDG
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PET and PET/CT in VPI. Figure 1.16 shows an exanugild'*F]FDG
PET/CT imaging in patients with VPI.

In conclusion, radiolabeled autologous leukocytes @nsidered the ‘gold
standard’ for vascular graft infection diagnosisd @aneatment monitoring,
since the high sensitivity and specificity of thethod. The introduction of
SPECTI/CT increases the diagnostic accurat¥]FDG-PET and PET/CT
with appropriate criteria for imaging interpretationay provide a valid
substitute. Still, no data on its use in the eahase after surgeryor for
treatment evaluation are currently available.

Figure 1.15%°™Tc-HMPAO WBC transaxial images of patients witlspected VPI showing
very high uptake at the site of the vascular aiaigraft (left panel emission, middle panle
CT atright panel fused SPECT-CT).

Figure 1.16 [**F]JFDG PET/CT images of patients with suspected gyseuatic dilatation
of the abdominal aorta. Transaxial images (leftgbamission, middle panle CT at right
panel fused PET-CT) show high metabolic activitpuard the posteolateral aspect of the

aneurysm.
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Table 1.6: Published evidence concerning the us&®#-citrate *in-oxine WBCs*"Tc-HMPAO WBC and®™Tc-Fanolesomab in VPI

o

%™ c-HMPAO
WBC, planar and
SPECT

100%, Specificity
90%
For WBCs:

Patients | Clinical Microbiology Radiopharmaceut Main findings Other imaging Reference
presentation ical andacuisition modalities
5 Suspected VPI Gram -, ®'Ga-citrate, Sensitivity 70-100% | Upper GE series, CT],Causey DA et al. AJH
Enterococcus spp, | planar and specificity 94- endoscophy following Am J Roentgenol 1986’
Staphylococcus 100% scintigraphy
aureus, Escherichia
coli
21 Unknown Unknown ™n-oxine WBCs| Sensitivity 100%, | Unknown Lawrence P et al. J Va
Specificity 87% Surg 19858
21 Fever, suspected| Unknown ™n-oxine Sensitivity 100%, CT (10): Sensitivity] Williamson MR et al.
VPI WBCs, planar 4 | Specificity 88% 75%, Specificity 100%| AJR Am J Roentgeno
and 24 hrs 1986
70 Suspected VPI | Unknown ™n-oxine WBCs | Sensitivity 100%, Unknown Brunner MC et al. J Vas
Specificity 85% Surg 1986°°
30 Sequential Unknown ™n-oxine WBCs| Abnormal scan for | na Sedwitz M et al. J Vas
evaluation after mean 114 daysa afte Surg 19877
surgery surgery, rare in
abdomen and most
frequent in the groin.
For wound infection
after surgery:
sensitivity 100%,
specificity 50%,
accuracy 53%
11 Suspected VPl | Unknown ®'Ga-citrate and | For®’Ga: Sensitivity | na Vorne M et al. J Nud

Med 1988°8
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Sensitivity 100%,

=)

[9J

Specificity
100%
32 Suspected VPI | Unknown ™n-oxine WBCs | Sensitivity 82%, Unknown Reilly DT et al. Eur J
(23) and controls Specificity 83% Vasc Surg. 198%°
)
16 Suspected Unknown ®'Ga-citrate, Sensitivity 78%, CT: Sensitivity 100%, Johnson K, et al. AJH
infection planar and Specificity 94% Specificity 82% Am J Roentgenol 193¢
SPECT
106 Unknown Unknown ™n-oxine WBCs | Sensitivity 67%, Unknown Thomas P et al. Cli
(enriched Specificity 97% Nucle Med 199%"
garnulocytes)
37 High (10) and low| Staphylococcus spp,| " Tc-HMPAO High suspicion of CT: High suspicion of Fiorani P et al. J Vas
(18) suspiscion Escherichia coli, WBC VPI: Sensitivity and | VPI: sensitivity and| Surg 1993"
VPI and Specificity 100%. Specificity 100%.
anastomotic Low suspiscion of Low suspiscion of VPI|
aneurysms VPI: sensitivity sensitivity 100%,
infections (9). 100%, specificity specificity 55.5%.
94.4%, In anastomotic
In anastomotic aneurysms infections:
aneurysms infections|: sensitivity and
sensitivity 100%, specificity 100%.
specificity 89%,
61 Suspected VPI Staphylococcus spp,| ®"Tc-HMPAO Sensitivity and CT (12) Sensitivity| Prats E et al. J Nucl Me

(36) and controls
(25)

Staphylococcus
aureus
Corynrcacterium spp
Pseudomonas

WBC, dynamic
and planar 5-30
min and 3-24 hrs

specificity 100%

67%, Specificity 100%

1994*3
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aeuruginosa,
Enterocuccus spp
Enterobacter spp
Actinobacter spp,
Escherichia coli,

Kblebsiella
pneumoniae
21 Unknown P"Tc-HMPAO Sensitivity 53% Unknown Krznaric E et al. Nugl
WBC Specificity 100% Med Commun 1994*
75 Suspected Unknown P"Tc-HMPAO Sensitivity 100%, na Liberatore M et al. Eur J
aortofemoral graft WBC, planar 2 Specificity 92% Vacs Endovasc Surgety
infection, high hrs 19977
and low
suspiscion and in
anastomotic
aneurism
129 Aortofemoral and| Staphylococcus spp,| " Tc-HMPAO Aortofemoral na Liberatore M et al. J
peripheral grafts | Staphylococcus WBC, dynamic | high suspicion: Nucl Med 1998
with high and low | aureus and planar at 2 hrs sensitivity 100% and
clinical suspicion | Enterobacter spp specificity 92.5%
of infection Pseudomonas spp low suspicion:
Escherichia coli sensitivity 100% and
Serratia marcescens specificity 92.3%
Klebsiella oxytoca Peripheral grafts:
Corynrcacteriumspp sensitivity/specificiy
Citrobacter 100%
24 Suspeceted Mixed 7T c-HMPAO SPECT/CT Unknown Bar-Shalom R et al. |J
infection WBC SPECT/CT | contributory in 67% Nucl Med. 2006%

cases
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aureus, Candida WBC SPECT Specificity 100% Specificity 50% Imaging 2013'®
glarata, after CT software

Pseudomonas, coregistration

polymicrobial Sensitivity 94%,

infections Specificity 50

23 Serial scan 1 wk | Unknown ¥ Tc-HMPAO No FP <1 mth from | na Liberatore M et al. Me
before and 1 wk WBC SPECT surgery Sci Monit. 2008
and 1 mth after
surgery
40 Suspected Mixed 111In-oxine Sensitivity = 73%, MRI:  Sensitivity =| Shahidi S et al. Anr
infection WBCs, planar Specificity = 87% 68%, Specificity =| Vasc Surg. 2007
97%

18 Suspected VPI Unknown PMTe- At 18-30 hrs images | na Tronco GG et al. Nug
Fanolesomab, 2-§ accuracy 95% Med Commun. 2007°
and 18-30 hrs

73y, F Fever and Staphylococcus P"Tc-HMPAO Uptake around the | CT: graft patency, Lee A. et al. Clin Nucl

tenderness of aureus WBC SPECT/CT | vascular graft in the | small fluid collection Med. 2008’
right axilla in lateral chest wall around the graft at righ
axillofemoral axilla, saccular
graft aneurysm of the aortic
arch

11 Suspected VPI | Mixed 9T c-HMPAO Sensitivity = 86%, Lou L et al. Nucl Med
WBC SPECT/CT | Specificity = 100% Commun. 201"

20 Suspected VPI | Staphylococcus 9T c-HMPAO Sensitivity 75%, CT: Sensitivity 88%, | Khaja MS et al. Clin

VPI=vascular prosthesis infection, na=not assesse&dgastroenteric, CT=computed tomography, MRI=netigmesonance imaging
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Table 1.7:Published evidence concerning the use of[18F]FIEG &nd PET/CT in VPI

Patients

Clinical presentation

Microbiology

Criteaiof positivity

Main findings

Comparison with
other imaging
modalities

Reference

70y, M

Low grade fever and
malaise 2 yrs after
graft replacement of
abdominal aorta
aneurysm; melena

Eikenella
corrodens

Linear uptake

Aortic graft uptake,
confirmed at surgery

CT: abnormal
stranding in the
retroperitoneal
region,
suggesting
infection

Krupnick AS et
al. Vasc
Endovascular
Surg 2008"

54y, M

Fever 6 mts after
femoropopliteal
PTFE

distal bypass

Staphylococcus
aureus

abnormal FDG
uptake linear + focal

na

US: reduced flow
in the bypass, no
exudate around
the gratft.

MRI walll

thrombi +
superficial
femoral artery
obliteration.

CT: faint,
partially
developed,
nonspecific
hypodense rim
around

some parts of the
graft

Stadler P et al. J
Vasc Surg
2004%°

75y, M

Spiking fever and

malaise 15 yrs after

Anaerobic gram
positive bacilli

Focal uptake at both
limbs of the

na

CT:

unconclusive,

Tsunekawa T et
al. Eur J Vasg
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aorto-biexternal iliac prosthesis highest at Endovasc  Surg
bypass grafting the distal portion 2007%
5 Suspected VPI Escherichia coli+ | Increased uptake All positive: 3/4 CT: localized| Lauwers P et al
Pseudomonas confirmed at surgery; 1/4 superficial Angiology
aeruginosa superficial infection infection 2007%
Staphylococcus confirmed at surgery; 1/4
aureus only moderate uptake
Staphylococcus (postoperative period)
epidermidis
79y, M Recurrent fever, Unknown Shaped uptake at na CT negative Balink H et al.
chills 6 yrs after proximal anastomosis Vasc
vascular grafting Endovascular
Surg 2007%
60y, M Fever, shivering Polymcrobial Increased uptake at | na CT: small| Tegler G et al. J
(Escherichia coli, | bifurcation bubbles Vasc Surg
Enterococcus 2007
faecium,
Klebsiella
pneumonig
72y, M Infected pus Pseudomonas spp Increased uptake Vascular graft + soft | na Keidar Z et al
secreting surgical + Staphylococcus tissue abscess Mol Imaging Biol
woung 1 mth after | spp 2003%
PTFE femoro-post
tibial bypass
33 Suspected advanced Unknown Positivity: focal sensitivity 91%, CT: sensitivity Fukuchi K et al. J
aortic graft infection uptake grade 3 specificity 95%, 64%, specificity | Vasc Surg
(<physiologic uptake| PPV 91%, NPV 93%, | 86%, 20054

(9), low-grade aortic
graft infection with

by the bladder) or 4

and accuracy 73%

PPV 70%, NPV
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nonspecific
manifestations (17),
asymptomatic
controls (7)

(= physiologic
urinary uptake by the
bladder

83%, and
accuracy 79%,

124 FUO (94) and post- | unspecified Unspecified 7 confirmed VPI na JaruskoM et
surgical infection al. Eur J Nucl
(30) Med Mol
Imaging 2006°°
39 Clinical signs (local | Unspecified Positivity: focal sensitivity 93%, na Keidar Z et al. |
pain, swelling, uptake with intensity | specificity Nucl Med 2007%
cellulitis, pus- > surrounding tissues 91%, PPV 88%, NPV
secreting surgical 96%.
wound or abscess at
the site of surgical
scarring, bacteremia,
fever
58y, M Long term relapsing | Coxiella burnetii Increased uptake Uptake at vamogitaft | TEE, US, CT| Van Assen S et
fevers, malaise, (99mTc-WBCs negative) negative al. J Vasc Surg
weight loss, negative after treatment 2007
inflammatory
laboratory
abnormalities 6 mths
after aortic
prosthestic grafting
16 Out of 2,045 pts unspecified 3-grade scale for All pts positive, but very| na Wassélius J et 4.

examined by PET/CT|
for oncological
indications

high, low, or no
uptake; SUVmean
and TBR.

CT: graft wall

thickening, edema, or

high

SUVmax and TBR
seems to be more
specific for graft
infection

J  Nucl
2008%°

Med.
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gas surrounding

the graft or any other
signs of graft
infection.

unk Abdominal pain, GE | na Increased uptake Uptake resulting FP at na Zimmerman PM
beelding Increased laparotomy et al. Vascularn
inflammatory 2008%
markers 7 wks after
proximal type |
endoleak repair

76 suspected VPI based unspecified Positivity: sensitivity 98.2%, irregular graft Spacek M et al
on clinical signs of inhomogeneous FDQG specificity 75.6%, PPV | boundary at CT : | Eur J Nucl Med
infection (e.g. local uptake; 84.4%, NPV 96.6 and | sensitivity 72.7%,| Mol Imaging.
pain, cellulitis, irregular boundary of| accuracy 88.5% specificity 85.7%,| 2009**
secreting surgical the prosthesis , PPV 88.9%,
wound, sonographic NPV 88.9%,
finding of accuracy 77.8%
periprosthetic fluid, irregular boundary of the prosthesis
FUO, positive + intense focal FDG uptake = probability of
blood culture) not VPI >96%
requiring urgent
surgical treatment

75y, M Swelling, pain and | Mycobacterium | Increased uptake Uptake at bypass graf US: negativ | Marion MD et al.
patchy erythema of | abscessus MRI: edema, J Vasc Surg
the If leg 5 mths after myositis 2009%°
femoral-popliteal
bypass

83y, M Asyntomatic Unknown Increased uptake Uptake at aorto-iliac | na Makis W et al,

graft + fistula into bone

causing osteomyelitis

Clin  Nucl
201G%°

Med.
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25 Suspected VPI: fever Unknown Positivity: focal sensitivity 93%, CT: sensitivity| Bruggink JL et al.
and/or pain uptake grade 3 specificity 70%, PPV 56%, specificity] Eur J  Vasc
(<physiologic uptake | 82%, NPV 88% 57%, PPV 60%, Endovasc Surg
by the bladder) or 4 NPV 58%, 2010
(= physiologic
urinary uptake by the
bladder SUVmax ang
TBR
47y, M Sepsis 6 mths after | Staphylococcus | Increased uptake Uptake all along the | CT negative Gardet E et 4l
bypass betwenn aureus vascular graft (99mTc- Interact
thoracic descendent WBCs negatve) Cardiovasc
aorta and both Thorsc Surg
femoral arteries 201G
70y, M Abdominal and Coxiella burnetii | Increased uptake Uptake at prosthesis, | CT: extensivel Merhej V et al.
pelvic pain 2 yrs along the It psoas, L2-L4 periaortic Comp Immunol
after aortobiiliac fibrosis, large| Microbiol Infect
endoprosthesis collection in If| Dis 2012%
positioning psoas muscle,
small cysts at L4
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microemboli in prosthetic graft, negative thrombotic Tex Heart Insti J
claves, finger and after antifungal therapy | material adherent 2013
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TEE: intraortic
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Clinical performance of the Duke Endocarditis Segevcriteria to establish
the diagnosis of infectious endocarditis (IE) caa improved through
functional imaging procedures such as radiolabé&docytes P™Tc-
HMPAO-WBC). Methods: We assessed the valué*8fc-HMPAO-WBC
scintigraphy including SPECT/CT acquisitions inegiess of 131 consecutive
patients with suspected IE. Patients with permamantiac devices were
excluded. *™Tc-HMPAO-WBC scintigraphy results were correlatedthw
transthoracic (TTE) or transesophageal (TEE) edbdomgraphy, blood
culture and the Duke criteria. Results: Scintigsapias true positive in 46/51
and false negative in 5/51 cases (90% sensitv@% NPV, 100%
specificity and PPV). No false pos#i results were found, even in patients
with early IE evaluated within the first two montlieom the surgical
procedure. In 24/51 patients with IE we also foumdracardiac uptake,
indicating septic embolism in 21/24. Despite septiacbolism was found in
11/18 cases of Duke “definite IE”, most of the adldalue from the’*™Tc-
HMPAO-WBC scan for decision-making was seen ingrdasi in whom the
Duke criteria yielded "possible” IE. The scan wastipularly valuable in
patients with negative and/or difficult-to-interpexchocardiographic findings
since it correctly classified 11/88 of these pateas having IE. Furthermore,
3 patients were falsely positive at echocardiogyamiit correctly negative at
9Mmre.HMPAO-WBC scintigraphy: these patients had mécavegetations.
Conclusions: Our results demonstrat®Tc-HMPAO-WBC scintigraphy
ability to reduce the rate of misdiagnosed IE whembined to the standard
diagnostic tests (a) in patients with high clinisalspicion but inconclusive
echocardiographic findings; (b) for the differehtilagnosis between septic
and sterile vegetations detected at echocardiograp{c) when
echocardiographic, laboratory and clinical data @etradictory, as also to
exclude valve involvement (especially of a prosthetlve) during febrile
episodes, sepsis or post-surgical infections.

Key words: infectious endocarditis’®"Tc-HMPAO-WBC, SPECT/CT,
septic embolism.
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Introduction

The incidence of infectious endocarditis (IE), ppeoximately 2-4 cases per
100,000 persons/yeat)( At present, 25-50% of the cases occur in paient
older than 60 yearg).

The diagnosis of IE, first suspected on clinicadwgrd, is further supported
either by detecting a vegetation at transthora€itE) or transesophageal
(TEE) echocardiography, and/or by positive bloodtura (3). In most
institutions the final diagnosis is establishedngsthe Duke Endocarditis
Service criteria 4), which also entail echocardiographic findings.e@al
sensitivity is about 80%5f. However, in some instances blood culture or
echocardiography are inconclusive, thus leadingatbigh proportion of
unconfirmed cases of suspected IE. Indeed, up % @#the patients with
pathologically proven endocarditis were misclassifas "possible” IE based
on Duke criteria aloneby.

Attempts have been made at improving the diagngstréormance of the
above criteria, and modifications that consideresavadditional clinical and
microbiological parameters have been propo$dThe so-called modified
Duke criteria are now recommended for diagnostiassification T).
Traditional diagnostic criteria may also be integda with information
derived from radionuclide imaging, given the abilib localize functional
hallmark of infection as represented by increasmtiotabeled leukocytes
recruitment. Using three-dimensional reconstrucbbhybrid SPECT/CT or
PET/CT images it's possible to detect and precikatglized throughout the
body all the sites of infections represented byasiref radiopharmaceutical
uptake. In association with echocardiography, itnigging technique can be
employed to confirm or rule out IE in equivocal grddifficult-to-explore
situations (i.e., marantic vegetations, artefaceused by mechanical
prosthesis). Furthermore, scintigraphy can alseakthe presence of extra-
cardiac infection sites as the consequence ofcseptbolism originated from
IE (8). In this study we assessed the added value@PBCT/CT with*™Tc-
HMPAO-labeled autologous leukocyte®*{T-HMPAO-WBC) in the
characterization of patients with suspected orbéisteed IE, as defined
according to Duke criteria.
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Materials and methods

Patient Population

Between October 2005 and December 2010, a total8&f consecutive
patients were referred for scintigraphy with™T-HMPAO-WBC for
suspected IE. Fifty-four of these patients werelieded from the present
analysis because they were bearing permanent caddwsces, a condition
that might introduce confounding factors linkedthe different mechanism
of infection Q). Therefore, the population for the present woriuded the
remaining 131 patients (45 women and 86 men, mgar6a.8+16.6 years),
in whom IE was suspected, or established as defadtording to the Duke
criteria; in the latter case, scintigraphy was @enfed to exclude septic
embolism. All patients had undergone clinical exaation, blood tests
including WBC counts, CRP, ESR, acute phase pratettectrophoresis,
urinalysis and echocardiography (either TTE, TEEboth). Three sets of
blood cultures including at least one aerobic ané anaerobic from a
peripheral vein were performed for all patieni®)( The main clinical
features and risk factors of the patients are suizetin Table 2.1.

Final diagnosis of IE, or exclusion of this conalitiand identification
of an alternative cause of disease was defined dbase the final
microbiological (n=20) or clinical diagnosis (n=31yith clinical follow-up
of 12 months for all patients. Based on these coatbiparameters, IE was
confirmed in 51 out of the 131 patients, that ms2#/28, 25/55 and 2/48 of
the cases in which IE had been classified as defipiossible, or rejected,
respectively, according to Duke criteria.

In the 51 patients who were eventually diagnosedhaving IE,
infection involved more frequently the aortic valamd affected almost
equally native valves either biological or mechahiprosthetic implants
(Table 2). In patients with prosthetic valves edHy(< 2 months from valve
replacement) was present in 9/35 patients, semitat(between 2 and 12
months) in 11/35 and late-onset IE in 15/35 (T&bh).

Staphylococcusspp. was the microorganism more frequently
responsible for the infection (24/51), followed Bgterococcuspp. (11/51),
Streptococcusspp. (10/51), andP. aeruginosa(4/51). Haemophilusand
Candidawere found in 2/51 patients each.
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Table 2.1: Main features of the 131 patients included ingtusly.

Age (years) Mean + SD Median Range
62.8 +16.6 66 19-89
Sex Women Men
45/131 (34%) 86/131 (66%)
Risk factors Diabetes Renal failure Cutaneous lesions
20/131 (15%) 24/131 (18%) 10/131 (8%)
Blood tests ESR CR Leukocytosis
110/131 (84%) 78/131 (60%) 55/131 (42%)
Blood culture Positive Negative
67/131 (51%) 64/131 (49%)
Duke criteria Definite Possible Rejected
28/131 55/131 48/131

Table 2.2:Site of IE, type of valve and time of infection ehs

Type of valve Native Biological prosthesis Meclzahi
prosthesis
116/51 (31%) 19/51 (38%) 16/51 (31%)
Site of IE Aortic Mitral Tricuspid Aortic + mitral
Native 9/30 (30%) 6/19 (32%) 1/1 (100%) -
Biological prosthesis 10/30 (33%) 8/19 (42%) - Wa0%)
Mechanical prosthesis 11/30 (37%) 5/19 (26%)* - -
Type of infection Early IE Semi-late IE Late IE
9/35 (26%) 11 (31%) 15 (43%)
Time from valve mean 1.39 mean 6 mean 51.4
replacement (months) range 0.5-2 range 3-10 range 6-204

(*) including 2 patients with anuloplasty.

Radiolabelling of Autologous Leukocytes and Image équisition

Protocol

Autologous radiolabeled WBCs were prepared accgrdm the EANM
Guidelines for the labeling of leukocytes wiffi"Tc-HMPAO (11,12.
Radiolabelling efficiency was always between 70-8%#d viability of the
radiolabeled leukocytes was always tested by thgaiirblue exclusion test
before reinfusion.

Whole body and spot planar images were obtaintt 80 minutes
(early), then 4-6 and 20-24 hours (delayed imagés) reinfusion of 370-
555 MBq of**™"Tc-HMPAO-WBC. SPECT/CT of the chest was performmed i
all patients at 6 hours and repeated at 24 hourasa of negative or doubtful
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imaging at 6 hours. Images were acquired usingaliead, variable-angle
SPECT/CT gamma camera (Hawkeye, GE Healthcare).|dWwedose CT
transmission scan was acquired for 16 seconds2R@ for each transaxial
slice. The full FOV consisting of 40 slices was @bated in 10 minutes. The
transmission data were reconstructed using filtebeatk-projection to
produce cross-sectional images. Resolution of thes€an was 2.2 mm and
localization images were produced with a 4.5-mnepsize, similar to the
nuclear medicine emission images. The CT scans reeanstructed into a
256x256 matrix. The SPECT component of the same FOV acapiired
using a 128128 matrix, 360° rotation, 6° angle step, and 4&@0-per-
frame acquisition time at 6 and at 24 hours, respgdy. Both CT-
attenuation corrected and non-corrected SPECT isnagee evaluated in the
coronal, transaxial, and sagittal planes, as veeihdridimensional maximum
intensity projection (MIP) cine mode. Matching gaof x-ray transmission
and radionuclide emission images were fused usieg<eleris software, and
hybrid images of overlying transmission and emisslata were generated.

Interpretation Criteria

Two experienced nuclear physicians aware of theemist clinical history
and of the results of prior conventional imagingtseeviewed independently
the planar scans and the SPECT/CT images, witlrdeégahe presence and
location of any focus of abnormal radioactivity acwlation indicating
infection. Preliminary analysis of the SPECT/CT gea included visual
inspection to exclude misregistration between tHEGST and the CT
components.

The scintigraphic studies were classified as negathen no sites of
abnormal uptake were observed at SPECT/CT imagespositive for
infection when at least one focus of abnormal uptatkaracterized by time-
dependent increase in radioactivity from early ptato delayed images was
observed 13). This time-dependent pattern of uptake is esfigaialevant
for the cardiac region, considering that physiadogiccumulation of
radiolabeled leukocytes in the bone marrow (asiéensternum, overlying the
heart) early after reinfusion can interfere witlienpretation of the planar
images. When present, focal uptake indicating tidacvas further classified
as pertaining to the heart and/or to extracardtas.s

The contribution of SPECT/CT was considered wihcsal attention
to the possibility of anatomically localizing thexaet site of infection,
particularly for the heart region. In fact, neitliee planar nor the stand-alone
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SPECT images allow to localize areas of focal uptak the radiolabeled
leukocytes in the cardiac region as pertainingatte endocardium.

