S22 fEunion nteriseiolislies .
g Crirlgindelolz Ant-lnfget=yse &
e

RICAI 2018 & A : . : :
) ( Infecgﬁ‘”ons de protheses vasculaires : diagnostic et traitement
\‘\

RICAI

Algorithme diagnostique des infections de
prothese vasculaire

RS
4\0\‘;’ "e,@o OC’}‘\O
N Frangdis Rouzet S
?0 & &
QB(" ob‘) N
© * Nuclear Medicine Dpt, GH Bichatl@Taude Bernard, Paris, France 6«0
e . : : <
= LVTS (Inserm U1148), Team 4sxardiovascular imaging &
) &
= University Paris Diderot, Fragite 6{@‘
{e""e c,&
& N
R ,19
<0 : &
= — ¥inserm . = . N
NTS" >Ps N A0 Q 0% —
Lahomory for ‘\]ascular Translatlonal Sc!gg& l‘!,JJ;t? < “&LS&P ;\‘5,5;{?2:;&?9 g?[‘;t\—\ﬁi




Journal of Antimicrobial Chemotherapy (Q,@‘]S] 56, 996-999
doi:10.1093/jac/dki382 \Q‘
Advance Access publication 3 Nﬂv@;ﬂﬁer 2005

(‘u
Diagnosis aﬁa treatment of prosthetic aortic graft infections:

confusion an&f inconsistency in the absence of evidence or consensus
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Diagnosis of Aortic Graft Infectlog? A Case Definition by the Management of Aortic Graft
Infection Collaboration (MAGIQ)‘ Lyons OTA et al, Eur J Vasc Endovasc Surg 2016
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Diagnosis of Aortic Graft Infectlog? A Case Definition by the Management of Aortic Graft
Infection Collaboration (MAGIQ} Lyons OTA et al, Eur J Vasc Endovasc Surg 2016
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Clinical/surgical criteria

Minor criteria R
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Clinical/surgical criteria
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Laboratory criteria

Major criteria e?
Positive mlcrobl,gactogy obtained from:
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Imaging: computed tomography (CT)
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Imaging: computed tomography (CT)
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Diagnosis of Aortic Graft Infectlog? A Case Definition by the Management of Aortic Graft
Infection Collaboration (MAGIQ)‘ Lyons OTA et al, Eur J Vasc Endovasc Surg 2016
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FET/CT: technical aspects

1. High sensitivity / Whole Q@dy
2. Absolute quantlflcatlo(@
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FDG.PET/CT
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Diagncstic value of FDG.PET/CT
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TABLE I: Summaryq,@?hterdture data regarding the use of *F-FDG PET imaging requested in suspected vascular graft infection. ,&tb
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Study o Year Study Design Num'beraof Imaging modalit Interq&ctatlon criteria. TP' TN® FP® FN* Sens® % Sae&e’ %
& 4 & patient’s 5 Y L i
Fukuchi et Ql,‘*q[l() 2005 prospective 33 PET &eg’enuquanntatne 10 14 8 1 o1 (&Q 64
Keidar egfa? [13] 2007 prospective 39 PET/CT < Visual 4 22 2 1 9%@ o1
- O
amqés et al. [14] 2008 case series 4 PET Q@‘z’ Visual 3 0 1 0 boé'— —
S@%ek etal. [15] 2009 prospective 76 PET@ Semiquantitative® 54 31 10 I@Q 78.2 92.7
<&”\E'.ruggmk etal. [16] 2010 retrospective 25 PET @ﬁod PET/CT  Semiquantitative® 15 10 0 «o‘% 93" 707
Tokudaetal. [17] 2013 retrospective 9 \-“PET/LT Semiquantitative 4 5 éd?’c’- 0 — —
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FDG Uptake in Noninfected Prosthetic Vascular Grafts
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Incidence, Patterns, and Changes over Time
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FDG Uptake in Noninfected Prosthetic Vascular Grafts
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FDG Uptake in Noninfected Prosthetic Vascular Grafts
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Heterogeneous uptake relatgﬁ to adhesives (bioglue) for PVG placement
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Diagnostic value of FDGPET/CT.n"PVGs infection
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Differential FDG-PET&@’\\Etake Patterns in Uninfected and Infected PVGs
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(,?' PET scans made for suspected graft infection
QB 38 PET scans
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I I | 0
No suspicion for Infection Infection proven Infection proven \{Q,‘?'
infection rejected clinically by cultures ‘Ja“
15 PET scans 9 PET scans 14 PET scans 15 PET scans(e‘
15 patients 9 patients 14 patients 15 patl?s'&
18 grafts 9 grafis 14 grafts 1(&;&#15
! | | <O |
Uninfected grafts Infect fts
27 grafts r r}jraﬂs
Figure 1. Data collection. Q}

