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Aims Left ventricular assist devices (LVADs) improve quality of life and survival in patients with advanced heart failure, but device- 
related infections (DRIs) remain cumbersome. We evaluated the diagnostic capability of [18F]FDG PET/CT, factors affecting 
its accuracy, and the additive value of semi-quantitative analysis for the diagnosis of DRI.

Methods 
and results

LVAD recipients undergoing [18F]FDG PET/CT between 2012 and 2020 for suspected DRI were retrospectively included. 
[18F]FDG PET/CT was performed and evaluated in accordance with EANM guidelines. The final diagnosis of DRI, based on 
multidisciplinary consensus and findings during surgery, whenever performed, was used as the reference for diagnosis. 41 
patients were evaluated for 59 episodes of suspected DRI. The clinical evaluation established driveline infection in 32 
(55%) episodes, central device infection in 6 (11%), and combined infection in 2 (4%). Visual analysis of [18F]FDG PET/ 
CT achieved a sensitivity and specificity for driveline infections of 0.79 and 0.71, respectively, whereas semi-quantitative ana-
lysis achieved a sensitivity and specificity of 0.94 and 0.83, respectively. For central device component infection, visual analysis 
of [18F]FDG PET/CT achieved a sensitivity and specificity of 0.75 and 0.60, respectively. Semi-quantitative analysis using 
SUVratio achieved a sensitivity and specificity of 1.0 and 0.8, respectively. The increase of specificity for central component 
infection was statistically significant (P = 0.05).

Conclusions [18F]FDG PET/CT reliably predicts the presence of DRI in LVAD recipients. Semi-quantitative analysis may increase the spe-
cificity of [18F]FDG PET/CT for the analysis of central device component infection and should be considered in equivocal 
cases after visual analysis.
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Graphical Abstract

Semi-quantitative analysis FDG-PET/CT for LVAD device related infections

Patient population: 
41 patients, 59 episodes of 
suspected DRI

Central Device components

Δ visual & SQ: p<0.05

Visual analysis
Se/Sp: 0.75 / 0.60 

Final diagnosis: driveline infection: 32 (54%), 
infection central device components: 6 (11%), 
combined infection: 2 (4%)

SUVratio (liver)
Se/Sp: 1.0 / 0.80

Hospitals: 

2012 – 2020 

Driveline

Δ visual & SQ: NS

SUVmax
Se/Sp: 0.94 / 0.83

Visual analysis
Se/Sp: 0.79 / 0.71

Conclusion:
[18F] FDG-PET/CT Semiquantitative analysis is complementary to visual analysis for diagnosing driveline infections, while 
for suspected central device component infections, it showed significant additional value to visual analysis, improving 
diagnostic specificity.

SUVratio (thorax)
Se/Sp: 0.89 / 0.83

Keywords LVAD • device-related infection • [18F]FDG PET/CT • semi-quantitative analysis

Introduction
Left ventricular assist device (LVAD) therapy increases survival and 
quality of life in patients with advanced heart failure, with median 
5-year survival now approaching 50%.1 However, device-related infec-
tions (DRIs) occur frequently, with an incidence of 18.1% during the 
first year after implantation and 11.9% per year in the following years.1

Timely diagnosis of these infections is crucial since they can be life- 
threatening if they reach the central device components, especially 
when this is complicated by bloodstream infection, which carries an in- 
hospital mortality rate of up to 50%.2–4 However, establishing the pres-
ence, extent, and severity of DRI can be difficult because conventional 
imaging modalities such as echocardiography and CT are hampered by 
device-related artefacts.5,6