Data Analysis

Results of*™Tc-HMPAO-WBC scintigraphy were correlated with thosf
TTE, TEE, blood culture and the Duke criteria. Tdi®lity to detect or to
exclude the presence of IE was defined based ofirntlemicrobiological or
clinical diagnosis. Furthermore, in patients witholwn IE the ability to
identify septic emboli and metastatic sites of dtifen was considered, in
order to assess the ability 8"Tc-HMPAO-WBC scintigraphy to define
disease burden.

No comparative analysis was performed between sthed-alone
SPECT and the SPECT/CT findings concerning intdiaar location of
infection, because in case of focal uptake in thaliac region no further
topographic localization is possible with the formsets of images,
considering that the mitral valve and, i.e., thetiaoszalve (the most frequent
site of IE) are <1 cm apart one from each other.

Statistical Analysis
All values are expressed as median and range, a@soncary for
nonparametric data.

Results

By adopting the interpretation criteria describdabve for scintigraphic
detection of infection, it was possible to classifijthe scans as either frankly
positive or frankly negative, therefore without ameyguivocal result at
scintigraphy. With these criterid”™Tc-HMPAO-WBC scintigraphy was
totally negative in 34/131 patients for either ¢acdand/or extracardiac sites
of focal uptake indicating infection, without aniscbrdant results between
planar and SPECT/CT acquisitions. At least one ababarea with focal
uptake of the radiolabeled leukocytes was detestefl7 out of the 131
patients included in this study. When considering 51 patients with final
diagnosis of IE, the uptake was either limitedn® heart only (n=23; Figures
2.1, 2.2 and 2.3), both at the heart and at extlea sites (n=23), or at
extracardiac sites only (1 case with septic embwolisthe spleen, which was
therefore considered as a false negative scaicjor |

9mMrc-HMPAO-WBC SPECT/CT was therefore true positinetb/51
and false negative in 5/51 cases. The 5 false ivegatdings for IE af®™Tc-
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HMPAO-WBC scintigraphy occurred in patients with am valve
vegetations (<6 mm) and in the presence of infacfrom Enterococcus
(n=4) orCandida(n=1); all such patients were under high-dosenantbbial
therapy at the time of scintigraphy. There werefalee positive scans for
infection of the cardiac valves.

Although both planar and stand-alone SPECT imagese
sufficiently accurate to detect the presence a@dnbn involving the heart in
the majority of the patients (there were in factyoh false negative planar
scans due to accumulation of the radiolabeled leytks hidden by the
sternum or the ribs), only after co-registratiothwCT it was possible to
precisely discriminate the localization ®"Tc-HMPAO-WBC uptake (i.e.
especially mitralversusaortic valves, given their proximity, metal de\scer
surgical stitches/clips) from any non-cardiac saé infection in the
mediastinal space. Out of the total 89 sites afdased”™"Tc-HMPAO-WBC
uptake in the chest, fused SPECT/CT imaging dematest heart valve
localization in 44 cases, as opposed to non-caxdib@ localizations due to
infection of aortic graft (n=11), sternum osteoniy®l(n=13), mediastinitis
(n=3), and lung infection (n=17). For areas witkao*™Tc-HMPAO-WBC
uptake located outside the thorax, major impadhef SPECT/CT findings
was observed for infection sites in the CNS anddteead-neck lesions, as
well as to discriminate between bone infection aoftt tissue infection. In
particular, the exact sites of"Tc-HMPAO-WBC accumulation were
diagnosed as CNS, nasal and maxillary sinus irdiest{in 3 and 5 cases,
respectively), spleen embolism (n=4) or bone, #sfiue or prosthetic joint
infections (22 cases overall, involving spine inci3es).
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Figure 2.1 -*"Tc-HMPAO-WBC scintigraphic images in a patient watbrtic endocarditis.
The MIP image (A) demonstrates focal increase diotabeled WBCs in the heart region.
Transiaxial SPECT/CT images (panel B) show thahsiacal uptake is localized at the
mechanical prosthesis of the aortic valve (CT secitn left panel, fused SPECT/CT section
in center panel, SPECT right panel).

Figure 2.2 - *™c-HMPAO-WBC SPECT/CT images obtained in a patieith positive
blood culture and fever arose few months after tuition of the mitral valve with a
mechanical prosthesis (coronal sections in uppaelparansaxial sections in lower panel,
CT images in left panels, SPECT/CT images in cémemels, SPECT images in right
panels). SPECT images demonstrate a clear focuptake in the right heart, identified as
endocarditis of the native tricuspid valve by thperimposed SPECT/CT images (central
panels). Endocarditis of the mechanical prosthebis expected site of infection before
performing®*™c-HMPAO-WBC, was therefore excluded.
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Figure 2.3 - ®™Tc-HMPAO-WBC scintigraphy demonstrating the valdeS®ECT/CT for
precisely localizing the site of infection. (A) Rkr anterior and posterior views (anterior in
left panel, posterior in right panel), where fooptake of radiolabeled WBCs mimic sternal
osteomyelitis. (B) Coronal, sagittal, and transbX{GI sections in left panels, fused
SPECT/CT sections in middle panels and SPECT sectioright panels. The tomographic
images correctly localize uptake 6fTc-HMPAO-WBCs at the mitral valve prosthesis.

Septic embolism was detected in 41% of patientgufiei 2.4). Three
cases interpreted as septic embolisn?*&Tc-HMPAO-WBC scintigraphy
were instead false-positive, due to active vassubf the aortic arch, an
isolated vertebral metastasis from prostate canaed an osteoporotic
vertebral crush, respectively. There were 8 falsgative scans for
extracardiac infection, due to kidney (n=3) or teak septic embolism (n=5)
(all detected by the CT or MRI imaging).

Table 2.3 correlates the SPECT/CT results and thlee@lassification in the
51 patients with final diagnosis of IE. Most of thdded value from the
9Mrc-.HMPAO-WBC scan for decision-making was seendtigmts in whom
the Duke criteria yielded "possible” IE. Furthermo8 patients were falsely
positive at echocardiography but correctly nega#it® ™ "Tc-HMPAO-WBC
scintigraphy: these patients had marantic vegetstio
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Table 2.4 shows the correlation between echocaradic and*™Tc-
HMPAO-WBC scintigraphic findings. The scan was fgaitarly valuable in
patients with negative and/or difficult-to-interpexchocardiographic findings
due to several circumstances, such as mechanitat waplants or the
presence of huge calcifications (in a diabeticgudtundergoing dialysis).

Table 2.5 correlates the results*3fTc-HMPAO-WBC scintigraphy
and blood culture. The most striking result wasoaifpve scan observed in
patients with negative blood culture; such high aieg fraction of false-
negative result of the blood culture could be Ishke high-dose antibiotic
therapy.

Table 2.3: Results of*"Tc-HMPAO-WBC scintigraphy in patients with finaladjnosis of
IE, stratified according to Duke criteria.

Positive scan Negative scan

cardiac cardiac and extracardiac

only extracardiac only
Duke Definite IE (24/51) 9 11* 0 4
criteria  Possible IE (25/51) 13 17 1* 0
Rejected IE (2/51) 1 1* 0 0

(*) with septic embolism consequent to IE
(*) 8 patients with septic embolism, 1 with vascslitand two false-positive scans due to
vertebral crush and metastasis from prostate cancer

Table 2.4 -Results of*"Tc-HMPAO-WBC scintigraphy in patients with finalatjnosis of
IE, stratified according to echocardiography (ECHO)

Positive scan  Negative scan

ECHO positive (40/51) 35 5

negative (11/51) 11 0
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Table 2.6 shows results of all the diagnostic pdaces in patients without
IE. Out of the 50/80 patients without IE who extebi a positive’*™Tc-
HMPAO-WBC scintigraphy (only at extracardiac siteg)e scan correctly
classified such patients as having either osteatisydh=22), peripheral
vascular graft infection (n=12), lung infection )= mediastinitis (n=5), or
cholecystitis (n=2). In 2 cases focal uptake of dgiolabeled leukocytes in
the spine was falsely positive for infection, asvds due to vertebral crush
caused by osteoporosis in one case, by metastasis & melanoma with
unknown primary site in the other case.
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Figure 2.4 -Examples of septic embolism at
different sites as detected BY'Tc-HMPAO-
WBC SPECT/CT. (A) Patient with septic
embolism in the left lung (coronal, sagittal
and transaxial CT sections in left panels,
fused SPECT/CT sections in middle panels,
and SPECT sections in right panels). (B).
Patient with spetic embolism in the spleen,
where infection shows as a photopenic area
in the splenic parenchyma (transaxial CT
section in left panel, fused SPECT/CT
section in center panel, SPECT in right
panel). (C) Patient with septic embolism in
the spine (coronal, sagittal and transaxial CT
sections in left panels, fused SPECT/CT
sections in middle panels, and SPECT
sections in right panels). Similarly as in the
case of the spleen, infection shows as a
photopenic area which in this patient
involves two vertebral bodies.



Table 2.5 -Results of *"Tc-HMPAO-WBC scintigraphy in patients with finaladjnosis of
IE, stratified according to blood culture.

diive scan Negative scan

cardiac cardiac and extracardiac
only  extracardiac  only

Blood positive .

culture  (32/51) 15 14 0 3
negative
(19/51) 8 g ! 1

(*) 11/14 with septic embolism consequent to IE ameb false-positive scans due to
vertebral crush

(*) during antibiotic therapy in 44/64 patients

(%) 8/9 with septic embolism consequent to |E and fatse-positive scan due to vasculitis

Table 2.6: Results of all the diagnostic procedures in theg&tents without IE (ECHO =
echocardiography).

99T c-HMPAO-WBC scintigraphy

Positive scan* Negative scan

ECHO positive (n = 3/80) 0 3
negative (n = 77/80 0 77

Blood culture positive (n = 35/80 26 9
negative (n = 45/80 24 21
Definitive IE (n = 4) 4 0

Dukes criteria Possible IE (n =30) 19 11
Rejected IE (n =46) 27 19

*all patients presented only with extracardiacssitéradiopharmaceutical uptake

Discussion

The diagnosis of IE is becoming progressively mchallenging due to a
variety of factors. These include the indiscrimaatse of antimicrobial
agents in some clinical settings, the increase@gtmn of individuals with

predisposing and/or underlying conditions (i.e.,ailfr and elderly,

iImmunosuppressed persons), as well the increasingper of interventional
cardiovascular procedures and placement of valestipesis, intravascular,
or cardiac devices. Mortality of IE remains high emhthis condition is
undiagnosed, therefore not adequately treatef). (Early diagnosis and
prompt institution of appropriate antibiotic theyageduce septic embolism
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and mortality 15); therefore, the identification of patients athegt risk of
death may offer the opportunity to change the ewkthe disease and
improve prognosis.

Because of the ability to detect endocardial vegetsa (L6), abscess
(17) as well as intra-cardiac complications (i.e.vegberforation and chordal
rupture) (8), echocardiography is the indirect method of choior
investigating patients with clinical suspicion d& (19,20. Furthermore,
some echocardiographic features such as vegetaimn (higher risk for
lesions >10 mm in diameter and for vegetations #natincreasing in size),
number (multiple) and features (mobile but peduatad, noncalcified,
prolapsing) 20) may be also used to predict the potential embmliclen of
IE. However, the presence of prosthetic valves istersly decreases
sensitivity and specificity of echocardiography,aout 20% for TTE and
around 90% (in the hands of an experienced op¢réor TEE @). In
approximately 15% of the cases, echocardiographmy la false positive
(because thickened valves, nodules, or valvularcifeadtions are
misinterpreted as vegetations)),(while a similar proportion can be false
negative 4). Thus, echocardiographic findings alone cannwagé definitely
confirm nor exclude the clinical suspicion of IEin& echocardiography
represent the backbone of Duke criteria, this stibhgb diagnostic accuracy
translates into a relatively high proportion of tteeses classified as "possible”
IE; yet, about 24% of such cases are eventuallyndised to have indeed IE

(5).

Additional potentially misleading factors in theuk®'s classification
include some well-known pitfalls in blood culturan{imicrobial treatment,
subacute right-sided and mural endocardi#$),(fungi, slow-growing and
difficult to identify organisms)42), and ambiguous symptoms without any
of the classical stigmata of valvular infection.

A functional imaging modality such as radionuclideaging, capable
of characterizing specific features of the endoedrdegetations, may
contribute to solve clinical dilemmas in such cdiadis. In our experience,
when the results of™Tc-HMPAO-WBC scintigraphy were associated with
either a positive echocardiography or a positiveblculture no cases of IE
went undiagnosed. In particular, the radiolabemakbcyte scan facilitated
the diagnosis of IE in challenging situations foehecardiography, as in the
presence of mechanical prosthetic valve, anuloplasigs, calcifications,
and/or nonbacterial thrombotic vegetations. Furttwee, *°™Tc-HMPAO-
WBC scintigraphy allowed to exclude valve infectiom patients with
concomitant risk factors, non-diagnostic echocaydiphic findings, positive
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blood cultures (37% of the cases in our series)tooidentify other focal

infections different from IE (as occurred in 38%tbé overall 131 patients).
9mre.HMPAO-WBC scintigraphy can therefore be consideas the second-
line test of choice in patients with prosthetic wedtlevice, fever, positive
blood cultures and equivocal TTE/TEE findings.

This study confirms thaf®"Tc-HMPAO-WBC scintigraphy is a
crucial imaging modality also for localizing sitekinfection in patients with
symptoms and signs and laboratory findings of sefiscreased ESR, CRP,
and WBC count) 12) with either a positive or a negative blood cudtuin
these patients generally neither TEE nor TTE aeel disr screening purposes
(4) and, therefore, the heart region should alwaysaoefully evaluated when
analysing thé°™Tc-HMPAO-WBC scan.

The possibility of acquiring whole-body images auftlitional planar
and SPECT/CT spot images constitutes an invalugtiléor detecting septic
embolism and metastatic sites of infection, as sk in our patients
population. In particular, septic embolism was deté even in the absence
of the typical echocardiographic predictors of egst embolism§,20.

These results refer only to patients with IE agsion native and
prosthetic valves since we intentionally excludetignts with device related
infection. In fact, we consider not possible t@lgpthe same diagnostic
algorithm intended for IE to this different clinlcantity.

Specific methodology-related issues must be pippeidressed in
order to ensure adequate scintigraphic acquisitidmsages should be
acquired in time-mode, compensating for isotopeget each time point. In
case of equivocal findings at 6 hours SPECT/CT inq@f the thorax,
images should be repeated also at 24 hours. Insgesdd be analysed using
the same scale frame to easily identify any foosh®f activity that increases
over time or modifies its shape from early to lateages. Both CT-
attenuation corrected and non-corrected imageslaétmm always inspected
side by side, to minimise metal-related artefaQsantitative analysis of
target/background (T/B) ratios was not necessary these patients.
SPECT/CT is mandatory to correctly interpret andalze sites and
extension of radiolabeled leukocyte uptake indngatinfection 3), to
discriminate involvement of the heart valve or phesis from uptake around
the prosthesis. Furthermore, in cases with pos#ometigraphy in the cardiac
region SPECT/CT imaging can discriminate endocaidfactions from all
other possible causes of post-surgical fever, mediastinitis, osteomyelytis
of the sternum or ribs, wound infections.
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No false positive findings were found, particulamy patients with
early IE evaluated within the first two months frahe surgical procedure,
suggesting that adequate acquisition protocol atefpretation criteria can
optimize specificity of the scan also in this atial setting. On the other hand,
the false negative scans observed in presenceafdtained by andidaspp.
or Enterococcusspp may be explained by the ability of these micro-
organisms (as well as others suclSagpidermisof forming a "biofilm" that
results in resistance to antimicrobial treatmend &ascape from the host
defence mechanism&4). Additionally, altered neutrophil recruitmentthe
primary site of IEby E. faecalisextracellular proteases constitute a further
mechanism of innate immune response impairm2dt Such mechanisms
might reduce sensitivity of scintigraphy with raldioeled leukocytes in
patients with IE. However, in our experience theueed sensitivity of°"Tc-
HMPAO-WBC scintigraphy was counterbalanced by tlssoaiation with
echocardiography.

Figure 2.5 -False positive'fF]JFDG

PET/CT result in a patient with fever. The
area of increased®F]JFDG uptake suspected
for endocarditis at a mitral valve mechanical
prosthesis (A, central panel fused transaxial
PET/CT and right panel PET stand alone)
turned out to be negative in tA&8Tc-
HMPAO-WBC SPECT/CT (B; central panel
fused transaxial SPECT/CT and right panel
SPECT) clinical follow-up confirmed the
absence of infection. Left column, CT
transaxial image.

Both false negative and false positive findingsevalso observed in
our patients' group regarding distant septic ershuliIn particular, the
typical **™Tc-HMPAO-WBC scintigraphic pattern of spleen embwii and
spondilodiscitis represented by a cold s[@8) (nay be also present in other
benign or malignant conditions. Thus, despite highlggestive for septic
embolism, such finding in patients with IE shoul@ lonfirmed with
additional diagnostic imaging, as MRI. Finallyistreasonable to assume that
the availability of new generation SPECT/CT scaamgth a more advanced
CT component will further increase diagnostic aacyr particularly when
evaluating the CNS and bone. Alternatively, PET/@®Jaging may be
proposed to improve spatial resolution. In thisarelg preliminary data have
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demonstrated significant uptake dfFJFDG both in infected endocardial
vegetations and at metastatic sites of infect®i30. However, {*F]JFDG
uptake is observed in a variety of benign and malng conditions such as
inflammation or tumours3(), thus reducing its specificity. Moreover, special
caution should be employed when interpreting ‘8F]JFDG uptake in the
cardiac region, due to the high number of possibleses other than IE for a
positive scan: recent thromld3), soft atherosclerotic plaquel3j, vasculitis
(34), primary and metastatic cardiac tumas$,89, or simply post-surgical
inflammatory reaction37). In the clinical routine, focal areas dfffJFDG
uptake at heart site in the absence of IE are quotemonly observed
(unpublished data, see Figure 2.5). The possillitgfficient radiolabelling
of autologous leukocytes with positron emitting icsdiclides can be
expected to change the whole scenario of PET ingafpn patients with
suspected IE. In this regard, inten§¥]FDG-WBC uptake at the valve site
has been described for the only patient with 1E egported up to nowsg).
Unfortunately, the physical half-life ofF is too short to encompass the
whole kinetics of leukocyte migration into sitesiofection, thus making a
major limit for the use of this method in this dtial setting.

Conclusion

In conclusion, our experience supports the usecimtigraphy with**™Tc-
HMPAO-WBC in patients with high clinical suspiciarf IE, in order to
confirm the diagnosis in doubtful circumstances/ando detect sites of
septic embolism. The rate of misdiagnosed IE caretieced with the use of
9Mrc.HMPAO-WBC (a) in patients with high clinical suision but
inconclusive echocardiographic findings; (b) foe thifferential diagnosis
between septic and sterile vegetations detectedhatcardiography; (c) when
echocardiographic, laboratory and clinical data aetradictory, as also to
exclude valve involvement (especially of a prosthetlve) during febrile
episodes, sepsis or post-surgical infections.

SPECT/CT is necessary to demonstrate and loc&Ze-HMPAO-WBCs
at native or prosthetic valves, thus confirming tHegnosis of IE.
Furthermore, whole-body images followed by addg@iorplanar and
SPECT/CT spot images allow to detect distant sifeseptic embolism, thus
constituting an invaluable aid of this scintigraphprocedure. Negative
results in presence of a typical echocardiographittern for IE should be
carefully evaluated, since false negative findirdyee to limited spatial
resolution or non-leukocyte recruiting microorgangscan be encountered.
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Abstract

Objectives: We investigated the diagnostic perfarceaof **™Tc-HMPAO-
labeled autologous leukocyt®Tc-HMPAO-WBC) scintigraphy in patients
with suspected infections of cardiovascular imate electronic devices
(CIED). Background: Early, definite recognition dEIED infections
combined with accurate localization and quantif@abf disease burden is a
prerequisite for optimal treatment strategies. Mdth All 63 consecutive
patients underwent clinical examination, blood clstry, microbiology and
echography of the cardiac region/venous pathwaythef device. Final
diagnosis of infection was established in 32/63igpés, in 23/32 by
microbiology. Results’*"Tc-HMPAO-WBC SPECT/CT had 94% sensitivity
for both detection and localization of CIED-asstaxhinfection. SPECT/CT
imaging had a definite added diagnostic value daath planar and stand-
alone SPECT. Pocket infection was often associatgth lead(s)
involvement; the intracardiac portion of the ledd{®re frequently exhibited
9Mre-HMPAO-WBC accumulation and presented the higheste of
complications, infectious endocarditis and septmbelism. Two false-
negative cases and no false positive results wbeereed. None of the
patients with negative®"Tc-HMPAO-WBC scintigraphy develop CIED
infection during follow-up until 12 months. Echopghy of the cardiac
region/venous pathway of the device had 90% spé#gifibut low sensitivity
(81%, when considering only intracardiac lead(sfedtion). The Duke
criteria had 31% sensitivity for the “definite” egory (100% specificity) and
81% for the “definite+possible” categories (77% afieity). Conclusions:
9mre.HMPAO-WBC scintigraphy enabled to confirm thesence of CIED-
associated infection, to define the extent of dewwolvement, and to detect
associated complications. Moreovet;"Tc-HMPAO-WBC scintigraphy
reliably excluded device-associated infection dyran febrile episode and
sepsis, with 95% negative predictive value.

Key words: cardiac device infectiof’™Tc-HMPAO-WBC, SPECT/CT,
disease burden.
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Introduction

Use of cardiovascular implantable electronic devi(@IED) has increased
significantly over the last decade due to growingdence of improved
quality of life and survival among certain grouggatient (1); such devices
include permanent pacemakers (PM), the implantable
cardioverter/defibrillators (ICD), and cardiac reslronization therapy
devices. Associated complications, particularly eations, have risen
disproportionally higher than the growth of newtyplanted devices (2). The
rate of CIED infections varies widely between 1%dan% (3), with
significant morbidity and mortality especially imse of delayed diagnosis
(4). Therefore, strategies to facilitate early diagjs are crucial for favorable
clinical outcome.

Diagnostic workup of CIED infections is problemat&ince patients can
present with a variety of manifestations includsuptle signs of systemic or
local infection (5). The decision whether to metlic&reat or to remove the
device represents a further crucial point, alsabse it implies evaluation of
response to antimicrobial therapy and selectiorthef optimal time to re-
implant (6).

Final diagnosis of CIED infection is generally béds on
microbiological tests (blood cultures and cultufenmaterial from exposed
sites of implantation) and ultrasound evaluationthaf cardiac region (either
transthoracic and transesophageal) and of the gepailnway of the device.
The above tests constitute the basis for definireg gatients' likelihood to
have CIED according to the Duke criteria (7). Hoemevin case of CIED
infections the Duke criteria, originally developddr the diagnosis of
infectious endocarditis, may be inadequate; eveh thie addition of clinical
parameters (8), the possibility remains high ofsmig the presence and/or
underestimating the extent of infection (5).

Evidence is growing that positron emission tomobgyapo-registered with
computed tomography usingfF-labelled fluorodeoxyglucose {FJFDG
PET/CT) improves the diagnosis of CIED infectio®1(). On the other
hand, in the era of high spatial resolution hylsydtems for single photon
emission tomography co-registered with computedogmapphy (SPECT/CT),
scintigraphy with radiolabeled autologous leukosytepresents a valuable
option for imaging patients with suspected CIEDedations, as already
demonstrated in a number of other clinical condgicsuch as native and
prosthetic valve endocarditis (12). These functiomeaging modalities are
based on the ability to detect and localize metaalty active cells, such as
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those involved in inflammation and infection. Byléoving the pattern of
radiolabeled leukocyte accumulation over time agdubing well-defined
interpretation criteria (13), it is possible todisinate active infection from
inflammatory changes (e.g., post-surgical changmgign body reactions)
and to define the extent of active infection.

In this study we investigated the diagnostic penfances of
radiolabeled leukocyte scintigraphy in suspectedEDRCIinfection, by
evaluating with®*™Tc-hexamethypropylene amine oxime labeled autolsgou
leukocytes ¥™Tc-HMPAO-WBC) SPECT/CT all consecutive patients
referred to the Division of Cardiology or Infecteiseases of our hospital
because of such condition.