Table 3. CT ﬁndéggs and correlation with PET studies.
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PET result PET résult
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4
0
3
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HU = Hounsfield units.
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Diagnostic value of FDGPET/CT.n"PVGs infection
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Diagnostic value of FDGPET/CT.n"PVGs infection
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Differential FDG-PET&@’\\Etake Patterns in Uninfected and Infected PVGs
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Diagnastic value of FDG.PET/CT

FDG PET FDG PETI/CT
Sensitivity Specificity Specificity

> :
Graded uptake <5‘Ob 0.89 (0.73 - 0.96) 0.61 (0.48 - 0.74) 0.97 (0.77 - 0.99) 0.62 (0.31 - 0.86) &&"e'
& &Q;
Focal uptake\o&e 0.93 (0.83 - 0.97) 0.78 (0.53 - 0.92) p\ 1 0.97 (0.89 - 0.99) 0.89 (0.70 - 0. 96) &
& (\
SUVmaxeg,eﬁ‘Q 0.98 (0.42 - 0.99) 0.80 (0.70 - 0. 88§f° 0.99 (0.95 - 0.99) 0.78 (0.68 - 0'56)
c: r(Q
TBR a;P 0.57 (0.39 - 0.73) 0.76 (0.64 Qé‘ 85) &
& X
QSFP 1.00 (0.48 - 1.00) 0.88 (Q@8 0.97) @6‘}0
Q
&
SUVmax maximum standardised uptake value; TBR‘}' target to background ratio; DTP: dual time pgﬂﬁt
KQ’ ) C,
Graded uptake ¥ &
1 Absent: 18F-FDG uptake similar to background u\@ﬁa e .@@
2 Low: comparable to muscle and fat &o‘
3 Moderate: clearly visible and higher than |nqg$7i/e muscle and fat 00‘9
4 Strong: but distinctly less than phyS|oIog|gél urine bladder activity ,»q,/\
5 Very strong: comparable to physiolog @i’urmary activity of bladder %’19
@)
P N
NG o
q§’

© Rojoa D et al, Eur J Vasc Endovasc Surg 2018



Diagnostic value of FDGPET/CT.n"PVGs infection
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Analysis of textural feqafures. characterization of FDG uptake heterogeneity
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a Delineation on LD-CT B8 g‘\ Feature extraction
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3 o n=16 o
g & Suspected AGI S
g &e n=30 Group Ib
|&drtic graft reconstruction =6
( Il GLRLM-based features . 0{}")0 HEFDG PET/CT Group Il Non-proven AGI
© un length j Q( A
2 3 4 & .
0 0 0 x& n=14 ‘Q’c,
; o 1o /\0‘) R Non- suspected Aél
z 0 o g2
€ Cropping of PET VOI 9 s &t 6{“
[ 53® &
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IV GLSZM-based features:& e
& Size zone j \Cb
0 1 2 3 4 ,-19
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Saleem BR et al, EJNMMI 2017




Diagnostic value of FDGPET/CT.n"PVGs infection

S
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: P\ : : :
Analysis of textural feqafures. characterization of FDG uptake heterogeneity
2
&
o
Variable (,9_9 [vs. I [a vs. Ib
S <@
N o
R P-value AUC P-value AUC ICC &
< &
\; .{QQ c’.&
@onvenmnal measures ,&\b \Q,‘?f
15 . AN
Q}‘\Q’ Maximal standardized uptake value 0.01 0.87 g}.@ 0.13 0.75 éi}e’
. e
c,&c, Tissue to background ratio 0.06 0.?@0 0.35 0.70 (QQ,Q
X N\ r
8‘0\ Visual grading scale <0.01 &@0 0.26 0.64 ((\Q’
<0 First order textural features ,0(0 0{})
q’Q"S’ Variance 0.01 o(\& 0.88 0.17 0.70 0.85 Q“Ob
N
\(y‘ GLRLM-based textural features b‘)(} @@
©Q~ Short run high grey level emphasis® gjﬁ 0.79 0.07 0.83 0.75 «0\)
< o
GLSZM-based textural features &5’-" ‘\4'?5’
o ¢
High grey level zone emphasisT & c;.& 0.01 0.87 0.12 0.78 ‘9{6?83
Small zone low grey level empha«m% 0.01 0.80 0.16 0.73 8‘6\ 0.86
Small zone high grey level emphasls 0.04 0.81 0.15 0.7 0\)" 0.79
O o
o NY
R ,19
<0 N
N ¥
> Automated analysi()gx"still at the development phase ©
Q}
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FDG FET/CT in PVGs infection
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Impact on manageme@f\:e The Vascular Graft Cohort Study