Several studies assessed the diagnostic performance of 
[18F]-fluorodeoxyglucose positron emission tomography combined 
with computed tomography ([18F]FDG PET/CT) for diagnosing drive-
line and/or central LVAD component infections7–15 and two 
meta-analyses combined their results.15,16 Visual analysis of [18F]FDG 
PET/CT has a high sensitivity for establishing LVAD infections and a 
high but variable specificity, with a pooled sensitivity of 0.95 [95% con-
fidence interval (CI): 0.89–0.97] and a pooled specificity of 0.91 (95% 
CI: 0.54–0.99).16 This variable specificity might be caused by differences 
in scan procedures or specific technical issues. Furthermore, semi- 
quantitative analysis might increase the specificity of [18F]FDG PET/ 
CT. So far, only one study investigated the role of semi-quantitative 
analysis for diagnosing infections of both driveline and central LVAD 
components,9 while two studies focused on driveline infections 
alone.7,10 The results of these studies were inconclusive regarding the 
additional value of semi-quantitative analysis. Therefore, we evaluated 
whether factors that may affect [18F]FDG PET/CT quality can affect 
the accuracy of visual analysis and whether quantification of FDG up-
take around the LVAD and driveline improves the specificity and overall 
diagnostic accuracy of [18F]FDG PET/CT.

Methods
Patients
In this retrospective, dual-centre study, all consecutive patients that under-
went [18F]FDG PET/CT for assessment of suspected LVAD and/or driveline 
infections in two medical centres in the Netherlands were included from 
December 2012, which is the date electronic records were first used at 
both hospitals, until 31 August 2020. Initial suspicion of infection was based 
on clinical history and presentation. Presenting symptoms of patients were 
recorded alongside general demographic data and information about the 
LVAD (e.g. implantation date, indication for implantation, and type/brand 
of LVAD). Other implanted cardiac materials (prosthetic valves or cardiac 
implanted electronic devices) were not routinely recorded, except when 
these showed signs of infection. Findings from clinical and laboratory inves-
tigations such as inflammatory markers, blood cultures, cultures from exit 
site swabs, and findings during surgery whenever performed were re-
corded, together with information about the use of intravenous or oral 
(suppressive) antibiotics at the time of the [18F]FDG PET/CT, including 
the duration of their use in days. If patients underwent [18F]FDG PET/CT 
scans during multiple episodes of suspected infection, the latter scans 
were only included if there were recurring symptoms after a symptom-free 
period of at least 1 month and after treatment for the earlier episode was 
fully completed (minimum interval between consecutive [18F]FDG PET/ 
CTs was 2 months). Particular care was taken to avoid [18F]FDG PET/CT 
scans that were performed to establish treatment effect. All [18F]FDG 
PET/CT scans were performed on PET/CT systems that were calibrated ac-
cording to EANM/EARL standards. The concomitant low-dose CT was 
most commonly non-enhanced and was used for anatomic orientation 
and attenuation correction. The study was approved and the need for in-
formed consent was waived by the Local Medical Ethics Review 
Committees of both centres due to the non-WMO (Dutch law on studies 
involving human subjects) nature of this study using retrospective data: 
protocol nr M19.223017 (UMCG)/MEC-2019-0613 (EMC).
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[18F]FDG PET/CT protocol
The protocol for [18F]FDG PET/CT preparation that was followed for each 
scan was documented. This included the duration of the fasting period be-
fore [18F]FDG PET/CT, whether an HFLC (high fat and low carbohydrate) 
diet had been used prior to the scan, patient blood glucose levels at the time 
of FDG injection, the injected FDG activity, and the used vendor type of 
PET/CT camera system.

Final diagnosis
Infections of the driveline and those of the LVAD central device compo-
nents were evaluated as two separate diagnoses since their [18F]FDG 
PET/CT interpretation, treatment, and prognosis are different. The possible 
outcomes were the absence of DRI, driveline infection, infection of central 
device components, and infection of both driveline and central device com-
ponents. If surgery was performed, macroscopic signs of infection during 
surgery and evidence from cultures and molecular diagnostics on swabs 
in the affected areas or from removed tissues were considered the gold 
standard for the diagnosis. If surgery was not performed, the final clinical 
diagnosis was established by the treating physician within the multidisciplin-
ary LVAD team, which included cardiologists, thoracic surgeons, engineers 
specialized in LVAD technique and maintenance, medical microbiologists, 
and infectious disease specialists, with radiologists and nuclear medicine 
physicians consulted on a case-by-case basis. All clinical findings, including 
swabs from driveline exit sites, blood cultures, findings from imaging (includ-
ing PET/CT, echocardiography, and diagnostic CT whenever performed), 
and the outcome during a minimum of 4 months of follow-up, were com-
bined into a post hoc composite gold standard, an approach similar to that 
often used for the diagnosis of endocarditis.17,18 In case the final diagnosis of 
either driveline or central device component infection remained uncertain 
even after obtaining all available clinical information and follow-up, these pa-
tients were excluded from further analyses, see Table 1.

