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Nicolay K, Kaptein R, Hellingwerf KJ, Konings WN. 

31P nuclear magnetic resonance studies  

of energy transduction in Rhodopseudomonas sphaeroides.  

Eur J Biochem. 1981 ;116(1):191-7. 
 

1951 Born (Stiens) 

1983 PhD (Groningen) 

1983 Postdoc Utrecht University (KWF) 

1985 University Basel with Seelig (perfused heart) 

1987 Huygens Fellowship 

1991 Head in vivo NMR facility 

1998 Image Science Institute Utrecht 

 

1999 Professor Biomedical NMR TU Eindhoven 

  

Science: molecular imaging , energy metabolism, ….. 

 

Eduction:  

- Student school at the TU/e 

-  In vivo NMR course  from ~1996 
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Scientific 
curiousity    

Progress in biomedical technology 

~1975  to  ~1990 ……. 

This presentation:  



Jean Jeener 
Universite Libre de Bruxelles (ULB) 

‘Early Benelux NMR heroes’ 

1971  

Inventor 2D NMR spectroscopy  
(Lecture AMPERE Summer School, 

 Basko Polje, Yugoslavia) 

2-3D Fourier imaging 

Cornelius J. Gorter 
Universiteit Amsterdam / Leiden 

1942  

First attempt NMR  



First MR image: 2 tubes with water  
(projection reconstruction) 

Nobel prize  

2003 

Image Formation by Induced Local Interactions:  

Examples Employing Nuclear Magnetic Resonance 

P. C. LAUTERBUR 
Dep. of Chemistry, State University of New York at Stony Brook 

Nature 242, 190 - 191 (1973);  

1974-1978 

Rob Locher  

Philips Research Laboratories 

Waalre 

1976 Nottingham  
One day NMR imaging  



1978 – 1983: Proton project (Philips Research Laboratories & Medical Systems) 

0.15T resistive magnet 

1 m free bore  

1980 

First image human brain  

Single slice 

Acquisition: > 5 min  

Reconstruction: > 15 minutes  

1981 

First 2D FT image  

Rob Locher 

Piet van Dijk 

Jan den Boef 



1983 : Gyroscan R.  Installation Leiden University  

1984:  Gyroscan S5  (superconductive)   

     Frans Kuijpers  

(MSD, production)  

Ziedses des Plantes jr 

Falke 

Start production and first clinical installations   



In vivo NMR spectroscopy of 31P and other sensitive 

nuclei may add a new dimension to clinical and 

experimental oncology  

Seminars in Nuclear Medicine, vol XV,2, 1985 

Unfortunately, initial efforts at characterizing tissues 

by in vivo determination of proton relaxation times  

have yielded disappointing results  

~1985: major MR imaging problems are “solved”   

We need MR spectroscopy 



Ru van Stapele (group leader) 

Rob Locher 

Joop van Vaals 

Jan den Boef 

Peter van Gerwen  

Tom Bergman 

Arend Heerschap  

Frans Verschuren /  

Eric van den Boogert  

1985 – 1990  Philips Research Laboratory  

  MR spectroscopy project   
 

  

  

Home-built MR system 
(Nat lab culture)  

 

MRS need high field 

  

Magnet: 6.3T (Oxford Magnet Technology)  

Gradients: unshielded 20 mT/m 

Coils: home-built   

Electronics: Nicolet components 

Computer: DEC VAX 11/750 



Nijmegen Animal Lab  

Eindhoven “Animal play Lab”  

! 

Report 



~1988 
Body coil (transmit)  Surface coil (receive)  

Lactate in cysts 

Choline in tumor 

Lactate Choline 

NAA 

NAA 

Cr 

Ch 

Ch 

LACTATE 

/LIPIDS 

LACTATE 

Non-invasive in vivo Localized 1H Spectroscopy 

Of human Astrocytoma Implanted in Rat Brain 

             ACE localization  



1988: First high field (6.3T) human 31P MR spectroscopy   

After 28 years at 7T: 

Energy consumption 

ATP PCr 
Pi 



NatLab 

Philips 
Research 

Researchers with 6.3T magnet  
~1988. 
 From left to right:  
Tom Bergman, Joop van Vaals,  
Jan den Boef,  
Peter van Gerwen,  
Eric van den Boogert. 

Tom Bergman positioning probe. 
Philips Natlab. ~ 1987. 

MRI setup @ the TU Delft ~2000. The 6.3 T magnet during installation 
in 2001 (right) and upgrade in 2005 
(above) in N-laag building at TU/e.  

Magnet displayed at Joint Research 
Facility at the High Tech Campus 

2012. 