Study populatlgﬁ
= 25 patlentgg%lth a definite (FitzGerald) PVG infection &
. Baselln@ and follow- up FDG PET/CT (time ap’én around 6 months) o

\\e. R
OV@FaII results : & S

& "’Qin 19 of 25 patients (76%), antlblotg@‘ireatment was continued on tlgé basis of

©  the follow-up [18F]FDG PET/CT&ésuIts o

= in 2 patients (8%), treatmentyi?as stopped; <ef°‘
" in 4 patients (16%), antlblgtlc treatment was changed. ¢

«0
ES"O {b

’1.-
<9 &

© Husmann L et al, J Nucl Med 2015



FDG FET/CT in PVGs infection

6%

Impact on managem%ﬁ?The Vascular Graft Cohort Study

Q;

(@) Baseline FDG PET/CT in September 20\&‘?

Q,«edlsplays 18F-FDG-avid infection of graft\eﬁf’
(SUVmax, 7.6) and only mild 18F- FD@&%ctMty
in sternum. @Q’

(B) Follow-up 18F-FDG Ol@ET/CT in June 2013
shows partial therapyqlf:esponse at graft
(SUVmax, 5.1) butﬁrogressmn In sternum.

Husmann L et al, J Nucl Med 2015



Radiolabelled leukocytes. methods

&9 Plasma
,\obé Platelets S
& Leukocytes <&
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PMTc-WBC: biodistribution

Radiolabelling procg@ﬁre: 2 — 3 hours
Ot}\}(J
Acquisition: pl@ﬁ%r and SPECT/CT: 4h and 24h
\}

ef’ 8
Blodlstrllqa;ﬁlon reticulo-endothelial system (liver, spl\@,en
{\.
Q’b
bon: g?‘arrow) é@(&
o &
(y‘ b\)b
O
© AnaIyS|s @d*

Infection = increase of uptake mtensn;;’r or size over time

Q\

Inflammation = decrease of uptalge |nten5|ty or size



Diagnosticvalue of WBC SPECT/CTin PVGs infection

Selected studies usin(g@%mTc-WBCs SPECT
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* Liberatore et al. \le\IucI Med 1998: 129 pts
— SenS|t|V|t¥"100% specificity 92% and accuracy 97%

O
<
@

« Fiorani egﬁ? J Vasc Surg 1993: 37 pts &
— S@}‘?Sltlwty 100%, specificity 94%, PPV 90% a°hd NPV 100%

°’ e,
. I(g:ssall et al. Br J Surg 1990. 17 pts, 8 mfectedﬁs
@Qs — 8true positive, 1 false positive, noggfse negative

« Prats et al. J Nucl Med 1994: 36 pts, 36 Infected pts
— Sensitivity 100%, speC|f|C|tyeﬂfQOO%
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Diagnosticvalue of WBC SPECT/CTin PVGs infection

e
NZ - N .
Low-grade late vaschLaQ\r prosthesis infection
&
@0
b‘;’

Table 4 Results of *"™Tec- HMPAO—&&C scintigraphy, US, contrast-enhanced CT and the FitzGerald classification accordmg to the final diagnosis of VPI, other concomitant infections or no infectio
all the examinations performed at\l@%e]me #mTe HMPAO WBC SPECT/CT performed significantly better than US (> —Q;S A8, p<0.0001, McNemar test), contrast-enhanced CT (y>=16.33 p{O

and the FitzGerald c]as&uhcat;@*{;L =8, p=0.004) 0@)‘
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Diaghostic performance of imaging in VGI

Meta-analysis of 14 artche% were included, 8 prospective and 6 retrospective

e,*

CTAngio & 0.67 (0.57 - 0.75) 0.63 (o ¥ 0.76) 2.90 (1.21 - 6.98) Q/gs»

ée,,,. .\e}\

& Q'bé'
FDG Pogn“ 0.94 (0.88 - 0.98) oé:z% (0.59 -0.79) 28.36 (7.83 - 102.3)

o"& é‘o& 0(\
(%2
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© Reinders Folmer El et al, Eur J Vasc Endovasc Surg 2018



Pre- and post-test probablla?es per imaging modality
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= Recurrent fever 2 weeks after tho&émc graft implantation.

= CT. hematoma in contact wﬂQ@he lower portion of the graft

= Question: infection of th%dﬁematoma’?