Material and methods
Study design and patient population

Between June 2007 and June 2011 a total of 63 cotnge patients (47 men
and 16 women with mean age 68.6x13.9 years, medjarv0, range 27-87)
were referred for scintigraphy with radiolabeledtadagous leukocytes
(**™Tc-HMPAO-WBC), recording both planar and SPECT/Cusitions
and results were retrospectively evaluated. Alligpas provided informed
consent to the procedure. Patients workout comksstelinical examination,
blood chemistry including WBC counts, C-reactiveotpin, erythrocyte
sedimentation rate, acute phase proteins, eleairepis, urine-analysis,
transthoracic and transesophageal echocardiograimE and TEE,
respectively), and ultrasound evaluation of theousnpathway. Three sets of
peripheral venous blood samples were obtained dtiures, including at
least one aerobic and one anaerobic (14). Sciptigravas performed in all
cases of unconfirmed diagnosis of CIED-infectioha&t end of the described
conventional procedures. Aft&¥"Tc-HMPAO-WBC, treatment was decided
on the basis of the degree of certainty of the Cikfgction diagnosis as
results of conventional tests and clinical guidedin35 patients were treated
with either device extraction followed by antimibral therapy as previously
described (15) , 9 patients with antimicrobial #pr alone, 11 patients with
other disease-specific surgical procedures. Eightiepts received no
treatment. Results of™Tc-HMPAO-WBC was not used to guide the final
decision on the management of patients when a tligical suspicion of
CIED-infection based on either a diagnostic echaiography (n=7) or a
positive blood-culture (n=12) was present sinces¢hpatients underwent
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device extraction followed by antimicrobial thergsge Figure 3.1). In cases
of antimicrobial therapy alone or no treatmentnickl follow-up of at least
12 months was available for final classificationl 8 patients undergoing
antimicrobial therapy alone repeat 99mTc-HMPAO-Wshtigraphy at the
end of the standard antimicrobial therapy. A tofal'5 exams were therefore
performed, 63 baseline and 12 follow-up studiegarticular, 9 patients had
repeat studies (6 with one follow-up scan 6 mowaibart, 3 with two follow-
up scans at 6-9 and 12 months apart).

Final diagnosis of Final diagnosis of
CIED-related infection MNO CIED-related infection
n=32 n =31
BC + Jﬁ BC - BC + Jﬁ BC -
n=16 n=16 n=12 n=19
\ I | |
ECHO - EC_HO_-!-- ECHO - ECHO- ECECH
n=5 n=20 n=7 n=27 n=4
T 1 T —— A r—J_\
f ) [ \ [ \r 1
T e 1] — ]
(n=2)  (n=3) (n=20) A (n=T) ) L (n=8) i {n=19) i (n=1) j
NO CIED removal CIED removal NO CIED removal CIED removal NO CIED removal CIED removal

Figure 3.1 — Schematic representation of the dimtanagement of patients included in the
study according to the final diagnosis of CIED-tethinfection (left panel) or exclusion of
CIED-related infection (right panel). BC = bloodtcwe; ECHO = echocardiography.

The main clinical features of patients and typede¥ices implanted
are reported in Table 3.1.

Final diagnosis of CIED-associated infection wasaldshed in 32/63
patients (see Table 3.2); in 23 of these 32 patidi#gnosis was confirmed
by microbiology after extraction of the device.the remaining 9/32 cases
the diagnosis was obtained with clinical follow-op at least 12 months
based on negative finding at clinical examinatiseguential blood tests,
TTE/TEE, ultrasound evaluation of the venous pathesad**"Tc-HMPAO-
WBC scintigraphy following antimicrobial treatment.

Staphylococcus spp. was the microorganism morejuénetly
responsible for CIED-associated infection (12/3@)pwed by Streptococcus
spp. (8/32), Enterococcus spp. (3/32), Enterobiaciese spp., Micrococcus
and Candida (2 each); P. aeruginosa, Acinetobhei@nmanni, Propionibacter
Acnes were identified in 1 patient each.
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Infection occurred most frequently early after iamt (6/8 of patients
evaluated <1 month and 5/13 cases evaluated 1-8mafter implantation).
Semi-late and late infections were observed in &8 in 13/22 patients,
respectively (see Table 1). Nineteen out of than®@ctions occurred after
the second implantation procedure.

Table 3.1 — Type of cardiac devices and main dinieatures of the patients included in the
study (PM = pace-maker; ICD = implantable carditeredefibrillator; ESR = erythrocyte
sedimentation rate; CRP = C-reactive protein).

Type of device single- dual-chamber temporary PM single- dual-
chamber PM  PM chamber chamber
ICDs ICDs

30/63 (48%)
12/30 (40%)

17/63 (27%)
7/17 (41%)

2/63 (3%)
1/2 (50%)

9/63 (14%)
719 (78%)

5/63 (8%)

Infection rate 3/5 (60%)

Risk factors Diabetes Renal failure  Long term Previous Recent
corticoid infection invasive
procedures
17163 (27%) 11/63 (17%) 7/63 (11%) 8/63 (13%)  3048%)
Fever Present Absent
35/63 (55%)  28/63 (45%)
Time from <1 1-3 4-12 >12
device implant
(months) 10/63 (16%)  13/63 (21%)  18/63 (28%) 22/63 (35%)

Infection rate

Local
inflammation

signs/symptoms

Blood tests

Microbiological

results

6/8 (75%)

Pain
16/63 (25%)

ESR
49/63 (77%)

Blood culture

5/13 (38%)

Tenderness
14/63 (22%)

PCR
42163 (67%)

Positive

28163 (44%)

8/18 (44%)

Erythema
8/63 (13%)

Leukocytosis
29/63 (46%)

Negative

37/63 (56%)*

3(39%)

Purulent
drainage
3/63 (5%)

* during antibiotic therapy in 29/63 patients; Sipats presented either positive EC or

pocket culture
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Table 3.2 - Results of microbiological evaluatiasdtfare in the 32 patients with
CIED-associated infections

Microbiological results

Positive Negative
Blood culture 16/32 (50%) 16/32 (50%)*
Microbiology
after device 23/32 (74%)
removal**

* during antibiotic therapy in 8/16 patients

** extraction was performed in a total of 35 patiemcluding 11 resulting without
CIED associated infection; 9/32 patients with CliaEection did not undergo
extraction

Radiolabeling and acquisition protocol

Autologous radiolabelled WBCs were prepared acogrdio the EANM
Guidelines for labeling leukocytes with 99mTc-HMPAQ@L6, 17).
Radiolabelling efficiency was always between 70-8b&bility of the
radiolabelled leukocytes was always evaluated byTipan blue exclusion
test before reinfusion. Radiolabelling of leukosyteith *™Tc was preferred
over the radiolabelling with 111In for both radatisafety (0.017 mSv/MBq
with a recommended administered activity of 185-8Mty for °°™Tc versus
0.59 mSv/MBqg with a recommended administered agtiof 10-18.5 Mbq
for 111In) (13,18) and imaging quality when penfiang SPECT/CT.

Whole body and spot planar images were obtaineat 80 minutes,
then 4-6 (early images) and 20-24 hours (delayey@n) after reinfusion of
370-555 MBq of ®™Tc-HMPAO-WBC. SPECT/CT of the chest was
performed in all patients at 6 hours and repeated4ahours in case of
negative or doubtful imaging at 6 hours. Imagesewaaquired using a dual-
head, variable-angle SPECT/CT gamma camera (HawkageDiscovery
670, GE Healthcare) as previously reported (12)thBG@T-attenuation
corrected and non-corrected SPECT images were aealun the coronal,
transaxial, and sagittal planes, as well as ininwghsional maximum
intensity projection (MIP) cine mode. Matching gaof x-ray transmission
and radionuclide emission images were fused u$ieg<eleris software, and
hybrid images of overlying transmission and emisslata were generated.
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Interpretation criteria

All images were re-evaluated, independently, by ®xperienced nuclear
physicians aware of the patients’ clinical histaryd of the results of prior
conventional imaging. Images were first visual gdpd to exclude
misregistration between the SPECT and the CT coemsn Thereatfter, for
all sets of images the presence and location of faoys of abnormal
radioactivity accumulation indicating infection wasvaluated. The
scintigraphic studies were classified as negatiherwno sites of abnormal
uptake were observed in the SPECT/CT images, oitiydor infection
when at least one focus of abnormal uptake charaeteby time-dependent
increase in radioactivity between early and delayedges was observed
(13). When present, focal uptake indicating infactivas further classified
as: a) isolated pocket infection; b) isolated laafkction at either the
intravascular or the intracardiac portion of theadec) pocket and lead
infection (either intravascular or intracardiac tpmr); d) concomitant
endocarditis; e) extracardiac sites of infectiomsistent with embolism; f)
other infections.

Data Analysis

Results of’*™Tc-HMPAO-WBC scintigraphy were correlated with thosf
ultrasonography (echocardiography + soft tissueusrultrasound), with the
Duke criteria classification and with final microkbogical or clinical
diagnosis. Furthermore, the ability to identify comitant endocarditis as
well septic emboli was considered, in order to ssghe ability of*"Tc -
HMPAO-WBC scintigraphy to define disease burden.

For the site-based analysis, results of the plasiand-alone SPECT and
SPECT/CT images were compared. Stand-alone SPEQTS&ECT/CT
were considered to have a definite added value whenprovided data that
could not be obtained from planar imaging conceynithe presence of
infection or its precise location. The contributiamf SPECT/CT was
considered with special attention to the possibiit anatomically localizing
the exact site of infection.

Statistical analysis

All values are expressed as median and range, a&@soncary for
nonparametric data. The Pearson3 test was employed for comparing
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nominal data between groups. The interobservereaggat was determined
and expressed in a weighted kappa which correctagmeement by chance.
The higher the kappa, the higher the agreement, avihaximum of 1.0: <0
= no agreement, 0.0-0.19 = poor agreement, 0.20-9.8ir agreement,
0.40-0.59 = moderate agreement, 0.60-0.79 = suladtagreement, 0.80—
1.00 = almost perfect agreement (19). In case sdgieement between the
two observers a final consensus reading was peelbrnSensitivity,
specificity, accuracy, positive predictive valualaregative predictive values
of echocardiography, Duke’s criteria ai@Tc-HMPAO-WBC planar, stand-
alone SPECT, and SPECT/CT imaging were calculatesid on the final
diagnosis with 95% confidence intervals and congbarging the McNemar
test.

Results
9Mre-HMPAO-WBC scintigraphy in patients with CIED rated infections

By adopting the interpretation criteria describdab\ee for scintigraphic
detection of infection evaluating the best-perforgni imaging, i.e.,
SPECT/CT, it was possible to classify all the scan®ither frankly positive
or frankly negative, therefore without any equivoesult. The kappa value
for interobserver agreement was 0.951 (95% CI;3-2M00).
The?*™Tc-HMPAO-WBC scans were totally negative in 22/63es. At least
one area with focal accumulation of the radiolatbédérikocytes was detected
in the remaining 41 patients.

9mre.HMPAO-WBC scintigraphy was true positive in 3B/Batients with
final diagnosis of CIED-associated infection (94%le two false negative
scans were observed in patients with CIED infecticaused by Candida and
Enterococcus (final diagnosis obtained by culturéne leads). One of these
two patients also had false negative echocardibgrand was classified as
“rejected” infection according to the Duke criterine second false-negative
scintigraphy case was true positive at echocardpgr and classified as
“definite” infection according to the Duke criteriBoth the latter patients
were under antimicrobial therapy at the time ohsgraphy. There were no
false positive scans for CIED infection. Figure 3lows an example of
positive *™c-HMPAO-WBC scintigraphy for infection localizedt he
pocket. Figures 3.3 and Figure 3.4 show the scarfigpattern of infection
localized at the intravascular and intracardiac tipor of the leads,
respectively.
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Figure 3.2 - (A) 99mTc-HMPAO-WBC scintigraphy in patient with localized pocket
infection, with transaxial slices shown at differdavels (CT sections in upper panel,
corresponding fused SPECT/CT sections in lower pa@bvious focal accumulation of
radiolabelled leukocytes at the pocket. (B) A ndrreeintigraphic pattern is shown for
comparison.

Figure 3.3 - (A)*™c-HMPAO-WBC scintigraphy in a patient with clinibaascertained
pocket infection with transaxial slices shown dfedéent levels (CT sections in upper panel,
corresponding fused SPECT/CT sections in lower pa@bvious focal accumulation of
radiolabelled leukocytes involving both the pociet the intravascular portion of the lead.
(B) A normal scintigraphic pattern is shown for qmarison.
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Figure 3.4 " Tc-HMPAO-WBC scintigraphy in a patient with suspEtiCIED infection.
Obvious focal accumulation of radiolabelled leukesyat the heart region in the SPECT
coronal (A left panel) and transaxial images (B pefnel); fused SPECT/CT sections exactly
localized the focus of infection at the intracacdiead (right panels). CT images are shown
in middle panels.

SPECT/CT acquisition provided higher accuracy bothdetecting infection
and for localizing®*™Tc-HMPAO-WBC accumulation at any portion of the
device, the heart valves or other non-cardiac sitesfection in the thoracic
and mediastinal space. SPECT/CT acquisitions cliangiee final
classification of the scan from negative to positifor CIED-associated
infection in 15/32 of the cases as compared tstéedard planar and 9/32 as
compared SPECT-alone acquisitig@ € 4.5, p = 0.03, Table 3.3). It should
also be noted that no false positive findings duartifacts were detected in
both the attenuation-corrected and the non-atte@mabrrected images.
Table 3.4 summarizes the results Bf'Tc-HMPAO-WBC scintigraphy
(considering the best nuclear imaging technique B®ECT/CT), of
echocardiography and of classification accordin@a#e criteria in the cases
with final diagnosis of CIED infection. Table 3.®reelates the results of
9mre-HMPAO-WBC scintigraphy with the results of echotiography and
with the Duke classification, stratifying the paitie according to the site of
radiolabeled leukocyte accumulation, as follows: tl¢ pocket, at the
intravascular and/or intracardiac portion of thadis), at both the pocket and
the lead(s). Sites of*"Tc-HMPAO-WBC accumulation consistent with
additional infections (n=38) are also indicated.
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Particular attention was paid to identification ocdncomitant infectious
endocarditis (6 cases, see Figure 3.5) and distaptic embolism
(osteomyelitis n= 6, vascular graft infection amkhd infection n= 4 each,
spetic embolism in the spleen n= 1). Septic embolausing ophtalmitis or
cerebral infection (one case each), detected byr&mained undiagnosed on
the radiolabeled leukocyte scan.

A

Figure 3.5 -*™Tc-HMPAO-WBC coronal images (A) and transaxial irescat different
levels (B and C) in a patient with CIED presentinigh positive blood culture and fever
three months after mitral valve replacement. SPE@ages (left panels) depict focal
accumulation of*"Tc-HMPAO-WBC at both the intracardiac leads (A @)dand the mitral
valve mechanical prosthesis (C). SPECT/CT imagessiiown at right panels and CT

images in middle panels.
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Table 3.3a: Results 81"Tc-HMPAO-WBC planar, SPECT and SPECT/CT acquis#tiompatients with CIED-associated infection

Positive Doubtful Negative  Correct Correct Correct Correct Positive for  Correct extent
for CIED for CIED for CIED extent for exclusion detection of detection  other for other sites
infection infection device device embolism of IE infections of infection
infection involvement
Planar images 15/32 11/32 6/32 12/32 36/43* 12/18 3/6 9/15 7115
SPECT 21/32 9/32 2/32 21/32 42/43 13/18 4/6 13/15 11/15
SPECT/CT 30/32 - 2/32 30/32 43/43 15/18 6/6 15/15 15/15

* Including 5 false positive cases due to stersaomyelitis and mediastinitis
" Including 3 false negative cases due to ophtalraitis cerebral infection

Table 3.3b: Diagnostic performances 8trc-HMPAO-WBC planar, SPECT and SPECT/CT acquisiitor the diagnosis of CIED-associated
infection.

Positive Negative Predictive
Sensitivity Specificity Accuracy Predictive
Value

Value
P Tc-HMPAO-WBC, planar 53.1% 83.9% 68.3% 77.3% 63.4%
images* (40.2%-65.6%) (72%-91.5%) (55.2%-79.1%) (64.7%-86.5%) (50.3%-74.9%)
9" Tc-HMPAO-WBC SPECT 71.9% 96.8% 84.1% 95.8% 76.9%
images (58.9%-82.1%) (87.9%-99.4%) (72.3%-91.7%) (86.6%-99%) (64.3%-86.2%)
9" Tc-HMPAO-WBC SPECT/CT 93.7% 100% 96.8% 100% 93.9%
image$ (83.9%-98%) (92.8%-100%) (88%-99.4%)  (92.8%-100%) (84.1%-98.1%)

* planar imagesersusSPECT imageg? = 0.4, p = 0.5; planar imagesrsusSPECT/CT imageg = 3.5, p = 0.06, by McNemar test
# SPECT imagesersusSPECT/CT imageg = 4.5, p = 0.03 by McNemar test
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Table 3.4: Results ot"™Tc-HMPAO-WBC scintigraphy, echocardiography and Buiciteria according to the final diagnosis of ClEfiection or no
infection for all the exams performed at baselimg lflcNemar test’"Tc-HMPAO-WBC imagesersusechocardiography? = 2.6, p = 0.17°"Tc-HMPAO-
WBCimagesversusDuke Criteria considering as positive for IE thdyo“Definite” categoryy? = 20, p < 0.001 andersusDuke Criteria considering as
positive for IE both the “Definite” and “Possibleategorieg? = 1.3, p = 0.25).

CIED No CIED Positive Negative
mfeEtlon mfeEtlon Sensitivity Specificity Accuracy Predictive Value Predictive Value
(n=32) (n=31)
¥™MTc-HMPAO-  Positive 30/32 0/31 93.7% 100% 96.8% 100% 93.9%
WBC Negative 2739 3131 (83.9%-98%)  (92.8%-100%)  (88%-99.4%)  (92.8%-100%)  (84.1%-98.1%)
. Positive 20/32 4/31 62.5% 87.1% 74.6% 83.3% 69.2%
Echocardiography . : : . . .
Negative 12/32 27131 (49.4%-74.1%) (75.7%-93.8%) (61.8%-84.4%) (71.4%-91.1%) (56.2%-79.9%
. 31.3%* 100%* 65.1%* 100%* 58.5%*
Definite 10732 OBl (20.50-44.3%) (92.8%-100%) (51.9%-76.4%) (92.8%-100%) (45.4%-70.5%)
Duke Criteria Possible 16/32 8/31 81.3% 74.2% 52.49 76.5% 79.3%  (66.9%-
(69%-89.6%)  (61.4%-84%)  (65.2%-86.9%) (63.8%-85.9%) 88.1%)
Rejected 6/32 23/31

" Considering as positive for |E the only “Definitedtegory
# considering as positive for |IE both the “Definitfid “Possible” categories.
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Table 3.5: Results 8f"Tc-HMPAO-WBC scintigraphy, echocardiography and Bukiteria according to the final diagnosis forth# exams
performed at baseline, classified according tcstteeof radiolabelled leukocytes accumulation &ttggraphy.

Pocket

. . Leads infection Pocket + lead infection
infection

Intravascular Intracardiac Both leads Intravascular Intracardiac Both leads Other
infections

CEID infections
(n=32)

pos
Echo
neg 1 1 8
Definite 8
Duke .
criteria Possible 13
Rejected 1 2

* with concomitant IE and/or extracardiac localieatfor a total of 6 cases* and 15 caSes
*including one cases of FN at WBC scan
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Blood cultures

Blood cultures were positive in only 28/63 of thatipnts (16/32 of the cases
with confirmed CIED infection); 28/35 of the blo@titure negative patients
with CIED infection were under antimicrobial tream at the time of
assessment. All the 5 cases of CIED infection wahkitive blood culture and
negative TEE and intact pocket, had a true posittf&c-HMPAO-WBC
SPECT/CT examination.

9Mrc.HMPAO-WBC SPECT/CT ruled out device involvemetiring a
febrile episode and sepsis (20/63 with positiveobllcculture), correctly
excluding the presence of device involvement ir63Df cases.

99Mrc-HMPAO-WBC scintigraphy in patients without CIEInfections

As to the 11 baseline scans showing focal accumulatf radiolabeled
leukocytes in patients without CIED infection, s@raphy actually detected
alternative sites of infection occurring in the ipats (with sensitivity and
specificity of 93% and 91%, respectively, Table)3Bhese patients was
subsequently treated according to standard proesdas indicated for the
each clinical condition and none of them, includpatients with positive
blood culture, developed CIED infection during ét-up.

Table 3 6: results of thi@™Tc-HMPAO-WBC scintigraphy in patients with suspet@ED
infection where scintigraphy actually detectedrali¢ive sites of infection.

Type of infections
osteomyelitis*
vascular graft infection
mediastinitis

lung infection
cholecystitis

NINININ| O

* including two spondilodiscitis
Follow-up studies

Follow-up studies performed 6-9 months after theebae scintigraphy
showed the disappearance of all the sites of raloedd leukocyte
accumulation in 7/9 patients, thus allowing to diginue antimicrobial
treatment in these patients. In the remaining Ep&®™Tc-HMPAO-WBC

positivity resulted in prolonged medical treatmethiat was stopped only
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after normalization of a third?™Tc-HMPAO-WBC scintigraphy performed 6
months later. CIED infection did not recur in anfytbbese patients during
subsequent follow-up.

DISCUSSION

Infections of CIEDs are associated with significamdrbidity and high death
rate, particularly in presence of endovasculardmda (20%) (6, 20). The
incremental cost for managing CIED infection hasrbestimated to be about
$ 28,676 to $ 53,349 (21), nearly half of this amtopeing due to intensive
care procedures (4). Furthermore, device replacemetedures that are
periodically necessary for battery depletion or dpgrading are associated
with infection rates higher than those occurringminitial implantation (3).
Early, definite recognition of CIED infection commed with accurate
localization and quantification of disease burdewmld provide a rational
basis for adopting optimal treatment strategieat tlhave so far not been
sufficiently defined.

In this work we evaluated a consecutive series aifepts in whom the
suspicion of CIED infection had been raised onicéihground. All patients
underwent®™Tc-HMPAO-WBC scintigraphy with the purpose of vatiihg
the use of this procedure to confirm CIED infectiamd to define disease
burden, the final diagnosis being obtained eithemixcrobiology in 23/32 or
with clinical follow-up of at least 12 months inetihemaining cases.
9mre.HMPAO-WBC scintigraphy had 94% sensitivity anal false positive
results were found, thus confirming the validitytbé interpretation criteria
adopted (increasing radiolabeled leukocyte recrmtnover time at infection
sites) as a diagnostic parameter enhancing spécifits). Conversely, the
two false negative cases 6f"Tc-HMPAO-WBC scintigraphy observed in
our series were most likely due to infection caudsd low-leukocyte
recruiting microorganisms (22-24) as are the Camgjgp. and Enterococcus
spp. strains isolated in the two patients with gcoméd CIED infection in
whom **™Tc-HMPAO-WBC scintigraphy was negative. Thereforehen
infections sustained by such microorganisms arpesusd discontinuation of
antimicrobial treatment should be considered to aeaoh diagnostic
performances of*"Tc-HMPAO-WBC scintigraphy.

The ®™c-HMPAO-WBC SPECT/CT images aided not only in diasing
infection, but also in defining the infection bungein particular by
distinguishing patients with infection limited tatheer the pocket or the
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lead(s) from patients with more severe infectionolwing both the pocket
and the lead(s), or other sites of infection in eqatients.

The intracardiac portion of the lead(s) was the sibre frequently exhibiting
radiolabeled WBC accumulation (n=18); these casesewalso more
frequently associated with complications such asheei infectious
endocarditis (n=6) and/or septic embolism (n=1%j)e higher prevalence of
infection of the intracardiac portion of the legdgser the surgical pocket is
consistent with the relatively high prevalence @slate and late infections
in our patients' population, similarly to data rgpd in literature due to
slowly progressing, implant-related infection (25)deed, localized pocket
infection was found in just one of our patients,ilein all the other cases
infection of the pocket was associated with lead{syolvement. An
important feature o "Tc-HMPAO-WBC scintigraphy is therefore its unique
ability, shared only with PET/CT, to detect allesitof infection with a single
examination, considering the frequent underestonatof the infection
burden based on clinical signs alone (26).