Visual analysis
[18F]FDG PET/CT visual analysis and standardized uptake value (SUV) cal-
culations were performed using Syngo.via VB30 (Siemens Healthineers, 
Knoxville, TN, USA). Scans were analysed through consensus reading by 
two experienced nuclear medicine physicians, both of whom were blinded 
to the clinical context of the patients. Visual evaluation and interpretation of 
[18F]FDG PET/CT were performed according to EANM guidelines and 
were based on the FDG uptake pattern, intensity, and extension of any 
FDG-avid lesions around the driveline and/or the central LVAD compo-
nents, including nearby soft tissue lesions and fluid collections. Both 
attenuation-corrected (AC) and uncorrected (NAC) images were used 
for the analyses.19

Semi-quantitative analysis
After manual delineation of volumes of interest (VOI), the maximum stan-
dardized uptake value (SUVmax) was measured at six predefined areas of 
interest in each patient. These regions comprised three areas alongside 
the peripheral driveline tract: driveline exit site, suprafascial driveline tract, 
and subfascial driveline, and three areas around the central device compo-
nents: intrathoracic driveline, inflow canula/pump housing, and the outflow 
tract (Figures 1–3). Reference regions were manually drawn as spherical 
VOIs in the thoracic aorta and liver. The VOI in the aorta excluded the aor-
tic vascular wall, and it was verified that the liver function tests were normal 
at the time of [18F]FDG PET/CT in the included patients.

The highest SUVmax value alongside the driveline and the highest value 
around the central device components were used for the evaluation of the 
diagnostic accuracy of the semi-quantitative analysis. The standardized up-
take value ratio (SUVratio) was calculated by dividing the highest SUVmax 
value alongside the driveline and the highest SUVmax value around the cen-
tral device components by the mean activity in both reference regions 

separately (SUVratio-bloodpool and SUVratio-liver). All calculations were 
performed on EANM Research Ltd (EARL)-reconstructed images.18

Potential confounders
Factors that could potentially affect the assessment of either driveline infec-
tion or infections of central device components were identified for further 
analysis. These included patient age, gender, BMI, diabetes mellitus, type of 
LVAD, the interval between LVAD implantation and PET/CT, type of PET/ 
CT system, patient preparation using an HFLC diet and the duration of IV 
antibiotic use prior to [18F]FDG PET/CT.

Statistics
For demographic data, continuous variables are presented as mean ± SD, 
while categorical variables are reported as frequencies. We used logistic re-
gression to evaluate the accuracy of visual analysis and semi-quantitative 
analysis diagnosis of driveline and/or central device infections. Potential con-
founders were assessed using univariate logistic regression for effect on vis-
ual analysis and final diagnosis. For semi-quantitative analyses receiver 
operating characteristics (ROC) analysis was performed to determine the 
optimum threshold values to maximize sensitivity. McNemar’s test was 
used to compare the sensitivity and specificity of visual analysis with those 
of semi-quantitative analysis. For all statistical analyses, a two-tailed P-value 
≤0.05 was considered statistically significant. Analyses were performed 
using IBM® SPSS 26 (IBM Corp., NY, USA).

Results
Patient characteristics
In total, 44 patients underwent a total of 70 [18F]FDG PET/CT scans 
because of a clinical suspicion of LVAD and/or driveline infection. 
Eight scans were excluded because they had been performed to estab-
lish treatment effect and three because non-attenuation-corrected 
images were unavailable for these patients. This left 41 patients and 
59 scans for analysis. Of these, 17 patients (22 scans) were evaluated 
in Medical Centre 1, while the remainder of 24 patients (37 scans) 
were evaluated in Medical Centre 2. The implanted LVAD system 
was either the Heartmate III (32/41 or 78% of patients) or the 
Heartmate II (9/41 or 22% of patients). None of the patients had 
LVAD infections prior to their inclusion in the study. Further demo-
graphic data can be found in Table 1.