N
99mTc-Leucoc¥.téeé SPECT, coronal views
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Infected ilio-femoral grqﬁ%vithout Infection of the femoro-femoral graft
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Infected ilio-femoral grqﬁ%vithout Infection of the femoro-femoral graft

> Follow-up after sufgery
e
<

(%)

<
< Before

Late (24h)

After
é&&'
X
&
&
Ll W
.\Q,
o
R
oS
&
o)
&
b\)
,,\0
&
&
'\0\)
o gl 25
P [ ‘7
B TN |
% O
T W
- RO
,»‘b
Q
\’L
Nal
Q§’




e>
Case report: 68-year-old male, who w‘fderwent open abdominal aortic graft in August 2016 owing to a ruptured
large infrarenal abdominal aneurys(@"r

He subsequently presented 6 rr@hths later with back pain, general weakness, reduced mobility and cachexia.
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Non-enhanced CT Ry FDG PET/CT Axial MRI T2 Sagittal MRI STIR <@
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Conclusion: aortic graft infectio/g)\gé’bmplicated by L4/5 discitis 09”
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o Sumrein HB et al, BJR Case Rep. 2018



Imaging ynodalities in PVG:infections

e
\\Q/
Table 1 Advantages vs. Disadv@ﬁtages for Different Imaging Modalities in Diagnosing Vascular Prosthetic Graft Infection
Imaging Modality I\e,& Advantages Disadvantages
Ultrasound ,{S‘ﬁo radiation exposure. No contrast-nephrotoxicity Interference with several artifacts
@OQ” Easy and quick to perform Less differentiating ability compared to other
b\:.(’ modalities o
Q“O No data on sensitivity and specificity available @'ﬁ'
6& and@interobsewer variability _\{L@’
CT «0\55‘ High specificity, relative high sensitivity, fast Degfeased sensitivity in low-grade infections Q’c}'
VO acquisition procedure ) rference with normal postoperative NG
Q}Q‘Z’ Availability in most centres, less invasive 0c°\ findings in first 6 weeks after surgery 'b(i}e'
{ef’ Possibility for needle aspiration for W Q’Q
(-)\\57 microbiological analysis {g}e' rq,,@
> Three-dimensional reconstruction L Qﬂ(\
«0\‘}6’ MRI No radiation exposure. No contrast-ne@oxiciw Metal artifacts ,00
.\39 Could differentiate in small perigraft f Diagnostic value for vascular graft infection ob’b
\’\9 collections or surrounding mFIamQ@ ory less investigated compared to other e}q“
\(5" changes 8) modalities ,@}
©Q~ Less invasive and allows tlss%Q\characterlzatlon «0\}
Comparable sensitivity and@‘pemflmty rates to CT A‘Q’c’-
FDG PET At least comparable ser)\@ﬁwty and specificity Time-invasive investigation &
rates to CT & Less exact anatomical Iocallzq_)tiﬁ’n
Can be fused with g\’ imaging (or PET-CT) ;\0\
Higher dlagnostltfarates compared to other c,b
modalities |5\’\:ase of low-grade vascular graft &0
|ni‘t=.e::.t|t:m5,e> ’_19\%
ik Speqﬁtlty Lower resoILL(&}n and sensitivity
compared@&FDG PET
qs"“"

© Modified from Bruggink JJ et al, Semin Vasc Surg 2011



Summary

Q}\e]
(Q
MAGIC diagnostic crltergca

— Major: site- sp%e‘fflc evidence of infection
— Minor: systgémlc signs, alternative sources of infection should be excluded N

&
k @
6 b.@- c,}'@
Contrast- eng;’anced CT is the first-line imaging modality ¢ &
s &
ef’ \Q'o Q,Q'b
In casaa%éf doubtful diagnosis: nuclear imaging may,z;be useful &
X o)
Eﬁe PET/CT: ée,@ b@“’
"v
\(599 + Wide availability, excellent sensﬂwﬂy@ﬁentlflcatlon of regional extent / portaiabf entry
© — Specificity depends on the expertl§é of the reader ,c,'.‘°°
« WBC SPECT/CT x\o &

&
+ Excellent sensitivity and spgeﬂ‘%mty In prosthetic graft infection s~°\%

— Limited availability, Iabegmg and acquisition procedures cumb@%ome
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Perspectives: Nialtodextrin-based imaging agents

Maltohexaose Imaging probe (\:

~ Maltodextrin
-~ transporter

Bacteria internalize MDPs

through the maltodextrin transpoderN

Ning X et al, Nat Mater 2011

Ning X et al, Angew Chem Int Ed Eng¥:
2014 ©
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