As customary in case of suspected CIED-associatfttion, all patients
included in this study underwent echography ofdaiac region and of the
venous pathway of the device as a first-line diagjodest. In this group of
patients, echocardiography had high specificity%90but relatively low
sensitivity for diagnosing CIECD infection (63%)hd echocardiographic
finding of vegetations at the distal part of thadeypical for infection (27)
was detected in 9/32 patients with confirmed inéectOn the other hand, in
4/31 patients who were eventually classified ashasting infection, a lead-
associated mass, possibly of thrombotic nature, alss detected, in line
with a previous report (28). Moreover, in 12/32igats with final diagnosis
of CIED infection TEE failed to visualize a mas$arent to the intracardiac
lead, thus confirming that a negative echocardigyaloes not exclude lead
infection (29). In 6 out of these 12 cases withateg echocardiography,
9Mrc.HMPAO-WBC SPECT/CT detected infection, which wlasalized
either at the intravascular portion of the lea@d(sjl/or at the surgical pocket
(Table 4). Therefore, when considering the echacgrdphic findings in
patients with intracardiac infection (n=26), sengy increased to 81%.
Sensitivity of the Duke criteria was 31% for thetipats classified in the
“definite” category (with 100% specificity), increiag to 81% when
considering both the “definite” and the “possibledtegories (with 74%
specificity). This relatively low sensitivity is haurprising, since the Duke
criteria have originally been developed for infeas endocarditis and that
several of the minor Duke criteria are not applieab this setting.
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The results obtained in this study demonstrate 3®ECT/CT imaging with
radiolabeled leukocytes in patients with suspe@#eD infection increases
the detection rate of infection and allows accurassessment of disease
burden. In patients with left-ventricular-assiglvite and valve infections
radiolabeled leukocyte SPECT/CT has been showretermhine the precise
anatomic location and extension of a suspectedtiofe thus impacting on
patients’ management (12, 30). High diagnostic emuin such condition
has been observed also with the use of PET/CT M&R]FDG, particularly
for ruling out involvement of the devices durindfde episodes (31) or for
defining the embolic burden in presence of asasthinfection (32). A more
recent report encourages the use of [18F]JFDG PEHISA in case of early
device infection (10). However, despite its highaleation, this technique is
still limited by the lack of a suitable infectiopecific radiopharmaceutical.
In fact, the enhanced glucose consumption thatesauireased [18F]FDG
uptake at infectious sites (for the presence oVaietd leukocytes, monocyte-
macrophages (33, 34), and CD4+ T-lymphocytes (33)), also occur in a
number of non-infectious, inflammatory conditior®) and in post-surgical
changes (37).
The higher specificity of*"Tc-HMPAO-WBC scintigraphy observed in our
study when employing SPECT/CT imaging (with theoasged better spatial
resolution than planar and stand-alone SPECT) edatol precisely define
the disease burden, therefore allowing patient& sgatification and
decision-making. In fact, similarly as observedhMil8F]FDG PET/CT, a
negative scan has consistently been associated avidvourable clinical
outcome when antimicrobial therapy alone is inghtIndeed, a negative
9mre-HMPAO-WBC SPECT/CT might be used as a guidelittictans for
choosing the most suitable treatment, i.e., comrde® treatment
(antimicrobic agents alone, or removal of just thenerator) versus full
hardware extraction. Despite leukocyte imaging i®lative more complex
procedure as compared to [18F]FDG PET/CT both immge of
radiopharmaceutical preparation that include blowdnipulation, and
Imaging acquisition that require multiple scanglidferent time points , we
believe that when differentiation between activieation and inflammation
is crucial,**™Tc-HMPAO-WBC should be considered the method of@ho

In conclusion, *™Tc-HMPAO-WBC scintigraphy with SPECT/CT
acquisition of the chest in patients with high dat suspicion of CIED
infection enabled to confirm the presence of intettto define the extent of
device involvement, and to detect associated camabns such as infectious
endocarditis and septic embolism. In additio"Tc-HMPAO-WBC
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scintigraphy was helpful to exclude the presencdevice infection during a
febrile episode and sepsis, with 95% negative ptiedi value.
Demonstration of the impact of functional imaging the overall healthcare
costs of the clinical management of CIED on largales will represents the
next challenge.
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Abstract

Purpose In this study we evaluated the diagnostic pertoroe of**"Tc-
HMPAO-leukocyte scintigraphy (WBC) in a consecutsezies of 55 patients
(46 men and 9 women, mean age 719 yrs, range 50s38vith suspected
late and low-grade late vascular prosthesis irdaesti(VPI) comparing
moreover the diagnostic accuracy of WBC to othelialagical imaging.
Methods: All patients suspected to have VPI underwent@dihexamination,
blood tests, microbiology, US and CT and were diask according to
Fitzgerald. Final diagnosis of VPI was establisledt7/55 patients, with
microbiological confirmation after surgical removaf the prosthesis in
36/47. In the 11 patients presenting major condliaations for surgery, the
final diagnosis was based on microbiology and céihfollow-up of at least
18 months.Results: **™Tc-HMPAO-WBC planar, SPECT and SPECT/CT
imaging identified VPI in 43/47 patients (16 of seeshowed also extra-VPI).
In the remaining 8 patients without VPI differentes of infections were
found. Using SPECT/CT images we obtained a sigamfiaeduction of the
false positive findings in 37% of patients (sengii and specificity 100%
versus 85.1% and 62.5% of SPECT stand-alone). {8atysand specificity
were 34% and 75% for US, 48.9% and 83.3% for CT &hd% and 62.5%
for Fitzgerald classification. Perioperative madtialwas 5.5%, mid-term
mortality 12%, and long term-mortality was 27%. \Bual rates were similar
in patients treated with surgery and antimicrolif@rapy as compared to
patients treated with antimicrobial therapy alo6&% versus63%), while
infection eradication at 12 months was significahigher when surgery was
performed (83.3%versus 45.5%). Conclusions: **™Tc-HMPAO-WBC
SPECT/CT is useful to detect, localize and defireedxtent of graft infection
in patients with late and low-grade late VPI witlconclusive radiological
findings. *™c-HMPAO-WBC SPECT/CT might be used to optimize
patients' management.
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Introduction

Prosthetic graft infections are uncommon complaregiof vascular surgical
procedures that are reported in up to 6% of cadds However, infection
rates vary significantly according to location bktvascular bypass, being
less than 1% in case of aorto-iliac graft, incnegdio about 2% in case of
aorto-femoral bypass, and to 6% in case of infoasnal bypass [2, 3].

While in presence of early infection (i.e., earliban 4 months after
graft implantation), and in case of infections bé ttemoral component the
clinical presentation may be straightforward, io&atary graft infection
often presents with nonspecific signs and may apppato 10 years after
surgery. Indeed, late infections (i.e., all infea8 appearing over 4 months
after surgery) are less frequently characterizetelagr as compared with the
early form [4], and patients may present with gaheralaise. These patients
are more likely to present with complications, sumh false aneurysm,
intermittent lumbar pain, or an intermittent figtuthat can result in
gastrointestinal bleeding in case of aortic loalan, hydronephrosis, or
osteomyelitis [5]. From a microbiological standgoirblood culture is
positive in approximately 35% of the cases, highezortic and early VPI [4]
since bacteria adhering to the vascular graft agarezed in a biofilm,
confining to a quiescent state [6, 7]. Such non§ipgaresentation makes the
diagnosis and treatment of these infections ackallenge, and success of
surgical intervention is closely dependent on atyehagnosis.

Polymicrobial etiology is often present [4, 8] wgimilar distribution
of bacteria for early and late infection and forrt@o or peripheral
localization, except for an increased incidence Staphylococcispp in
peripheral VPIs [4, 9]. Even though rates varyiffedent reported series, the
predominance oStaphylococcuspp is invariable [4, 8]JEnterococcusspp
and Gram-negative bacilli being less predominaht [2

Based on the experience with infection of orthapegrosthetic
implants [10, 11] and of endocarditis associatedhwtardiovascular
implantable electronic devices [12], several clasgion systems have been
developed to facilitate the diagnosis of VPI [2Bkihg into account
significant clinical, biological, microbiologicagnd radiological data. The
routine approach to the diagnosis of VPI is oftemewhatad hocand can
vary from centre to centre [2]. In general, corttethanced computerized
tomography (CT) is the technique of choice fordregnosis of infection and
its complications. CT has over 95% sensitivity, apecificity around 85%
when the criteria of perigraft fluid, perigraft saissue attenuation, ectopic
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gas, pseudoaneurysm, or focal bowel wall thickerang considered [13].
However, in the immediate postoperative period endase of late/chronic
infection the sensitivity of CT decreases to 55%e do the drawback of
differentiating between the stigmas of VPI and sigh usual posteoperative
outcome [13, 14-20]. Furthermore, the frequentlpamed renal function of
these patients does not always allow injecting natiid contrast agents.
Doppler ultrasonography (US) may prove useful isecaf peripheral bypass
[21], but the absence of periprosthetic fluid cdilens on US does not
invariably rule out VPI [4]. Finally, magnetic resance angiography did not
prove superior to CT for diagnosins early VPI [23].

99Mrc-HPMAO-labeled autologous leukocyt€{Tc-HPMAO-WBC)
scintigraphy has shown clear advantages over atiethods [20]Single
photon emission tomography co-registered with cdegbutomography
(SPECTI/CT) has further enhanced the specificity *8Tc-HPMAO-WBC
scintigraphy [24-26] both by decreasing false pesitfindings and by
improving the characterization of pathological fotiradiolabeled leukocyte
accumulation. However, the clinical applicationtluf diagnostic approach is
still limited.
In this study we investigated the diagnostic penfances of radiolabeled
leukocyte scintigraphy in patients with suspectd?l ¥r suspected infection
of abdominal aneurysmatic dilatation. All patientsferred to the Divisions
of Vascular Surgery, or Infectious Diseases of Rspital with inconclusive
diagnosis after first-line diagnostic tests (claliexamination, ultrasound and
contrast-enhanced CT), were evaluated witfiTc-HMPAO-leukocyte
SPECT/CT.

Material and methods

Patients

Between 2005 and 2011, 55 patients (46 men andr@ewpmean age 7119
yrs, range 50-88 yrs) were referred f8'Tc-HMPAO-WBC scintigraphy

because of suspected VPI. Thirty-seven patientsabatit graft replacement
(aorto-aortic n=6, aorto-iliac n=20, aorto-femored11), 2/55 had vascular
prosthesis of iliac-femoral vessels, 16/55 had pbeial by passes using
synthetic grafts, and 3/55 had carotid Dacron pecthere were a total of 58
vascular grafts, since 3 patients had more thanvaseular graft. The mean
interval between surgery and symptoms was 52+74tlmo(range 0-372

months), suspicion of VPI being raised within 1 rtopost-surgery in 6/55
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cases and between 1 to 3 months in 10/55. In 12&ses late VPl was
suspected and very late account for 27/55. The molmcal features of
patients, including significant comorbidities, ae@orted in Table 4.1.

Infection was suspected based on clinical examoinand on blood
tests including WBC counts, C-reactive protein,tlemgecyte sedimentation
rate, and at least three sets of blood culturas faoperipheral vein (at least
one aerobic and one anaerobic) [27]. US and cdregrdsanced CT were
performed in all patients.

Clinical signs and symptoms including the preseviciever, shaking
chills, inflammatory or disjoined scar, serous apdrulent discharge,
superinfected lymphocele, local pain, and radiaabi results were
considered to stratify patients according to Fitalgk classification [2] (see
below) before®®*™Tc-HMPAO WBC baseline scintigraphy. In all patients
scintigraphy was performed within 24 hrs from thieical request.

Final diagnosis of VPl was established in 47/55tiepés,
microbiological confirmation being obtained aftarrgical removal of the
prosthesis in 36/47. In the remaining 11/47 pasicall presenting with major
contraindications for surgery, the final diagnosias obtained either by
blood culture or by culture of infected fluid. Tle&ore, all such patients were
treated with antimicrobial agents and clinicallylidaved for at least 18
months. Sequential US, contrast-enhanced CT ‘ffic-HMPAO-WBC
scintigraphy to monitor antimicrobial treatment weperformed. During
follow-up, **™Tc-HMPAO-WBC scintigraphy (n=18) was performed @se
of negative clinical examination, no symptoms/sighgersistent infection,
negative blood tests, negative echocardiographynagdtive blood cultures.
Therefore, a total of 73 scans were availableHerfinal analysis.

Staphylococcusspp. was the microorganism more frequently
responsible for the infection (12/47), followed ©b@andida (10/47)
Streptococcuspp. ancescherichia Coli(5/47 each), and finalbispergillus
P. aeruginosaand Salmonellaspp. (2 cases each). Polymicrobial etiology
was found in the other 9/47 patients.

Infection occurred most frequently in carotid pets (3/3), aorto-
aortic grafts (6/6) and iliac-femoral grafts (2/2pllowed by aorto-iliac
(18/20), aorto-femoral prosthesis (8/11) and feruopliteal-tibial (10/16).
Late and very late infections were prevalent (saigld4.1).
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Duplex Ultrasound

Color-coded duplex ultrasound (AU5; Esaote BiomadiGenoa, lItaly)
included the vascular region of the graft. Crossisral views were recorded
with an abdominal phased-array transducer (2.5Mz) to visualize
pseudoaneurysms, sustained gas, anechoic fluigctiolhs, abscess [28]
using color Doppler and power Doppler US imaginge@ral Doppler
waveform analysis was made of the detected leaks.

CT scanning

Whole-body CT scanning included the thorax, abdonserd aorto-
iliofemoral tract. Unenhanced scan, followed by wsigions in the arterial
phase after intravenous iodinated contrast admatish (120 mL) with a
flow rate of 3 to 4 mL/s. (delay calculated by mtest) and delayed phases
(80- to 100-second delay), using 3-mm collimatiod 4-mm reconstruction
spacing with the single-row equipment or 2.5-mmnlig@tion and a 1.25-mm
reconstruction interval with the multidetector soan(Light Speed Plus; GE
Medical Systems) was performed. Images were predegsth a dedicated
software package on an independent workstation §Athge Windows 3.1 or
4.1; Sun Microsystems, Mountain View, CA, USA) tengrate multiplanar
reformations, maximum intensity projections, anduwee renderings. The
following findings were considered predictive forPW presence of
aortoenteric fistula, pseudo-aneurysm, intergrafornbus, hydronephrosis,
perigraftic fluid, perigraft air, perigraft softsgsue attenuation, focal bowel
wall thickening, discontinuity of the aneurysmalkywi{13].

Fitzgerald classification

According to Fitzgerald criteria [4], a patient wamnsidered positive or VPI
if fulfilling at least two criteria among the follang: i) positive intra-
operative samples and/or blood cultures; ii) losalgeneral clinical signs
related to the infection of a vascular site (fe\atraking chills, severe sepsis,
septic or hemhorrhagic shock due to an aorto-digesfistula or to
anastomotic rupture of the bypass, local pain, herya, local swelling,
suppurative fistula, abscess, lack of vascular n@dtentegration); iii)
biological or radiological signs related to the aaar site (C-reactive protein
> 10 mg/L, hyperleucocytosis > 10,000/mm3, preseoceersistence of
collections/periprosthetic air bubbles/abscesskfaheurysm).
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9Mre-HMPAO-WBC radiolabeling, imaging and data intergtation

Autologous radiolabelled WBCs were prepared acogrdio the EANM
Guidelines for the labeling of leukocytes witA"Tc-HMPAO [29, 30].
Radiolabelling efficiency was always between 70-8%#d viability of the
radiolabelled leukocytes was always tested by ttypdn blue exclusion test
before reinfusion.

Whole body and spot planar images were obtaineat 80 minutes,
then 2 or 4-6 (delayed images) and 20-24 hours {taages) after reinfusion
of 370-555 MBq of °™Tc-HMPAO-WBC. Images at 2 hrs were acquired in
patients with aorto-aortic, aorto-iliac, aorto-feralografts whereas images at
4-6 hrs were registered in case of iliac-femoraligteral by passes and
carotid Dacron patches. SPECT/CT of the regiomtafrest was performed in
all patients at 2 or 4-6 hours and repeated atd24shin case of negative or
doubtful imaging at delayed images. Images wereiegd using a dual-head,
variable-angle SPECT/CT gamma camera (Hawkeye ascbizery ST, GE
Healthcare). The low-dose CT transmission scanaggaired for 16 seconds
over 220° for each transaxial slice. The full FOdhsisting of 40 slices was
completed in 10 minutes. The transmission data wecenstructed using
filtered back-projection to produce cross-sectianages. Resolution of the
CT scan was 2.2 mm and localization images werdymed with a 4.5-mm
pixel size, similar to the nuclear medicine emissimages. The CT scans
were reconstructed into a 2886 matrix. The SPECT component of the
same FOV was acquired using a 2288 matrix, 360° rotation, 6° angle
step, and 40/60-sec-per-frame acquisition time @t @d at 24 hours,
respectively. Both CT-attenuation corrected and -cmmected SPECT
images were evaluated in the coronal, transaxial,sagittal planes, as well
as in tridimensional maximum intensity projectioMIP) cine mode.
Matching pairs of x-ray transmission and radiordeslemission images were
fused using the Xeleris software, and hybrid images overlying
transmission and emission data were generated.

All scintigraphic images were evaluated, indepetigerby two
experienced nuclear medicine physicians aware ef ghtients’ clinical
history and of the results of prior conventionalaging, by reviewing the
planar scans and the SPECT/CT images, with regartheé presence and
location of any focus of abnormal radioactivity acwlation indicating
infection. Preliminary analysis of the SPECT/CT gea included visual
inspection to exclude misregistration between tHEGST and the CT
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componentsThe scintigraphic studies were classified as negatthen no
sites of abnormal uptake were observed in the SRECimages, or positive
for infection when at least one focal abnormal atwglation, characterized by
time-dependent increase in radioactivity from eadydelayed images, was
observed [31]. When present, focal accumulationcatthg infection was
further classified as pertaining to the vasculaftgrand/or to extra-prosthetis
sites (extra-VPI). Positive scans were categoraeibllow: a) isolated VPI,
b) isolated extra-VPI; c) VPI and extra-VPI; d) etlinfections.

Patients treatment

In 36 patients with VPI, combined radical surgieablantation and
antimicrobial therapy were carried out, the surgigaocedure being
performed within 72 hours from scintigraphy. Thergscal procedure
consisted in debridement of the infected prosthestis in situ replacement
using homograft (n=17) or with an autologous vem=13). Complete
removal of the infected prosthesis followed by indimée vascular
reconstruction with axillo-bifemoral bypass was fpened in 2 patients,
whereas rifampicin-bounded dacron prosthesis wed irsthe other 4 cases.
Table 4.2 reports the specific surgical treatmentall patients based on the
site of the prosthesis. Eleven of the patients WiiH (8 aorto-iliac-femoral
and 3 periferal femoro-popliteal-tibial prosthesig)derwent conservative
medical therapy alone, because of major contraatidics to surgery. The
remaining 8 patients without VPI were treated wltbease-specific medical
and surgical procedures, according to standardeproes as indicated for
each clinical condition.

Data analysis

Results of*™Tc-HMPAO-WBC scintigraphy were correlated with thosf
US/CT, blood culture, and Fitzgerald classificatige latter only for the
baseline scans). The ability to detect or to exeltiee presence of VPI was
based on the final microbiological or clinical dmgis. Furthermore, the
ability to identify peri-prosthetic infections aselivas alternative cause of
infections were considered, in order to assessiiléy of *°"Tc-HMPAO-
WBC scintigraphy to exclude VPI.

For site-based analysis, results of the planandsédone SPECT and
SPECT/CT images were compared. Stand-alone SPEQTS&ECT/CT
were considered contributory when they providedadhiat could not be
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obtained from the assessment of planar images nungethe presence of
infection or its precise location. The contributiamf SPECT/CT was
considered with special attention to the possibditanatomically localizing
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Table 4.1 — Type of vascular prosthesis and maimcel features of the patients included in thedgt(CAD =; BPCO =; ESR = erythrocyte
sedimentation rate; CRP = C-reactive protein).

Primary vascular

reconstruction
(n=58)

Infection rate

abdominal
aorta

37/58 (64%)
32/37 (86%)

peripheral
lower limb
vessels
16/58 (28%)
10/16 (63%)

2/58 (3%)

iliac-femoral

2/2 (100%)

carotid
patches

3/58 (5%)
3/3 (100%)

Risk factors Diabetes Renal failure CAD BPCO Hypenision Long term Recent major surgery
corticoid use
25/55 (45%)  3/55 (5%) 8/55 (15%) 4/55 (7%) 33/66%) 5/55 (9%) 38/55 (69%)
Fever Present Absent
21/55 (38%) 34/55 (62%)
Time from device <1 1-3 4-12 >12
implant (last
procedure,
months)
6/55 (16%) 10/55 (21%) 12/55(28%)  27/55 (35%)
5/6 (%) 7/10 (%) 10/12 (%) 25/27 (%)
Local Pain Wound Abscess Fistula Bleeding Purulent Atypical presentation
inflammation inflammation drainage/ (dyspesia, pain, fatigue,
signs/symptoms  11/55 (20%) 5/55 (9%) 2/55 (4%) 2/55 (4%) 2/55 (4%) lymphorrhagia  weight loss)

5/55 (9%)

21/55 (38%)

Blood tests

ESR
22/55 (40%)

PCR Leukocytosis
17/55 (31%)

18/55 (33%)

Microbiological

results

Blood
culture*

Positive Negative

16/55 (29%)

39/55 (71%)

* during antibiotic therapy in 33/55 patients
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Table 4.2: Type of surgical treatment for patiemith VPI and infection of abdominal aneurysmatilatiition.

Site of the vascular prosthesis

Type of surgietment

carotid patch (n=3)

autogenous veins (n=3)

aorto-aortic prostheis (n=6)

homograft (n=5)
orthotopic rifampicin-bounded dacron graft (n=1)

aorto-iliac prosthesis (n=14)

axillo-bifemoral bgsgn=2)
homograft (n=9)
orthotopic rifampicin-bounded dacron graft (n=3)

aorto-femoral (n=4)

autogenous veins (n=2)
homograft (n=2)

iliac-femoral (n=2)

autogenous veins (n=2)

femoro-popliteal-tibial (n=7)

autogenous veins (n=6
homograft (n=1)
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the exact site of infection, particularly for velssand the heart region.
Interpretation of the images obtained at 2-4 and hdtirs were also
compared, to define the most suitable protocahtage patients.

For each patients we recorded the type of surgreatment of VPI
after considering the results 81" Tc-HMPAO-WBC scintigraphy. We also
evaluated peri-operative and long-term mortalityso€h surgical treatments,
as well as infection eradication at 1 year both patients treated with
removal of the surgical graft followed by antimibral therapy and for
patients treated with antimicrobial therapy alon&?l eradication was
defined in case of negative clinical examinatiorggative blood tests
(including microbiology), negative US/CT, and négat®™™Tc-HMPAO-
WBC scan (the latter when performed).

Statistical analysis

All values are expressed as median and range, a&@soncary for
nonparametric data. The Pearsoy’s test was employed for comparing
parametric data between groups. Sensitivity anaispéy of US, CT, the
Fitzgerald classification and™c-HMPAO-WBC planar, stand-alone
SPECT and SPECT/CT imaging were calculated basd¢beofinal diagnosis
with 95% confidence intervals and compared usiegMicNemar test.

Results

9mre-HMPAO-WBC scintigraphy was positive in all thatjents referred for
the baseline scan, confirming VPI in 47/55 patieRtssitive scans identified
isolated VPI 27/47 patients. VPI and extra-VPI atifien was detected in
16/47 patients, with local complications of VPI regented by involvement
of perivascular graft tissues in the majority o tases (n=7) and/or fistulas
(n=5); VPI and distant sites of infections wereedétd in 4 patients. No case
of isolated extra-VPI was detected.

In the remaining 8/55 basal scans showing focaumctation of
labeled leukocytes in patients without VPI, scirdjghy detected alternative
sites of infections in all such patients. In par@, osteomyelitis was
detected in 4 cases, inflammatory bowel diseasg whereas the last case
had infection of an artero-venous fistula for hembgis access. These
patients with alternative causes of infection wixerefore treated according
to standard procedures, as indicated for the elwwiscad condition. None of
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the 8/55 patients with a negatiV&" Tc-HMPAO-WBC developed infection
during follow-up.

Diagnostic performances of*"Tc-HMPAO-WBC scintigraphy versus US,
CT and Fitzgerald classification

US was positive for VPI in 16/47 patients (33% s@ngy in the
whole population, but 68% for peripheral VPI; sfiedy 69%). Contrast-
enhanced CT was positive in 26/55 patients, being-positive in 23/47
cases of VPIl. Whereas, CT was inconclusive in 15d3es. Major CT
findings were peri-graft fluid and collections ("Bl pseudoaneurysms
(n=19) and peri-graft gas bubbles (n=9), focal dowal thickening (n=4),
increased soft tissue between the graft and suwilingnwrap (n=2),
disruption of the aneurysmal wrap (n=1).

According to Fitzgerald classification, our patemtere classified as positive
for VPI in 35/55 (32 true positives, 3 false pogs), and negative for VPI in
20/55 (15 true negatives, 5 false negatives).

Table 4.3 summarizes the results*8FTc-HMPAO-WBC scintigraphy, of
US and contrast-enhanced CT and of stratificaticcomaling to Fitzgerald
classification in the cases with final diagnosis\MP infection. Table 4.4
directly compares the results Sf™Tc-HMPAO-WBC scintigraphy and
contrast-enhanced CT according to the type of VI, (earlyversuslate).
Blood cultures were positive in only 16/55 patierit4 out of such 16 cases
with confirmed VPI;, however, 29/39 of the blood{cwé negative patients
were under antimicrobial treatment at the timessiessment.

9Mmre-HMPAO-WBC scintigraphy and patients’ clinical meagement

In 36 patients with positivé*"Tc-HMPAO-WBC scintigraphy for
VPI, combined radical surgical explantation andraitrobial therapy were
carried out. In 34/36 patients demonstration *&fTc-HMPAO-WBC
scintigraphy of infection of the whole vascular gtfeesis resulted in
complete removal of the infected prosthesis. Thea2ients in whom
accumulation of radiolabelled leukocytes limitedyoat the distal portion of
the aorto-iliac grafts was detected, were treatdth wartial removal and
replacement of the prosthesis; follow-up demonstraeradication of
infection in both cases.
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In patients undergoing combined surgical and médiczatment
perioperative mortality was 5.5%, mid-term mortalitvithin 1 month) was
12% (all deaths being associated with infective giacations), and long
term-mortality was 27% (mainly unrelated to infeafi. Survival rate was
61%, whereas the rate of infection eradicationambnths was 83.3%.

