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Abstract
Purpose Consensus on optimal imaging procedure for vascular graft/endograft infection (VGEI) is still lacking and the choice 
of a diagnostic test is often based on the experience of single centres. This document provides evidence-based recommenda-
tions aiming at defining which imaging modality may be preferred in different clinical settings and post-surgical time window.
Methods This working group includes 6 nuclear medicine physicians appointed by the European Association of Nuclear 
Medicine, 4 vascular surgeons, and 2 radiologists. Vascular surgeons formulated 5 clinical questions that were converted 
into 10 statements and addressed through a systematic analysis of available literature by using PICOs (Population/problem–
Intervention/Indicator–Comparator–Outcome) strategy. Each consensus statement was scored for level of evidence and for 
recommendation grade, according to the Oxford Centre for Evidence-based Medicine criteria.
Results Sixty-six articles, published from January 2000 up to December 2021, were analysed and used for evidence-based 
recommendations.
Conclusion Computed tomography angiography (CTA) is the first-line imaging modality in suspected VGEI but nuclear 
medicine modalities are often needed to confirm or exclude the infection. Positron emission tomography/computed tomog-
raphy (PET/CT) with 2-deoxy-2-[18F]fluoro-D-glucose  ([18F]FDG) has very high negative predictive value but it should be 
performed preferably at least 4 months after surgery to avoid false positive results. Radiolabelled white blood cell (WBC) 
scintigraphy, given its high diagnostic accuracy, can be performed at any time after surgery.

Preamble The European Association of Nuclear Medicine (EANM) is a professional no-profit medical association that 
facilitates communication worldwide between individuals pursuing clinical and research excellence in nuclear medicine. 
The EANM was founded in 1985. EANM members are physicians, technologists, and scientists specializing in the research 
and practice of nuclear medicine. The EANM will periodically define new guidelines for nuclear medicine practice to help 
advance the science of nuclear medicine and to improve the quality of service to patients throughout the world. Existing 
practice guidelines will be reviewed for revision or renewal, as appropriate, on their fifth anniversary or sooner, if indicated. 
Each practice guideline, representing a policy statement by the EANM, has undergone a thorough consensus process in 
which it has been subjected to extensive review. The EANM recognizes that the safe and effective use of diagnostic nuclear 
medicine imaging requires specific training, skills, and techniques, as described in each document. Reproduction or modifi-
cation of the published practice guideline by those entities not providing these services is not authorized. These guidelines 
are an educational tool designed to assist practitioners in providing appropriate care for patients. They are not inflexible 
rules or requirements of practice and are not intended, nor should they be used, to establish a legal standard of care. For 
these reasons and those set forth below, the EANM suggests caution against the use of the current consensus document in 
litigation in which the clinical decisions of a practitioner are called into question. The ultimate judgement regarding the 
propriety of any specific procedure or course of action must be made by the physician or medical physicist in the light of all 
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the circumstances presented. Thus, there is no implication that an approach differing from the consensus document, stand-
ing alone, is below the standard of care. To the contrary, a conscientious practitioner may responsibly adopt a course of 
action different from that set forth in the consensus document when, in the reasonable judgement of the practitioner, such 
course of action is indicated by the condition of the patient, limitations of available resources, or advances in knowledge 
or technology subsequent to publication of the consensus document. The practice of medicine includes both the art and the 
science of the prevention, diagnosis, alleviation, and treatment of disease. The variety and complexity of human conditions 
make it impossible to always reach the most appropriate diagnosis or to predict with certainty a particular response to treat-
ment. Therefore, it should be recognized that adherence to this consensus document will not ensure an accurate diagnosis 
or a successful outcome. All that should be expected is that the practitioner will follow a reasonable course of action based 
on current knowledge, available resources, and the needs of the patient, to deliver effective and safe medical care. The sole 
purpose of this consensus document is to assist practitioners in achieving this objective.

Keywords Infection diagnosis · Vascular graft infection · Imaging · Recommendations

Abbreviations
CT  Computed tomography
CTA   CT angiography
EANM  European Association of Nuclear Medicine
ESVS  European Society for Vascular Surgery
[18F]FDG  2-Deoxy-2-[18F]fluoro-D-glucose
HMPAO  Hexamethylpropylene-amine oxime
MRA  Magnetic Resonance Angiography
MRI  Magnetic resonance imaging
NM  Nuclear Medicine
OCEBM  Oxford Centre for Evidence-based medicine
PET  Positron emission tomography
PICO  Population/problem–Intervention/

Indicator–Comparator–Outcome
SPECT  Single-photon emission computerized 

tomography
SUV  Standardized uptake value
[99 m]Tc  Technetium
T/B  Target-to-background ratio
VGEI  Vascular graft/endograft infection
WBC  White blood cells

Introduction

The pathogenesis of vascular graft/endograft infection 
(VGEI) is multifactorial and depends on several aspects: 
patient’s comorbidities and risk factors, surgical procedures 
(open vs endovascular approach), and environmental fac-
tors. Therefore, the real incidence of infection is difficult 
to assess [1, 2]. However, it has been estimated that the 
onset of an infection could complicate the graft insertion 
in up to 4% of cases, being responsible of high morbidity, 
mortality rate, and economic burden [1]. In many cases, the 
explant of an infected graft, revascularization, and long-
term antibiotic therapy, represent cardinal aspects for the 
management of these patients. Nevertheless, reintervention 
may lead to a mortality of 18–30%. On the other hand, a 

conservative treatment with prolonged antibiotic regimens 
may also result in high mortality rate within 2 years if the 
infection is not completely eradicated [1].

An accurate diagnosis of infection and its extent is crucial 
for the correct patient management, but a combination of 
clinical findings, imaging studies, and microbiological tests 
is usually needed [1].

Since there is no evidence in the literature that vascular 
grafts used in open reconstructions behave differently from 
endoprostheses, the European Society for Vascular Surgery 
(ESVS) considers grafts and endografts as the same entity 
[2] and, therefore, in this guideline, we used one common 
definition, regardless of the surgical approach and the graft 
material (synthetic or biological).

VGEI can be categorized according to the Szilagyi and 
the Samson classification that specifically considers vascular 
graft involvement, while the Bunt classification places more 
emphasis on the extent of graft involvement (Table 1) [3–5]. 
Furthermore, VGEI can be classified as early (< 4 months) 
or late (> 4 months) onset, according to the time elapsed 
from surgery [6].

To overcome the numerous shortcomings of current 
classifications, the MAGIC (Management of Aortic Graft 
Infection Collaboration) group developed a list of major and 
minor criteria according to clinical, surgical, radiological, 
and laboratory findings (Table 2) [1]. Once VGEI is sus-
pected, exhaustive evaluation of the clinical status, comor-
bidities of the patient, and signs of infection according to 
MAGIC criteria are recommended [2]. According to this 
classification, a VGEI is suspected in a patient with a single 
major criterion or at least two minor criteria from differ-
ent categories. A VGEI is diagnosed in the presence of one 
major criterion plus any other (major or minor) criterion 
from another category.

The main imaging criteria for VGEI diagnosis include the 
presence of fluids and/or gas around a graft, hypermetabolic 
activity, or a direct communication between non-sterile sites 
and a graft.
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Purpose of this document

ESVS has recently published clinical guidelines for the 
management of patients with VGEI that provide practical 
recommendations for detecting the infection and illustrate 
the most appropriate prevention strategies and therapeutic 
options for each vascular district [2]. Although a section on 
imaging was also included in ESVS guidelines, they were 
mainly focused on clinical aspects. Therefore, it emerged 
the need of a separate document aiming at defining which 
imaging modality may be preferred at different timepoints 
of the patient history and in a particular clinical setting. A 
standardization of the diagnostic strategies, indeed, should 
be attempted in order to reduce the wide heterogeneity in 
the approach to the problem and the wide range of reported 
accuracies of different imaging techniques.

This guideline is designed to assist all practitioners 
involved in the management of VGEI, by summarizing the 
state of the art of imaging modalities in the assessment of 
infective complications after a vascular surgery procedure. 
We aim at providing evidence-based recommendations, use-
ful for achieving effective and safe medical care.

Imaging modalities for the assessment 
of VGEI

Advantages and limitations of the different radiological and 
nuclear medicine (NM) imaging modalities are summarized 
in Table 3.

Radiological imaging modalities

Imaging modalities should be able to confirm or exclude 
peri-graft inflammation, delineate the extent of graft infec-
tion (based on fluid or gas extent, presence of anastomotic 
pseudoaneurysm, partial or total graft involvement, graft-
enteric erosion/fistula), plan the correct strategy for revas-
cularization, and to allow accurate imaging-guided biopsy 
or fluids drainage.

Different radiological modalities are available to diagnose 
VGEI, being computed tomography (CT)/CT angiography 
(CTA) the most frequently applied for both intraluminal and 
extraluminal grafts evaluation. The role of Magnetic Reso-
nance Imaging (MRI), at the moment, is very limited.

Table 1  Classifications for wound and VGEI with respect to wound infection (Szilagyi, Samson) and to the extent of graft involvement (Bunt) 
[3–5]

Relationship to post-operative wound infection
(Szilagyi and Samson classifications)
Szilagyi classification:

  • Grade I: cellulitis involving the wound
  • Grade II: infection involving subcutaneous tissue
  • Grade III: infection involving the vascular prosthesis

Samson classification:
  • Group 1: no deeper than dermis
  • Group 2: subcutaneous tissue, no direct contact with the graft
  • Group 3: body of graft but not anastomosis
  • Group 4: Exposed anastomosis, no bleeding, no bacteriemia
  • Group 5: Anastomosis involved, bleeding, bacteriemia

Extent of graft involvement
(Bunt classification modified)
Peripheral graft infection:

  • P0 graft infection: Infection of a cavitary graft (e.g. aortic arch; abdominal and thoracic aortic interposition; aortoiliac, aortofemoral, 
iliofemoral graft infections)

  • P1 graft infection: Infection of a graft whose entire anatomic course is noncavitary (e.g. carotid-subclavian, axilloaxillary, axillofemoral, 
femorofemoral, femorodistal, dialysis access bridge graft infections)

  • P2 graft infection: Infection of the extracavitary portion of a graft whose origin is cavitary (e.g. infected groin segment of an aortofemoral 
or thoracofemoral graft, cervical infection of an aortocarotid graft)

  • P3 graft infection: Infection involving a prosthetic patch angioplasty (e.g. carotid and femoral endarterectomies with prosthetic patch 
closure)

Graft-enteric erosion
Graft-enteric fistula
Aortic stump sepsis after excision of an infected aortic graft
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Computed tomography angiography

CTA is the most commonly used imaging modality, when 
a VGEI is suspected, due to its wide availability and its 
short acquisition time. CTA is able to evaluate the vas-
cular anatomy and related pathology, the graft involve-
ment as well as the involvement of adjacent structures 
and infection-related complications [7]. This requires a 
high spatial resolution CT acquisition protocol, using a 
64 multi detectors or Dual Source CT scanner (DSCT), 
with submillimetre detectors, and thin reconstruction sec-
tions. CT images are usually acquired before and after 
intravenous iodinated contrast medium (CM) administra-
tion (high concentration CM preferred; CM volume of 
approximately 50-80 mL, using a 3-4 mL/s injection flow 
rate), allowing the evaluation of both arterial and delayed-
phases findings as well as the anatomic relationship of 
the native vessels, the graft, and peri-graft structures [7]. 
Arterial phase images can be obtained with bolus track-
ing, using a threshold of 150HU and a diagnostic delay of 
5 s; a 60-s delayed phase is usually preferred. For DSCT 
scanners, in case of dual-energy acquisitions, on the basis 
of absolute CT attenuation values and relative modifica-
tions at low and high kVp, iodine can be removed from 
the data to create a virtual unenhanced image.

Serial CTA scans may show changes in the peri-graft 
tissues, thus being able to differentiate a VGEI from post-
surgical inflammation [8]. Aneurysm expansion may 
lead to erosion into bowel, fistulization, and infection. 
Contrast extravasation from the aorta into the bowel is a 
rare finding but provides a definitive diagnosis of VGEI. 
Adherence of the thickened bowel wall to the sac wall and 
the stranding are clues to the diagnosis, strengthened by 
the presence of gas in the aneurysm sac.