[18F]FDG PET/CT protocol
Both medical centres used a fasting period of at least 6 h as standard. 
However, while in Medical Centre 1 the 24-h HFLC diet was standard 
since October 2016, in Medical Centre 2 this was only formalized at the 
beginning of 2020.14 The HFLC diet was used to prepare patients for 
[18F]FDG PET/CT in 27 of 59 scans (46%). Six patients had not followed 
the diet and in 26 instances, the use of the diet could not be verified. 
The PET/CT systems used included the Biograph mCT40, mCT64, 
and the Biograph 128 VISION (Siemens Healthineers, KN, USA) for 
13, 20, and 26 scans, respectively. [18F]FDG PET/CT was performed 
60 min after the injection of FDG in both centres. The average injected 
activity was 263 or 2.9 MBq/kg per patient, in accordance with EANM 
guidelines.20

Final diagnosis
Isolated driveline infection was confirmed in 32 of 59 (54%) cases, while 
in one additional case the diagnosis could neither be confirmed nor ex-
cluded; this patient was treated empirically with antibiotics. Isolated in-
fection of central device components was established in 6 of 53 (11%) 
episodes, with an additional six indeterminate cases that were also trea-
ted empirically. Two patients (4%) had a combined infection of both 
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Table 1 Overview of the patient characteristics

Patient characteristics

Age (mean, standard deviation) years 56 years (11.5)

Gender

Male 37 (84%)

Female 7 (16%)

BMI (Median, IQR) 27.1 (24.1–30.1)

Diabetes, n (%) 20 (34%)

Days since LVAD implantation: median (IQR; range) Overall: 267 (136.5–617.5; 24–1548)
Heartmate II: 179 (132–669; 30–1548)

Heartmate III: 304 (138–616; 24–1279)

Presenting symptoms (n = 59)

Local symptoms (erythema, pain, discharge, skin breakdown at driveline exit site) 30 (51%)

Of whom driveline infection confirmed (n = 34) 27 (79%)

Of whom central device infection confirmed (n = 8) 2 (25%)

Systemic symptoms (malaise, fever, elevated inflammatory markers) 31 (53%)

Of whom driveline infection confirmed (n = 34) 10 (29%)

Of whom central device infection confirmed (n = 8) 7 (88%)

HFLC diet (n = 59)

Yes 27 (46%)

No 6 (10%

Unknown 26 (44%)

Myocardial suppression (n = 59)

Good 49 (83%)

Reasonable 3 (5%)

Poor 7 (12%)

Blood glucose level at PET/CT

<11 mmol/L (198 mg/dL) 56 (95%)

≥11 mmol/L 3 (5%)

Leucocytes <4 or >10 × 109/L 15 (26%)

CRP ≥5 mg/L (n = 57) 51 (90%)

Duration of IV antibiotics (median, IQR) days 5 (0–11)

Use of oral antibiotic suppression therapy, n (%) 8 (14%)

Final diagnosis (n = 59), n (%)

Driveline infected (n = 58, 1 uncertain diagnosis excluded) 34 (59%)

confirmation through surgery/histopathology (n = 34) 9 (26%)

confirmation through local cultures (n = 34) a 28 (82%)

based on clinical judgment and follow-up (n = 34) 1 (3%)

Central DRI (n = 53, 6 uncertain diagnoses excluded) 8 (13%)

confirmation through surgery/histopathology (n = 8) 3 (38%)

confirmation through local cultures (n = 8)a 4 (50%)

based on clinical judgment and follow-up (n = 8) 1 (13%)

Combined driveline infection and central DRI (of those with DRI, n = 38) 2 (5%)

confirmation through surgery/histopathology (n = 2) 2 (100%)

Cultured pathogen

Driveline infection (n = 34)

Blood cultures S. aureus (3), E. cloacae (2), E. faecium (1), C. acnes (1), S. dysgalactiae (1),  

negative (26)

Cultures exit site/removed tissue S. aureus (16), P. aeruginosa (4), E. cloacae (2), H. parainfluenzae (1), K. oxytoca (1), S. 

hominis (1), M. chelonae (1), P. mirabilis (1), S. dysgalactiae (1), negative (6)

Continued 
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driveline and central device components (see also Table 1). All patients 
not diagnosed with infection remained infection free during follow-up, 
supporting the rejected diagnosis of infection.