Eleven of the patients with VPI (8 aorto-iliac-feraband 3 periferal
femoro-popliteal-tibial prosthesis) underwent couagve medical therapy
alone, because of major contraindications to syrgér these patients
infection was sustained b$taphylococcusspp, Candida in 3/11 each,
Escherichia Coliand Aspergillusin 1 case eachthe other 3 VPI was of
polymicrobial origin. Follow-up examination perfoech in these patients 6-9
months after the baseline scan showed the disagpEaiof the pathologic
accumulation of radiolabelled leukocytes in onlyB/cases. In 2/8 of the
remaining patients medical therapy was discontinaéidr normalization
observed in a third®"Tc-HMPAO-WBC scan (at 6 months), whereas the
other 6 patients had persistent abnormal scintigragespite the prolonged
medical treatment; Survival rates of these patitnetsted with antimicrobial
therapy alone was 63% and the corresponding ioieetradication rate was
45.5%.

Four major contributions of*™Tc-HMPAO-WBC scintigraphy on
patients’ management have been identified: i) gpuhme prosthesis after
identification of an alternative site of infectiom) identifying VPI and
concomitant distant sites of infections; iii) s¢leg the most suitable surgical
timing; iv) aiding in the selection of the optimalrgical planning (complete
versuspartial prosthesis removal).

Comparison of *™Tc-HMPAO-WBC planar, stand-alone SPECT and
SPECT/CT images

Table 4.5 compares the results of scintigraphicdifigs based on
interpretation of planar, stand-alone SPECT and GGPET images.
SPECT/CT acquisition provided higher accuracy bioththe detection of
infection and for localization of°"Tc-HMPAO-WBC accumulation at
specific portions of the graft, distinguishing sdfssue and cutaneous
involvement from infection localized at the vasecypeosthesis. Additionally,
SPECT/CT allowed to recognize false positive resait planar imaging
(n=9) as well as at stand-alone SPECT imaging (nby )dentifying either
blood-pool activity in the vascular bed and in thene marrow (vertebral
bodies) and/or nonspecific radioactivity accumuolatin the bowel. Overall,
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SPECT/CT imaging changed the final classificatibthe scan from negative
to positive for infection in 14/57 cases as com@dceplanar imaging and in
9/57 cases as compared to stand-alone SPECT imd&gmges 4.1, 4.2, 4.3
and 4.4 show examples od radiolabelled WBC imagiraur patients.
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Table 4.3: Results of™Tc-HMPAO-WBC scintigraphy, US, contrast-enhancedd® the Fitzgerald classification according tofthel diagnosis of VPI,

other concomitant infections or no infection fdrthe exams performed at baseline. By McNemar’t8c-HMPAO WBC SPECT/CT performed significantly

better as compared to Ug(= 25.48, p < 0.0001), contrast-enhanced J2G-(16.33, p < 0.0001) and Fitzgerald classifiaa{jé = 8, p = 0.004).

VPI Other Positive Negative
(n=47) Inf(iC:t|8(;nS Sensitivity Specificity Accuracy Predictive Value| Predictive Value
” — 100% 100% 100% 100% 100%
mT‘i/'V"I'g'\éPAO Positive ariat 8/ (91.9%-100%) | (91.9%-100%) | (91.9%-100%) | (91.9%-100%) | (91.9%-100%)
Negative 0/47 0/8
US Positive 16/47 218 34% 75% 40% 88.9% 16.2%
Negative | 31/47 6/8 | (22.2%-48.2%)| (70.1%-91.7%)| (27.3%-54.1%)| (76.8%-95.4%)| (8.1%-29.1%)
Positive 23/47 3/8 48.9% 83.3% 52.8% 95.8% 17.2%
e Negative /A Tg | (35.1%-62.9%)| (70.1%-91.7%)| (38.8%-66.5%)| (85.4%-99.2%)| (8.7%-30.6%)
i Non- 1 15/47 4/8
iagnostic
Fitzgerald Positive 32/47 38 68.1% 62.5% 67.3% 91.4% 25%
classification | Negative |  15/47 58 | (54%79.6%) | (48.4%-74.9%)| (72.8%-93.1%)| (79.9%-96.9%)| (14.7%-38.8%)

Table 4.4: Results df™Tc-HMPAO-WBC scintigraphy and contrast-enhancedf@Tall the exams performed at baseline, class#iecbrding to the time of
suspected VPI onset.

Very early VP (n=6) | Early VP (n=10)| Late VP (n=12) | Very late VP (n=27)
*"Tc-HMPAO-WBC
Contrast enhanced CT| pos neg pos Neg Pos Neg Pos Neg
(n=5) (n=1) (n=7) (n=3) (n=10) (n=2) (n=25) (n=2)
positive (n=26) 4 1 5 2 4 0 10 0
non diagnostic (n=19) 1 0 2 1 3 1 9 2
negative (n=10) 0 0 0 0 3 1 6 0
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w2 =1.6, p =0.2, by McNemar test)

Table 4.5: Results 8f™Tc-HMPAO-WBC planar, SPECT and SPECT/CT acquisgtiomthe 55 patients evaluated with a baselinetigcaphy for suspected
VPI. (SPECT imagesgersusplanar imageg? = 1.8, p = 0.179; SPECT/CT imagesrsusplanar imageg? = 3.26, p = 0.07 and SPECT/@&rsusSPECT images

Correct extent Correct
Positiv . Correct | for peri-graft Correct Positive | extent for Positive Negative
Doubtful | Negative . - . N - L o
e for for VP for VP! extent | infection and | exclusion | for other other Sensitivity Specificity Accuracy Predictive Predictive
VPI of VPI local VPI infections |  sites of Value Value
complications infection
Planar . - 76.6% 50% 72.7% 90% 26.7%
images 40/55 0/55 15/55 20047 0715 418 58 /8 (62.9%-96.5%) | (36.5%-63.6%) | (58.8%-83.5%) | (78.2%-96.1%) | (16.1%-40.6%)
85.1% 62.5% 81.8% 93% 41.7%
SPECT | 43/5¢ 9/58 s/a7 23147 8/15 5/8 8/ 58 | (72.49%-92.8%) | (48.4%-74.9%) | (68.6%-90.5%) | (81.9%-97.8%) | (28.8%-55.7%)
SPECT/ 100% 100% 100% 100% 100%
CT 47155 0/55 8155 arlat 15715 858 8/8 858 (91.9%-100%) | (91.9%-100%) | (91.9%-100%) | (91.9%-100%) | (91.9%-100%)
*including 4 FP results due to bowel and bone mamptake, soft tissue and cutaneous infections

** including 9 FN results because of overlappingted abdominal aorta and bone marrow-uptake atehebral bodies
#all 9 inconclusive findings because of the lack on@matal landmarks

%including 3 FP results due to bowel and bone mauptake
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30 min

Figure 4.1°°"Tc-HMPAO-WBC scintigraphy in a patient with suspettate infection of an
aorto-bisiliac vascular prosthesis presenting wihulitis and erysipelas of the left lower leg
and fever. Blood culture was negative and swalumilisolateEnterobacter sakazakii and
Escherichia Coli Anterior (left panel) and posterior (right panglanar images of the
abdominal region at 30 min and 2 hrs at baselinea¢®l follow-up studies (C). Coronal and
transaxial slices: CT (left panel) and correspogdirsed SPECT/CT sections (right panel) at
baseline (B) and follow-up studies (D). Baselin@anglr images show increased WBC
accumulation at the level of L1-L3 corresponding&scular graft in the SPECT/CT images.
The patient was first treated with antimicrobiagrdpy and repeated™c-HMPAO-WBC
scintigraphy that showed persistence of uptakehatviascular prosthesis, less intense as
compared to baseline. After the follow-up studg patient was treated with debridement of
the prosthesis with in situ replacement with awjolss femoral veins and microbiology
confirms infection sustained ¥andida albicans
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Figure 4.2:*™Tc-HMPAO-WBC scintigraphy in a patient with susmettate infection of
right iliac-femoral and femoro-popliteal vasculaiogthesis. The patient presented a peri-
prosthetic collection extending surrounding the lehmrosthesis and negative blood culture.
(A) Anterior (left panel) and posterior (right pdnplanar images of the region extending
from the iliac crest to the knee at 30 min and € khowing increased WBC uptake at the
inguinal region. (B) Coronal and transaxial slicésmission images in left panel,
corresponding CT sections in the middle panel aised SPECT/CT sections in right panel)
localized the focal accumulation of radiolabelledKocytes at the vascular graft, at both the
iliac and the femoral portions. Microbiology comfis infection sustained by poly-microbial
agents. (C) 3D images showing the uptake of WB@lalg the vascular graft.
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Figure 4.3:%™c-HMPAO-WBC scintigraphy in a patient with suspettvery early
infection of aorto-bifemoral vascular prosthesiheTpatient presented a left lower limb
lymphedema, lymphocele with isolation Bhterococcus faecaliat microbiology of the
aspirate. Transaxial slices at different levelsigsion images in left panel, corresponding
CT sections in the middle panel and fused SPECT#$€EGtions in right panel) showing
multiple sites of radiolabelled leukocytes uptakettee vascular graft at the femoral left
branch (A), at the intestine (B and C) and at fghtrlung/costal pleura (D). Microbiology
after debridement of the prosthesis with in sitplaeement with homograft confirms
infection sustained by poly-microbial agents.
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Figure 4.42°"Tc-HMPAO-WBC scintigraphy basal (left panel) andide-up studies at 6 (middle panel) and 12 montigh{ panel) in a patient with suspectec
late infection of aorto-bisiliac vascular prostisesihe patient presented fever, positive blooducalfor Methicillin-resistanStaphylococcus Aureuend CT
finding of 20mm pseudoaneurysm at the left iliaastomosis. Coronal (A) and transaxial emission esgteft panel), corresponding CT sections (migdieel)
and fused SPECT/CT sections (right panel) at diffetevels (B, C, D) showing WBC uptake at thealigortion of the prosthesis, at the level of t iliac
branch extending into muscles and soft tissue irggnse at baseline (right panel), decreasing bothtensity and extension at the first follow-ugaa (middle
panel) and almost disappeared at the second faljpaean (left panel).
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Discussion

VPI are associated with significant morbidity, inding major amputation [4,
19, 32] and death. Overall cost of VPl combined iceddand surgical
treatment as well as of associated morbiditieshmn ¥S has estimated to
amount annually to 720,000,000 US $ [33]. Furtheamoeinfection after
abdominal aortic graft re-implantation remains sk riparticularly during
treatment of an extra-anatomic bypass graft inbec{B4]. The success of
surgical treatment is closely dependent on eardgmbsis, which however
may be hampered by nonspecific presentation such ease of low-grade
late infections. Indeed, in this condition as ire tbase of very early
infections, sensitivity of contrast-enhanced CTatths considered the
imaging method of choice for VPI diagnosis, sigrafitly decreases [17].
Therefore, search for alternative imaging modalitie needed to expedite
diagnosis.

In this study we evaluated a consecutive seriepaifents with
suspected VPI that remained unconfirmed after st@hdliagnostic tests,
including blood chemistry, US and contrast-enhan€&d All patients
underwenf®"Tc-HMPAO-WBC scintigraphy with the purpose of canfing
or excluding VPI. VPI was eventually confirmed ii/85 of the patients,
being mainly represented by low grade late VPI (h1%dost of the
infections were sustained b$taphylococcusspp. (26%). Patients were
treated either with combined radical surgical erfdion and antimicrobial
therapy (36/47 patients) or with conservative maldiccatment alone (11/47
patients) in case of major contraindications fagsuy.

Mrc-HMPAO-WBC scintigraphy identified isolated VPh i57%
patients, and VPI associated with extra-VPI in 48P4he cases, including
distant site of infections. No cases of isolatettaeX Pl were detectedNo
false positive or false negative results were oleskrirrespective of the
strain of sustaining microrganisms or of concontitaministration of
antimicrobial agents. High specificity was achieean when scintigraphy
was performed within few months after surgery, inelwith previous
findings [35]. Furthermore®™Tc-HMPAO-WBC scintigraphy excluded VPI
and identified instead alternative sites of infecti(such as osteomyelitis,
inflammatory bowel disease and infection of a heialgdis fistula). An
important advantage of SPECT/CT imaging was theiltiag significant
reduction of the false positive findings in 37% ptients as compared to
stand-alone SPECT (i.e.,, vascular pool, nonspeci@dominal
accumulation), accurate characterization of thee s@and extension of
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abnormal accumulation, even in presence of posgfisalrdistortions and in
complex anatomical sites, supporting previous simifindings [26].
Therefore, SPECT/CT further enhanced the high gabfesensitivity (82-
100%) and specificity (85-100%) already reportedhia literature foP”"Tc-

HMPAO-WBC scintigraphy in patients with suspectelV

Sub-optimal diagnostic performance of contrast-ankd CT in this
series of patients with predominant very late ihfets is not surprising. In
fact, it is well known that CT might fail to disgaish the stigmas of
periprosthetic infection from normal postoperatigldanges [16, 17] and
might be false-negative in chronic low-grade ini@c$ [36]. Indeed, in our
patients more than 80% of the inconclusive findiag€T were found in case
of late and very late infection.

From a surgical perspective, major contributions 8T c-HMPAO-
WBC scintigraphy on patients’ management have hdentified. In fact,
based on”°™Tc-HMPAO-WBC imaging, patients with VP! without noaj
surgical contraindications were treated within 7@uis with a surgical
approach that include the information°8fTc-HMPAO-WBC scintigraphy.
Therefore, while in 34/36 patients complete debmeet of infected tissues,
complete exeresis of the prosthesis and adjacesriadrarea maintaining or
restoring the arterial flux was performed, the 8esawith accumulation of
radiolabelled leukocytes limited only at the proainportion of the aorto-
lliac graft were treated with partial removal andplacement of the
prosthesis. Infection eradication was obtained iathb such cases.
Furthermore, in the patients with concomitant daistsites of infections at
9Mmre.HMPAO-WBC scintigraphy, treatment was multimogeid included
treatment for the VPI followed by surgical debriderh and long-lasting
antimicrobial therapy.

Perioperative mortality of our patients was 6%,hleigin the group
with aorto-iliac VPI. Despite explantation of theaf§ and reperfusion of the
area is considered the gold standard for treatrokan infected prosthetic
graft [37] to avoid infection chronicization [38]enobserved similar survival
rates in patients treated with combined surgical aredical treatment as
compared to those treated with conservative medieatment alone (61%
versus 63%). However, infection eradication at Idhths was significantly
higher in VPI patients treated with combined suabend medical treatment
as compared to patients treated with conservatigdical treatment alone
(83.3% versus 45%). In patients with persistentedtibn, the °™Tc-
HMPAO-WBC follow-up scans clearly depicted the sitef persistent
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infection, thus demonstrating the reliability oishmaging modality when
used to monitor treatment response.

Therefore, we believe that our results constitbte liasis for a more
extensive application of "Tc-HMPAO-WBC not only for the diagnosis of
VPI or to exclude graft involvement, but for prowid to the surgeon
complementary information useful for the choice aifernative surgical
procedures, such as complete or partial graft prasen in high-risk
patients in whom conventional management is preduoecause of severe
co-morbid illness or a hostile abdomen. Furthermdt&rc-HMPAO-WBC
scintigraphy enables to monitor response to antobial treatment, by
distinguishing patients who respond favourably froénose who require
intensified administration or alternative treatmeptions.

Conclusions

9Mrc-HMPAO-WBC scintigraphy with SPECT/CT acquisitidn
patients with clinical suspicion of VPI enabled donfirm the presence of
infection and to define the extent of graft infeati thus impacting on
subsequent planning of surgical management. IntiaddP*™Tc-HMPAO-
WBC scintigraphy was helpful in identifying concdamt distant sites of
infection, in excluding graft infection during abide episode and sepsis and
In monitoring response to antimicrobial treatment.

Our results demonstrated tHafTc-HMPAO-WBC scintigraphy with
SPECT/CT acquisition is to be considered in pasienth suspected VPI and
inconclusive radiological imaging to optimize pat&® management.
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Abstract

There is no consensus yet on the best protocgbléorar image acquisition
and interpretation of radiolabelled white blood ¢&/BC) scintigraphy. This
may account for differences in reported diagnositruracy amongst
different centers. Here we report the results afiudticentre retrospectively
study performed by analysing 235 WBC scans divide@ groups. First
group (105 patients) acquired with a fixed-time wsion protocol and
second group (130 patients) acquired with a tinegeorrected acquisition
protocol. Image interpretation was performed onngfaimages both
qualitatively and semi-quantitatively. Three di#fat blind readers analysed
the images.

Results showed that the most accurate imaging sitiqui protocol is to
acquire images at 3-4h and at 20-24h in time moie &cquisition times
corrected for isotope decay. When using this paiagsual analysis leads to
high sensitivity and specificity for diagnosis affection. Semi-quantitative
analysis might be used in doubtful cases, usinguteff for the percentage
of increase in radiolabelled WBC over time, asiteca to define a positive
scan.

Keywords: White Blood Cells, Scintigraphy, Infection imaging
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Introduction

The use of*"Tc-HMPAO or**'in-oxine labelled white blood cells (WBC) is
still considered the gold standard nuclear imagechnique to diagnose
infections in the bone and soft tissue, exceptsfmyndylodiscitis [1, 2]. For
acute osteomyelitis and for prosthetic joint infes, reported diagnostic
accuracy is approximately 90% [3-5]. However, thee also various reports
that mention lower rates for sensitivity and speitif. These differences in
diagnostic accuracy reported for WBC scintigraphyaynmbe related to
different image acquisition protocols and differ@mierpretation criteria [6,
7]. To strengthen the clinical use of WBC scintfrg, procedures and
protocols are being standardized throughout thédwv®o this aim, the recent
published guidelines by the Infection Committe¢h&f European Association
of Nuclear Medicine (EANM) provide indications, pteal aspects, quality
controls and safety procedures of this technique 98 Guidelines that
describe the correct image acquisition and intéaicn criteria for labelled
WBC are also under preparation. Accurate acquisitprotocols and
interpretation criteria require knowledge of themal radiolabelled WBC
biodistribution (ie. blood and bone marrow) andhpédgical variants of
WBC localization in different tissues and organk [khe general agreement
for osteo-muscular infections and soft tissue ides is that at least two
Imaging time points are necessary, delayed (3-#en ge-injection) and late
(20-24 h). Early imaging (30 min-1 h after re-irtjen), which may be a
surrogate for bone marrow uptake, is optional. lenagerpretation can be
made qualitatively (visual) or semi-quantitativeyalculation). In case of
doubtful planar images with suspected bone marsqyvamsion, bone marrow
imaging with *™c-colloids is currently performed to reduce thdsda
positive rate [5, 10]. For exact localization oétimfection SPECT/CT may
have added value [11].

In this article, we retrospectively compared in axge series of*™Tc-
HMPAO-WBC planar scintigraphies in different types$ infections, two
different acquisition protocols (time decay coreectversus fixed-time
acquisition) and two different interpretation crige (visual versus semi-
guantitative evaluation), to determine which is liest combination to obtain
the highest diagnostic accuracy for infection versierile inflammation. The
hypothesis is that a sterile inflammation will rgftow an increase focal
uptake with time, differently from an infection, darthat this trend of
increase/decrease in time is better detectable dguidng time decay
corrected images than fixed-time acquired images.
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Methods
Patient population

This is a retrospective study analysing patientst tvere referred for
scintigraphy with *™Tc-HMPAO labelled WBC from January 2009 to
December 2011, in three University centers (Unierdedical Center
Groningen, University of Pisa Medical School, arapi®nza University of
Rome). Ethic Committee approved the study in alitees. We therefore
analyzed 235 patients with suspected osteomyeditispected prosthesis
infection and suspected soft tissue infection asvehin Table 5.1. Infection
was suspected based on clinical examination, btests (including WBC
counts, C-reactive protein, erythrocyte sedimentatrate, acute phase
proteins), urine-analysis, three sets of blooducalt including at least one
aerobic and one anaerobic from a peripheral vezj, [And/or conventional
radiology, e.g. plain X-ray, ultrasound and/or cast-enhanced computed
tomography (CT).

Final diagnosis of an infection or exclusion ofiafection was defined on

the basis of pathological, microbiological, or @&l diagnosis, with clinical
follow-up of more than 6 months for all patientsetall, 109 patients were
diagnosed with an infection and 126 were negativenffection (see Table
5.2).

9mre-HMPAO WBC preparation and imaging protocol

Preparation and labelling of WBC were performed oading to the
guidelines for the labelling of leukocytes witi™Tc-HMPAO from the
European Association of Nuclear Medicine [13]. Réabelling efficiency
was always between 70-85%.

In 105 patients, we used the fixed-time (FT) adtjors protocol by acquiring
planar delayed and late images for 600 seconds. @éact30 patients, we
used the time-decay corrected (TDC) acquisitiotiqua by acquiring planar
(static) images at 30 min-1 h (optional “early iraa§ 100-200 sec), at 3-4 h
(“delayed images”, 133-300 sec) and at 20-24 htg“lanages”, 951-2396
sec) after reinjection of 370-555 MBY™Tc-HMPAO labelled WBC (see
Table 5.3).
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Table 5.1Patient characteristics (n = 235)

Age
Mean 61
Median 63
Range 16-93
SD 17
Sex
Female 131 (56%)
Male 104 (44%)
Type of suspected infection
Osteomyelitis 80 (34%)
Hip prosthesis 63 (27%)
Knee prosthesis 66 (28%)
Shoulder prosthesis 3 (1%)
Soft tissue 23 (10%)
Blood tests
WBC counts
Increased 13 (5%)
Normal 134 (57%)
C-reactive protein
Increased 74 (31%)
Normal 69 (29%)
Erythrocyte Sedimentation Rate
Increased 69 (29%)
Normal 69 (29%)

Table 5. 2Final diagnosis in all patients and divided in tiwe groups studied with fixed
time acquisition (FT) and time-decay corrected #&itjon (TDC).

Diagnosis n (%) FT (%) TDC (%)
Infection
Osteomyelitis 35 (32) 24 (69) 11 (31)
Infected hip prosthesis 23 (21) 8 (35) 15 (65)
Infected knee prosthesis 31 (28.4) 16 (52) 15 (48)
Infected shoulder prosthesis 3(3) 3 (100) 0
Soft tissue infection 17 (15.6) 7 (41) 10 (59)
Total 109 (46.4) 58 (53) 51 (47)
No infection 126 (53.6) 48 (38) 78 (62)
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Table 5.3: Examples of acquisition times for the time-decayected images witf™Tc-
HMPAO-WBC.

Hours after Corrected acquisition Corrected acauisition
the 1st time (seconds) if early | qu
L ) . time (seconds) if early
acquisition images were acquired | . .
images were acquired
for 100 seconds
for 200 seconds
15 119 238
2 126 252
| Delayed images 2.5 133 267
3 141 283
3.5 150 300
195 951 1902
20 1007 2015
| Late images 20.5 1067 2135
21 1131 2262
21.5 1198 2396

All images (128128 matrix size or 256x256 matrix size depending on
centers) were acquired on a SPECT gamma cameensySiemens Symbia
T, Siemens Medical Systems (Groningen), Hawkeye He&lthcare (Pisa) or
SkyLight, Philips (Rome)) equipped with low-enerdygh resolution
collimators with energy window centred at the 14 kphoto-peak of*"Tc
using a width of 20%.

All images were displayed and analysed using theesaorkstation (Osiris),
to avoid differences in display of different camexgstems. TDC images
were displayed in number of counts, using the sextemsity scale both for
delayed and late images, thereby avoiding opefass-in changing the
intensity scale. This is essential when interpgettiime-decay corrected
images but it is not possible when images are aeduvith a fixed-time
protocol. Therefore, FT images were displayed imf@maximum counts as
they usually appear in automatic mode on both Sem&E and Philips
workstations.

SPECT/CT was performed for precise location of itifectious focus. In
these cases, the low-dose CT transmission scammeeasred for 16 seconds
over 220° for each transaxial slice. The full FOdhsisting of 40 slices was
completed in 10 minutes. The transmission data wecenstructed using
filtered back-projection to produce cross-sectianages. Resolution of the
CT scan was 2.2 mm and localization images werdymed with a 4.5-mm
pixel size, similar to the nuclear medicine emissimages. The CT scans
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were reconstructed into a 2886 matrix. The SPECT component of the
same FOV was acquired using a 2288 matrix, 360° rotation, 6° angle
step, and 40/60-sec-per-frame acquisition time aamdl at 24 hours,
respectively. Both CT-attenuation corrected and -cmmected SPECT
images were evaluated in the coronal, transaxial,sagittal planes, as well
as in three-dimensional maximum intensity projectidIP) cine mode.
Matching pairs of x-ray transmission and radiordeslemission images were
fused using the Xeleris workstation (Pisa), andridybnages of overlying
transmission and emission data were generated.

Visual and semi-quantitative image interpretation

The planar scintigraphic images were visually asedy separately by two
experienced nuclear medicine physicians (PE, AGkase of disagreement
by the two observers a third reader (AS) reviewed tmages and his
decision was considered as for the final classibca The studies were
classified (a) “negative for infection” if no uptkvas seen in both delayed
and late planar images or when the uptake was ahee 9r decreasing in
time, and (b) “positive for infection” when at leéasne focus of abnormal
uptake characterized by time-dependent increasadioactivity or increase
in size from delayed to late planar images was rolse In some positive
patients with peripheral osteomyelitis, when diéfgral diagnosis between
bone and soft tissue involvement was not ascedameplanar images, we
did perform SPECT/CT for exact localization.