Magnetic resonance imaging

MRI plays a very modest role in the diagnostic investigation 
of VGEI in research field and has no place in clinical routine. 
Particularly, during the last 20 years, no significant improve-
ments in MRI techniques, specifically for VGEI detection, 
have been made due to the wider availability of superior 
imaging techniques, such as CTA, which is able to depict 
cardiovascular structures with higher temporal and spatial 
resolution [9, 10]. Potential advantages of MRI include 
functional and dynamic imaging and tissue characterization 
(oedema, fluid, fibrosis). Additionally, no iodinated contrast 
is needed for MRI, and there is no radiation exposure. In 
recent years, there is growing interest in tissue characteri-
zation using T1 and T2 mapping to quantify myocardial 
fibrosis, protein, and oedema content in various diseases, 
including infection and inflammation [11, 12]. Neverthe-
less, these quantitative imaging techniques are not validated Ta
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for diagnosing VGEI yet. Either T1 and T2 weighed imag-
ing [13], or the slightly superior short tau inversion recov-
ery (STIR) technique, are the main sequences commonly 
used [14]. Other limitations of MRI include the need of 
high field strength to acquire a diagnostic image resolution 
with adequate signal and contrast to noise ratio for detec-
tion of subtle peri-graft fluid collections. MRI has longer 
examination length, limited availability, and other common 
contra-indications like claustrophobia. Nowadays, almost 
all endovascular grafts are MRI compatible, however, they 
may cause artefacts, thus limiting image analysis, especially 
the stainless steel grafts. Moreover, the use of gadolinium 
contrast to depict vasculature is associated with a negligible, 
but existing, risk of nephrotoxicity in patients with impaired 
renal function, combined with unelucidated effects of gado-
linium deposition in the brain [15].

At present, Magnetic Resonance Angiography (MRA) 
can visualize the aortic anatomy with high accuracy in a 
modern electrocardiography (ECG) gated free-breathing 
phase contrast 3D volume, which can be reconstructed to 
any viewing plane with its isotropic voxel resolution. This 
technique is superior to the inherently untriggered contrast 
bolus MRA with its movement artefacts close to the aortic 
root [15]. However, the aortic wall thickness imaged with 
this modern technique is 1–2 voxels thick and, therefore, 
subtle wall thickening and tissue characterization, such as 
oedema or protein load, are not easily detectable. For this 
assessment, cross-sectional imaging is needed but it is a 
more laborious approach where aortic flow information is 
still more reliable and valuable in this context than the infor-
mation acquired by assessing the vascular wall [16].

Nuclear medicine imaging modalities

The discrimination between infection and sterile inflamma-
tion is not always easily achievable with radiology, however, 
it is crucial to correctly diagnose VGEI [17, 18]. NM modal-
ities have shown high diagnostic accuracy for VGEI, thus 
providing complementary tools to morphological imaging.

White blood cell scintigraphy

Radiolabelled autologous white blood cell (WBC) scintig-
raphy, with 111Indium  [111In]-oxine or 99-metastable Tech-
netium  [99mTc]-exametazime (HMPAO), offers high speci-
ficity for the detection of infection [19, 20]. Considering 
the kinetics of WBC accumulation in infected abdominal 
vascular grafts, two time-point image acquisition—early, at 
30 min, and delayed, at 2-3 h post-injection (p.i.) using time 
corrected for decay protocols, can be sufficient for imaging 
intra-abdominal VGEI, thus avoiding interference of non-
specific bowel activity that starts accumulating after 3–6 h 
p.i. A late image time-point acquisition (20 h p.i.), however, 
can be useful to better visualize slow kinetic infective pro-
cesses, such as abscesses and fistulae, or in case the 3-h scan 
is not conclusive.

In some cases, it has been suggested to start the imaging 
protocol with a 5 min dynamic acquisition after bolus injec-
tion, to image the vascular tree, aneurysms, or obstructions 
[21, 22].

Hybrid imaging, with single-photon emission computed 
tomography co-registered with CT (SPECT/CT) acquisi-
tions, is an integral part of conventional WBC scintigraphy 

Table 3  Summary table on radiological and Nuclear Medicine imaging modalities

Imaging modality Pros Cons

CTA High sensitivity and specificity
Easy and cheap to be performed

High radiation exposure
Contrast allergy
Nephrotoxicity

MRI Functional and dynamic imaging and tissue characterization
No iodinated contrast agents
No radiation exposure

High costs
Poorly tolerated by the patients
Possible risk of nephrotoxicity in patients with impaired renal 

function after gadolinium injection
Better to use 3 T scanners
Limited role in clinical practice

99mTc-WBC High sensitivity and specificity
SPECT/CT images improve accuracy
Able to discriminate between infection and sterile inflam-

mation also in early phases after surgery
Well standardized acquisition protocols and interpretation 

criteria

Poor availability and medium costs
Moderate radiation exposure
Often requires late acquisitions (20 h p.i.)
Blood manipulation
Requires sterile facilities and trained personnel

[18F]FDG PET/CT High sensitivity
High-quality images
Short length of the exam (2–3 h)
Does not need blood manipulation
Widely available

Low specificity
High false positive rate in early phases after surgery 

(< 4 months)
No standardized interpretation criteria
Moderate radiation exposure
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and it is, therefore, mandatory. It allows a better localization 
of suspected foci of uptake and an accurate evaluation of its 
extent, thus reducing equivocal cases and increasing diagnostic 
accuracy of planar images [21–24].

For SPECT/CT images, times corrected for decay proto-
cols are not compulsory, unless quantitative comparison is 
required [21]. A SPECT/CT at 2–3 h p.i. (usually 15–20 s/
step, one step/6°) avoids non-specific gastro-intestinal activity 
and requires shorter acquisition time, but a SPECT/CT at 20 h 
p.i. (usually 30–40 s/step, one step/6°) may have the advantage 
of confirming the pathological uptake observed at 3 h, thus 
depicting the exact location of fistulae and abscesses.

For peripheral grafts, standard acquisition protocols with 
three time points (early, at 30 min, delayed, at 3–4 h, and late, 
at 20–24 h) can be adopted.

Once acquired, the images have to be correctly displayed 
with a total count intensity scale using the same threshold in 
order to ensure a correct interpretation of the examination and 
to limit the observer bias [25, 26]. An increased accumulation 
of radiolabelled WBC over time, in terms of extent and/or inten-
sity, is consistent with an infection (Fig. 1); conversely, a sterile 
inflammation shows a decreased or stable uptake over time.

[18F]FDG PET/CT

2-deoxy-2-[18F]fluoro-D-glucose  ([18F]FDG) positron emis-
sion tomography/CT (PET/CT) has several advantages over 
planar images of labelled WBCs considering its wide avail-
ability and the shorter length of the exam without requiring 

potentially infected blood manipulation. However, this modal-
ity usually provides higher rate of false positive findings, espe-
cially in the post-surgical period, since it cannot always distin-
guish the physiological sterile inflammation from an infection 
or thrombosed grafts. Increased  [18F]FDG uptake in vascular 
grafts can persist for a long time, even years, after surgery 
depending on the material used [27–30].

Several interpretation criteria have been proposed, although 
not universally accepted. Some authors suggest a four- or five-
point visual scale to diagnose VGEI [31, 32], others consider 
the intensity and focality of uptake as criterion of a positive 
scan [28, 33]. The contribution of a semi-quantitative assess-
ment with standardized uptake values (SUV) or target-to-back-
ground (T/B) ratios has also been explored, but its role still 
remains controversial [30, 34]. Indeed, no definite threshold, 
able to differentiate an infection from a sterile inflammation, 
has been identified.

Methodology

Working group and strategy

From several joint symposia and from the available litera-
ture, it emerged the need of an evidence-based guideline for 
imaging VGEI. To this aim, the EANM of Inflammation 
& Infection Committee created a working group together 
with radiologists and vascular surgeons. Vascular surgeons 
formulated some clinical questions that should be addressed 

Fig. 1  Planar images of WBC 
scintigraphy, acquired at 
30 min, 2 and 20 h p.i., show an 
increased uptake over time, that 
is consistent with an infection of 
abdominal graft (upper panel). 
SPECT/CT images, acquired 
2 h p.i., allow to accurately 
localize the uptake and to evalu-
ate its extent (lower panel)
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by imaging. These clinical questions were the starting point 
for the definition of several statements that were used to 
perform a literature search based on the PICO (Population/
problem–Intervention/Indicator–Comparator–Outcome) 
strategy. Papers of interest were graded by level of evidence 
and used to provide final recommendations, which were 
graded according to the Oxford Centre for Evidence-based 
medicine criteria (OCEBM) [35, 36]. Selected papers for 
each statement were analysed and scored by all participants 
and, after several revisions, all the members of the writing 
group approved the final version of this document.

Clinical questions

Clinical presentation of VGEI can be highly suggestive 
for infection, particularly in early post-operative infection 
(< 4 months). However, late infections can be misdiagnosed, 
especially for abdominal or thoracic VGEI, due to low-grade 
clinical and/or laboratory criteria.

The recently published ESVS guidelines, including the 
contribution of NM physicians and radiologists, proposed 
an algorithm for imaging VGEI, depending on the location 
of the graft [2]. CTA is the first-line imaging modality in 
suspected VGEI. This is due to its wide availability, fast 
execution, and the possibility to identify life-threatening 
complications. Functional imaging with  [18F]FDG PET/
CT and/or WBC scintigraphy with SPECT/CT can com-
plete the work-up in case of negative or doubtful results 
and persisting clinical suspicion.

Even if vascular surgeons are relatively familiar with 
CTA findings (peri-graft fluid, ectopic gas, and soft tissue 
enhancement), the interpretation of NM images is more 
difficult.

The most important questions for the vascular surgeon 
when a VGEI is suspected are:

– How to differentiate a physiological from a pathologi-
cal  [18F]FDG uptake, especially in the early post-oper-
ative period?

– Is it possible to assess if the whole graft or only a part 
of the graft is infected?

– Is it possible to differentiate severe from low-grade 
infections?

– Is it possible to differentiate between microbial infec-
tion and non-microbial peri-graft reaction?

– Is it possible to differentiate between an infection of the 
graft and an infection of the native aortic wall?

Statements

Based on the above questions, ten statements were defined, 
aiming at providing evidence-based answers. Each con-
sensus statement is followed by comments derived from 

analysis of the literature and by a conclusive recommenda-
tion that could be relevant, in daily practice, for patient’s 
management.

Literature search

An extensive literature search for each statement was 
carried out in PubMed/Medline and Scopus databases, 
from January 2000 to December 2021. Cross-search with 
included references in the retrieved articles and hand 
search were also performed seeking for further evidence. 
Search terms were defined in agreement with all members 
of the writing group. Inclusion of papers in each statement 
was based on a PICO question that was converted into a 
search strategy, as described by OCEBM [35, 36].

Case reports, abstracts, papers with less than 10 patients 
and not published in English language were excluded. Sys-
tematic reviews were included.

Search results for each statement are summarized in 
Appendix (supplementary material).

Scoring system and recommendation grading 
criteria

All included papers per statement were thoroughly read 
and analysed. A “level of evidence”, for each paper, was 
provided in consensus with all delegates according to the 
documents provided by OCEBM [35, 36] (Table 4a). Each 
consensus statement is followed by a level of evidence, 
defined by the average of the levels of evidences of each 
included paper, and a short comment derived from analysis 
of the relevant literature. At the end of each statement, a 
final recommendation is also provided and graded, again 
in agreement with all delegates, based on the average of 
paper scores (Table 4b).

Update procedure

It is an aim of the EANM to revise this document when 
important and new evidences will be available in the lit-
erature, or at least every 5 years.