Visual analysis
Visual analysis of [18F]FDG PET/CT reliably predicted the presence of 
driveline infections [OR: 11.3 (95% CI: 3.3–39.4); P < 0.001 by logistic 
regression]. The corresponding sensitivity and specificity were 0.79 
and 0.71, respectively. When only AC images were used, diagnostic ac-
curacy was essentially unchanged, with a sensitivity and specificity of 
0.82 and 0.71, respectively. The visual analysis could not reliably predict 

infection of central device components by logistic regression, though it 
showed a trend towards significance [odds ratio (OR): 4.50 (95% CI: 
0.82–24.83); P = 0.08]. Sensitivity and specificity of visual analysis 
were 0.75 and 0.60, respectively, when both AC and NAC images 
were used. When only AC images were analysed, this increased sensi-
tivity to 1.0, but this came at the cost of specificity, which then dropped 
to 0.27. Analysis of FDG uptake patterns showed that heterogeneous 
and even (multi-)focal FDG uptake around the central device compo-
nents were not always predictive of infection: of the 22 patients with 
heterogeneous uptake in this area, only 2 were diagnosed with central 
device component infection and of the 19 patients with (multi-)focal 
uptake, only 6 had an infection of the central device components.

1

2

4

3

5

6

#

Figure 1 [18F]FDG PET/CT (true negative both visually and by SQ analysis). This patient presented with wounds on his lower legs due to peripheral 
arterial insufficiency without further symptoms, but blood cultures showed Streptococcus gordonii. In absence of local symptoms and repeated negative 
cultures after, this positive blood culture was explained as contamination. FDG PET/CT showed no evidence of LVAD DRI. Asymptomatic increased 
FDG uptake at the sternum was explained as postoperative reactive uptake in a patient with impaired wound healing (complicated LVAD implantation 6 
months before). 1: Subfascial driveline, 2: Suprafascial driveline, 3: Driveline exit site, 4: Outflow tract 5: Pump housing, 6: Intrathoracic part driveline. 
Note the increased FDG uptake at the sternum (#). Colour scales: 0–5 SUV.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Continued  

Patient characteristics

Central device component infection (n = 8)

Blood cultures E. faecalis (2), S. aureus (2), S. lugdunensis (1), negative (3)

Cultures of removed tissue S. aureus (2), S. Epidermidis, C. Acnes, Candida (1), negative (1), not available (4)

aThese included both driveline exit site and deep driveline cultures, whenever obtained.
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Semi-quantitative analysis
Semi-quantitative analysis using SUVmax reliably predicted driveline in-
fections (OR: 4.18 [95% CI: 1.81–9.65], P = 0.001). ROC curve analysis 
showed that the optimum balance between sensitivity and specificity 
was achieved using a SUVmax cut-off value of 3.53, resulting in a sensi-
tivity and specificity of 0.94 and 0.83, respectively. This constituted an 
improvement compared to visual analysis, but the difference was not 
statistically significant for either sensitivity: P = 0.12 or specificity: P = 
0.38. For suspected central device component infection, semi- 
quantitative analysis using SUVmax reliably predicted infection [OR 
1.95 (95% CI: 1.19–3.18), P = 0.008]; as did SUVratio-bloodpool [OR: 
3.51 (95% CI: 1.42–8.70) P = 0.007] and SUVratio-liver [OR: 14.38 
(95% CI: 2.18–94.60) P = 0.006]. SUVratio-liver achieved an AUC of 
0.95, with a sensitivity and specificity of 1.0 and 0.80 respectively, at a 
cut-off value of 2.45. SUVratio-bloodpool achieved an AUC of 0.91 
and a sensitivity and specificity of 0.89 and 0.83, respectively, at a cut-off 
value of 3.04. The AUC of SUVmax alone was 0.80 and at its optimum 
cut-off value of 5.14 it achieved a sensitivity and specificity of 0.75 and 
0.80, respectively. The differences in sensitivity between semi- 
quantitative and visual analysis were statistically non-significant for 
central device component infections: SUVmax: P = 0.50, SUVratio- 
bloodpool: P = 1.0 and SUVratio-liver: P = 1.0, respectively. The 
improvement of specificity however was statistically significant for 
SUVratio-bloodpool: P = 0.03 and SUVratio-liver: P = 0.05, while 