The visual analysis was performed using the samerierfor the non-decay
corrected and the decay corrected images. For geamtitative analysis, in
all images a ROI was drawn over the area suspéatedfection and copied
to presumed normal reference tissue (e.g. antsuperior iliac crest,
unaffected contralateral bone, etc.) The mean sopet pixel in these ROIs
were recorded to calculate Target/Background (Té®ps both in delayed
and late images. When the T/B was similar or deg@avith time the scan
was considered negative for infection; when the iBeased with time, the
scan was considered positive. Images were clagsiising different
thresholds of increase of T/B ratio over tirges, <10, < 20, anck 25 %.

Data analysis and statistics

Results of’*™Tc-HMPAO-WBC scintigraphy were correlated with thosf
conventional radiologic imaging and with the finahicrobiological,
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pathological or clinical diagnosis. For each pdtresults of visual and semi-
quantitative interpretation were compared to thealfidiagnosis. Semi-
guantitative analysis using < 5, < 10, < 20, an#5% of increase in time,
were calculated.

All values are expressed as median and range, a&@soncary for
nonparametric data. Comparison of the two groups dbnical and
demographic factors was performed by Pearsoii'sThe readers inter-
observer agreement rates were also evaluated gmessed in weighted
kappa which corrects for agreement by chance. Ehnsitivity, specificity,
diagnostic accuracy, negative predictive value positive predictive value
were calculated and differences between groups amdpby Chi-squared
test. All statistical evaluations were performeihgshe STATA Statistical
Software package, Release 10-2010 (STATA Corporafiollege Station,
Texas, USA).

Results

No significant difference in age distribution oryasther clinical parameters
between the two groups was observed.

By adopting the interpretation criteria describdabvae for scintigraphic
detection of infection, it was possible to classifijthe scans as either frankly
positive or frankly negative, therefore without aeguivocal result’*™Tc-
HMPAO-WBC scans were totally negative in 121 ca$é4%/105 FT
acquisition and 74/130 TDC acquisition; p=ns). #adt one abnormal area
with focal accumulation of the radiolabelled leuktms with increase of
radioactivity over time, or size, was detectedha temaining 114 patients
(58/105 FT acquisition and 56/130 TDC acquisitipans). Table 5.4 shows
the results of*"Tc-HMPAO-WBC at visual analysis, in all patientsdan
according to the specific clinical indication. Oakr TDC acquired images,
as compared to the FT acquired images, showed cafripasensitivity
(94.1% versus 94.8%; p=ns) and NPV (96.3%ersus93.3%; p=ns), but
better specificity (100%versus89.4%; p=0.006), accuracy (97.79ersus
92.4%; p=0.05) and PPV (100%ersus91.6%; p=0.05). Figures 5.1 shows
examples of positive and negative radiolabelled W&@n at the visual
analysis. Even though numbers vary according to gpecific clinical
indication, the better performances for the TDCuaregl images at the visual
analysis are invariable with the exception of sisiue infections (Table 5.4).
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For the semi-quantitative analysis we found besucy, sensitivity and
NPV when considering any percentage of increaseadibactivity in the
suspected lesion over time, for both FT and TDCumed images. By
contrast, specificity and PPV increase by incrapsthe threshold of
percentage increase (Table 5.5).

Furthermore, accuracy, specificity and PPV are galyehigher in the semi-
quantitative analysis when images are acquired Withmethod, whereas
sensitivity and NPV are higher when images are isedwith TDC method
(Table 5.6). This is particularly true for osteoriy® and hip prosthesis, but
not for soft tissue infections and knee prosthegigure 5.2 provides
examples of visual and semi-quantitative interpi@teof images.
Inter-observer agreement rates for the interpaiai *°™Tc-HMPAO-WBC
images were higher for TDC acquired images as cozdpa the FT acquired
images (lack of consensus in 11% and 19% of casspectively, with the
lower agreement for hip and knee prosthesis irdas)ji

The rate of concordance between the visual and s#mi-quantitative
analysis was better considering any % of increasadioactivity in time and
for the TDC images (200/235) either considering @atients together or
considering osteomyelitis and prosthetic infecti@aene. In case of soft
tissue infection, the best agreement was obtaimetparing the visual and
the semi-quantitative analysis considering 5% cfease of radioactivity in
time (always better for the TDC images).
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Figure 5.1: **™Tc-HMPAO-WBC scintigraphy in patients with suspetteone and knee
prosthesis infections acquired after 4h (delayedges) and 20h (late images) with either
fixed time acquisition modality (left and middle nms) or time-decay corrected modality
(right panels). In all cases the visual analysigemily diagnosed osteomyelitis (left panel),
aseptic bone marrow expansion (middle panel) agik fknee infected prosthesis vs non-
infected left knee prosthesis (right panel).
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Table 5.4: Results of qualitative (visual) analysis 8f'Tc-HMPAO-WBC scintigraphy as

compared to final diagnosis

Visual vsfinal diagnosis
Osteomyelitis Prosthesis hip  Prosthesis knee Bsfie Total
FT TDC FT TDC FT TDC FT TDC FT TDC
TP 23 11 7 14 15 14 7 9 554 48
TN 23 20 10 29 8 25 1 5 42 79
FP 2 0 1 0 2 0 0 0 5 0
FN 1 0 1 1 1 1 0 1 3 3
Sensitivity 96% | 100% 87% 939 94% 939 100% 90%  95% 4%9
Specificity 92% 10094 91%| 100% 80%  100% 100% | 100%| 89%| 100%
Accuracy 94% 100% 89% 98%  88% 98% 100% | 93% | 92% 98%
PPV 92% 10094 87%| 100% 88%  100% 100% | 100%| 92%| 100%
NPV 96% | 100%| 90%| 93% 899 93% 100% 83% 93% 96%
TP, TN, FP and FN are numbers of patients. FT edfittme acquisition, TDC = time-decay
corrected acquisition. *includes 3 cases of shaytdesthesis’ p<0.05versusFT.
Table 5.5: Results of semi-quantitative analysis 8f"Tc-HMPAO-WBC scintigraphy
compared to final diagnosis, specified for bothuasitjon protocols
Semi-quantitative vs final diagnosis
Any /B Increase >5% Increase >10% Increase >20%  IncrezEis >
increase
FT | TDC | FT | TDC FT TDC FT TDC FT TDC
TP 56 48 46 38 41 34 30 24 26 18
TN 34 59 40 65 45 69 45 69 45 69
FP 13 20 6 15 2 10 2 10 2 10
FN 2 3 13 12 17 17 28 27 32 33
Sensitivity 97% | 94%| 789 76% 71% 67% 520 47% 45% 35%
Specificity 72%| 75%| 87% 81% 96% 87% 96% 87% 93% 871%
Accuracy 86%| 82%| 82% 799 82% 79% 71 72%  68% 671%
PPV 81% | 70%| 879 72%| 95% | 77% | 94% | 71% [ 96% | 64%
NPV 94% | 95% | 75% 84% 739 80% 62% 72  58% 68%

TP, TN, FP and FN are numbers of patients. FT edfittme acquisition, TDC = time-decay
corrected acquisitiorip < 0.05versusFT.
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Table 5.6: Results of semi-quantitative analysis of™Tc-HMPAO-WBC scintigraphy,
defined for each specific indication and comparedfinal diagnosis, specified for both

acquisition protocols

Semi-quantitative vs final diagnosis (any T/B ease)
Osteomyelitis Prosthesis hip Prosthesis knee tsefie
FT TDC FT TDC FT TDC FT TDC
TP 23 11 7 14 16 14 7 9
TN 23 17 9 20 6 17 1 5
FP 2 3 2 9 4 8 0 0
FN 1 0 1 1 0 1 0 1
Sensitivity 96% 100% 88% 939 100% 93% 100% 90%
Specificity 92% 85% 82% 69% 60% 68% 100% 100%
Accuracy 94% 90% 84% 779 85% 78%  100% 93%
PPV 92% 79% 78% 61% 80% 649% 100% | 100%
NPV 96% 100%| 90% 95% 1009 94% 100% 83%

corrected acquisitiofp < 0.05versusFT.

TP, TN, FP and FN are numbers of patients. FT edfittme acquisition, TDC = time-decay

Figure 5.2: *™Tc-HMPAO-WBC scintigraphy in two different patientsth suspected low

grade infection of the right hip prosthesis acaliiedter 4h (upper panels) and 20h (lower
panels) with either fixed time acquisition modalifeft panels) or time-decay corrected
modality (right panels). Images A and B at visuahlgsis were judged negative and semi-
quantitative analysis showed a stable T/B over tifequivocal for infection). After

prosthesis removal microbiology showed the presenagfection. Images C and D at visual
analysis were judged negative and semi-quantit@hadysis showed a stable T/B over time
(equivocal for infection). After prosthesis removaicrobiology confirmed the absence of
infection. These two examples highlights how TD@uasition allows accurate and easier

visual interpretation of images.
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Discussion

It is commonly accepted that WBC images are vigualassified as (i)
negative if no uptake or a decrease in uptake fidetayed to late images is
present, (ii) positive when uptake is seen in bid¢hayed and late images
with increase in activity or size in time, and)(i@quivocal when uptake in
delayed and late images is the same or slightlyedsog. However, a
general criticism to the visual analysis is thasistrictly operator dependent
and that the final results may differ significantihen images are acquired
and displayed, using

different ways with different contrast and backgrduAcquisition protocols
are variable. Some author acquire, early, delayetl late images, with a
fixed constant time for all images; others acqualeimages with a fixed
number of counts, but both methods are not comeftteisotope decay, are
influenced by variations of background activity aan@ operator dependent.
To reduce variability some authors suggest, aftgjuiition, to display
images equalizing bone marrow activity, as refegertdowever, also bone
marrow activity may change in time, therefore thisdality of displaying
images does not improve accuracy and is limiteelxizert readers and some
regions of the body with a good bone-marrow agtiwe suggest here to
acquire images at different time points with difflet acquisition times,
starting from a settled amount of time in the eamyages and deriving the
corresponding acquisition time for delayed and iaigges by correction due
to isotope decay (as shown in Table 5.3). As atiedelayed and late images
have the same counting statistics of early imagescamparison is possible
reducing the operator bias [14-16]. It is of counsandatory to display all
images with same intensity scale in counts unitsrast in percentage of max
counts per pixels that is another common displayrerlf images are
correctly acquired and displayed, they are operatodependent,
reproducible, comparable and easy to interpret.

We used the same software system (Osirix) for atilepts, in order to avoid
differences in display of different software sysseimetween the centers.
However, we want to state that all data are reprifdiel on all three systems
(GE, Philips and Siemens) by displaying imagesont units with the same
intensity scale.

Semi-quantitative analysis may also be helpful whisnal interpretation is
doubtful. Regions of interest (ROIs) can be drawmrothe part of the
presumed infected focus, copied to presumed norefatence tissue (e.g.
anterior-superior iliac crest, contralateral bonayd target-to-background
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(T/B) ratios can be calculated. However, locatidnR®Is in lesion and
reference tissue is operator dependent. Additipntike level of significance
of the T/B ratios is arbitrarily decided and nodséis have yet defined the
threshold of increase of radiolabelled WBC overé¢ito be considered
positive.

In this study, we retrospectively compared twoetiht acquisition protocols
for planar images (TDC vs. FT) and two differentenpretation criteria
(visually vs. semi-quantitatively) to determine ttrieria that allow highest
diagnostic performances.

Best results were obtained with TDC acquired imagesvisual analysis for
bone associated infections but not for soft tigatextions. Despite statistical
significance is reached only when considering tiler group of patients,
for each bone indication a consistent improvemehtth®e diagnostic
performances was always achieved by acquiring Tid&yes. The add value
of the TDC acquisition is more evident in patienith bone and prosthetic
infections, hereby potentially limiting the need foone marrow imaging
with colloids. The FT acquired images possibly hameadvantage in term of
sensitivity, but lead to a significant drop in sifiedy and diagnostic
accuracy. On the other hand, when soft tissue tiofex were considered, the
advantage of TDC acquisition was not evident. Timay have several
explanations. First, there might be different kicet of migration of
radiolabelled WBC in bones and soft tissues. Adddily, soft tissue
infections includes muscular, brain, abdominal, rhetung or dermal
infections, thus being a very heterogeneous groith possible different
behavior in terms of leukocyte recruitment and nm@ged “ad hoc”
interpretation criteria as already demonstratedi@ymal filler infections and
dermal infections in diabetic foot [14, 15]. In ostudy the 7 cases of soft
tissue infections acquired with FT modality wereimhamuscular infections,
whereas the 10 soft tissue infections acquired WEIC modality were all
dermal infections and this difference may accoonttifie different accuracy
in our results.

Overall, the main advantage of TDC acquisition @cot is represented by
the absence of operator interference and bias, llgatontrast, can strongly
affect the results of FT acquired images. In thiglg there was little but
significant difference in global diagnostic accyrametween FT and TDC
acquired images (92.4% versus 97.7%; p<0.05) busheeld consider that
readers were experts also in FT acquired imagdsebhwe can expect that a
lower diagnostic accuracy of FT acquired images lsarobserved for less
expert readers thus being TDC acquired images exea relevant.
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Our results indicate that any percentage of radidfic increase over time
leads to high sensitivity (Table 5.5). Increasihg threshold to i.e. 20%
radioactivity increase over time improves spedyicbut lowers sensitivity.
The threshold of the percentage of T/B increase tiwe may be affected by
several parameters such as the type of infectiontéarersuschronic), the
type of disease (osteomyelitg@rsussoft tissue infections), the sustaining
microorganisms and the presence of concomitanmérbbial treatment.
Since all these factors can significantly modife thtensity and the pattern
of radiolabelled WBC over time, further studies a@rant to give clinical
validation to this approach.

Another point of discussion is the placement of R@ls, which can differ
between operators (contralateral, bone marrow). ddespite a recent study
from our group showed that the contralateral regsothe most accurate for
positioning the ROI for the background semi-quatitie calculation [17], in
this study it was not possible to apply this crdeand background ROls were
positioned either on ipsilateral bone marrow or cwisvhen contralateral
bone marrow was not available.

To better localize the site and extent of infectiSRECT/CT images may be
used. If sequential SPECT images are acquired,igtiqa times for SPECT
can also be normalized according to isotope decayguthe same decay
formula shown in Table 5.3. SPECT/CT is invalualdebetter identify the
site and delineate the extent’dfTc-HMPAO-WBC uptake (i.e. bone or soft
tissue) as compared to the planar and stand-alBE£$ images due to the
easy identification of either blood-pool activitythe vascular bed or at bone
marrow or e.g. non specific accumulation’8fTc-HMPAO in the bowel. In
this study, however, SPECT/CT was not used forrdiamng infection but for
determining its extent in positive planar images.

The role of SPECT/CT has been established fortssfie infections [15] and
endocarditis, cardiac devices, vascular prosthefstions [11] and diabetic
foot [18] when the need of anatomical landmarkselsvant. However, in
some circumstances attention should be paid sinnse uptake of the
radiolabelled WBC localized close to the bone megdl to false positive
results for osteomyelitis (see Figure 5.3).

When evaluating bone/prosthesis infection and ssgue infections, whole
body imaging is mostly not necessary. However, sutdiges allowed the
check for the normal biodistribution of the radlm#led autologous
leukocytes and also the detection of distant sitesfection when suspected.
In cases of sequential whole body imaging, acqaisitimes can also be
normalized.
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Figure 5.3: Planar images of feet of a patient with a suspecstgomyelitis consequent to a
fracture of the calcaneus bone with a cutaneousydiofit 30 min post-injection (first image,
“early image”) image was acquired for 100 sec/frai®&,269 counts) (A). At 3 hrs post-
injection (“delayed image”, 2.5 hrs after first igg image was acquired for 133 sec/frame
(52,274 counts) (B). At 20 hrs post-injection (Hamage”, 19.5 hrs after first image) image
was acquired for 951 sec/frame (52,212 counts)sf©wing evident decrease of activity at
visual analysis, sign of no osteomyelitis. At 3 besni-quantitative analysis showed T/B=2.2
and at 20 hrs T/B=1.8 confirming a decrease witfetisign of no infection but just wound
inflammation. The SPECT/CT at 20 hrs (D-G) howewres not allow to clearly identify
the origin of uptake (cutaneows bone surface), thus being the visual analysislafgr
imaging more accurate. Patient was operated to vertlte bone fragment and no sign of
osteomyelitis was confirmed at histology.

Conclusions

When having a suspicion of a prosthetic joint itifat or osteomyelitis,

WBC scintigraphy should be performed by acquirinpges at least at two
time points, one at 3-4 hours (delayed images)areat 20-24 hours (late
images). Early images (at 30min-1h post-injectimay also be performed to
have an early map of bone marrow distribution,dratnot strictly necessary.
The most reproducible and accurate acquisitionopmtin musculoskeletal
infections is using time-decay corrected acquisgio

Images must then be displayed using the same itytestale in count units
and not in percentage of max counts per pixel.
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When these methodological considerations are Iedfjl visual analysis of
images is operator-independent and is enough §br diagnostic accuracy of
infection, thus avoiding semi-quantitative analysis
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Abstract

The potential of indium-111 labelled diethylenearminepentaacetic acid
a,0-bis(biocytinamide**in-DTPA-Biotin) as a specific tracer in nuclear
medicineimaging of vertebral osteomyelitis has been shawa large series
of consecutive patients. Biocytin is known to seagea biotin source for a
number of different microorganisms and quantitative studies on
staphylococci indicated that on a molar basis linocgeemed to have an
activity equal to that of biotin. In this study, veealuatedhe possibility of
an illicit transport of **in-DTPA-Biotin in cultures of Staphylococcus
aureus on continued incubatidior 24 h. Radiolabelled biocytin was
prepared as describedrlier and the stability and radiochemical puritsts
assessed in vitro for 24 h after labelling. Ouradséem to demonstrate a
passive transport dfin-DTPA -Biotin intothe cells of the microrganisms.
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Introduction

Staphylococcus aureus is the bacterium most fretyuisolated (55—-80%) in
infections (especially in spondilo- discitis), fmed by coagulase-negative
staphylococcus and enterobacteriaceae (Salmongtla Escherichia coli,
Klebsiella spp.) [1-5]. Several radiopharmaceusi¢elve been developed for
the scintigraphic imaging of infection/inflammatiof6,7], aiming in
particular at discriminating infection from stete inflammation. However,
none of the agents nowadays available are complaiétction-specific.
Indium-111 labelled diethylenetriaminepentaacetic cida a,o-
bis(biocytinamide) *¢‘in-DTPA-Biotin) has been used in a two-step
approach to infection imaging (the avidiin-DTPA-Biotin technique) [8—
12]; neverthe- less, the potential of radiolalkl@otin as an infec- tion-
imaging agent per se has already been shown inxperimental animal
model of infection using biotin labelled with fltione-18 [13] and in a large
series of consecutive patients with vertebral astesitis using'*in-DTPA-
Biotin [14,15]. A possible pathophysiologic bags such an observation is
that biotin accumulates at the sites of infectian only because of passive
local dif- fusion on account of abnormally incred®apillary perme- ability,
but also because of some incorporation of the laldeded agent into the
bacteria; this consideration is based on the asped function of biotin
itself as a growth factor for several bacterial(idcng staphylococ- ci) [16—
19]. Such early observations emphasize the netk&into account several
parameters when evaluating the biotin  requénet of staphylococci
(especially S. aureus). In particular, attentionstmhbe paid to avoid the
inhibitory effect of biotin excess on the #sis of the transport system;
furthermore, it should be con- sidered that sonadil strains that require
biotin for growth, can actually synthesize suctoepound starting from the
constituents of the culture medium. The aim of #iigly, to further validate
the clinical relevance of labelled biotin, part&dy in spine infec- tion, was
to assess the extent, stability and mechanism **4h-DTPA-Biotin
incorporation by S. aureus on contin- ued inculmatos 24 h in simply saline
solution under aerobic conditions and adding knaawnounts of radio-
labelled biotin.
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Materials and methods
Radiopharmaceutical

One milligram of DTPA-Biotin, purchased from 8ig (St Louis,
Missouri, USA), was diluted in 20 ml of sterile &ate buffer 0.05 mol/l, pH
5.5. Aliquots containing 500 mg/ml of DTPA-Biotivere then prepared and
stored at 41C for subsequent labelling with inditiii-. Just before use, each
500 mg aliquot of DTPA-Biotin was labelled with 1MBq of in-
chloride (Mallinckrodt Inc., St Louis, Missouri,SA) by incubation at room
tem- perature for 15 min; labelling efficiency svassessed by instant thin-
layer chromatography-silica gel (Pall, New YOS A) using bicarbonate
buffer 0.05 mol/l as the mobile phase. In thisodhatographic systemt'in-
chloride remains at the origin, whereas 111In-DTBi&tin migrates with the
solvent with an RF of 0.7. Radioactivity in the ammatographic strips was
measured both by counting with a g-counter andnbgging with a phos-
phor imager (Perkin-Elmer, Monza, Milan, Italy

Microorganisms and growth conditions

Clinical isolates of S. aureus supplied by the dtiten Disease Unit of the
University Hospital of Pisa were inoculated int@lgi containing 50 ml of
Mu’ller—Hinton broth (Biomerieux, Bagno a Ripoliyénze, Italy) and stored
overnight at 351C in a rotating incubator (Bact@d® Becton Dickinson,
Franklin Lakes, New Jersey, USA). Microbial growilas quantified by
sequential dilutions and subcultures on selectyar glates (Mannitol Salt
Agar; Becton Dickinson), and also tested on pervgssagar plates
(Chocolate Agar; Becton Dickinson) as a con- tomldontaminating bacteria
(that were always absent).

Incorporation assay

Suspensions of S. aureus were washed twice withesalesuspended in
distilled water and standardized turbidi- metrigadb that each suspension
tube would contain 4 x 1010 colony-forming unies millilitre equivalent to
0.2 mg of dry cells per millilitre. A total of 8é¢ubation tubes were prepared
for each experiment: 61 tubes with viable bactand 21 tubes with killed
staphylococci (boiled for 20 min). Viable microongems were incu- bated at
37 and 41#C for different incubation times B8, 1, 2, 4, 6, and 24
h) with 200 ml of both a 3.5 nmol/l (appmwdtely 4 ng/ml) *in-
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DTPA-Biotin solution in sterile saline (correspongdi to 0.7 pmol of
radiolabelled biotin per tube, or 0.8 ng of the pound) and a 3.5 mmol/l
(approximately 4 mg/ml}*in-DTPA- Biotin solution. To explore possible
active uptake, in one set of experiments, 0.01Inghitose was added to the
viable staphylococci incubation tubes. The vialdant of staphylococci was
also monitored for all time periods by the staneagdr plating technique. At
the end of the incubation, microorganisms were vecsd by centrifugation
at 4500 g for 10 min. The bacterial pellets werslveal three times with 1 ml
of sterile saline to remove fre€in-DTPA-Biotin, and radio- activity
retained in the bacterial pellet was measured weltype gamma-counter
(LKB Wallac, Turku, Finland). Background radioadtyvpossibly because of
adsorption onto the incubation tubes was assessird 0'in-DTPA- Biotin

in sterile saline, without microorganisms, in treame incubation times and
conditions described above. Radioactive counts weesl to determine the
amount of*in- DTPA-Biotin incorporated by bacterial suspemsip ex-
pressed as nanograms'6iin-DTPA-Biotin per milligram of dry cells. The
experiments were carried out using sets of 3—6stylee incubation time and
condition, and the results reported here reprebenaverage of two separate
experiments performed on different days.

Results
Radiochemical purity and stability of-in-DTPA-Biotin

Radiolabelling efficiency was consistently greatkan 99% in all the
experiments performed (n = 4). Stability '9fin-DTPA-Biotin, assessed by
evaluating radioche- mical purity at 2, 4, 6 and R4fter labelling, was
remark- ably high with radiochemical purity greatean 99% at all time
points up to 24 h of incubation at room temperee o the labelling reaction
mixture (Fig. 6.1), which depicts a typical outpat phosphor-imager
analysis. Agree- ment between the strip cut-andicowechnique and
phosphor-imager analysis was 99%.

Incorporation assay
After thorough washing, the residual radioactivitycause of*in-DTPA-
Biotin adsorbed to the incubation tubes withoutiagdacteria was always

much less than 0.005% of the total added radidiedbebiotin. No
radioactivity was found associated with the baategpellet at all incubation
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times and conditions in the experiments performetdh whe lower
concentration ofin-DTPA-Biotin (3.5 nmol/l, data not shown).