Consensus statements

1. CTA represents a valuable tool in diagnosing VGEI, 
despite a wide range of sensitivity and specificity.

Level of evidence: 2
CTA is widely considered as the first imaging modality 

in case of suspected VGEI, being able to detect peri-graft 
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air or fluid collections as well as abscesses into adjacent 
soft tissues. Moreover, it provides useful information on the 
assessment of complications such as sepsis, disruption of 
infected anastomotic portions, development of pseudoaneu-
rysm or a “de novo” type 3 endoleak, peripheral emboliza-
tion of infected thrombi, reinfection of the grafts, and life-
threatening complications (e.g. aorto-oesophageal/enteric, 
aorto-bronchial, and arterio-ureteral fistula).

However, its diagnostic performance mainly relies on the 
grade of VGEI, showing a high rate of false negatives in 
low-grade infective processes [22].

In a systematic review and meta-analysis performed in 
patients with suspected VGEI, the pooled sensitivity and 
specificity of CTA were 67% and 63%, respectively [7]. Hus-
mann et al. reported a high diagnostic accuracy for CTA 
(78.3 and 86.9%, respectively, for the two involved readers). 
The sensitivity ranged from 92.3 to 100% and the specific-
ity from 50 to 80% [37]. These results are in line with those 
provided by Fukuchi (79%, 64%, and 68% for accuracy, 
sensitivity, and specificity, respectively) and Saleem (values 
ranging between 7 and 100% for specificity and 10–100% 
for sensitivity, according to the different CT parameters ana-
lysed) [31, 38].

CTA can also be useful, in association to Doppler-ultra-
sound, in the diagnostic work-up of extracavitary VGEI, as 
reported by Sapienza et al. in case of infection of prosthetic 
patch after femoral angioplasty presenting with a pseudoa-
neurysm of the femoral region, even though there is no infor-
mation on its accuracy [39].

In conclusion, CTA represents a valuable tool in diag-
nosing VGEI, even though a wide range of sensitivity and 
specificity exist, mainly related to the grade of graft infection 
[22]. Indeed, CTA has high accuracy (90–100%) in high-
grade VGEI but it shows only moderate accuracy (70–90%) 
in low-grade processes and post-operative setting. In these 
situations, a high rate of false negative scans is reported, 
since some radiological signs can be common to both infec-
tion and inflammation—the latter being common in the 
post-operative setting [1]. Therefore, in case of negative or 
equivocal CTA findings and persisting strong suspicion of 
VGEI, the use of NM modalities is recommended.

Nevertheless, due to the relatively low accuracy of CTA 
in differentiating sterile post-surgical inflammation from 
infection, a positive CTA should be always confirmed by 
a NM examination, especially when clinical presentation 
or laboratory findings are vague (presence of only minor 
MAGIC criteria) and the probability of infection is low.

Grade
B

Recommendation 1
Due to low sensitivity and moderate accuracy of CTA for 

low-grade infective processes, NM modalities are recom-
mended in negative or equivocal CTA and persisting 
suspicion of VGEI

2. MRI has low accuracy for VGEI.

Level of evidence: 4
MRI plays a very modest role in the diagnostic inves-

tigation of VGEI in research and has no place in clinical 
routine. MRI has low accuracy for diagnosing VGEI, espe-
cially for chronic or late infections (> 3–6 months) with 
subtle fluid collections and receded oedema [9, 10]. Only 
a few small sample comparative studies demonstrated that 
the presence of fluid collection after 6 post-operative weeks 
on T1 and T2 imaging could suggest VGEI better than CT 
[17]. A systematic review of diagnostic MRA performance 
showed good positive (95%) and negative (80%) predictive 
value for endoleaks, however, the diagnostic performance of 
MRA for VGEI was not reported [40]. In 2016 the Ameri-
can Heart Association published a scientific statement on 
VGEI, mycotic aneurysms, and endovascular infections, 
reporting a 85–100% sensitivity and a 97–100% specificity 
[41]. Consequently, MRI is recommended if CT is nondi-
agnostic to differentiate from hematoma, inflammation, or 
infection. These authors further state that MRI/MRA can 
detect mycotic aneurysm, bleeding, and enteric fistula thanks 
to the good soft tissue resolution, based on the literature 
published in 1997 and before.

Modern ECG gated free-breathing phase contrast 3D vol-
ume MRA technique has improved significantly in recent 
years and is expected to be superior to MRA. Indeed, this 
3D volume technique with its proton-density like weigh-
ing, is able to depict tissue boundaries with much higher 
definition and precision, since it lacks the motion artefacts 
contrast bolus observed with MRA. Nevertheless, to our best 
knowledge, there is no literature regarding the diagnostic 
performance of this technique in VGEI.

In recent years, only few studies on MRI and MRA have 
been published and provided varying results in different 
stages of VGEI. ECG gated free-breathing phase contrast 
3D volume MRA could be a good alternative and awaits its 
evaluation in a clinical research setting.

Grade
C

Recommendation 2
MRI has low accuracy for diagnosing VGEI, especially for 

chronic or late infections, and is not recommended as first 
imaging choice

3. WBC scintigraphy has high diagnostic accuracy in dif-
ferentiating VGEI from post-surgical inflammation.

Level of evidence: 2
Post-surgical inflammation, especially in early post-

operative phase, represents the most important diagnostic 
challenge. It could complicate the interpretation of different 
imaging modalities, thus limiting their ability to properly 
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diagnose an infective process. This aspect is particularly 
important for the assessment of VGEI, in which post-surgi-
cal inflammation may persist for many years after surgery, 
thus representing a confounding factor that could lead to 
a wrong management of the patient. Low-grade infections 
represent another insidious aspect since clinical manifesta-
tions may be ambiguous and both biochemical parameters 
and conventional imaging modalities may fall.

The ability of radiolabelled WBC scintigraphy in differ-
entiating an infective process, even of low-grade, from a 
sterile inflammation is remarkable. However, its accuracy 
strongly relies on the application of well-standardized acqui-
sition protocols and interpretation criteria that have been 
published by EANM in the last decade [19–21].

For this PICO, 80 papers were retrieved and 8 studies 
were finally included [7, 22, 42–45].

In 2006, Liberatore et al. investigated the accuracy of 
radiolabelled WBC scintigraphy in diagnosis of VGEI 
within 1 month from surgery reporting no false positive 
results in the early post-operative phase after endovascu-
lar approach. Therefore, they concluded that this imaging 
modality is able to accurately differentiate between infec-
tion and sterile inflammation [42]. Similarly, in the study 
of de la Rubia-Marcos et al., radiolabelled WBC scan with 
SPECT/CT, showed significantly higher sensitivity, specific-
ity, positive and negative predictive value than CT (respec-
tively, 100%, 95%, 91%, and 100% vs 62.5%, 76%, 55.6, and 
81.3%), being able to accurately rule out an infection in early 
post-operative period and to correctly diagnose a VGEI in 
later phases. In this study, CT showed high number of false 
negative scans both in early infections, where the findings 
were wrongly interpreted as post-surgical changes, and in 
late infections, where CT did not show any alteration [43]. 
In another recent comparative study by Puges et al., radiola-
belled WBC scan showed higher accuracy than  [18F]FDG 
PET/CT, even in patients under antibiotic treatment and in 
thrombosed graft infection [44].

This also clearly emerges from a recently published sys-
tematic review and meta-analysis comparing CTA, radi-
olabelled WBC scintigraphy with and without SPECT/CT, 
 [18F]FDG PET, and PET/CT. The reported pooled sensitiv-
ity, specificity, positive pre-test probability, and negative 
post-test probability of radiolabelled WBC reached the 
highest values, especially if performed with SPECT/CT 
acquisitions [7]. Indeed, several authors explored the role 
of SPECT/CT confirming its added value in the assessment 
of VGEI. In particular, the studies published by Khaja and 
Erba reported very high accuracies, being, respectively, 
80% for 111In-WBCs [45] and 100% for 99mTc-WBCs in 
detecting low-grade infections [22].

Conversely, Shahidi and Muhammad did not reach 
similar conclusions [46, 47]. However, the acquisition 

protocols and interpretation criteria adopted in these stud-
ies did not adhere to EANM guidelines, thus justifying the 
low diagnostic performance.

Consequently, despite some differences in the reported 
accuracy of this imaging modality still exist in the litera-
ture, being lower in the studies that did not follow EANM 
guidelines, there is a strong evidence to conclude that 
radiolabelled WBC scintigraphy + SPECT/CT allow the 
differentiation between post-surgical sterile inflammation 
and infective processes.

Grade
B

Recommendation 3
WBC scan with SPECT/CT may be used to accurately dif-

ferentiate an infection from a sterile inflammation

4. Antibiotic therapy has no influence on diagnostic accu-
racy of WBC scintigraphy in detecting VGEI.

Level of evidence: 4
The issue of whether antimicrobial treatment may have 

an influence on diagnostic accuracy of WBC scan is still 
matter of debate.

For this PICO, 73 papers were retrieved but only 3 stud-
ies were finally selected [22, 43, 44]. However, no studies 
directly comparing patients with and without antibiotic 
treatment for VGEI exist. Moreover, the relative low num-
bers of patients included in each study, the lack of infor-
mation about treatments, class of antibiotic and their dura-
tion, does not allow to draw definite conclusions on this 
issue and therefore, information could be only extrapolated 
from available data.

In the studies published by Erba et al. and by de la 
Rubia-Marcos et al. the authors did not observe any false 
negative scan at WBC scintigraphy, even in patients that 
were receiving antibiotic treatment [22, 43], thus conclud-
ing that the accuracy would not be affected by ongoing 
antimicrobial therapy. This aspect has been more deeply 
investigated in a recent retrospective study comparing 
WBC scintigraphy and  [18F]FDG PET/CT in 39 patients 
with suspected VGEI. Antibiotic treatment was started 
before NM imaging in 16 (41%) patients. Overall, WBC 
scan showed significantly higher diagnostic value com-
pared to  [18F]FDG PET/CT. In patients that were receiving 
antibiotics, the sensitivity of both imaging modalities was 
not altered, but WBC scintigraphy showed a significantly 
higher accuracy than  [18F]FDG PET/CT [44].

However, since chemotaxis and cytokines-induced 
recruitments of leukocytes into the infection site are two 
crucial aspects for the accuracy of WBC scintigraphy, it is 
conceivable that some types of antibiotics could impair the 
ability of radiolabelled WBCs to migrate into infected site. 
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For this reason, there is a general feeling among the NM 
community that WBC scintigraphy should be preferably 
performed at least 2 weeks after therapy discontinuation, 
or, even better, before starting the treatment.

In summary, there is not sufficient evidence in the litera-
ture to reach a definitive conclusion on the impact of anti-
biotic treatment on the accuracy of WBC scintigraphy in 
VGEI. The choice to stop or continue the therapy should be, 
therefore, clinically evaluated in the single case and jointly 
discussed with the referring physicians.

It would be interesting to address, in future, direct and 
indirect effects of different antimicrobial agents on different 
aspects of immune response to infections, and on WBCs in 
particular.

Grade
C

Recommendation 4
No definitive conclusion can be reached in the literature 

to withdraw or continue antibiotic therapy prior to WBC 
scintigraphy. The single clinical case should be discussed 
multidisciplinary

5. [18F]FDG PET/CT has high sensitivity for diagnosing 
VGEI.

Level of evidence: 2
Several original studies (prospective and retrospective 

observational cohort studies but no single randomized con-
trolled trial), systematic reviews, and meta-analyses have 
addressed the sensitivity of  [18F]FDG PET/CT in patients 
with suspected VGEI [7, 48–50]. The main findings of the 
available systematic reviews and meta-analyses are summa-
rized in supplementary material (Supplementary Table 1).

Overall, the pooled sensitivity of  [18F]FDG PET/CT to 
detect VGEI was high, ranging from 89 to 98%. Conversely, 
pooled specificity was very variable, ranging from 59 to 81% 
[7, 48–50].

It is worthwhile to mention that the original studies 
were quite heterogeneous and lacking in standardization. 
Factors contributing to this heterogeneity were among oth-
ers: characteristics of included patients, grade of infection, 
characteristics of vascular grafts (location, material used, 
surgical technique), time intervals between surgery and 
imaging, use of antibiotics prior to PET/CT, differences in 
PET/CT cameras, acquisition protocol, image analysis and 
interpretation, reference standard used and study quality. 
All these factors may theoretically affect the sensitivity of 
 [18F]FDG PET/CT in detecting VGEI [7, 48–50].