Horizontal 6.3 Tesla magnet for preclinical MR Imaging  

This magnet was part of pre-clinical MRI scanners at 3 research institutions: Philips Nat.Lab., TU Delft and TU/e. 

Every time it ushered the start of pre-clinical MRI research.  

 symbol of collaboration between academia and Philips Research. 

 



 Wanted localized human MRS 
                                    (of heart)… 

> Buy highest possible B0  
 
Oxford 2.0T: minimum field spec 1.5T 

September 10, 1980 

1980: General Electric (Paul Bottomley) 

Back to human MR ………… 



MR image-guided P-31 MR spectroscopy in the evaluation of brain tumor treatment. 

Segebarth CM, Balériaux DF, Arnold DL, Luyten PR, den Hollander JA. 

Radiology. 1987 Oct;165(1):215-9 

Developing MR spectroscopy on a 1.5T Gyroscan   

Broadband proton decoupling in human 31P NMR spectroscopy. 

Luyten P, Bruntink G, Sloff F, Vermeulen J, van der Heijden J, den Hollander J, Heerschap A. 

NMR Biomed. 1989 Apr;1(4):177-83 

Broadband proton decoupled natural abundance 13C NMR  

spectroscopy of humans at 1.5 T. Heerschap A, Luyten P,  

van der Heyden J, Oosterwaal L, den Hollander J.  

NMR Biomed. 1989 Sep;2(3):124-32 

FIRST broadband 1H decoupling humans 
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Metabolic imaging of patients with intracranial tumors: H-1 MR spectroscopic imaging 

and PET. 

Luyten PR1, Marien AJ, Heindel W, van Gerwen PH, Herholz K, den Hollander JA, Friedmann 

G, Heiss WD.  Radiology 1990 Sep;176(3):791-9. 

FIRST 1H metabolic mapping and combination with PET 

Developing MR spectroscopy on a 1.5T Gyroscan   
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NMR flyer ~1987 

… and all early 1.5T MR instruments  

had Na+ options  



How MR spectroscopy saved brain MRI 

High-field “not 

possible” for MRI 

MRI coils Manage 

RF penetration 

Manage SAR 
MRI 

MRS(I) doesn’t work 

Gradient eddy-currents! 

Self shielded gradient coils 

Localized MRS 

Diffusion MRI 

Fiber tracking,  

fMRI, MRS, 

…. 

Need High-field magnet 

        High homogeneity  

Results combined MRS efforts for after 1990:  

 Ahead with MRS(I) 

 Drive for MRI developments (Patents)  



~1980 - 1988 

Technical University Delft 
 Applied Physics Department: MR and Low temperature groups 

First quadrature coil  

K Pieterman and H Postma  

Van Stekelenburg 

THE LASER sequence ! 



2D time domain model function 

 jMRUI for MRS postprocessing  

Decanniere C., Van Hecke P., Chen H., Van Huffel S., Van der Voort C., Van Ormondt D.,  

Comparison of model function fitting algorithms for the quantification of strongly overlapping peaks in 31P NMR spectra'', 

Proc. of the Society of Magnetic Resonance in Medicine, Twelfth Annual Scientific Meeting, New York, Aug. 1993, 972 p., 
 

Decanniere C., Van Hecke P., Vanstapel F., Chen H., Van Huffel S., Van der Voort C., Van Tongeren B., Van Ormondt D., 
Evaluation of signal processing methods for the quantification of strongly overlapping peaks in 31P NMR spectra'', 

 Journal of Magnetic Resonance B, vol. 105, 1994, pp. 31-37.. 



1981-1982 

 

Muller RN, Marsh MJ, Bernardo ML, Lauterbur PC.  

True 3-D imaging of limbs by NMR zeugmatography  

with off-resonance irradiation.  

Eur J Radiol 1983; 3: 286-290.  

Robert Muller 

 
Mons University 



ESMRMB 1985  
 

president 1988 

1983 First European in vivo NMR workshop 



1983 – 1985,  2 Technicare 0.15 T resistive magnet machines in private clinics in  

- Charleroi (prof M. Collard)  

- Middelheim (prof A. Lowenthal) 

 Appel B, Muller RN, Collard M, Moens E, Mortelmans L, Martin J, Lowenthal A.  

NMR approach of the periventricular white matter. Arch Int Physiol Biochim 1985 93(5):19 
Abstract: From a series of 117 neurological patients presenting a pathological periventricular white matter 

signal on NMR, ……,on their localization in the brain, and on the calculated apparent T2 (T2**) values achieved 

with the single multi-echos technique …  

First installations clinical MR in Belgium  

- Installations “illegal”, i.e. before governmental regulations w.r.t. MR acquirement (~beds)  

1987 – 1989,  regulations and governmental funding of 0.5 - 1.5T machines   

- UZ Gent, VU Brussels, KU Leuven, CHU Liège  (Siemens)  

- UC Louvain, UL Bruxelles (Philips) 

Balériaux D, Deroover N, Hermanus N, Segebarth C. 