In contrast, in the experiments performed with hiigher concentration (3.5
mmol/l), a stable association Bfin-DTPA-Biotin with the cell pellets of

Fig. 1
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Figure 6.1 Radiopharmaceutical stability of indiiil labelled
diethylenetriaminepentaacetic acid a,o-bis(bioagtiide) ¢"in-DTPA-Biotin) in vitro.
Chromatographic strips images generate on a phosgheen at different time points.

viable S. aureus was observed, with an incorporatiove rising until 6 h of
incubation and then plateauing until 24 h at appromately 0.95 ng/mg of
dry cells (corresponding to approxi- mately 0.86opmthe addition of

glucose did not change such a time-pattern of pawation (data not shown).
Similarly, the incorporation curves obtained whengubating at 41°C were
nearly identical to those obtained at 37°C (Fig).6The count of viable cells
was found to be constant over the 24 h of incubatio contrast, the
microorganisms killed by boiling for 20 min sted an incorporation
pattern characterized by the continuous rise ofdie, with values that
were significantly higher than those observed witible staphylococci (P =
0.02). In particular, the incorporation &fin-DTPA-Biotin by the killed

bacteria at 6 and 24 h was approximately two-foidl dour-fold the

correspond- ing values observed with the viabledyeaxg respectively

Discussion

Little is known about the conditions thatfeat the accumulation of
native biotin into S. aureus. Hugo and Davidsor] (#tserved that S. aureus
growing under limited biotin supply (if comparedtiwithe standard glucose
meat-infusion broth, Miller—Hinton broth) slighty feduced their growth
rate. Biotin transport into bacterial cells hasrbe&tensively investigated in
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Lactobacillus by Waller and Lichstein [21], who sfedl that biotin transport
occurred by two mechanisms: one process was depeoddéemperature, pH
and active cellular metabolism (Michaelis—Mentenstant of 31.5 nmol/l),
whereas the other one was inde- pendent of these.

Fig. 2
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Figure 6.2 Comparison of the time-pattern of indium-111  l&ok
diethylenetriaminepentaacetic acid a,o-bis(bio@tiide) ¢*in-DTPA- Biotin) uptake by
suspensions of Staphylococcus aureus (S.A) inrdifiteexperimental conditions. Each point
represents the mean = 1 SD of two independent empats with triplicate tubes.

According to Rogers and Lichstein [22,23], the appa Km for
active transport of“C-biotin in yeast cultures of Saccaromyces ceragisi
was 0.03 nmol/l and the presence of glucose caaid&ifold increase in the
amount of biotin uptake after 30 min of incubatidB:ng (0.05 nmol) versus
0.99 ng (0.004 nmol) of d-biotin (20 ng/ml) per igilam of dry cells. These
investigators evaluated the inhibition of the agttvansport system of 14C-
biotin in yeast cells grown in biotin excess (23mig 100 nmol/l) medium,
and they observed a mild uptake of biotin (lesa th@d ng of biotin/mg of dry
cells), with many features suggesting passive siidioL

The possibility that biotin and biocytin could haws a molar basis,
the same activity [24] prompted us to evaluatepbssible occurrence of an
illicit transport when the largeét-1In-DTPA-Biotin complex is available to S.
aureus cells.
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Nevertheless, there is still some contradictorydence about the
specific portion of biotin’s structure affectings iability to be taken up by
bacterial cells; Prakash and Eisenberg [25] shotkatl the ureido ring of
biotin must be intact for its uptake by bacteriad ahat modifying the side
chain does not reduce its uptake, whereas Grettlal. §18] suggested that
modifications of the side chain of biotin could veé its transport across cell
membranes.

We evaluated thé'in-DTPA-Biotin incorporation into viable and
killed S. aureus over the 24 h of incubation inrawgh-limiting medium
consisting of saline, but added with two differdatels (4 ng/ml and 4
mg/ml, respec- tively) of radiolabelled biotin. Yia S. aureus cells show a
slight uptake of radiolabelled biocytin (0.2 ng/mafydry cells) as early as
after 1 h of incubation in a medium containing esscg4 mg/ml) of
radiolabelled biocytin, with a mechanism independeh glucose and
temperature'in-DTPA-Biotin has two biotin carboxyl groups jothéo the
DTPA through an amide bond and two intact ureidaysi Our data are
consistent with the hypothesis that modificatiorisoaly the side chain
(leaving the ureido rings intact) do not affect thgtake of''!in- DTPA-
Biotin.

The effect of the absence of glucose and temperaturadiolabelled
DTPA-biotin uptake suggests that there is passiffesibn of approximately
0.2 pmol of labelled biocytin from the surroundiihgd into viable S. aureus,
similar to that shown in the yeast cells grown iotib excess medium (that
still exhibited an ability to take up 4 pmol 8fC-biotin even in the absence
of glucose). On continued incubation for 24 h, tHdn-DTPA-Biotin
intracellular content reaches a steady staweel of 0.95 ng (or 0.86
nmol) per milligram of dry cells within 6 h. Thealle cell count and the
level of incorporated*in-DTPA-Biotin then remain constant, suggesting
that there is a stable associatiort'din-DTPA-Biotin with the cells. Several
factors might be responsible for the saturatiorekas of this process. For
instance, cells might be capable of taking up dabigled biotin by a
mediated carrier transport system displaying sttmrakinetics, or
alternatively, synthesis of the transport systaight be inhibited in such
aging cells. Further- more, some saturation of db&er binding sites for
111In- Biotin in the absence of growth might ocasarwell.

On the other hand, killed staphylococci show a wubstially higher
uptake of **in-DTPA-Biotin, continuing for 24 h apparently witht
saturation. This finding supports the hypothesa thdiolabelled biocytin is
normally able to pass the viable cell membrane gibbbthrough a faci-
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litated diffusion process displaying a saturatiomekc pattern; on the
contrary,**in-DTPA-Biotin can freely enter into the cells lie& membrane
has been damaged (killed staphylococci). NeversBelavhichever is the
mechanism of*in-DTPA-Biotin uptake under the con- ditions debed
here, it seems to be a passive process in whichratthelabelled biotin is
presumably taken from the environment and storther than destroyed by
nonproliferating living organisms Further reseaisin progress to elucidate
the fraction of *in-DTPA-Biotin that remains in the membrane ahd t
fraction that completely passes inside the viabletdrial cells.
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Abstract

Objectives Biocytin analogues labelled with indidmt, yttrium-90 and
lutetium-177 have shown their effectiveness in thmaging of
infections/inflammation in patients with osteomtisli and function as
efficient tools in pretargeted antibody-guided camimunotherapy. In this
study, the labelling of a biocytin analogue coupheth DOTA  (1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acichgmety, r-BHD, with
gallium-68 {°Ga) was optimized, and the quality and stability the
preparations were assessed for clinical use. Médgesind methods Synthesis
of ®®Ga-r-BHD was carried out by heating a fraction lé £Gef®Ga eluate
in a reactor containing the biocytin analogue \ith appropriate buffer. The
influence of the precursor amount (from 2.5 to I#fol), the pH of the
reaction (from 2 to 5.5) and the buffer specie$§ (hol/l sodium acetate, 1.5
mol/l sodium formate, 4.5 mol/l HEPES) on radiocleh yield and
radiochemical purity was assessed. Studies onlisgadmnd binding to avidin
(Av) were also conducted in different media. ResultUnder the best
labelling condition (56 nmol of precursor, 3.8 psdium formate buffer)
synthesis of®Ga-r-BHD resulted in a yield of 64+3% (not decayreoted).
Radiochemical purity was around 95% because a @®Gadinated
sulphoxide form of the ligand was detected as gtogluct of the reaction
(68Ga-r-SBHD). The by-product was identified andareltterized by liquid
chromatography—electrospray ionization tandem nsaegtrometry. At the
natural 1:4 AVi°Ga-r-BHD molar ratio, affinity results were 62+2 dan
80+2% in saline and human serum, respectively.i8tabf ®Ga-r-BHD and
of the radiotracer/Av complex remains almost camstaer 180 min®Ga-r-
BHD appears to be a good candidate for clinicaliegions.
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Introduction

Biotin (5-[(3aR,4R,6aS)-2-oxohexahydro-1H-thiendfd]imidazol-
4yllpentanoic acid) is a natural vitamin thatts as a coenzyme in the
metabolism of fatty acids, isoleucine and valined golays a role in
gluconeogenesiBiotin has a strong binding affinity for avidin (Awand
streptavidin, and this binding property can be eitpdto develop tracers
for a number of applications on thasis of a pretargeting concept. Biocytin
is an amideaderived from the condensation between the biotibaaxylic
moiety and the amino acid L-lysine that acts abiodin source for a
number of different microorganisnis vitro. For this reason an indium-111
(**in)-labelled DTPA-biocytin analogue *tin -diethylenetriaminepen-
taacetic acid a,o-bis(biocytinamide)] has been wdedg with preinjection
of Av or per se as an infectiomiflammation imaging agent and has
shown its effective-ness in a large number of patients with vertebral
osteomyelitis [1-3]. Recently, the infection spieif§ of *in —DTPA-
biocytin with respect to inflammation wagsostulated [4]. Nevertheless,
DTPA-biocytin adducts show relatively low stability human serum
mainly because of the susceptibility to hydrolysis of thmide bond
between biotin and the L-lysine linked to thkelating moiety by the
serum biotinidase [5,6]. Mor@ver, in recent years, the use of DTPA itself
as a chelatoof metal radionuclides in bioconjugate molecules baen
replaced by the use of macrocyclic chelating ageoish as 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic  acid TE)O providing
kinetically more stable complexes in human serunB8][7/Both chemical
drawbacks were overcome by Sabatino et al. [9], whported the
preparation of a CO-reduced N-aminoexylbiotinamidderivative
conjugated to DOTA (r-BHD). Thidiocytin analogue showed improved
stability in humarserum and retained a high binding affinity for ABIHD,
labelled with yttrium-90 ¥Y) and lutetium-177 Y('Lu), was used in a
number of clinical studies to facilitaedficient pretargeted antibody guided
radioimmunotherapyPAGRIT) [10,11]. PET has shown a large number of
advantages with respect to single photon emis@amography in terms of
spatial resolution and target backgrouratio. However, even if the
labelling of r-BHD with apositron emitter radionuclide such &%a
could improve the imaging of both inflammation/infection and the
pretargeting approach, limited data are availabletlie preparation and
quality assessment of th¥Ga-labelledr-BHD biocytin analogue [12].
The present study aimed gptimizing the radiolabelling of the biocytin
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r-BHD derivative with the positron emittéfGa radionuclide in order to
yield a well-characterized product of high puriderein, the effect of
some reaction parameters such as precursor aner lauffounts, buffer
species and the stabilizers used on the dlaglmical yield (RCY) and
radiochemical purity (RCP) was investigated. Furthefull set of analyse
was developed in order to achieve a pharmaceugpiadke of the preparation
and allow its safese in clinical trials.

Materials and methods

Reagents and instrumentation

4-(2-hydroxyethyl)-1-piperazineethanesulphonic a&l#PES), sodium
acetate, sodium formate, Av {66 kDa), biotin and gallium(lll) chloride
(purity > 99.999%) wergurchased from Sigma-Aldrich (Milan, Italy). A
3 mg/mlsolution of r-BHD (ST2210-DP) was obtained fr@mma-Tau
(Pomezia, Italy). A 1850 MBq 1GG106%Gef®Gagenerator and a
Modular Lab automatic synthesiagere purchased from Eckert & Ziegler
(Berlin, Germany) Metal-free hydrochloric acid (0.1 mol/l) was purskd
from Carlo Erba (Milan, Italy), whereas 10 ml of disgaea95%ethanol,
0.9% sodium chloride and injectable water sdlons were purchased
from SALF (Bergamo, Italy) and BBraun (Milano, Italy). Human albumin
solution (20%) was obtained from Kedrion Biopharedals (Lucca,
Italy). All reagents were used without further purificatiowhen needed,
milliQ water (resistivity 18.2 MO-cm) was used fpreparing reagent
solutions. Radiochemical and chemical analyses weaeied out by
ultrahigh-performance liquid chromatography (UHPLG3ing an Acquity
system with a binary solvent, a BEH C-1F-mm column (2.% 150 mm)
and autosampler manager modules (Waters, Mildy).ItBhe instrument was
equipped with an Acquity TUV detector (Waters) andderm LB 500
radiochemical detector (Berthold Techwweés, Milan, Italy). RCP was
also assessed by thin-layer chromatography (TLGhgusn AR 2000
Imaging Scannedevice (Bioscan, Washington, District of ColumbiiGA).
Liquid chromatography-electrospray ionization tandenass spectrometry
(LC-ESI-MS) was performed using an Ultimate 3000 LBP
chromatographic system (Dione$Sunnyvale, California, USA) equipped
with a Luna C-18100-Acolumn (4.6x50 mm; Phenomenex, Bologna,
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Italy). The eluted samples were analysed using an LTQ @pb)il
instrument (Thermo Scientific, Waltham, Massackatts, USA) equipped
with an electronspray ion source. The pH of theamwas assessed using
a pH 213Microprocessor pH-meter (Hanna Instruments, Milaaly). For
the stability and Av affinity studies, samplgsre prepared using 10 kDa
molecular weight cut-off Amicon Ultra-4 centrifugal filter devices
(Millipore, Milan, Italy) and centrifuged at 600@R for 60 min using an
SL16 centrifuge (Thermo Fisher, Milan, Italy). Alheactivity measures
described in this study were performed using anviketer ISOMED
2000 dose calibrator (MERuklear-Medizintechnik, Dresden, Germany).

Radiosynthesis of 68Ga--r-BHD

The radiolabelling of Ga-r-BHD was performed with Modular Lab
synthesizer using the fractionating methad already described by
Decristoforo et al. [13] for the radiolabelling @&a-DOTATATE. The
software sequence was modified to allow the opetatmnanually select
the eluate fraction to be collected, obtaining mitv@n 80% of the Ga
activity in an B2 ml 0.1 mol/l HCI fraction. The Iseted fraction was
transferred into a reactor viabntaining varying amounts of a 1 mg/ml r-
BHD watersolution (corresponding to a range from 2.5 to @A) and
varying amounts of different buffer solutions irder to study the effect of
the pH (ranging from 2 to 5.5) artde buffer species (1.5 mol/l sodium
formate, 1.5mol/sodium acetate, 4.5 mol/l HEPES solutions) on ti&YR
and RCP. The mixture was heated to 1001C for 5 amd then passed
through a light C-18 cartridge (Watensjeconditioned manually with 3
ml of a 50% EtOHsolution and 3 ml of a 0.9% sodium chloride $olu
The product was retained in the cartridge, ar@sttution was collected
separately in order to measure the pH of the reaqtrecisely. Ga-r-BHD
was eluted with 0.5-1 ml of a 50% ethanol soluteord diluted with 8 ml
of a 0.9% sodium chloride solution. Before beinfemtedinto the final vial
the solution was passed through a sterile 0.22 niter f(Waters). In the
second step of thexperiments, varying amounts of EtOH (50, 100 200
ml) were directly added to the reactor before ldi®lling reaction in order
to assess the effect of thadical scavenger on the RCP. The synthesis time
wasabout 14 min and every preparation was performetliphcate. None
of the radiochemical yields reported the results of this study are
corrected for decay and are referred to the ratiogc of Ga-r-BHD at
the end of synthesis with respect to the t8i@ia activity elutedfrom
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the generator. The yield was calculated considetiveg RCP obtained
from UHPLC analyses. Preparation of frééGa®* and the ®*Ga-
hydrolysed product as a reference standard.

To develop a reliable set of quality controls and itlentify the
chromatographic peaks during the analydese ®°Ga®" was obtained
directly by collecting a 100 ndliquot (B10 MBq) of the 0.1 mol/l HCI
generator eluate®®Gahydrolysed products were obtained at varying pH
values (5,7 and 10) by adding varying aliquots dfraol/l NaOH solution

to 100 ml of the generator eluate. All thextures were incubated for 5
min at room temperature.

Synthesis of*Ga-r-BHD as a reference standard

A measure of 12.40 mg of Ga&{70 nmol) was dissolvem 1.8 ml of 0.1
mol/l HCI, and then a solution of 170 ml of 1.5 vhosodium formate
containing 50 mg (70 nmol) ofBHD was added to obtain a solution of pH
3. Themixture was heated for 10 min at 1001C on a hdatek and then
passed through a C-18 cartridge (precotidned with 3 ml of a 50%
EtOH solution and 3 ml of @.9% sodium chloride solution). The products
wereeluted with 1 ml of 50% EtOH and diluted with 2 ofiwater.

Quality controls

Quality control of the™Ga-r-BHD solution as performed by LC—-ESI-MS.
The chromatographic part was carried out with astant 0.2-ml/min flow
using a 0.2%formic acid—water solution (A) and a 0.2% formicidac
acetonitrile (ACN) solution (B) as the mobile phaséth the following
gradient: 0-9 min, 6-8% B; 9-12 min, 8% B; 12-15hmB-15% B,; and
finally 15-24 min, 15% BAnalysis was carried out by ESI-MS using the
following parameters: source voltage of 3.3 kV aagbillary andtube lens
voltages of 13 and 85V, respectively. The sowvas heated at 2751C with
a 20 sheath gas flow rate afide sweep gas flow rate. The acquisition
was carried ouby full mass spectroscopy in the FT mode (R'60 000).
Quality controls on every radioactive preparatiomrravperformed by
chromatographic methods. UHPLC wiae preferred procedure; however,
as this technology isot routinely available in every laboratory, aicad
TLC method was also applied. The UHPLC analyseswarried out at a
flow rate of 0.35 ml/min using ACN and 1% v/v trifluoroacetic acid-
water solution as the mobifghase, with the following gradient: 0-3 min, 6-
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8% ACN and 4-5 min, 8-15% ACN. The wavelength of thtraviolet
detector was set to 220 nm and the coluemperature was fixed at 301C.
To verify the effectiveness of the purificationdbhgh the C-18 cartridge,
the UHPLC analysis was carried out both on the crudedyet of the
reaction and on the final product. Tiaentity of the products was
confirmed by coinjection ofhe "*Ga-r-BHD standard or by injection of
the free®®Ga™ or the ®®Ga -hydrolysed products obtained as described
before. A 100 ppm r-BHD solution was also useddtednine the retention
time of the free ligand. Th&kRCP of ®*Ga-r-BHD solutions was also
assessed by TLC with RP-18F plates (Merck, Whitesbo8tation, New
Jersey, USA) as the stationary phase and a soluwtitm 97% 0.1 mol/l
sodium citrate and 3% 1 mol/l HCI as tmebile phase.

As various buffers were used and their eligibiliy human use is, in
some cases, debated, the presendmiféér residues in the findfGa-r-
BHD solutions wasassessed by a second UHPLC analysis under the
following conditions: use BEH C-18 1.7mm colurfth1x 150 mm), 0.35
ml/min flow rate using ACN and & mmol/l HBPO4 water solution (pH
2.5) as the mobilphase, with a gradient of 0-15% ACN from 0 to 15
min, and an ultraviolet detector set at 210 nm. Thelisfeand absence of
bacterial endotoxins were tested &mcording to European Pharmacopeia
standards.

Stability of®*Ga -r-BHD

For stability studies,’®Ga-r-BHD was synthesized hgacting 56
nmol of the precursor at pH 3.8 obtained usingwodiormate as the
buffer. Different aliquots ofhe ®®*Ga-r-BHD solution (0.75 ml, 45 MBq)
were alter-natively mixed with 0.75 ml of a 0.9% NaCl, 4% huma
albumin (pH=7) or healthy human serum solution. Thetures were
incubated at 371C, and after 10, 30, 620 and 180 min, a 10 ml
aliquot of each solution wasjected into the UHPLC. Analyses were
carried out bythe method described before. All tests were peréolin
triplicate.

Avidin binding reactions

To obtain ®®Gar-BHD to Av molar ratios of 2:1, 4:18:1, 16:1 and
32:1, a fixed amount of®Galabelled rBHD solution (1.4 nmol, 13
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MBq) was added to 1.5 ml af 0.9% NaCl solution or to healthy
human seruntontaining decreasing amounts of Av. For separatieg
activity bound to Av from the bulk solution, thextureswere incubated

at 371C for 5 min and centrifuged usiAgiicon Ultra-4 devices. The
top and bottom parts adhe Amicon were measured using a dose
calibrator. Theamount of Ga-r-BHD that aspecifically bound to tiieer
membrane was evaluated by incubating and centnifugliquots of the
radiotracer under the same conditialescribed above but in the absence
of Av. All tests wereconducted in triplicate.

Blocking experiments

A 100-fold molar excess of natural biotin was added.5 ml of a 0.9%
NaCl solution or human serum containing 0.35 nmiblAe solution. The
mixture was incubated at 371C for 5 min and anualiqof Ga-r-BHD
solution (1.4 nmol, 13 MBq) was added. Thereafter, the swhstwere
freshly incubated for 5 min and then centrifugedainAmicon Ultra-4
centrifuge. The top and bottom pantsre measured in a dose calibrator.

Stability of the avidin/Ga-r-BHD complex

Solutions containing an aliquot of Ga-labelledBHD (1.4 nmol, 13
MBq) and Av in a 41 molar ratio wericubated in Amicon Ultra-4
devices with 1.5 ml of a 0.99%4aCl solution or human serum at 371C for
0, 30, 60, 12@Gand 180 min, respectively. After incubation, cdotga-
tion was performed on the Amicon Ultra-4 centrifiayed the top and
bottom parts were measured using a domlérator. All tests were
conducted in triplicate.

Results

Radiosynthesis of®Ga-r-BHD

Figure 7.1a shows the dependence of the radioiabellield on the
precursor amount. Although the highest yields obtained with 140 nmol
of precursor (68+1%), aubstantial plateau was observed at 56 nmol of r-
BHD, corresponding to a 64+3% RCY. Therefore, this ameouas used

in the subsequent labelling reactions, bainogsidered a good compromise
between high vyield andhigh specific activity.Figure 7.1b shows the
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dependence of the RCY on the pidd on different buffer species. On
using sodium acetatauffer, the best yield was 58+2% and was achieved
at apH of 4.6. Both sodium formate and HEPES buffergeedaetter RCY
values than did sodium acetate, althoughltbst results were obtained
at different pH value§64+3% RCY at pH 3.8 and 64+4% RCY at pH
2.8 forformate and HEPES, respectively).

Quality controls

RCP and chemical purity of the product were assebydJHPLC before
and after the final purification throughe C-18 cartridge. A comparison
of the two chromatograms of a typical preparatisrshown in Fig. 7.2
and thefollowing retention times can be observed: ffé&a**,1.14 min;
®8Gahydrolysed products, 1.35 mif*Ga+-SBHD, 3.33 min; and®Gar-
BHD, 6.80 min. When theadiosynthesis was performed under the best
conditions (56 nmol of r-BHD, pH 3.8, sodium formate buffer), but
in the absence of EtOH as a stabilizer, an RCP%#1% was
achieved. The addition of varying amounts EfOH to the reactor
before the labelling has a stromgpact on the RCP of the preparation
and also affects theCY. The best conditions were found when 50 ml of
EtOH was added to the reactor. In this case RCHm@®ved to 98% and
RCY was comparable to thaachieved under the same reaction
conditions but in theabsence of EtOH (64%). If a higher amount of
EtOH was added, the RCY markedly decreased to 4830 hl) and8%
(200 ml). Radio-TLC analyses were carried out anfitial solutions only
and the following Rvalues wereobtained:®®Ga -r-BHD and®*Ga -r-
SBHD, 0.0-0.2; free®®Ga®* and hydrolysed products, 0.9-1.0. The
amount offree ligands was under the limit of detection (8xg/ml)
despite the total amount used for the labellinge Blecond set of
UHPLC analyses for determining thmount of buffers in the final
solutions gave the followingesults: 205 mg/ml (R= 1.2 min) for
HEPES, 36+4 mg/m(Rt = 1.3 min) for sodium formate and 33+3 mg/ml
(Rt = 1.9) for sodium acetate. Every preparation waslesteandpyrogen
free.
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Figure 7.1 (a) ®®Ga-r-BHD radiochemical yield as a function of pnemr amount

(sodium formate buffer, pH = 3.8). (BjGa-r-BHD radiochemical yield as a function of
pH and buffer species (56 nmol of r-BHD). Errordbhave been omitted for clarity.
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Figure 7.2 UHPLC chromatogram (radiochemical detector) oftypical *®Ga-r-BHD
preparation before (a) and after (b) purificatibroigh a C-18 cartridge

Stability of**Ga-r-BHD

Stability of ®®Ga-r-BHD in different media is showin Fig. 7.3a.
Considering the fact that the initial RCP wa&t1%, a high stability of
the radiotracer in 0.9% Na@nd albumin solutions can be observed

within the assessed time.

In addition, after 180 min at 37h€ t

percentage of®Ga bound to the r-BHD analoguemained greater
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than 94+1 and 93x1% for 0.9% NaGind albumin solutions,
respectively. The stability ihuman serum is slightly lower (a decrease
from 95x1to 90+1% after 180 min was observed) and it waslyik
because of the presence of serum enzymes, protams metal
competitors in the solution.

Binding to avidin and blocking experiments

Results of the study dtiGa-r-BHD affinity for decreasingimounts of Av in

a 0.9% NacCl solution and in healthy huns@num are shown in Fg. 7.3b. In
the 0.9% NacCl solution, wheahe molar ratio between r-BHD and Av was 2:1,
the amountof radiotracer bound to Av was about 70%; howewr,the
natural 4:1 molar ratio, it decreased to about 6ZPheseresults are
comparable to the findings obtained f8¥-r-BHD by Sabatino et al. [9]. In
human serum, the amount rafliotracer bound to Av was notably higher than
that in saline and was about 95 and 80% for 2:1 4rid molarratios,
respectively. For all the calculations, the avepayeentage of radiotracer that
aspecifically bound to thAmicon was subtracted by the amount measured
in the top part of the device. In the blocking ekpents performedby
adding a 100-fold excess of natural biotin for ding the Av binding
sites, the percentages B5a-r-BHD still binding Av were about 5 and 20%
for the 0.9% NacCl solutioand human serum, respectively.