Reinders Folmer et al. demonstrated that hybrid  [18F]
FDG PET/CT increases the diagnostic accuracy by reduc-
ing the number of false positive and false negative results 
compared to stand alone PET [7]. It is, indeed, well known 
that the evaluation of co-registered CT scan is an integral 

part for the interpretation of a PET/CT study since it is 
able to provide information about the structure involved 
in the pathological process (graft, aneurysmatic sac, peri-
graft tissues). However, diagnostic accuracy also relies on 
the interpretation criteria adopted in different studies [48, 
50–52]. Two meta-analyses demonstrated that all three dif-
ferent  [18F]FDG PET/CT interpretation criteria, (i) visual 
 [18F]FDG intensity uptake, (ii) visual  [18F]FDG uptake 
pattern, and (iii) semi-quantitative analysis using SUV-
max, yielded a high sensitivity.

Nevertheless, visual  [18F]FDG uptake intensity is less 
specific compared to pattern analysis or SUVmax (59% vs 
81% and 77%, respectively) [48, 50]. Overall, data avail-
able in the literature demonstrate that heterogeneous, 
(multi)focal, and high  [18F]FDG uptake around the vascu-
lar graft is consistent with VGEI. Therefore, the diagnostic 
accuracy may be enhanced by combining the assessment 
of  [18F]FDG uptake pattern and intensity [48, 50].

In addition to a pure visual assessment, semi-quanti-
tative parameters can be used to detect VGEI including 
SUVmax values, corresponding to the hottest  [18F]FDG 
signal, or T/B ratios, by dividing the SUVmax of the graft 
uptake by the SUVmean of a reference region (e.g. liver 
or blood pool). To date, most of the published studies used 
the SUVmax as preferred semi-quantitative parameter 
with only few data available for T/B ratios. The reported 
sensitivities and specificities of SUVmax analysis ranged 
between 95 and 98% and from 77 and 80%, respectively 
[48, 50]. However, a standardized SUVmax cut-off value 
able to distinguish, with high accuracy, VGEI from non-
infected grafts has not been defined yet. Moreover, SUV-
max values depend on several characteristics including 
the type of tomographs, incubation time, reconstruction 
algorithms, etc., thus making this parameter not reproduc-
ible in different centres [50].

In conclusion, solid data clearly demonstrate the high 
sensitivity of  [18F]FDG PET/CT in diagnosing VGEI, 
regardless of the interpretation criteria (visual or semi- 
quantitative) used. Therefore, it could be performed to 
rule out the infection. A higher degree of accuracy may 
be achieved by combining several interpretation methods 
[48, 50]. Finally, standardization of  [18F]FDG PET/CT 
acquisition and interpretation is warranted to reduce study 
heterogeneity and to allow a comparison between studies.

Grade
B

Recommendation 5
[18F]FDG PET/CT has high sensitivity in diagnosing VGEI, 

regardless of the interpretation criteria used. Therefore, it 
can be used to rule out the infection

6. Antibiotic therapy may influence the diagnostic accu-
racy of [18F]FDG PET/CT in detecting VGEI.
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Level of evidence: 3
[18F]FDG PET/CT evaluation can be influenced by sev-

eral factors such as diabetes mellitus and the use of antibiot-
ics, as reported in recent systematic reviews and meta-anal-
yses [48, 50]. However, a complete overview on this topic 
cannot be provided due to the lack of specific information 
on antibiotic treatments in many papers [7, 49, 50]. Indeed, 
the use of antimicrobials, the class, and the duration of the 
treatment are scarcely mentioned and not always linked to 
the results of  [18F]FDG PET/CT or to the gold standard for 
the diagnosis, therefore, the definition of false positives and 
false negatives is problematic and arbitrary [48, 50]. In a 
prospective cohort study, Sah et al. demonstrated that the 
diagnostic performance of  [18F]FDG PET/CT was higher in 
patients without previous antimicrobial treatment compared 
to patients with ongoing therapy [53]. Overall, diagnostic 
accuracy of  [18F]FDG PET/CT could be increased by per-
forming the scan prior to antimicrobial treatment, never-
theless clinical presentation may be acute in some patients 
with VGEI, especially in the presence of highly virulent 
pathogens, requiring immediate antimicrobial treatment [48, 
50]. Once an antibiotic treatment has started, a declining 
metabolic activity in infections is expected. This might affect 
the sensitivity of  [18F]FDG PET/CT [48]. Long-term anti-
biotic treatment could increase the number of false negative 
findings at both  [18F]FDG PET/CT and microbiology, thus 
resulting in inadequate treatment of infected patients [7, 50].

However, the influence of antibiotics on the number of 
false negative results at  [18F]FDG PET/CT remains under 
investigation [46].

Interestingly, recent studies suggested a potential role 
of  [18F]FDG PET/CT in monitoring treatment response in 
patients with VGEI [53–56]. In particular, a prospective 
cohort study by Husmann et al. demonstrated decreasing 
SUVmax values over time in patients undergoing antibiotic 
therapy and that the capability to detect residual infection 
by  [18F]FDG PET/CT was not hampered by antimicrobial 
therapy [56].

In conclusion, even though literature data concordantly 
underline the possible influence of antibiotic therapy on 
the diagnostic accuracy of  [18F]FDG PET/CT in VGEI, 
more high-quality studies are needed to further investigate 
this topic. In daily practice, the decision to stop or not the 
antibiotic treatment should depend on the clinical condi-
tions of the patient and should derive from a multidiscipli-
nary discussion with the referring physicians.

Grade
C

Recommendation 6
More robust studies are needed to confirm this effect. The 

choice to stop or continue antibiotic treatment depends 
on the single clinical case, preferably discussed within a 
multidisciplinary team

7. Focal [18F]FDG uptake is a reliable diagnostic tool to 
diagnose an infection.

Level of evidence: 2
In the last decades  [18F]FDG PET/CT has emerged 

in the work-up of VGEI, as demonstrated by the large 
amount of available literature on this topic. Nevertheless, 
a remarkable variability in the interpretation criteria and 
parameters (focal pattern, visual scoring scales, SUVmax, 
T/B ratios, dual-time-point evaluation) adopted among the 
studies, is evident. Indeed, a major concern in the diagno-
sis of VGEI with  [18F]FDG PET/CT is image interpreta-
tion and several criteria have been proposed for differenti-
ating the infection from sterile post-surgical inflammation 
or foreign body reaction.

For this PICO, 109 papers were retrieved and 26 stud-
ies were finally selected [28–33, 37, 38, 44, 49, 52–67]. 
Interestingly, 17 of them were also included in four recent 
meta-analyses [7, 48–50].

Focal uptake was used as criterion of positivity in sev-
eral studies [28, 31, 33, 38, 49, 53–55, 57, 59, 61–63, 67]. 
Despite different accuracies have been reported, focal uptake 
with high  [18F]FDG intensity, is highly predictive of infec-
tion (Fig. 2), whereas moderate, homogeneous, and linear 
uptake is not. This also emerges from the study published 
by Keidar et al. in 2014. Aiming to better understand the 
normal biodistribution of  [18F]FDG in non-infected grafts, 
they retrospectively evaluated 107 grafts of different mate-
rials and examined the pattern of uptake according to time 
elapsed from surgery. Diffuse (both homogeneous and non-
homogeneous) uptake was detected in 92% of non-infected 
grafts, as a result of persistent foreign body reaction, and 
none of them demonstrated focal uptake, thus concluding 
that diffuse uptake should be interpreted as non-infected 
[30].

However, some authors underlined that the pattern of 
 [18F]FDG uptake in non-infected grafts may be similar to 
that of infected grafts [38, 57, 66]. Therefore, the evalua-
tion of additional signs of infection (gas bubbles, peri-graft 
fluid collections, graft dislocation, irregular graft bounda-
ries, fistulae, abscesses) on CT scan is crucial to improve 
the accuracy of  [18F]FDG PET, especially in the presence 
of non-homogeneous uptake [28].

In a recent meta-analysis examining three different inter-
pretation criteria, both focal uptake and SUVmax provided 
higher sensitivity (93% and 98%, respectively) and specific-
ity (78% and 80%, respectively) compared to visual scor-
ing systems (89% of sensitivity and 61% of specificity) and 
T/B ratios (57% of sensitivity and 76% of specificity) [48]. 
However, focal uptake is a qualitative/subjective variable 
parameter that cannot be easily standardized and SUVmax 
measurements are not reproducible in all centres. Moreover, 
as previously mentioned, precise cut-off values for SUVmax 
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or T/B ratios able to discriminate between low-grade or 
high-grade infections and sterile inflammation, have not 
been defined. Therefore, its role in the diagnostic setting is 
still unclear but it could be a useful tool in therapy monitor-
ing [40, 55].

Concluding, among the several qualitative and semi-
quantitative interpretation criteria for  [18F]FDG PET/CT, 
focal uptake seems to be a reliable tool to diagnose the 
infection as demonstrated by the high positive and negative 
predictive values reported. The combination of two or more 
parameters (grading score, focal pattern, SUVmax, T/B 
ratios) and radiological signs at co-registered CT should be 
better explored, especially in more complex cases.

Grade
B

Recommendation 7
Focal  [18F]FDG uptake is a reliable tool for differentiating 

an infection from a sterile post-surgical inflammation or 
foreign body reaction

8. In case of clinical suspicion of VGEI in the early post-
surgical phase, CTA is an accurate diagnostic exami-
nation.

Level of evidence: 5
Even though the usefulness of CTA examinations in diag-

nosing VGEI is well known, the accuracy in the immediate 
post-operative setting (within 7 days) is still unclear. In par-
ticular, it isn’t well defined at which time point after surgery 
the presence of gas, fluid, or peri-aortic fat stranding can be 
considered suspicious or consistent with VGEI.

For this PICO, no papers published from 2000 to 2021 
were retrieved. However, older studies suggested that the 
presence of peri-graft air bubbles is not inevitably indica-
tive of VGEI. Therefore, in the absence of other signs of 
infection, the patient must be strictly followed-up with serial 
CT scans. Any increase in gas volume or fluid collections 
and the presence of peri-graft air after 4–7 weeks must be 
considered abnormal [68, 69].

Boccalini et al. showed that peri-graft fluid collections 
might be a signal of upcoming complications and require 
strict follow-up, whereas isolated peri-graft fat stranding up 
to 17 mm could be considered as a normal post-operative 
finding [70]. Nevertheless, other authors suggest that the 
persistence of peri-graft soft tissue stranding after 3 months 
from surgery, should arise the suspicion for VGEI [71, 72] 
(Fig. 3).

In conclusion, there is no recent evidence that CTA is the 
most accurate diagnostic tool in the immediate post-opera-
tive phase, and studies from the 80’s and 90’s provide no 
sufficient information to support this statement, mostly due 
to small study populations. However, peri-graft air within 
7 days or peri-aortic fat stranding and fluid within 3 months 
can be considered physiological post-surgical findings, only 
requiring serial CTA follow-up. Peri-graft fluid/gas increas-
ing over time (or persisting after 3 months) or an expansion 
of the aneurysm sac in the follow-up studies, increase the 
probability of VGEI. In equivocal cases, or to confirm a 
positive finding especially in the early post-surgical phase, 
the appeal to more specific imaging modalities is manda-
tory. This is particularly important to exclude false positive 

Fig. 2  Coronal images of  [18F]
FDG PET/CT (left panel) and 
MIP (right panel) show focal 
and intense  [18F]FDG uptake 
on the abdominal graft, that is 
consistent with an infection
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results at CTA due to sterile inflammation, especially when 
clinical presentation or laboratory findings are vague and the 
probability of an infection is low.