SUVmax showed a statistical trend (P = 0.08.) The corresponding 
ROC curves for both driveline and central device components are 
shown in Figure 4.

Potential confounders for  
[18F]FDG PET/CT
Of the evaluated potential confounders, only the interval between 
LVAD implantation and [18F]FDG PET/CT showed a statistically signifi-
cant effect on the visual analysis of [18F]FDG PET/CT. [18F]FDG PET/ 
CT was performed within 30 days after implantation in only two cases 
and both were correctly identified as negative for driveline infection and 
infection of central device components by both visual analysis and semi- 
quantitative analysis. However, in the 12 scans performed within 90 
days after LVAD implantation, the risk of driveline infection was unex-
pectedly lower than in scans performed 90 days or more after LVAD 
implantation: 27 vs. 64%; OR 0.21 (95% CI: 0.05–0.83), P = 0.03 by lo-
gistic regression. The chance of finding driveline infection by [18F]FDG 
PET/CT in this group was decreased as well, but this difference was not 
significant: OR: 0.41 (95% CI: 0.11–1.47), P = 0.17, implying a slightly 
confounding effect. The effect of a HFLC diet on [18F]FDG PET/CT vis-
ual analysis could not be established by logistic regression, due to insuf-
ficient cases per group. Use of this diet did however significantly 
decrease the chance of myocardial physiological FDG uptake on PET/ 

1

2

4

3

5

6

#

Figure 2 [18F]FDG PET/CT (true positive both visually and by SQ analysis). This patient was admitted for a cardiac decompensation and elevated 
infection parameters in absence of fever. Patient had been treated for a Staphylococcus aureus driveline infection 2 months prior, which had initially 
responded well to Cefuroxime and debridement of the driveline. FDG PET/CT demonstrated advanced infection affecting the whole LVAD (earlier, 
only the driveline was affected). Patient underwent urgent heart transplantation and infection of the device was confirmed during surgery. 1: Subfascial 
driveline, 2: Suprafascial driveline, 3: Driveline exit site, 4: Outflow tract 5: Pump housing, 6: Intrathoracic part driveline. NB: Note the residual FDG 
uptake below the insertion of the driveline after surgical debridement and shortening of the driveline 2 months before (#). Colour scales: 0–5 SUV.
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CT: OR: 0.125 (95% CI: 0.02–0.92), P = 0.04. For a full overview of all 
potential confounders evaluated by logistic regression see 
Supplementary material online, supplemental data file.

Discussion
In this study the diagnostic accuracy of [18F]FDG PET/CT for LVAD 
DRIs was evaluated in 41 patients and 59 episodes of suspected infec-
tion, making it one of the largest cohorts for this indication to date.7–15

Additionally, infections involving the driveline and infections involving 
central device components were stratified, the assessors were blinded 
to the clinical context of patients and evaluation was performed in ac-
cordance with EANM recommendations, using both AC and NAC 
images. Furthermore, we included semi-quantitative analyses per-
formed in accordance with EARL recommendations and it is the first 
study in which the majority of the [18F]FDG PET/CT scans were per-
formed to evaluate LVADs of the newest generation (Heartmate III), 
which are increasingly used in clinical practice around the world.