Stability of the avidin?®Ga-r-BHD complex

Stability of the Avf®Ga-r-BHD complex in the 0.9% Na@blution and in
human serum is shown in Fig. 7.3c. T8tedy was conducted using a
1:4 Av/r-BHD molar ratio.In both media the stability of the complex
remains almostonstant for the duration of the study. In the 0.8%CI
solution, the amount dfGa-r-BHD bound to Av startedrom 62% and
decreased to about 54% after 180 nkior the experiments performed
in human serum the percentage started from 80%daacased to about
77% after 180 min.

Discussion
The labelling of r-BHD with a positron emitter radiclide such a¥Ga

can potentially lead to an improvement both in ldwalization of small
foci of avidinated cells in the pretargeting apmioand in the per-se
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injection of the radiotracer as an infection/inflaation imaging agent.
Moreover,®®Gais produced by means of°4Gef®Ga generator from the
long-lived parent®®Ga (t;, = 270 days) and can also be utilized in
facilities without acyclotron in situ.®Gef®Gagenerators are widely used
in many nuclear medicine departments nowadays %6 labelled
radiopharmaceuticals are recognized as effedtveds for clinical trials
[14,15].

The ®®Ga —DOTA-biocytin analogue was prepared usingoammercial
automatic synthesizer. Similar to the prodere adopted for the synthesis
of °®Ga labelled somatostatin analogues already desciibehe literature
[13,16], a fraction of thé®Ge F®Ga generator eluat®as transferred into
a reactor and labelled with bioconju-gates at heghperature for 3-10 min
in the presence oflauffer. On the basis of this procedure, syntheti¥®a-
r-BHD was optimized for pH, buffer species and prsoramount in order
to obtain the most reliable and highgslding procedure. The feasibility of
labelling biotinanalogues witf®Ga has already been explored by Bloetm
al. [17]. In their study three analogues linkedDX@TA by different alkyland
polyethylenglycol chains were manually labelledhwffGa for monitoring
the graftsurvival during islet transplantation. However, shalerivatives
are still in a preclinical phase of evaluation [18] contrast, the use of the
r-BHD analogue labelled witf’Y and!”"Lu has already been reported in
a large numbenf human applications [10,11].

In our study, the labelling yield of the reactionvibeen®®Ga" and 2.5-
140 nmol of the DOTA-conjugated biocytin analogueBHD was
investigated (Fig. 7.1a). Athe RCY did not markedly improve when
more than 56 nmol of the ligand was reacted, weadddcto use this
amount for the rest of the study. Using 56 nmolr-8HD and starting
from 962 MBq of°®Ga(lll), the specificactivity was 11 MBg/nmol. These
results can be compared with the results obtaigelldlom and colleagues
on thelabelling of DOTA-pegylated biocytin analogues.their study, the
plateau of°®Ga®" incorporation was reached at 10 nmol, but chemical
concentration/purification of th&Ga eluate through an anion exchange
cartridge waperformed instead of simple fractionation [17].

®8Ga™ incorporation in r-BHD was also notably influencied the pH

of the reaction and by the nature of thdfer used during labelling. In
an analogue study on tmadiosynthesis of’Ga-DOTATOC, Bauwens

et al. [19] reported that the use of HEPES, sodium acetate and
sodium succinate as buffering agents yielded coamparresults.
However, the researchers concluded that sphium acetate should
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be applied in clinicaP® GaDOTATOC labelling as it is the only buffer
among thehree to be recognized as a substance for phartizadeand
human use in the European legislation. Herein, Ri& and RCP
obtained using 1.5 mol/l sodium acetate were coetavith those
obtained with 4.5 mol/l HEPES and 1.5 mol/l soditomate, and an
B10% higher RCY was achieved when both HEPES aduisoformate
were used instead of sodium acetate (Fig. 7.1@ppears complicated
to explain this difference because both thermodyoaamd kinetic
factors may influence the trend of the reactiord Hre constants for all
the processes are not available yet. Reasonindi@mechanism, we
suppose that th&Ga®* in solution is rapidly coordinated by the donor
atoms of the buffers and then these complexeslawdysconverted to
the DOTA bioconjugates during heating. As the camisfor forma- tion
for Ga—acetate complexes (log K = 3.68) is almesb trders of
magnitude greater than that for Ga—HEPES (log K99)1 we surmised
that the conversion to Ga-r- BHD is better promagéatting from the
HEPES complexes than from the acetate ones [20TB&fmo- dynamic
data for Ga-formate complex formation are not a@d; hence, a direct
comparison between acetate and formate buffersoisyet possible.
However, it is likely to suppose analogous readonghe higher RCY
compared with that for HEPES when formate instdfaaicetate is used,
as the log K values of the metal-formate complékes™Y or *""Lu) are
normally two to three orders of magnitude lowernthbe log K values of
the correspondg metal-acetate complexes [22]. As the use ofusod
formate or HEPES as an additive for injectable graptions is not
universally accepted, a UHPLC method &ssessing the buffer amount
was developed. The amount of residues detecteteirfimal solutions
was very lowwhen compared with the reported &@® sodium acetate,
3530 mg/kg (mouse); sodium formate, 11200 mg/kguéepHEPES, 316
mg/kg (quail). However, as a really concérated HEPES solution was
needed to buffer the reactisplution to the optimal pH, we decided to
use sodiunformate for the rest of the study.

In contrast to that reported in the study by Blemal. [17], in which
purification after a labelling reactiowas not considered necessary, we
observed considerablmprovement in the RCP after purification by solid
phaseextraction of the crude labell€sia-r-BHD solution through the C-18
cartridge, as demonstrated by UHPLC analysis. Heweas shown in Fig.
7.2b, it was not possible to achieve an RCP of tgrethan 95% as a
radioactive by-product (Rt = 3.33 min) was stilegent in the solution after
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purification by solid phase extraction. The LC-B%& analysis of the natGa-
r-BHD preparation allowed the separation of theunity and the acquisition
of its mass spectra. The m/z pattern was ascribetet®®Ga-coordinated r-
BHD sulphoxide. Although the formation of D-biotimnd L-biotin
sulphoxides as intermediate products of the bioxilation to the sulphone
was already reported [23], the UHPLC analysis ef #BHD ligand did not
show the presence of by-products in the solutieendd, the formation of D-
CO-reduced and L-CO-reduced N-aminoexyl sulphokidénamidoDOTA
(r-SBHD) by oxidation of r-BHD was supposed to acaluring the
labelling reactions. Structures 8fGar- BHD and ®®Gar-SBHD are
shown in Fig. 7.4. In addition, under the best tieacconditions (56
nmol r-BHD, pH = 3.8, sodium formate buffer) it was not possible to
fully eliminate this byproduct from the final salon, andthe best RCP
achieved was 95%. In contrast to thegported on the preparation86a
labelled somatostatin analogues [24], the use oPHEE as buffer did
not significantly improve the RCP ofGar-BHD preparations, as the
results are comparable to those obtained usingusodormate and
acetate.

Biotin sulphoxide is a product of the catabolic hvedy of biotin in
mammals and is commonly found in urine grdsma of rats, pigs and
humans [25-28]. Howevet’Ga-r-SBHD may affect image quality because
of its possible metabolization by liver or kidnegzgmes. In our study, the
formation of ®®Ga-r-SBHD was partially avoided bydding 50 ml of
EtOH to the reaction solution [29]. These of different antioxidants such
as sodium ascorbatselenomethionine or sodium thiosulphate is curyentl
under investigation in our laboratory.

Because of the short half-life 6fGa, the stability of®Ga-r-BHD was
assessed by UHPLC after a maximum180 min from preparation. As
shown in Fig. 7.3a, when thmeparation was mixed with a 0.9% NacCl or a
4% albumin solution, °®Ga (lll) remained almost completely in the
coordinated form during the assessment period, edsethe RCP
decreases to 90+1% after 180 min when testdduman serum. Under this
condition, the activitydissociated fronf®Ga-r-BHD corresponded to about
6.2%and could be attributed t8Ga-hydrolysed by-productsbtained under
physiological conditions (UHPLC-olserved retention time was 1.35
min). The formation ofthese by-products can be because of the
suboptimal properties of DOTA chelator in the context &iGa a
coordination with respect to larger cations such *as or *"Lu.
Decomplexation and transchelation from DOTA dompetitor serum
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proteins, such as transferrin, can brimgout rapid hydrolysis of®Ga
a(lll) at human serum pH.

As radiolabelled biocytin analogues were used iniadl trials not only
per se but also coupled with a preinjection of A/3[10,11], we tested
the binding of°®Ga-r-BHD and Av at varying Av/radiotracer molariost
and for thespecificity of the bindings itself. The studies w@&onducted in
a 0.9% NaCl solution and in healthy human serum momic the
behaviour of the Ga-BHD in vivo (Fig. 7.3b). At the natural 1:4 molar
ratio, 62+2% ofGa+-BHD was bound to Av in saline, whereas the
percentage was 80+2% in serum. Comparing theseinfad we
concluded that some proteins present in high cdrecetion in human
serum, such as albumin or transferrin, can aspadyfi bind Ga-r-BHD
and de-facto decrease the calculated 4:1 radiotfacenolar ratio. As a
result, an increase in the radioactivity amount suead in the top part
of the Amicon devices in serum with respect torsmalsolution was
found. The contribution of these proteins to théaltactivity with
respect to Av itself is evaluated to be around 20¥is conclusion is
also supported by the experiments performed witld@fold excess of
natural biotin, in which a percentage of only 8%a-r-BHD bound to
Av was found in the 0.9% NaCl solution, whereas pleecentage in
serum remained around 20%. The amourt®@f-r-BHD bound to Av
remained almost constant over 180 min from the baton both in
the 0.9% NaCl solution and in human serum (Fig. 7.3c).

Conclusion

The feasibility of labelling a reduced biocytin idative coupled with DOTA,
namely, r-BHD, with®®Gahas beernvestigated in depth. The safety of the
preparation has beemssessed and the products obtained have been
characterizedby developing a complete set of quality controldie Thigh
affinity of ®®Ga-r-BHD to Av and the stability of both t&Gar-BHD/Av
complex and®®Gar-BHD itself makethe radiopharmaceutical suitable for
acquiring PET image§°Gar-BHD per se or with preinjection of Av appears
to be a good candidate for preclinical and clinagaplications.
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Figure 7.3 (a) Stability of Ga-r-BHD in different media a#3 (56 nmol of r- BHD,
sodium formate buffer, pH = 3.8). (b) Percentag&@h-r-BHD bound to Av as a function
of the r-BHD/Av molar ratio in different media. (8tability of the Ga-r-BHD/Av complex
at 37°C as a function of time (a 4:1 r-BHD/Av mofatio was used) in different media.
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Figure 7.4 Structures ofGa-r-BHD (a) and®Ga-r-SBHD (b).
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Chapter 8

Conclusions and future perspectives

In conclusion, we demonstrate that the use *8fTc-HMPAO-WBC
scintigraphy is beneficial in patients with a highnical probability of
infected endocarditis and suspected infectionsaodiovascular implantable
electronic devices or vascular grafts. The maificatibns of’*"Tc-HMPAO-
WBC scintigraphy are the confirmation of diagnosis doubtful
circumstances, defining the extent of device ingolent, and the detection
of associated complications and septic embolisntyys t potentially
determining treatment strategy. SPECT/CT combieelrtology is preferred
to visulaize infection by°*™Tc-HMPAO-WBCs, confirming or excluding the
diagnosis of infection. In additio?™Tc-HMPAO-WBC scintigraphy might
be used to monitor the response to antimicrobi@tinent. Whole-body
images followed by additional planar spot and SPEXJTimages allow to
detect distant sites of septic embolism, constiguan invaluable aid of this
scintigraphic procedure in the management of pegtieith IE, CIED or VPI.

The next step to complete the process of validatibscintigraphy
with *°™Tc-HMPAO-WBC is to introduce this diagnostic proaesl within
the clinical guideline. To this aim, within the Bpean Association of
Nuclear Medicine (EANM) we have started the dismussogether with the
European Society of Cardiology, Thoracic Surgerg &ascular Surgery
trying to design the most suitable diagnostic chialgoritm that include
9mrc-HMPAO-WBC and 'FJFDG PET/CT. Indeed, the first results of this
collaboration will soon be published containingragmsed diagnostic flow-
chart for patients with endocarditis and suspeststular graft infections.
The proposed diagnostic flow-chart are shown iuFe@.1, 8.2 and 8.3.

Before completing the clinical validation 8f™Tc-HMPAO-WBCs
SPECT/CT and'fF]JFDG PET/CT it is still need to identify advantagend
limitations of each diagnostic technique. To thegard a well designed
multicentre prospective clinical trial, that willompare the diagnostic
performances of each method using the final miciolgical and histological
diagnosis as gold standard, will provide the answehese open questions.
Such clinical trial will also give the possibilitio better investigate and
understand which paramether can significantly affiee scintigraphic results
as the type of microorganism, the effect of prokshg@ntimicrobial teraphy
with new moleculesactive on biofilm, etc.
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In addition, continuous efforts are required to makew
radiopharmaceuticals for PET/CT to image infectiquecesses. Indeed,
besides well established limitations,"*qJFDG is the only PET
radiopharmaceutical commercially available for imngg infections.
Therefore, the development of efficient radiolaipgllprocedures of WBCs
with long-lived positron emitter isotopes and ldingl new small molecules
specific for bacterial imaging, will represent anlamental step to further
increase the use of molecular imaging in all pasiesuffering from
infections. In this view we are preparing the fitbhical application of®Ga-
DOTA-Biotin in human with the aim of defining theiodistribution
proprieties and the diagnostic performances ofrbkis radiopharmaceutical.
Furthermore, we are also working at the possibleld@ment of new biotin-
derivatives suitable for the radiolabelling witi'Tc-pertecnetate that, in case
of success, will allow cheaper and wider use.

When suitable PET radiopharmaceuticals will be labée, this will
eventually translate in improvements in the diagh@hd management of
infectious diseases. In addition, it would also ropeew perspective for
investigating a promising hybrid technology wher€TPis combined with
MRI (PET/MRI). Indeed, nearly a decade after thieoduction of PET/CT,
combined PET/MRI systems have become availableifirshe pre-clinical
settings and subsequently for clinical applicatidrET/MRI scanners have
been technically developed ahead of detailed cersidns for many
important pratical issues including clinical apptions that would benefit
exclusively from simultaneous imaging acquisitiondaal-modality imaging
probes, as in the case of heart and vessels. Ghe gfeat advantage of MRI
over CT is its excellent soft-tissue contrast imbmation with high spatial
resolution along with absence of radiation burd&herefore the use of
PET/MRI  in  combination  with  specific infection tidng
radiopharmaceuticals could significantly improvee ttsensitivity and
specificity for diagnosing inflammatory and infemis, allowing more
accurate assessment of sites of infection/inflarranaas weel as of their
extent rather than PET-CT expecially in case ot $iskues, cardiac and
vascular structures. Furthermore, multiparametnd #&unctional imaging
such as dynamic contrast enhancement (DCE), diffusieighted imaging
(DWI) and spectroscopy as well as combined nevamagnetic nano-cell-
contrast agent with radiolabelled probes could Isedufor histological
characterization of tissues in vivo and could pdevimore insight into the
dynamics and characteristics of the inflammatofgtious processes.
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The pivotal questions are whether simultaneous WET/ may
provide a competitive advantage over separatecelinexaminations and
whether such advantages will translate into sigaift clinical benefit.

Clinical suspicion of Infective Endocarditis
on native valve

i M e

| Modified Dukes criteria: ‘ Modified Dukes criteria: ‘ Modified Dukes criteria:

“Definite” “Possible” “Rejected”
| Embolic burden definition |
MRI for T Labelled WBC SPECT/CT Additional
CNS and CN‘S” or 13F-FDG PET/CT for all TTE/TEE
spine sites (no CNS and spine)

Labelled WBC SPECT/CT based on
aetiology and clinical ground

8F.FDG PET/CT based on
aetiology and clinical ground

Negative
No infection (FN might occur}

Positive.
Infection

Positive
Infection (FP might occur)

Negative
No infection

Figure 8.1: diagnostic flow-chart for native valeeproposed by the Infection and
Inflammation Committee of the European Associattbhuclear Medicine and shared with
the European Society of Cardiology and the Eurojfgiety of Clinical Microbiology and
Infectious Diseases.
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Clinical suspicion of Infective Endocarditis
on prosthetic valve

il Vi

Modified Dukes criteria:
“Definite™

Modified Dukes criteria:
“Possible”

Modified Dukes criteria:

“Rejected”

| Embeolic burden definition ‘

MRI for T fi Labelled WBC SPECT/CT
CNs and CN‘S” or 18F-FDG PET/CT for all
spine sites (no CN5 and sping)

['*F]FDG PET/CT

as for FUO

Labelled WEC SPECT/CT based on
aetiology and clinical ground

8F-FDG PET/CT based on
aetiology and clinical ground

N

[ T~

Negative Positive
No infection {FN might occur} Infection

Positive
Infection (FF might occur)

Negative
No infection

Figure 8.2: diagnostic flow-chart for prosthetidwealE proposed by the Infection and
Inflammation Committee of the European Associattbhuclear Medicine and shared with
the European Society of Cardiology and the Eurojgaiety of Clinical Microbiology and

Infectious Diseases

Suspected infected Vascular Grafts
fever, local inflammation, pus, raised CRP or leukocytes, hemocultures, 5Ps

A

ST infection
Drain & cultivate

Ultrasound

Angio-CT

[ surgery | | WBC SPECT/CT or FDG-PET/CT or MRI

| Infection | | No infection | | Equivocal l

Figure 8.3: diagnostic flow-chart for prosthetidwealE proposed by the Infection and

Inflammation Committee of the European Associattbhuclear Medicine and shared with

the European Society for Vascular Surgery and thefiean Society of Clinical
Microbiology and Infectious Diseases.
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Chapter 9

Summary

In the beginning of the project, the main indicatiftor imaging of
infection using scintigraphy  with **"Tc-HMPAO radiolabelled
leukocytes, musculoskeletal infections. In factspite the enormous
potential of the techniques very few patients westerred for the
evaluation of infections of other tissues or desice

In 2005 the first SPECT/CT hybrid scanner (InfinE) was
introduced in our center followed just after thetallation of a PET/CT
system (Discovery ST, GE). This was the opportututgtart expanding
our clinical experience in the field of infectiodssease. In particular,
infections of the cardiovascular system were alehgé. There was a
clinical need of identifying patients with a highopability of infection,
but undetermined results after a first line clihicaanagement that
include blood chemistry, echocardiography and blogture as well as
for antimicrobial treatment evaluation during asa&ieed infection. In
addition, the widespread use of PET/CT alf&]FDG have created the
need of a comparative evaluation of the two promesiuUsing®™™Tc-
HMPAO radiolabelled leukocytes scintigraphy enhahspecificity is
expected, whereas a higher sensitivity is expeatsidg [*F]FDG
PET/CT imaging.

Therefore, in this work we appli€d™Tc-HMPAO radiolabelled
leukocytes in patients with infective endocard{ichapter 2). Clinical
performance of the Duke Endocarditis Service ddtén establish the
diagnosis of infectious endocarditis can be impdotreough molecular
imaging procedures a%™Tc-HMPAO-WBC SPECT. Therefore we
assessed the value Bf"Tc-HMPAO-WBC with SPECT/CT in a cohort
of 131 patients with suspected IE. No false positiesults were found,
even in patients with early IE, whom were evaluatétiin the first two
months after the surgical procedure. Most of théeddvalue from the
9mrc.HMPAO-WBC scan for decision-making was seen atignts of
whom the Duke criteria indicated "possible” IE. Teean was also
valuable in patients with negative and/or diffietdtinterpret
echocardiographic findings. Our results demonstiseability of**™Tc-
HMPAO-WBC to reduce the rate of misdiagnosed IEewicombined
with the standard diagnostic tests, (a) in patievith a high clinical
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probability but inconclusive echocardiographic fimgk; (b) for the
differential diagnosis of septic and sterile vegetes detected by
echocardiography; (c) when echocardiographic, kiooy and clinical
data are contradictory; (d) to exclude valve infact(especially of a
prosthetic valve) during febrile episodes, sepsis post-surgical
infections.

Cardiovascular device related infections are disedsn chapter
3. ¥™c-HMPAO-WBC SPECT/CT had a 94% sensitivity for ot
detection and localization of CIED-associated itilec SPECT/CT
imaging had a definite added diagnostic value dweth planar and
stand-alone SPECT. Pocket infection was often &ssac with
infections of the lead(s).The intracardiac portiointhe lead(s) more
frequently exhibited®™Tc-HMPAO-WBC accumulation and presented
the highest rate of complications, infectious emaditis and septic
embolism. None of the patients with negatf{/&Tc-HMPAO-WBC
scintigraphy develop CIED infection during follovp-wintil after 12
months. *™Tc-HMPAO-WBC scintigraphy was able to confirm the
presence of CIED-associated infection, to define ¢Rktent of device
involvement, and to detect associated complicatifareover,*™Tc-
HMPAO-WBC scintigraphy reliably excluded device-@sated
infection during a febrile episode and sepsis, watlB5% negative
predictive value.

Vascular graft prosthesis are discussed in chaptém patients
with suspected late and low-grade late vasculastpesis infections
9Mre-HMPAO-WBC using SPECT/CT demonstrated a sigaific
reduction of false positive findings in 37% of gais (sensitivity and
specificity were both 100% of SPECT/CT versus 8548d 62.5% of
SPECT stand-alone)”*™Tc-HMPAO-WBC SPECT/CT is useful to
detect, localize and define the extent of grafeatibn in patients with
late and low-grade late VPI with inconclusive rddgical findings.
9Mre-HMPAO-WBC SPECT/CT might be used to optimizeatneent
decisions. In fact, perioperative mortality was%,5mid-term mortality
12%, and long term-mortality 27%. Survival ratesravesimilar in
patients treated with surgery and antimicrobialdpg, as compared to
patients treated with antimicrobial therapy alo®d&% versus 63%),
while infection eradication at 12 months was sigaifitly higher when
surgery was performed (83.3% versus 45.5%).

In addition to these investigations, we tried ttabkshed how
the use of standardized imaging acquisition prdeo¢Ghapter 5) and
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new, bacterial specific, radiopharmaceuticals nmagrove the accuracy
of scintigraphy (Chapter 6 and 7).

In Chapter 5 we compared the analysis 8fc-HMPAO-WBC
scans in patients using a fixed-time acquisitioatqeol with a time-
decay corrected acquisition protocol.The most ateurimaging
acquisition protocol is scanning at 3-4h and aR2B-after radiolabelled
leukocyte injection, corrected for isotope decayheW using this
protocol, visual analysis of the scans leads tch hsgnsitivity and
specificity for diagnosis of infection. Semi-quaative analysis might
be used in doubtful cases, without using a cut@ffthe percentage of
increase in radiolabelled WBC as a criteria tortef positive scan.

In chapter 6, we evaluated the possibility of &nitltransport of
indium-111 labelled diethylene- triaminepentaaceticacid  a,o-
bis(biocytinamide) ‘¢'in-DTPA-Biotin), already shown as a specific
tracer in nuclear medicine imaging of vertebraleostyelitis. To this
aim we evaluated 111In-DTPA-Biotin was evaluatedcirtures of
Staphylococcus aureus on continued incubation #bh2Our results
seem to demonstrate the mechanism of 111In-DTPAfBiaptake
seems to be a passive process in which the raditddbbiotin is
presumably taken from the environment and storedher than
destroyed by nonproliferating living organisms.

In Chapter 7 the labelling of a biocytin analogeeupled to
DOTA, with gallium-68 {8Ga-r-BHD) was optimized, and the quality
and stability of the preparations were assessedclioical use. In
addition, the influence of the precursor amourar(fr2.5 to 140 nmol),
the pH of the reaction (from 2 to 5.5) and the buBpecies (1.5 mol/l
sodium acetate, 1.5 mol/l sodium formate, 4.5 m&IEPES) on
radiochemical yield and radiochemical purity wessessed. Studies on
the stability and binding of th&Ga-DOTA-Biotin to avidin (Av) in
different media were also conducted. Under the ladstling condition
(56 nmol of precursor, 3.8 pH, sodium formate bQffeynthesis of
®8Ga-DOTA-Biotin resulted in a yield of 64+3% (notody corrected).
Radiochemical purity was around 95% becaus&Ga-coordinated
sulphoxide form of the ligand was detected as grogluct of the
reaction (68Ga-r-SBHD). The by-product was ideatlfi and
characterized by liquid chromatography—electrospoajzation tandem
mass spectrometry. At the natural 1:4 ®@a-r-BHD molar ratio,
affinity results were 62+2 and 80+2% in saline amgman serum,
respectively. Stability of’Ga-r-BHD and of the radiotracer/Av complex
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remains almost constant over 180 nifiGa-r-BHD appears to be a good
candidate for clinical applications.
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