Grade
D

Recommendation 8
CTA has low accuracy in diagnosing VGEI in the early post-

surgical phase. In case of doubtful CTA or to confirm posi-
tive findings, more specific imaging modalities are needed

9. WBC scintigraphy is an accurate technique to diag-
nose VGEI both in early and late post-surgical phases.

Level of evidence: 3
WBC scintigraphy is the gold standard nuclear medicine 

method for differentiating between infection and inflam-
mation, as emerges from several published consensus on 
different infectious diseases. Time interval between surgery 
and WBC imaging does not influence the results, making 
WBC imaging already applicable early after surgery [21, 
73, 74]. Convincing evidence that WBC scintigraphy is the 
most accurate examination in the first 4 months after surgery 
is lacking since comparative studies are scarce. In a recent 
systematic review and meta-analysis, it was not possible to 
extract the time interval between implantation of the graft 
and imaging [7].

One study from 2006 evaluated WBC scintigraphy in the 
early perioperative period (3 scans, 1 week before, 1 week 
after, and 1 month after surgery) in 23 patients with an endo-
vascular graft implantation. No false positive WBC scans 
were found in the first month after surgery. One major limi-
tation of this study is, however, that presence of infection at 
the end of the follow-up (14 months) was demonstrated in 

only one patient, so the usefulness of WBC scintigraphy in 
the early post-operative phase could not be evaluated [42].

Just recently, a retrospective study was published evaluat-
ing WBC scintigraphy and  [18F]FDG PET/CT in 39 patients 
with 96 grafts. The diagnostic accuracy of WBC scan was 
significantly higher than  [18F]FDG PET/CT (90.6% vs 
71.9%). The time from surgery was < 4 months in 11 cases, 
and > 4 months in the remaining 85 cases. Most false posi-
tive scans were found with  [18F]FDG PET/CT, one in a graft 
that was placed two and a half months before the scan; no 
false positive scans were found in early post-operative phase 
with WBC imaging, [44].

So, in conclusion, WBC scintigraphy can be performed 
even in the early post-operative phase, given the low num-
ber of false positive results reported and the high positive and 
negative predictive value. Nevertheless, it is not possible to 
conclude that WBC scintigraphy is the most accurate diagnos-
tic examination within the first 4 months after surgery, since 
comparative studies with other imaging techniques are lacking.

Grade
B

Recommendation 9
WBC scintigraphy should be used for confirming VGEI, 

given its high positive predictive value even in early post-
surgical phase

 10. [18F]FDG PET/CT is more accurate to diagnose 
VGEI in late post-surgical phase than in early post-
surgical phase.

Level of evidence: 2
[18F]FDG PET/CT is today extensively used for imag-

ing VGEI, in particular in case of equivocal findings on 

Fig. 3  63-yo man who under-
went open surgical repair of 
abdominal aortic aneurysm. CT 
images (a: unenhanced image 
and b: arterial-phase image) 
obtained 4 months after surgical 
treatment show aortic graft 
patency with peri-graft soft tis-
sue stranding with peri-graft gas
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CT [34, 50]. Sensitivity is high, but specificity is low 
[44]. The reason for false positive findings on PET/CT 
is the non-specific uptake of  [18F]FDG in non-infected, 
inflammatory tissue that is commonly observed in early 
post-surgical phases. A recent implanted vascular graft is 
a well-known cause of reactive  [18F]FDG uptake around 
the graft. In particular, within the first 6–8 weeks, the 
risk of a false positive finding is very high [28–30]. A 
prolonged time interval between surgery and  [18F]FDG 
PET/CT imaging may reduce these findings, but increased 
metabolic activity may persist for many years, depending 
on the graft material [30].

For this PICO, a literature search was conducted and 
74 papers were retrieved, of which 18 were included for 
thorough evaluation [30, 32, 33, 38, 44, 52–59, 62, 64, 
75–77]. The studies mentioned the number of central and/
or peripheral grafts. All included papers concluded that 
 [18F]FDG PET/CT in late post-surgical phase is a sensi-
tive imaging method, with some lower specificity, as also 
confirmed in a recent meta-analysis [50]. At the moment, 
 [18F]FDG PET/CT can be performed in both early and 
late infections, but a particular caution should be observed 
within the first 4 months from surgery. The definition of 
standardized interpretation criteria is mandatory for accu-
rately differentiating sterile inflammation from infection.

Grade
B

Recommendation 10
[18F]FDG PET/CT can be used in late post-surgical phase, 

when the normal sterile inflammation decreases

Based on the above-mentioned statements and evidence 
from the published literature, we developed a diagnostic 
flow chart for imaging VGEI (Fig. 4). This represents a 
first attempt for standardization of diagnostic approaches 
in different centres and will be updated when larger pro-
spective studies, directly comparing different imaging 
modalities, will be published.

Practical answers to clinical questions

Based on these statements and PICOs (summarized in 
Table 5), the questions formulated by the vascular sur-
geons—as mentioned earlier—can now be answered based 
on scientific evidence.

– How to differentiate a physiological from a pathologi-
cal  [18F]FDG uptake, especially in the early post-oper-
ative period?

Since  [18F]FDG PET imaging is based on the uptake 
of radioactive glucose in cells/tissue with enhanced 

metabolism, a physiological non-specific uptake is gener-
ally observed in the early perioperative period due to the 
presence of inflammation. At this time point, given the low 
accuracy of CTA, WBC scintigraphy should be preferred 
to  [18F]FDG PET/CT.

– Is it possible to assess if the whole graft or only a part 
of the graft is infected?

Even if imaging may differentiate between peri-graft 
collection and involvement of the graft material, it would 
be interesting for the clinician to know if the whole graft 
or only a part of the graft is infected (for example a whole 
aorto-bifemoral bypass or only the femoral part). The sur-
gical procedure would be different and less invasive if only 
the infected part could be removed. To this aim, the appeal 
to hybrid imaging allows to define the exact location and 
extent of the uptake in both WBC scintigraphy and  [18F]
FDG PET/CT.

– Is it possible to differentiate severe from low-grade 
infection?

Ideally, one might imagine that the degree of uptake 
would correlate with the severity of infection, thus sug-
gesting a more aggressive therapeutic approach (e.g. 
surgical explantation of the whole graft, debridement of 
the infected area, and in situ reconstruction with a non-
prosthetic material) in patients showing higher uptake 
at  [18F]FDG PET/CT. Minor degree of uptake could be 
observed both in low-grade infection, that could be treated 
by antibiotic therapy alone, or by in situ reconstruction 
with a antimicrobial-soaked prosthetic material, and sterile 
inflammation. In practice, there are no scientific data sup-
porting this hypothesis. Moreover, very few data exist on 
the relationship between  [18F]FDG PET/CT avidity and 
prosthetic material.

– Is it possible to differentiate between microbial infection 
and non-microbial peri-graft reaction?

In some situations, no microbes can be detected, even 
following surgery. This situation is called “peri-graft reac-
tion”, and the affected graft is replaced with another pros-
thetic material. A combination of  [18F]FDG PET/CT and 
WBC scintigraphy may be extremely useful to differentiate 
between sterile reaction and infected graft, with particular 
regard to those with severe peri-graft reactions that may 
require surgical replacement (e.g. when WBC scan is nega-
tive and a PET/CT scan is strongly positive with and  [18F]
FDG uniformly distributed around the graft).
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– Is it possible to differentiate between an infection of the 
graft and the native aortic wall?

Differentiation between mycotic and inflammatory aortic 
aneurysms is not possible in all cases, especially if sam-
pling of the aortic wall is not possible. In case of stent-graft 
implantation in a mycotic aortic aneurysm, the possibility 
of a VGEI must be considered.

In inflammatory aneurysms, post-operative increased 
 [18F]FDG uptake of the aneurysm wall may mimic a VGEI 
(especially in small aneurysm diameters) and result in per-
manent antibiotic treatment or serial imaging, which may not 
be necessary. A distinction between  [18F]FDG uptake of the 
stent graft and uptake of the aneurysm wall may be benefi-
cial from a clinical point of view, and it is usually achievable 
by hybrid imaging. The evaluation of co-registered CT scan 
is, indeed, crucial for the exact definition of the anatomic 
structures involved by the inflammatory/infective process 
(Fig. 4).

Future research agenda

From the analysis of the current literature, it emerged that 
several issues are not yet fully covered.

Clinical issues:

• Head-to-head comparisons between different imaging 
modalities are still lacking. Nevertheless, comparing 
the accuracy of radiolabelled WBC,  [18F]FDG PET/CT, 
CTA, and, possibly, MRI in the same patient with histol-
ogy/microbiology as the gold standard, would be optimal 
to define the best diagnostic strategy.

• Studied populations are often mixed and comprising 
patients with both endoprostheses and grafts with dif-
ferent synthetic materials, both intracavitary and ext-
racavitary. It would be desirable to explore the role of 
imaging in different kinds of vascular grafts, in different 
synthetic materials, and in different locations (peripheral 
vs central grafts) to better define which examination is 
more appropriate in different clinical scenarios. With this 
effort, larger multicentre prospective studies would be 
beneficial.

Fig. 4  Suggested diagnostic flow charts in suspected VGEI, accord-
ing to the probability of having an infection prior to imaging. CTA is 
always the first-line imaging modality. In the presence of at least one 
major clinical or laboratory MAGIC criterion (higher pre-test prob-
ability), a positive CTA is sufficient for the diagnosis of VGEI but, in 
case of negative or doubtful results with persisting clinical suspicion, 
NM techniques are strongly recommended. Radiolabelled WBC can 
be performed at any time after surgery and it should be preferred in 
the first 4 months after surgery, being more accurate than  [18F]FDG 
PET/CT. In late phase after surgery, both WBC scintigraphy and 
 [18F]FDG PET/CT can be performed. A negative  [18F]FDG PET/CT 

can rule out the infection, but a positive  [18F]FDG PET/CT result 
should always be interpreted with caution, and possibly be confirmed 
by radiolabelled WBC scintigraphy. In the presence of at least two 
minor clinical or laboratory MAGIC criteria (lower pre-test probabil-
ity), CTA findings should always be confirmed or rejected with NM 
modalities (WBC scintigraphy or  [18F]FDG PET/CT depending on 
the time from surgery), unless CTA findings are typical of infection 
(e.g. graft-enteric fistula). In both routes, in case of discordant find-
ings between CTA and NM examination (WBC scintigraphy or  [18F]
FDG PET/CT), the patient should perform an additional NM modal-
ity  ([18F]FDG PET/CT or WBC scintigraphy).
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• Imaging is also important in the follow-up of patients, 
although solid data is needed from comparative longi-
tudinal studies on the evolution of the infection and the 
sterile post-surgical inflammation. Unknown is why some 
patients show intense and persisting peri-graft inflam-
matory reaction, while others do not. Also studies inves-
tigating the possible role of antibiotic therapy on NM 
imaging modalities are lacking.

Methodological issues:

• Standardization of acquisition protocols and interpreta-
tion criteria of all imaging modalities is warranted to 
reduce the procedural heterogeneity and to allow optimal 
comparison between studies. This is particularly impor-
tant for CTA, MRI, and  [18F]FDG PET/CT in order to 
further improve their accuracy in differentiating sterile 
inflammation from infection.

• Validation of quantitative techniques for imaging with 
MRI and CTA.

• Validation of new specific protocols and sequences for 
MRI studies.

• Standardization of visual grading scores, patterns of 
uptake, and semi-quantitative measurements is crucial 
to harmonize interpretation criteria of  [18F]FDG PET/
CT between centres.

• To better explore the role of late acquisitions (e.g. after 
90–120 min from  [18F]FDG injection) and dual-time-point 
PET/CT imaging for improving image quality and T/B 
ratios.

• To investigate the added value of CTA coregistration in a 
PET study.

• To investigate the possible role of PET/MRI in imaging 
VGEI.

Technical issues:

• Application of more specific radiopharmaceuticals for 
infection imaging.

• Evolution of CT Spectral Imaging with better tissue dis-
crimination.

• Application of ECG gated free-breathing phase contrast 3D 
volume MRA in clinical setting.

Future research should be directed to better explore these 
topics. It would increase the knowledge in this field and pro-
vide more evidence that could be helpful in clinical practice for 
the management of specific clinical scenarios. Moreover, the 
availability, in each hospital, of a multidisciplinary team, that 
jointly analyses cases of suspected VGEI, is crucial to improve 
patient care (Fig. 5).