[18F]FDG PET/CT showed good sensitivity and specificity for diag-
nosing infections of the driveline, both with visual and semi-quantitative 
analysis. For the diagnosis of central device component infection, visual 

analysis achieved moderate sensitivity and specificity. The use of 
non-attenuation-corrected images was pivotal for an accurate visual as-
sessment, in particular for achieving sufficient specificity. The marked 
difference in diagnostic accuracy between AC and NAC images could 
be explained by the presence of substantial amounts of metal in the 
LVAD pump housing which causes scatter artefacts. In newer PET/ 
CT systems, reconstruction algorithms are available that can significant-
ly reduce metal-related artefacts. In this retrospective cohort, however, 
these were not always available, and the potential impact of 
artefact-reducing algorithms on the diagnosis of LVAD DRI is currently 
unknown.

Semi-quantitative analysis using a target-to-background ratio (either 
liver or aortic bloodpool) achieved similar sensitivity compared to visual 
analysis for central device component infection and higher specificity. 
The semi-quantitative analysis could not be directly compared to other 
studies, as standardization according to EARL was not described in any 
of these studies, while the only study in which SUVratio was evaluated 
did not use either the liver or bloodpool as their reference region.7,9,10

The diagnostic performance of visual analysis of [18F]FDG PET/CT 
for both driveline and central device components in this study was com-
paratively low compared to current literature, in which overall sensitiv-
ity and specificity were 95 and 91%, respectively.7–16 As an explanation 

1

2

4

3

5

6

Figure 3 [18F]FDG PET/CT Driveline infection. Central device components false positive by visual analysis, true negative by SQ analysis. This patient 
presented with pain and discharge at driveline exit site, without further symptoms. FDFG uptake at driveline was homogenous and minimal, while cen-
tral device components were FDG-avid, suspect for infection. Staphylococcus aureus was cultured from the driveline exit site and this was treated with 
oral antibiotics with good initial effect. Three months later, minimal surgical debridement of the driveline exist site was performed due to ongoing local 
irritation, still without any signs of systemic infection. A repeat [18F]FDG PET/CT 11 months after this episode showed an almost identical FDG uptake 
pattern around the central device component FDG uptake, confirming that this uptake was reactive. SUV ratio (liver/thorax) correctly identified this 
increased FDG uptake as too little to indicate infection. 1: Subfascial driveline, 2: Suprafascial driveline, 3: Driveline exit site, 4: Outflow tract 5: Pump 
housing, 6: Intrathoracic part driveline. NB: Note the increased FDG uptake around the driveline and the heterogeneous uptake around the pump 
housing and outflow tract (also visible on NAC images). Colour scales: 0–5 SUV.

http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeac260#supplementary-data
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for this, firstly, in our study the assessors were blinded to the patients’ 
clinical context, while in about half of earlier studies, assessors were not 
(fully) blinded, which may have led to observer bias. Secondly, reactive 
uptake around the insertion of the pump in the left ventricle and the 
outflow tract are expected findings in the presence of an LVAD and 
this presents a significant diagnostic challenge, as distinguishing between 
sterile inflammation and infection at these locations proved difficult by 
visual analysis, even while using NAC images. This was due in part to the 

finding that reactive FDG uptake surrounding these central device com-
ponents and the outflow tract, in particular was often heterogeneous, 
in some instances even (multi-)focal. An example of this is shown in 
Figure 3. The semi-quantitative analysis quantifies the absolute FDG up-
take in a suspected lesion and does not account for heterogeneity. If this 
heterogeneity is a confounder, it might explain the additional specificity 
achieved by semi-quantitative analysis for this indication. Therefore, 
when [18F]FDG PET/CT is evaluated visually for suspected central 

Legend:
Red dot: Visual analysis
Blue line: SUVmax
Red line: SUVra o (reference region bloodpool)
Green line: SUVra o (reference region liver)

Sensi vity / specificity:
For suspected driveline infec�on:
SUVmax, AUC: 0.93, op mum cut-off: 3.53, Se/Sp: 0.94 / 0.83
Visual analysis: Se/Sp: 0.79 / 0.71

For suspected central device component infec�on:
SUVmax: AUC: 0.80, op mum cut-off 5.14, Se/Sp: 0.75/0.80
SUVra ov (bloodpool): AUC: 0.91, op mum cut-off 3.04, Se/Sp: 0.89 / 0.83
SUVra o (liver): AUC: 0.95, op mum cut-off 2.45, Se/Sp: 1.00 / 0.80
Visual analysis: Se/Sp: 0.75 / 0.60

Driveline Central device components

Figure 4 ROC curves [18F]FDG PET/CT for infection of the LVAD driveline and central device components.