Diagn. Imaging Clin Med MRI of the spine. 

1986;55(1-2):66.         On 0.5T Philips Gyroscan  

Former PhD student  

Jean Jeener 
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University of Leuven 

Van Hecke PE, Marchal GJ, Baert AL 

Use of shielding to prevent folding in MR imaging.  

Radiology. 1988 May;167(2):557-8. 

. 

1991 – 1992,  Installation first MRI in Luxembourg (CHL),  GE 1.5T 

Achten R, Demeirleir K, Van Cauteren M, Osteaux M. 

In vivo magnetic resonance spectroscopy of muscle metabolism. 

J Belge Radiol. 1988;71(2):255-7.  

Carlier PG, Grandjean J, Michel P, D'Orio V, Rorive GL. 

Arterial metabolism as studied in vitro by NMR: preliminary 

results in normotensive and hypertensive aortas. 

Arch Int Physiol Biochim. 1985 Dec;93(5):107-18 

University of Gent 

University of Liege 
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1983 – 1984  Leiden: 0.15T Philips Gyroscan R (van Voorthuisen) 

1983 – 1985  Amsterdam VU: 0.6T Technicare   (Valk),  

1985 – 1987  Utrecht, Groningen, Leiden 0.5 – 1.5 T Philips   
 

 

First installations clinical MR in the Netherlands  

Funding under 

regulation by  

law (art 18) 

Utrecht : Gyroscan S15 with visitor J Barentsz 

  1987 – 1990 Regulations relieved  funding for  6 more installations  …..  

The Netherlands' initial experience with NMR imaging. 

Falke TH, Ziedses des Plantes BG Jr, van Voorthuisen AE. 
Diagn Imaging Clin Med. 1984;53(1):43 

Abstract. A survey is provided of the first clinical results of NMR scanning with an experimental 0.14-Tesla 

resistive magnet system at Philips Medical Systems at Eindhoven. Between 1981 and 1983, 173 NMR 

examinations were performed on 43 healthy volunteers and 130 patients.  

1989: Local chair 

(I)SMRM Amsterdam 

Contrast enhanced magnetic resonance imaging of the brain using gadolinium-DTPA 

Valk J, de Slegte RG, Crezee FC, Hazenberg GJ, Thjaha SI, Nauta JJ.  

Acta Radiol. 1987 28(6):659-65 

The role of MR imaging in carcinoma of the urinary bladder. 

Barentsz JO, Ruijs SH, Strijk SP. AJR Am J Roentgenol. 1993;160(5):937 
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in the rat brain studied in an animal model  

for multiple sclerosis by diffusion-weighted NMR imaging. 

Verhoye MR, Gravenmade EJ, Raman ER, Van Reempts J, Van der Linden A  

Magn Reson Imaging 1996;14(5):521-32. 

https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/1336966
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verhoye MR[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verhoye MR[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verhoye MR[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gravenmade EJ[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raman ER[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raman ER[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raman ER[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Reempts J[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Reempts J[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Reempts J[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van Reempts J[Author]&cauthor=true&cauthor_uid=8843364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van der Linden A[Author]&cauthor=true&cauthor_uid=8843364


About 1990, need for installation dedicated animal MR facilities 

 high field (> 4T), horizontal wide-bore  

1997 
 Biomedical MR facilty Nijmegen  

 Arend Heerschap 

 7T MR system (SMIS) 

 1991 ~ vertical 4.7T 

    

2015 
 In vivo imaging facilty. Luxembourg Institute of Health 

 Olivier Keunen 

 7T MR system (MR solutions) 

    

Effects of high energy shock waves on tumor blood flow and metabolism: 31P/1H/2H NMR 
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 ISMRM Benelux 2016:  

The big MR wave 

of water protons 

 In the 20+ years after 1995 ……. 

  Magnetic resonance in biomedicine,  

      …. more versatile and powerful than initially though of…. 

 

 Developments biomedical MR:  

         a multi-dimensional diffusion  

   proces in a vast space 2017? ~1975 

 >300 “MR researchers” from              to 

In 40 years:  



Edwin Heymans 
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Annemie van der Linden 

Leon van Erning 

Sjef Ruijs 

Andor Veltien 

Pierre Carlier 

Ruud de Boer 

Jeanine Prompers 

Christoph Segebarth 

Olivier Keunen 
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