Conclusions and final recommendations

The management of patients with a suspected VGEI highly 
depends on imaging findings but the diagnosis remains 
challenging. On the other hand, the removal of an infected 
graft is a high-risk procedure that needs to be justified by a 
correct diagnosis. Radiologists and NM specialists should 

Fig. 5  Sagittal view of  [18F]
FDG PET/CT shows mild and 
homogeneous  [18F]FDG uptake 
around the aneurysmatic sac 
without endograft involvement
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collaborate closely with vascular surgeons, since imaging 
will help to plan the best management for the patient.

As mentioned before, CTA is the first-line imaging 
modality in the work-up of patients with suspected VGEI, 
but the combination with NM techniques is strongly rec-
ommended. In particular, in the presence of at least one 
major clinical or laboratory MAGIC criterion (higher pre-
test probability), a positive CTA is sufficient for the diag-
nosis, but a negative or doubtful scan should always be 
followed by a NM modality. In the presence of at least two 
minor clinical or laboratory MAGIC criteria (lower pre-
test probability), also a positive CTA should be confirmed 
by NM modalities, given the low accuracy in differentiat-
ing sterile inflammation from infection.

From a NM point of view, both radiolabelled WBC 
scintigraphy and  [18F]FDG PET/CT have some pros and 
cons. Radiolabelled WBC scan are more accurate than 
 [18F]FDG PET/CT in the early phase after surgery, while 
both WBC scintigraphy and  [18F]FDG PET/CT can be 
performed in the late phase after surgery. A negative  [18F]
FDG PET/CT can rule out VGEI, due to its high negative 
predictive value, but a positive  [18F]FDG PET/CT result 
should always be interpreted with caution, because of a 
possible persisting sterile inflammatory reaction.

The choice of an imaging modality should depend on 
several aspects: the clinical status of the patients and their 
compliance, local availability and expertise, time elapsed 
from surgery, results of previous examinations, and wait-
ing lists. Moreover, it also depends on the purpose of 
the study: if high specificity is required, for example for 
diagnosing the infection immediately after surgery, then 
radiolabelled WBC scintigraphy should be preferred; if 
high sensitivity is needed, for example for the assessment 
of residual infection after medical treatment, or for the 
evaluation of late infections,  [18F]FDG PET/CT could be 
the technique of choice.

In any case, the decision should derive from a multidisci-
plinary discussion with all professionals involved in the care 
of these patients in order to better understand the specific 
clinical needs. This approach would allow planning the most 
appropriate diagnostic and therapeutic management for each 
individual patient.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00259- 022- 05769-x.

Acknowledgements This document was brought to the attention of 
relevant EANM Committees, National Societies of Nuclear Medicine, 
and ESVS Guidelines Steering Committee. The comments and sug-
gestions from the EANM (Radiation Protection, Radiopharmacy and 
Cardiovascular) Committees, the (British, Dutch, Finnish, Latvian, 
Portuguese, Czech, Serbian, Croatian, French, and Austrian) National 
Societies of Nuclear Medicine, and the reviewers of ESVS have been 
highly appreciated and considered for this guideline.

The authors wish also to thank Alessandro Posa from Fondazione 
Policlinico Universitario A. Gemelli IRCCS, Rome, Italy, for his con-
tribution to the present work in searching articles for several PICOs.

Author Contributions All authors read and approved the final 
manuscript.

Funding Open access funding provided by Università degli Studi di 
Roma La Sapienza within the CRUI-CARE Agreement.

Declarations 

Conflict of interest Chiara Lauri, Andor W.J.M. Glaudemans, Giorgio 
Treglia and Olivier Gheysens are members of the Inflammation and 
Infection Committee of the EANM; Riemer H.J.A. Slart is a member 
of the Cardiovascular Committee of EANM. Nabil Chakfe, Eike Se-
bastian Debus, Anne Lejay and Susanne Honig are members of ESVS.
All authors declare that there is no conflict of interest.

Ethics approval These guidelines do not contain any studies with 
human participants or animals performed by any of the authors.

Liability statement This Guideline summarizes the views of the 
EANM Inflammation & Infection Committee. It reflects views for 
which the EANM cannot be held responsible. This Guideline should 
be taken into context of good practice of nuclear medicine and do not 
substitute for national and international legal or regulatory provisions.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Lyons OT, Baguneid M, Barwick TD, Bell RE, Foster N, Homer-
Vanniasinkam S, et al. Diagnosis of aortic graft infection: a case 
definition by the management of aortic graft infection collabora-
tion (MAGIC). Eur J Vasc Endovasc Surg. 2016;52:758–63.

 2. Chakfé N, Diener H, Lejay A, Assadian O, Bérard X, Caillon J, 
et al. European Society for Vascular Surgery (ESVS) 2020 Clini-
cal practice guidelines on the management of vascular graft and 
stent graft Infections with the endorsement of the European Asso-
ciation of Nuclear Medicine (EANM). Eur J Vasc Endovasc Surg. 
2020;59:339–84.

 3. Szilagyi DE, Smith RF, Elliott JP, Vrandecic MP. Infection 
in arterial reconstruction with synthetic grafts. Ann Surg. 
1972;176:321–33.

 4. Samson RH, Veith FJ, Janko GS, Gupta SK, Scher LA. A modi-
fied classification and approach to the management of infec-
tions involving peripheral arterial prosthetic grafts. J Vasc Surg. 
1988;8:147–53.

 5. Bunt TJ. Synthetic vascular graft infections. Graft infections Sur-
gery. 1983;93:733–46.

3448 European Journal of Nuclear Medicine and Molecular Imaging  (2022) 49:3430–3451

1 3

https://doi.org/10.1007/s00259-022-05769-x
http://creativecommons.org/licenses/by/4.0/


 6. Back MR. Local complications: graft infection. In: Cronenwett JL, John-
ston KW, editors. Rutherford’s vascular surgery. 2014, p. 654–2.

 7. Reinders Folmer EI, Von Meijenfeldt GCI, Van der Laan MJ, 
Glaudemans AWJM, Slart RHJA, Saleem BR, Zeebregts CJ. Diag-
nostic Imaging in Vascular Graft Infection: A Systematic Review 
and Meta-Analysis. Eur J Vasc Endovasc Surg. 2018;56:719–29.

 8. Mantoni M, Neergaard K, Christoffersen JK, Lambine TL, Bae-
kgaard N. Long-term computed tomography follow-up after open 
surgical repair of abdominal aortic aneurysms. Acta Radiol. 
2006;47:549–53.

 9. Lauri C, Iezzi R, Rossi M, Tinelli G, Sica S, Signore A, Posa A, 
Tanzilli A, Panzera C, Taurino M, Erba PA, Tshomba Y. Imag-
ing Modalities for the Diagnosis of Vascular Graft Infections: 
A Consensus Paper amongst Different Specialists. J Clin Med. 
2020;9(5):1510.

 10. Bruggink JL, Slart RH, Pol JA, Reijnen MM, Zeebregts CJ. Current 
role of imaging in diagnosing aortic graft infections. Semin Vasc 
Surg. 2011;24(4):182–90.

 11. van den Boomen M, Slart RHJA, Hulleman EV, Dierckx RAJO, 
Velthuis BK, van der Harst P, Sosnovik DE, Borra RJH, Prak-
ken NHJ. Native T1 reference values for nonischemic cardio-
myopathies and populations with increased cardiovascular risk: 
A systematic review and meta-analysis. J Magn Reson Imaging. 
2018;47(4):891–912.

 12. Snel GJH, van den Boomen M, Hernandez LM, Nguyen CT, Sosno-
vik DE, Velthuis BK, Slart RHJA, Borra RJH, Prakken NHJ. Cardio-
vascular magnetic resonance native T2 and T2* quantitative values 
for cardiomyopathies and heart transplantations: a systematic review 
and meta-analysis. J Cardiovasc Magn Reson. 2020;22(1):34.

 13. Modrall JG, Clagett GP. The role of imaging techniques in evaluating 
possible graft infections. Semin Vasc Surg. 1999;12(4):339–47.

 14. Hansen ME, Yucel EK, Waltman AC. STIR imaging of synthetic vas-
cular graft infection. Cardiovasc Intervent Radiol. 1993;16(1):30–6.

 15. Snel GJH, Hernandez LM, Slart RHJA, Nguyen CT, Sosno-
vik DE, van Deursen VM, Dierckx RAJO, Velthuis BK, Borra 
RJH, Prakken NHJ. Validation of thoracic aortic dimensions on 
ECG-triggered SSFP as alternative to contrast-enhanced MRA. 
Eur Radiol. 2020;30(11):5794–804. https:// doi. org/ 10. 1007/ 
s00330- 020- 06963-x.

 16. Murphy DJ, Keraliya AR, Agrawal MD, Aghayev A, Steigner ML. 
Cross-sectional imaging of aortic infections. Insights Imaging. 
2016;7(6):801–18. https:// doi. org/ 10. 1007/ s13244- 016- 0522-5.

 17. Legout L, D’Elia PV, Sarraz-Bournet B, Haulon S, Meybeck A, 
Senneville E, Leroy O. Diagnosis and management of prosthetic 
vascular graft infections. Med Mal Infect. 2012;42(3):102–9.

 18. Setacci C, Müller-Hülsbeck S, Jamar FX. Common diagnostic flow-
charts in vascular and endovascular surgery. Q J Nucl Med Mol 
Imaging. 2014;58(1):46–54.

 19 Roca M, de Vries EF, Jamar F, Israel O, Signore A. Guidelines for 
the labelling of leucocytes with (111)In-oxine. Inflammation/Infec-
tion Taskgroup of the European Association of Nuclear Medicine. 
Eur J Nucl Med Mol Imaging. 2010;37(4):835–41.

 20 De Vries EF, Roca M, Jamar F, Israel O, Signore A. Guidelines for 
the labelling of leucocytes with (99m)Tc-HMPAO. Inflammation/
Infection Taskgroup of the European Association of Nuclear Medi-
cine. Eur J Nucl Med Mol Imaging. 2010;37(4):842–8.

 21. Signore A, Jamar F, Israel O, Buscombe J, Martin-Comin J, 
Lazzeri E. Clinical indications, image acquisition and data inter-
pretation for white blood cells and anti-granulocyte monoclonal 
antibody scintigraphy: an EANM procedural guideline. Eur J Nucl 
Med Mol Imaging. 2018;45(10):1816–31.

 22. Erba PA, Leo G, Sollini M, Tascini C, Boni R, Berchiolli RN, 
Menichetti F, Ferrari M, Lazzeri E, Mariani G. Radiolabelled leu-
cocyte scintigraphy versus conventional radiological imaging for 
the management of late, low-grade vascular prosthesis infections. 
Eur J Nucl Med Mol Imaging. 2014;41(2):357–68.

 23. Lou L, Alibhai KN, Winkelaar GB, Turnbull RG, Hoskinson ME, 
Warshawski R, Jen H, Abele JT. 99mTc-WBC scintigraphy with 
SPECT/CT in the evaluation of arterial graft infection. Nucl Med 
Commun. 2010;31(5):411–6.

 24. Bar-Shalom R, Yefremov N, Guralnik L, Keidar Z, Engel A, 
Nitecki S, Israel O. SPECT/CT using 67Ga and 111In-labeled 
leukocyte scintigraphy for diagnosis of infection. J Nucl Med. 
2006;47(4):587–9.

 25. Erba PA, Glaudemans AW, Veltman NC, Sollini M, Pacilio M, 
Galli F, Dierckx RA, Signore A. Image acquisition and inter-
pretation criteria for 99mTc-HMPAO-labelled white blood cell 
scintigraphy: results of a multicentre study. Eur J Nucl Med Mol 
Imaging. 2014;41(4):615–23.

 26. Glaudemans AW, de Vries EF, Vermeulen LE, Slart RH, Dierckx 
RA, Signore A. A large retrospective single-centre study to define 
the best image acquisition protocols and interpretation criteria 
for white blood cell scintigraphy with 99mTc-HMPAO-labelled 
leucocytes in musculoskeletal infections. Eur J Nucl Med Mol 
Imaging. 2013;40(11):1760–9.

