
 

 

 University of Groningen

Exploring new PET/CT capabilities and machine learning for improving the diagnosis of
infective endocarditis
ten Hove, Derk

DOI:
10.33612/diss.987817381

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2024

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
ten Hove, D. (2024). Exploring new PET/CT capabilities and machine learning for improving the diagnosis
of infective endocarditis. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.
https://doi.org/10.33612/diss.987817381

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 22-04-2025

https://doi.org/10.33612/diss.987817381
https://research.rug.nl/en/publications/c2aea2d0-6247-4e27-85ef-07367257eaa8
https://doi.org/10.33612/diss.987817381


Exploring new PET/CT capabilities and 
machine learning for improving the 
diagnosis of infective endocarditis

Derk ten Hove

PS_DtHOVE_def.indd   1PS_DtHOVE_def.indd   1 23-04-2024   09:5123-04-2024   09:51



Cover Design: DALL-E Open Labs AI
Lay-out: Printservice Ede
Printing: Printservice Ede

Dissertation of University of Groningen, Groningen, The Netherlands

PS_DtHOVE_def.indd   2PS_DtHOVE_def.indd   2 23-04-2024   09:5123-04-2024   09:51



 
 
 
 
 
 

Exploring new PET/CT capabilities 
and machine learning for 

improving the diagnosis of infective 
endocarditis 

 
 
 
 
 

PhD	thesis 
 
 
 
 
 

to obtain the degree of PhD at the 
University of Groningen 
on the authority of the 

Rector Magnificus Prof. J.M.A. Scherpen 
and in accordance with 

the decision by the College of Deans. 
 

This thesis will be defended in public on  
Monday 13 May at  12:45 hours 

 
 
 

by 
 
 
 

Derk ten Hove 
 

born on 1 January 1990 
 

  

PS_DtHOVE_def.indd   3PS_DtHOVE_def.indd   3 23-04-2024   09:5123-04-2024   09:51



Promotors
Prof. dr. Andor W.J.M. Glaudemans
Prof. dr. Bhanu Sinha
Prof. dr. Riemer H.J.A. Slart

Assessment Committee
Prof. dr. Rudi .A.J.O. Dierckx
Prof. dr. Andreas Voss
Prof. dr. Jolien .W. Roos-Hesselink

PS_DtHOVE_def.indd   4PS_DtHOVE_def.indd   4 23-04-2024   09:5123-04-2024   09:51



Paranimfen
Kars van der Weijden
Nick van Rijsewijk

The studies in this thesis were supported in part by PUSH MRA, a collaboration between 
Siemens Healthineers and the University Medical Center Groningen, grant number 
C00227574 (IPA 15). The sponsor had no role in the writing or publication of any of the 
studies that were performed.

Financial support for printing this thesis was kindly provided by the KOLFF institute of 
the Graduate School for Medical Sciences (GSMS), the University of Groningen. Financial 
support by the Dutch Heart Association (Hartstichting) for the publication of this thesis is 
also acknowledged

PS_DtHOVE_def.indd   5PS_DtHOVE_def.indd   5 23-04-2024   09:5123-04-2024   09:51



PS_DtHOVE_def.indd   6PS_DtHOVE_def.indd   6 23-04-2024   09:5123-04-2024   09:51



Index

 Abbreviations 9

Chapter 1 General Introduction 15

Chapter 2 [18F]FDG PET/CT in infective endocarditis: indications and  43 
approaches for standardization

Chapter 3 Improved [18F]FDG PET/CT diagnostic accuracy for infective  61 
endocarditis using conventional cardiac gating or combined cardiac  
and respiratory motion correction (Cardiofreeze TM)

Chapter 4 [18F]FDG-uptake in mediastinal lymph nodes in suspected  79 
prosthetic valve endocarditis: predictor or confounder?

Chapter 5 The value of [18F]FDG PET/CT for the diagnosis of device related  91 
infections in patients with a Left Ventricular Assist Device:  
a systematic review and meta-analysis.

Chapter 6  Added value of semi-quantitative analysis of [18F]FDG PET/CT for  115 
the diagnosis of device-related infections in patients with a Left  
Ventricular Assist Device.

Chapter 7 Machine-learning improves the diagnostic accuracy of the modified  137 
Duke/ESC 2015 criteria in patients with prosthetic valve endocarditis

Chapter 8 Discussion 151

 English Summary 163

 Nederlandse samenvatting 169

 Dankwoord 175

 About the author 179

PS_DtHOVE_def.indd   7PS_DtHOVE_def.indd   7 23-04-2024   09:5123-04-2024   09:51



PS_DtHOVE_def.indd   8PS_DtHOVE_def.indd   8 23-04-2024   09:5123-04-2024   09:51