Figure 5 Proposed flowchart [18F]FDG PET/CT evaluation for DRI LVAD based on our results.
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LVAD component DRI, it is important to be extra conservative when 
heterogeneous FDG uptake is seen around pump housing and outflow 
tract, as this does not necessarily indicate infection.

Although the study period covers quite a long time period (2012– 
2020), the different camera systems used were from one manufacturer 
and did not show a confounding effect by univariate logistic regression 
for either driveline or central LVAD infection (data not shown). 
Furthermore, for quantitative analysis, all scans were reconstructed ac-
cording to standardized EARL guidelines, as stated in the methods.

Recommendation for implementation of 
[18F]FDG PET/CT in suspected DRI in 
LVAD patients
Based on the findings in this study, visual and semi-quantitative analysis 
of [18F]FDG PET/CT could be complementary methods for the evalu-
ation of driveline infections and central device component infections. 
We propose a tentative flow chart for deciding which method of as-
sessment is most suitable for various parts of the evaluation according 
to our findings in Figure 5. Future prospective studies would be invalu-
able for further validation of our results, and in particular the cut-off va-
lues we found for semi-quantitative analysis.

Limitations
This study had a retrospective design which makes it prone to inclusion 
bias, though care was taken to include every consecutive patient with a 
suspicion of infection. A general limitation of studies investigating DRI 
refers to the gold standard for the diagnosis, i.e. direct culture and mo-
lecular diagnostics using 16S PCR of the suspected device parts. This 
gold standard for DRI is frequently unattainable because surgery is 
not always performed. While exit site swabs and blood cultures may 
give an indication for device infection, they are often insufficient to fully 
ascertain the diagnosis, in particular when infection of central device 
components is suspected. Findings during surgery were considered 
the true gold standard for the diagnosis whenever available, and 
when these were unavailable, all clinical findings, such as blood cultures, 
driveline exit site swabs, results from other available imaging modalities, 
and outcomes during follow-up were considered together to avoid re-
liance on [18F]FDG PET/CT alone.

For most patients in this series, [18F]FDG PET was combined with a 
low-dose, non-enhanced CT. A combination of PET/CT-Angiography 
would allow for better detection of anatomical lesions, which can be 
of great value for the diagnosis of LVAD DRI, increasing the specificity 
of the scans. Therefore this is highly recommended for the evaluation of 
vascular structures and all related prosthetic materials/devices when-
ever possible. Furthermore, the effect of (non-)adherence to the 
HFLC diet on [18F]FDG PET/CT accuracy could not be statistically veri-
fied in our study due to limited case numbers in this group. The HFLC 
diet was not officiated in one of the participating centres until some 
years ago. In clinical practice, it was often followed nevertheless, but 
this was not always documented in patient records. This also explains 
the high rate of effective myocardial suppression in our cohort as 
shown in Table 1. Because physiological myocardial uptake leads to de-
creased evaluability of the left ventricle wall and because central device 
component infections have a well-known risk of concurrent endocardi-
tis, we recommend using this diet for all cases of suspected LVAD DRI.

Conclusion
[18F]FDG PET/CT may help identify LVAD infections when both nor-
mal and abnormal FDG uptake patterns surrounding these devices 
are correctly weighed. Visual analysis and semi-quantitative analysis 

complement each other to reliably establish the presence of driveline 
infections. For central device component infection, visual analysis 
achieves moderate sensitivity and specificity. Using both AC and 
NAC images is pivotal for achieving sufficient specificity for this indica-
tion, while semi-quantitative analysis may be of additive value for fur-
ther increasing [18F]FDG PET/CT specificity for these infections.

Supplementary data
Supplementary data are available at European Heart Journal - 
Cardiovascular Imaging online.
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