 27. Salzmann DL, Kleinert LB, Berman SS, Williams SK. Inflamma-
tion and neovascularization associated with clinically used vascu-
lar prosthetic materials. Cardiovasc Pathol. 1999;8(2):63–71.

 28. Spacek M, Belohlavek O, Votrubova J, Sebesta P, Stadler P. Diag-
nostics of “non-acute” vascular prosthesis infection using 18F-FDG 
PET/CT: our experience with 96 prostheses. Eur J Nucl Med Mol 
Imaging. 2009;36(5):850–8.

 29. Tokuda Y, Oshima H, Araki Y, Narita Y, Mutsuga M, Kato K, 
Usui A. Detection of thoracic aortic prosthetic graft infection with 
18F-fluorodeoxyglucose positron emission tomography/computed 
tomography. Eur J Cardiothorac Surg. 2013;43(6):1183–7.

 30. Keidar Z, Pirmisashvili N, Leiderman M, Nitecki S, Israel O. 18F-
FDG uptake in noninfected prosthetic vascular grafts: incidence, 
patterns, and changes over time. J Nucl Med. 2014;55(3):392–5.

 31. Fukuchi K, Ishida Y, Higashi M, Tsunekawa T, Ogino H, Minatoya 
K, Kiso K, Naito H. Detection of aortic graft infection by fluorode-
oxyglucose positron emission tomography: comparison with com-
puted tomographic findings. J Vasc Surg. 2005;42(5):919–25.

 32. Bruggink JL, Glaudemans AW, Saleem BR, Meerwaldt R, Alkefaji 
H, Prins TR, Slart RH, Zeebregts CJ. Accuracy of FDG-PET-CT in 
the diagnostic work-up of vascular prosthetic graft infection. Eur J 
Vasc Endovasc Surg. 2010;40(3):348–54.

 33. Keidar Z, Engel A, Hoffman A, Israel O, Nitecki S. Prosthetic vas-
cular graft infection: the role of 18F-FDG PET/CT. J Nucl Med. 
2007;48(8):1230–6.

 34. Saleem BR, Pol RA, Slart RH, Reijnen MM, Zeebregts CJ. 
18F-Fluorodeoxyglucose positron emission tomography/CT scan-
ning in diagnosing vascular prosthetic graft infection. Biomed Res 
Int. 2014;2014:471971.

 35. Howick J, ChalmersI, Glasziou P, Greenhalgh T, Heneghan C, Lib-
erati A, Moschetti I, Phillips B, and Thornton H. “The 2011 Oxford 
CEBM Levels of Evidence (Introductory Document)”. Oxford Cen-
tre for Evidence-Based Medicine. www. cebm. net/ index. aspx?0= 
5653. website. 2016.

 36. Howick J, Chalmers I, Glasziou P, Greenhalgh T, Heneghan C, Lib-
erati A, Moschetti I, Phillips B, and Thornton H. “Explanation of the 
2011 Oxford Centre for Evidence-Based Medicine (OCEBM) Levels 
of Evidence (Background Document)”. Oxford Centre for Evidence-
Based Medicine. www. cebm. net/ index. aspx?0= 5653. website. 2016.

 37. Husmann L, Huellner MW, Ledergerber B, Anagnostopoulos A, 
Stolzmann P, Sah BR, Burger IA, Rancic Z, Hasse B, and the Vas-
gra Cohort. Comparing diagnostic accuracy of 18F-FDG-PET/CT, 
contrast enhanced CT and combined imaging in patients with sus-
pected vascular graft infections. Eur J Nucl Med Mol Imaging. 
2019;46(6):1359–68.

 38. Saleem BR, Berger P, Vaartjes I, et al. Modest utility of quan-
titative measures in F-fluorodeoxyglucose positron emission 

3449European Journal of Nuclear Medicine and Molecular Imaging  (2022) 49:3430–3451

1 3

https://doi.org/10.1007/s00330-020-06963-x
https://doi.org/10.1007/s00330-020-06963-x
https://doi.org/10.1007/s13244-016-0522-5
https://www.cebm.net/index.aspx?0=5653
https://www.cebm.net/index.aspx?0=5653
https://www.cebm.net/index.aspx?0=5653


tomography scanning for the diagnosis of aortic prosthetic graft 
infection. J Vasc Surg. 2014;61(4):965–71.

 39. Sapienza P, Napoli F, Tartaglia E, Venturini L, Sterpetti AV, Bra-
chini G, Gazzanelli S, Mingoli A. Infection of Prosthetic Patches 
after Femoral Endarterectomy: An Unreported Complication. Ann 
Vasc Surg. 2019;56:11–6. https:// doi. org/ 10. 1016/j. avsg. 2018. 07. 
069.

 40. Guo Q, Zhao J, Huang B, Yuan D, Yang Y, Zeng G, Xiong F, Du 
X. A Systematic Review of Ultrasound or Magnetic Resonance 
Imaging Compared With Computed Tomography for Endoleak 
Detection and Aneurysm Diameter Measurement After Endovas-
cular Aneurysm Repair. J Endovasc Ther. 2016;23(6):936–43. 
https:// doi. org/ 10. 1177/ 15266 02816 664878.

 41. Wilson WR, Bower TC, Creager MA, Amin-Hanjani S, O’Gara PT, 
Lockhart PB, Darouiche RO, Ramlawi B, Derdeyn CP, Bolger AF, 
Levison ME, Taubert KA, Baltimore RS, Baddour LM, American 
Heart Association Committee on Rheumatic Fever, Endocarditis, and 
Kawasaki Disease of the Council on Cardiovascular Disease in the 
Young, Council on Cardiovascular and Stroke Nursing, Council on 
Cardiovascular Radiology and Intervention, Council on Cardiovascu-
lar Surgery and Anesthesia, Council on Peripheral Vascular Disease, 
and Stroke Council. Vascular Graft Infections, Mycotic Aneurysms, 
and Endovascular Infections. A Scientific Statement From the Ameri-
can Heart Association. Circulation. 2016;134(20):e412–60. https:// 
doi. org/ 10. 1161/ CIR. 00000 00000 000457.

 42. Liberatore M, Misuraca M, Calandri E, Rizzo L, Speziale F, Iurilli 
AP, Anagnostou C. White blood cell scintigraphy in the diagnosis 
of infection of endovascular prostheses within the first month after 
implantation. Med Sci Monit. 2006;12(3):MT5-9.

 43. de la Rubia-Marcos M, García-Alonso P, Mena-Melgar C, Taglia-
tori-Nogueira B, Herrero-Muñoz A, Sandoval-Moreno C, Paniagua-
Correa C, Castillejos-Rodríguez L, Ortega-Valle A, Balsa-Bretón 
MA. 99mTC-white blood cell scintigraphy with SPECT/CT in the 
diagnosis of vascular graft infection. Rev Esp Med Nucl Imagen Mol. 
2020;39(6):347–52.

 44. Puges M, Bérard X, Ruiz JB, Debordeaux F, Desclaux A, Stecken 
L, Pereyre S, Hocquelet A, Bordenave L, Pinaquy JB, Cazanave C. 
Retrospective Study Comparing WBC scan and 18F-FDG PET/CT 
in Patients with Suspected Prosthetic Vascular Graft Infection. Eur J 
Vasc Endovasc Surg. 2019;57(6):876–84.

 45 Khaja MS, Sildiroglu O, Hagspiel K, Rehm PK, Cherry KJ, Turba 
UC. Prosthetic vascular graft infection imaging. Clin Imaging. 
2013;37(2):239–44.

 46. Shahidi S, Eskil A, Lundof E, Klaerke A, Jensen BS. Detection of 
abdominal aortic graft infection: comparison of magnetic resonance 
imaging and indium- labeled white blood cell scanning. Ann Vasc 
Surg. 2007;21(5):586–92.

 47. Muhammad SR, Jeddy TA, Chamberlain J. 99TCm-labeled leucocyte 
scan for detecting infection of vascular graft involving groin. J Pak 
Med Assoc. 2000;50(6):186–8.

 48. Rojoa D, Kontopodis N, Antoniou SA, Ioannou CV, Antoniou GA. 
18F-FDG PET in the Diagnosis of Vascular Prosthetic Graft Infec-
tion: A Diagnostic Test Accuracy Meta-Analysis. Eur J Vasc Endo-
vasc Surg. 2019;57(2):292–301. https:// doi. org/ 10. 1016/j. ejvs. 2018. 
08. 040.

 49. Kim SJ, Lee SW, Jeong SY, Pak K, Kim K. A systematic review 
and meta-analysis of 18F-fluorodeoxyglucose positron emission 
tomography or positron emission tomography/computed tomogra-
phy for detection of infected prosthetic vascular grafts. J Vasc Surg. 
2019;70(1):307–13. https:// doi. org/ 10. 1016/j. jvs. 2019. 01. 051.

 50. Reinders Folmer EI, von Meijenfeldt GCI, Te Riet Ook Genaamd 
Scholten RS, van der Laan MJ, Glaudemans AWJM, Slart RHJA, 
Zeebregts CJ, Saleem BR. A systematic review and meta-analysis of 
18F-fluoro-d-deoxyglucose positron emission tomography interpreta-
tion methods in vascular graft and endograft infection. J Vasc Surg. 
2020;72(6):2174–2185.e2. https:// doi. org/ 10. 1016/j. jvs. 2020. 05. 065.

 51. Treglia G, Slart RHJA, Glaudemans AWJM. Diagnostic performance 
and image interpretation of 18F-FDG PET/CT in aortic graft infec-
tion: Two sides of the same coin. J Nucl Cardiol. 2020. https:// doi. 
org/ 10. 1007/ s12350- 020- 02029-z.

 52. Saleem BR, Beukinga RJ, Boellaard R, Glaudemans AW, Reijnen 
MM, Zeebregts CJ, Slart RH. Textural features of 18F-fluorode-
oxyglucose positron emission tomography scanning in diagnos-
ing aortic prosthetic graft infection. Eur J Nucl Med Mol Imaging. 
2017;44(5):886–94. https:// doi. org/ 10. 1007/ s00259- 016- 3599-7.

 53. Sah BR, Husmann L, Mayer D, Scherrer A, Rancic Z, Puippe G, 
Weber R, Hasse B, VASGRA Cohort. Diagnostic performance of 
18F-FDG-PET/CT in vascular graft infections. Eur J Vasc Endovasc 
Surg. 2015;49(4):455–64. https:// doi. org/ 10. 1016/j. ejvs. 2014. 12. 024.

 54. Dong W, Li Y, Zhu J, Xia J, He L, Yun M, Jiao J, Zhu G, Hacker 
M, Wei Y, Zhang X, Li X. Detection of aortic prosthetic graft infec-
tion with 18F-FDG PET/CT imaging, concordance with consensus 
MAGIC graft infection criteria. J Nucl Cardiol. 2020. https:// doi. org/ 
10. 1007/ s12350- 020- 02227-9.

 55. Husmann L, Sah BR, Scherrer A, Burger IA, Stolzmann P, Weber R, 
Rancic Z, Mayer D, Hasse B, VASGRA Cohort. 18F-FDG PET/CT 
for Therapy Control in Vascular Graft Infections: A First Feasibility 
Study. J Nucl Med. 2015;56(7):1024–9.

 56. Husmann L, Ledergerber B, Anagnostopoulos A, Stolzmann P, 
Sah BR, Burger IA, Pop R, Weber A, Mayer D, Rancic Z, Hasse 
B, VASGRA Cohort Study. The role of FDG PET/CT in therapy 
control of aortic graft infection. Eur J Nucl Med Mol Imaging. 
2018;45(11):1987–97. https:// doi. org/ 10. 1007/ s00259- 018- 4069-1.

 57. Berger P, Vaartjes I, Scholtens A, Moll FL, De Borst GJ, De Keizer B, 
Bots ML, Blankensteijn JD. Differential FDG-PET Uptake Patterns 
in Uninfected and Infected Central Prosthetic Vascular Grafts. Eur J 
Vasc Endovasc Surg. 2015;50(3):376–83.