9Abbreviations

Abbreviations

AC   Attenuation correction
AHA    American Heart Association
AI   artificial intelligence
ANOVA   Analysis of Variance
AV-block  Atrioventricular block
AVR   aortic valve replacement
AUC   area Under the Curve
AWJMG    Andor W.J.M. Glaudemans
BC    blood culture
BMI   body mass index
BS   Bhanu Sinha
BSAC    British Society for Antimicrobial Chemotherapy
11C   carbon-11 (a radioisotope of carbon)
C. acnes   Cutibacterium acnes (formerly known as Proprioni acnes)
CABG    coronary artery bypass grafting
CDRIE   cardiac device related endocarditis 
CI    confidence interval
CIED   cardiac implantable electronic devices 
CIEDIE   See CDRIE
Cm    centimeter
COPD    Chronic Obstructic Pulmonary Disease
CT    Computed Tomography
CTA   Computed Tomography Angiography
DNA   desoxyribonucleic acid
DRI   driveline related Infections
DT   decision tree (a machine learning model)
EANM   European Association of Nuclear Medicine
EARL   European Association of Nuclear Medicine Research Ltd.
e.c.i   of unknown cause (Latin: e causa ignota)
ECG   electrocardiogram
E. cloaca   Enterobacter cloaca
E. coli   Eschereria coli
E. faecalis  Enterococcus faecalis
E. faecium  Enterococcus Faecium
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10 Improving the diagnosis of endocarditis 

e.g.   for example (Latin: exempli gratia)
eGFR   estimated glomerular filtration rate
EMC   Erasmus Medical Center
Endocarditis  In this thesis this term refers to Infective endocarditis
EV   ensemble voting classifier (a machine learning model)
ESC   European Society of Cardiology
Et al    and others (Latin: et alii)
F   female
18F   fluor-18 (A radioisotope of Fluor)
[18F]FDG PET/CT(A) [18F]fluorodeoxyglucose with low-dose computed tomography 

(or contrast enhanced computed tomography angiography)
FOV field of view
FP false positive
GT Giorgio Treglia
Gram Gram staining
HACEK Haemophilus species, Aggregatibacter species, 

Cardiobacterium hominis, Eikenella corrodens, and Kingella 
species

HFLC diet high fat, low carbohydrate diet
H. parainfluenza Haemophilus parainfluenza
IBM International Business Machines Corporation
ICD(s) iplantable cardioverter defibrillator(s)
i.e. that is (Latin: id est)
IE infective endocarditis
IQR interquartile range
ISCVID International Society of Cardiovascular Infectious Diseases
IV intravenous 
i.v.m. in verband met (Dutch): because
kg kilogram
K. Oxytoca Klebsiella oxytoca
L liter
LR:  logistic regression
LVAD left ventricular assist device
M male
Max maximum
MBq Megabecquerel, a unit for radioactivity
M. Chelonae Mycobacterium chelonae
mCT multidetector Computed Tomography
MDE2015 Modified Duke criteria, 2015 version as proposed by the 

European Society for Cardiology

PS_DtHOVE_def.indd   10PS_DtHOVE_def.indd   10 23-04-2024   09:5123-04-2024   09:51



11Abbreviations

METc Medisch Ethische Toetsingscommissie (Dutch):  ethical review 
board

MIC   minimum inhibitory concentration
mL millilitre
MLM machine learning models
MRI magnetic resonance imaging
MRSA  Methicilin Resistant Staphylococcus aureus
μtot Mean total administered activity
MV mitral Valve
MVR  mitral valve replacement
MVP  mitral valvuloplasty
n number of patients
NAC non-attenuation corrected
n.a. not applicable
NB the following requires extra attention (Latin: nota bene)
NG Non-gated
NLR negative likelihood ratio
NPV negative predictive value
NR not reported
NVE  native valve endocarditis
OR odds ratio
P Prospective
p probability value
P. aeruginosa Pseudomonas aeruginosa
P. mirabilis Proteus mirabilis
PABA para-aminobenzoic acid
PCR polymerase chain reaction
PET Positron Emission Tomography
PLR positive likelihood ratio
PM pacemaker
PPV positive predictive value
PRISMA-DTA Preferred Reporting Items for Systematic Reviews and Meta-

Analyses for  Diagnostic Test Accuracy
PUSH Partnership of UMCG-Siemens for building the future of 

Health
PV Prosthetic valve
PVE  prosthetic valve endocarditis
QUADAS-2 Quality Assisment of Diagnostic Accuracy Studies, second 

version
R Retrospective
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12 Improving the diagnosis of endocarditis 

ROC receiver operating curve
RS Riemer H.J.A. Slart
S. aureus Staphylococcus aureus
SD Standard deviation
S. dysgalactiae Streptococcus dysgalactiae
S. epidermidis Staphylococcus epidermidis
S. hominis Staphylococcus hominis
S. lugdunensis Staphylococcus lugdunensis
S. mitis Streptococcus mitis
16S PCR Polymerase chain reaction using 16S ribosomal RNA (test to 

detect bacteria)
SPECT single photon emission computed tomography
SPECT/CT  single photon emission computed tomography combined with 

(regular) computed tomography)
spp. Species
SPSS Statistical Package for the Social Sciences: an application for 

statistical analysis 
SUV Standardized uptake value
SUVmax maximum Standardized uptake value
SUVratio Standardized uptake value ratio 
TAVI Transcatheter Aortic Valve Implantation
TEE (or TOE) Transoesophageal echocardiography
TN  true negative
TTE Transthoracic echocardiography
T. whipplei Tropheryma whipplei
UMCG University Medical Center Groningen
VOI volume of interes
vs versus
WBC SPECT/CT White blood cell single photon emission computed 

tomography combined with (regular) computed tomography)
WMO Wet medisch wetenschappelijk onderzoek (Dutch): Dutch law 

regarding medical research involving human participants
X2 Chi-squared test (a statistical test)
XGB XGboost, a machine learning model
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