 58. Wassélius J, Malmstedt J, Kalin B, Larsson S, Sundin A, Hedin U, 
Jacobsson H. High 18F-FDG Uptake in synthetic aortic vascular 
grafts on PET/CT in symptomatic and asymptomatic patients. J Nucl 
Med. 2008;49(10):1601–5.

 59. Guenther SP, Cyran CC, Rominger A, Saam T, Kazmierzcak PM, 
Bagaev E, Pichlmaier M, Hagl C, Khaladj N. The relevance of 
18F-fluorodeoxyglucose positron emission tomography/computed 
tomography imaging in diagnosing prosthetic graft infections post 
cardiac and proximal thoracic aortic surgery. Interact Cardiovasc 
Thorac Surg. 2015;21(4):450–8.

 60. Karaca S, Rager O, Ratib O, Kalangos A. Long-term results con-
firmed that 18F-FDG-PET/CT was an excellent diagnostic modality 
for early detection of vascular grafts infection. Q J Nucl Med Mol 
Imaging. 2018;62(2):200–8.

 61 Lauwers P, Van den Broeck S, Carp L, Hendriks J, Van Schil P, 
Blockx P. The use of positron emission tomography with (18)
F-fluorodeoxyglucose for the diagnosis of vascular graft infection. 
Angiology. 2007;58(6):717–24.

 62. Chrapko BE, Chrapko M, Nocuń A, Zubilewicz T, Stefaniak B, 
Mitura J, Wolski A, Terelecki P. Patterns of vascular graft infection in 
18F-FDG PET/CT. Nucl Med Rev Cent East Eur. 2020;23(2):63–70.

 63. Vigil Díaz C, SalvatDávila C, FernándezLlana B, Domínguez 
Grande ML, Suárez Fernández JP, Martín Fernández N, Rod-
ríguez Fonseca OD, LiseiCoscia D, González García FM. PET/
CT with 18F-Fluordesoxyglucose in patients with suspected end-
ovascular prosthesis infection. Rev Esp Med Nucl Imagen Mol. 
2021;40(1):12–8.

 64. Einspieler I, Mergen V, Wendorff H, Haller B, Eiber M, Schwaiger 
M, Nekolla SG, Mustafa M. Diagnostic performance of quantita-
tive and qualitative parameters for the diagnosis of aortic graft 
infection using [18F]-FDG PET/CT. J Nucl Cardiol. 2020. https:// 
doi. org/ 10. 1007/ s12350- 019- 02011-4.

 65. Groot Jebbink E, van Den Ham LH, van Woudenberg BBJ, 
Slart RHJA, Zeebregts CJ, Rijnders TJM, Lardenoije JHP, Rei-
jnen MMPJ. Physiological Appearance of Hybrid FDG-Positron 

3450 European Journal of Nuclear Medicine and Molecular Imaging  (2022) 49:3430–3451

1 3

https://doi.org/10.1016/j.avsg.2018.07.069
https://doi.org/10.1016/j.avsg.2018.07.069
https://doi.org/10.1177/1526602816664878
https://doi.org/10.1161/CIR.0000000000000457
https://doi.org/10.1161/CIR.0000000000000457
https://doi.org/10.1016/j.ejvs.2018.08.040
https://doi.org/10.1016/j.ejvs.2018.08.040
https://doi.org/10.1016/j.jvs.2019.01.051
https://doi.org/10.1016/j.jvs.2020.05.065
https://doi.org/10.1007/s12350-020-02029-z
https://doi.org/10.1007/s12350-020-02029-z
https://doi.org/10.1007/s00259-016-3599-7
https://doi.org/10.1016/j.ejvs.2014.12.024
https://doi.org/10.1007/s12350-020-02227-9
https://doi.org/10.1007/s12350-020-02227-9
https://doi.org/10.1007/s00259-018-4069-1
https://doi.org/10.1007/s12350-019-02011-4
https://doi.org/10.1007/s12350-019-02011-4


Emission Tomography/Computed Tomography Imaging Follow-
ing Uncomplicated Endovascular Aneurysm Sealing Using the 
Nellix Endoprosthesis. J Endovasc Ther. 2020;27(3):509–15.

 66. Bowles H, Ambrosioni J, Mestres G, Hernández-Meneses M, 
Sánchez N, Llopis J, Yugueros X, Almela M, Moreno A, Riambau 
V, Fuster D, Miró JM, Hospital Clinic Endocarditis Study Group. 
Diagnostic yield of 18F-FDG PET/CT in suspected diagnosis of 
vascular graft infection: A prospective cohort study. J Nucl Car-
diol. 2020;27(1):294–302.

 67. Mitra A, Pencharz D, Davis M, Wagner T. Determining the Diag-
nostic Value of 18F-Fluorodeoxyglucose Positron Emission/Com-
puted Tomography in Detecting Prosthetic Aortic Graft Infection. 
Ann Vasc Surg. 2018;53:78–85.

 68. Qvarfordt PG, Reilly LM, Mark AS, et al. Computed tomographic 
assessment of graft incorporation after aortic reconstruction. Am 
J Surg. 1985;150:227–31.

 69. O’Hara PJ, Borkowski GP, Hertzer NR, O’Donovan PB, Brigham 
SL, Beven EG. Natural history of periprosthetic air on computer-
ized axial tomographic examination of the abdomen following 
abdominal aortic aneurysm repair. J Vasc Surg. 1984;1(3):429–33. 
https:// doi. org/ 10. 1067/ mva. 1984. avs00 10429.

 70. Boccalini S, Swart LE, Bekkers JA, Nieman K, Krestin GP, 
Bogers AJJC, Budde RPJ. Peri-aortic fluid after surgery on the 
ascending aorta: Worrisome indicator of complications or inno-
cent postoperative finding? Eur J Radiol. 2017;95:332–41. https:// 
doi. org/ 10. 1016/j. ejrad. 2017. 09. 001.

 71. Low RN, Wall SD, Jeffrey RB Jr, Sollitto RA, Reilly LM, Tierney 
LM Jr. Aortoenteric fistula and perigraft infection: evaluation with 
CT. Radiology. 1990;175(1):157–62. https:// doi. org/ 10. 1148/ radio 
logy. 175.1. 23154 75.

 72. Orton DF, LeVeen RF, Saigh JA, Culp WC, Fidler JL, Lynch TJ, 
et al. Aortic prosthetic graft infections: radiologic manifestations 
and implications for management. Radiographics. 2000;20:977–93.

 73. Govaert GAM, Bosch P, IJpma FFA, Glauche J, Jutte PC, Lemans 
JVC, Wendt KW, Reininga IHF, Glaudemans AWJM. High diag-
nostic accuracy of white blood cell scintigraphy for fracture 
related infections: Results of a large retrospective single-center 
study. Injury. 2018;49(6):1085–90. https:// doi. org/ 10. 1016/j. 
injury. 2018. 03. 018.

 74. Burroni L, D’Alessandria C, Signore A. Diagnosis of vas-
cular prosthesis infection: PET or SPECT? J Nucl Med. 
2007;48(8):1227–9. https:// doi. org/ 10. 2967/ jnumed. 107. 042002.

 75. Medricka M, Janeckova J, Koranda P, Buriankova E, Bachleda 
P. <sup>18</sup>F-FDG PET/CT and 99mTc-HMPAO-WBC 
SPECT/CT effectively contribute to early diagnosis of infection of 
arteriovenous graft for hemodialysis. Biomed Pap Med Fac Univ 
Palacky Olomouc Czech Repub. 2019;163(4):341–8.

 76. García-Arribas D, Vilacosta I, Ortega Candil A, Rodríguez 
Rey C, Olmos C, Pérez Castejón MJ, Vivas D, Pérez-García 
CN, Carnero-Alcázar M, Fernández-Pérez C, Maroto L, Carre-
ras JL. Usefulness of positron emission tomography/computed 
tomography in patients with valve-tube graft infection. Heart. 
2018;104(17):1447–54.

 77. Sollini M, Bartoli F, Boni R, et al. Role of Multimodal Imaging in 
Patients With Suspected Infections After the Bentall Procedure. 
Front Cardiovasc Med. 2021;8:745556. https:// doi. org/ 10. 3389/ 
fcvm. 2021. 745556 (Published 2021 Dec 1).

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Chiara Lauri1  · Alberto Signore1 · Andor W. J. M. Glaudemans2 · Giorgio Treglia3,4,5,6,7 · Olivier Gheysens8 · 
Riemer H. J. A. Slart2 · Roberto Iezzi9 · Niek H. J. Prakken10 · Eike Sebastian Debus11 · Susanne Honig11 · 
Anne Lejay12 · Nabil Chakfé12

 * Chiara Lauri 
 chiara.lauri@uniroma1.it

1 Department of Medical-Surgical Sciences 
and of Translational Medicine, Sapienza University 
of Rome, Nuclear Medicine Unit of S. Andrea Hospital, Via 
di Grottarossa 1035, 00189 Rome, Italy

2 Medical Imaging Center, Department of Nuclear Medicine 
and Molecular Imaging, University of Groningen, University 
Medical Center Groningen, Groningen, the Netherlands

3 Clinic of Nuclear Medicine, Imaging Institute of Southern 
Switzerland, Ente Ospedaliero Cantonale, Bellinzona, 
Switzerland

4 Department of Nuclear Medicine and Molecular Imaging, 
Lausanne University Hospital, Lausanne, Switzerland

5 Academic Education, Research and Innovation Area, General 
Directorate, Ente Ospedaliero Cantonale, Bellinzona, 
Switzerland

6 Faculty of Biology and Medicine, University of Lausanne, 
Lausanne, Switzerland

7 Faculty of Biomedical Sciences, Università Della Svizzera 
Italiana, Lugano, Switzerland

8 Department of Nuclear Medicine, Cliniques Universitaires 
Saint-Luc and Institute of Clinical and Experimental 
Research (IREC), Université Catholique de Louvain 
(UCLouvain), Brussels, Belgium

9 Dipartimento Di Diagnostica Per Immagini, Radioterapia 
Oncologica Ed Ematologia - Istituto Di Radiologia, 
Fondazione Policlinico Universitario A. Gemelli IRCCS 
- Università Cattolica del Sacro Cuore, Rome, Italy

10 Department of Radiology, University Medical Center 
Groningen, University of Groningen, Hanzeplein 1, 
9713 GZ Groningen, The Netherlands

11 Department for Vascular Medicine, Vascular Surgery–
Angiology–Endovascular Therapies, University Heart 
& Vascular Center Hamburg, University Hospital 
Hamburg-Eppendorf, Hamburg, Germany

12 Department of Vascular Surgery and Kidney Transplantation, 
University of Strasbourg and GEPROVAS, Strasbourg, 
France

3451European Journal of Nuclear Medicine and Molecular Imaging  (2022) 49:3430–3451

1 3

https://doi.org/10.1067/mva.1984.avs0010429
https://doi.org/10.1016/j.ejrad.2017.09.001
https://doi.org/10.1016/j.ejrad.2017.09.001
https://doi.org/10.1148/radiology.175.1.2315475
https://doi.org/10.1148/radiology.175.1.2315475
https://doi.org/10.1016/j.injury.2018.03.018
https://doi.org/10.1016/j.injury.2018.03.018
https://doi.org/10.2967/jnumed.107.042002
https://doi.org/10.3389/fcvm.2021.745556
https://doi.org/10.3389/fcvm.2021.745556
http://orcid.org/0000-0002-0314-5059

	Evidence-based guideline of the European Association of Nuclear Medicine (EANM) on imaging infection in vascular grafts
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Preamble 

	Introduction
	Purpose of this document
	Imaging modalities for the assessment of VGEI
	Radiological imaging modalities
	Computed tomography angiography
	Magnetic resonance imaging

	Nuclear medicine imaging modalities
	White blood cell scintigraphy

	[18F]FDG PETCT

	Methodology
	Working group and strategy
	Clinical questions
	Statements
	Literature search
	Scoring system and recommendation grading criteria
	Update procedure

	Consensus statements
	Practical answers to clinical questions
	Future research agenda
	Conclusions and final recommendations
	Acknowledgements 
	References


