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Summary. - The aim of this study waa to examine 
whether upin-lattice reiaxation in biologicd tiriwer is 
adequately described by a single time comtant TI and to 
define under what circumstances a multi-exponenlial 
approach is indicated Rehxation curves were measured 
ot 6 0  MHz f o r a  mnge of tismesfrom himour-bearing 
mice. Uni- and bi-exponenlial curves were fitted to 
the empiricai data wing chi-sqwre a8 a criterion for the 
goodness of the fit. An F-test uns applied to test the 
~ialidity of mch exponenhl  term os i t  m s  added to the 
,fitting function 

Riassunto. - Questo studio si propone di  esaminare 
se il rilassamento spin--reticolo in tessuti biologici è 
descritto in modo adeguato da una singoh costante di 
tempo TI e di definire in qud i  condizioni sio p %  indi- 
cato l'uso di un approccio multiesponenziale. Le curve 
di riùuromento sono state misurate a 60MHzper diversi 
tessuti isolati da topiportatori d i  N m w i  Sono state uxa- 
te curve mono- e bi-esponenzidi per interpolare i dati 
sperimentali, usando il test del chi quadro, come criterio 
di bontà del fit. 

Introduction 

Spin-lattice relaxation times are iisually measured by 
tlie inversion recovery method. In this method [ l ]  'l'l is 
ol~tained from a least quares  fit of tlie tlieoretical recov- 
i'ry curve: 

M1(7)=M0(1-2 exp(-dTi))  (1) 
lo the empirical data witli Mp and 1.1 a8 parameters. 
'l'his approacli is appropriate only when the relaxation 
is uni-~exponential. Most biological tissiies seem to 
.atisfy tliis requirement ani1 can he characterized by a 
single T I .  Siibfitantial deviations from the u n i  expo- 
ricntial relaxation model havr heen reporte~l, however. 
Marriolliet and Moran 121, for instance, foiind a clear 
iniilti component behavioiir of 'l'i in murine liver 
liseue, while Hovée e t  a l  131, Golilsmitti e t  a l  [4], 
Ibsz e t  al. [SI, and Edres and Samulski [6] observed 
21 distinct two~-componency to 'l'] in mammary tissiie, 

lena tissue and muscle tissue, respectively. 
The present study was undertaken to state pecieely 

to wbat extent biologica1 tissues eatisfy the uni-expo- 
nential model and to define under what urcumstanca 
a multi-exponential approach is indieated. 

Inversion recovery curve8 were measured in vitro for a 
range of tissues from tumour-bearing mice. The mice 
were of the C57B1 strain and had a subcutaneous, trsnn. 
plantable, fast-gowing mammary adcnocarcinoma 
-M8013- on one of the hindlegs. All uiimals were ea- 
crificed by ether anaestheeia and subsequent cmrical dik 
location. Excision took place when the iumour had 
reached a volume of approximately 1 cm3. Measure- 
mente were performed on the viable and necrotic paria 
of the tumour and on a wide range of normd timua, 
including thigh muscle, liver, kidney, spleen, ealivury 
gland, eyelens, and subcutaneous fat. Meuuremenia 
took place within 5 houm from excision. 

Methoda 

Measurement af spin-lattice relaxation time TI 

The TI measurements reported here were performed 
witli a 8pin-echo speckometer built a t  the Laboritory 
of 'l'echnical Physicn of the linivemity of Technology in 
Delft, operating a t  a freqiiency of 6 0  Mlie. The r m p l e  
cavity was maintained a t  27' C. In the applied pu la  
seqnence the widtli of the 180' and 90' pu las  w u  of 
the order of 150 and 75 ps respectively. The height of 
the free in~hiction decay signal was mennured on o d -  
loscope inimediately after the 90°piilse. 

'l'he spin-lattice relaxation curves used in this study 
were deterrnined from 1 5  to 25 pulse experimenti, the 
11nlse separation r varying from 10 ms to 10 n. The m- 
quence repetition time was c h w n  long enough to allow 
the spin system to reacli equilibriiim between eequenca. 





The results presented in Tahle 1 indicate the  adequa- 

cy the  Li-exponential model in descnhing spin-latti- 

ce relaxation data in varioiis excised mouse tissiirs. .4 
good f i t  t o  a particular model, however, does not gua- 
rantre the  vdidi ty  of  that  inodel. It will thereforr Le 
,,ecessary t o  consider the  results tiithin t h r  framework 

current theories o n  spin-lattice relaxation in hiolo- 
gical tissues. As descrihed elsewhmr [a] the  resiilts 
appear to  be consistent with a model o f  tissue hydration 

desirihed h< Ber~ndsen  [9]. assriming three t!pes of tis- 
sue water, viz. specific and non-specific h?dration 
water associatrd with the macromoleculrs in t h r  tissur 
and g ~ n e r a l  hydration water. In the  case of  lat. the  bi- 
exponent idi ty  is presumahly due t o  t h r  different re- 
laxation hehaviour of water and fat protons. 

Evidrntly, more precise measurements of relaxation 
curves and additiunal information concerning the  mo- 
Ieciilar composition and dynamics o f  tissiies will he ne. 
cessar! t o  further rliicidate spin-lattice rrlaxation pro- 
cesses in hiological tissues. 
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MEASUREMENT AND MEANINC OF RELAXATION TIMES: 

SPECIFIC AND NON-SPECIFIC VARIATIOWS IN CANCER 
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Suinmary. -- .4 rcviru, i.< prerrnted un tlir principd 
rpsiil/r obtained in orotoii IVMR <in tumor ond noti- 
tunior liarues in nialignanl Ii~mor-carr,viiig oiiimds 
(n\-sfrinic rffcct). .4n at l rmpt  u d l  &o be ( n a d ~  I r >  

rsioblirli o link betwren biologica1 variotion8 and tiic 
diffwpnl ph,yaical parame1er.s tliot occrir uiilhin Ilir 
rrlararion times. 

Ifiamiinto. -- l'iene ~irrr<!nlalu nnn rarrcgno .sui 
pririripnli rinultati ottenriti, mediante '11 .YIIR, ru irs- 
aiifi normali e tumorali di animali portotori di tumori 
nuili~ni (effrtio ai.sleinico). Si  trnto anrhr  di nlabilirr 
corrr4nioni tra variazioni biologirhe r i diurni  pura. 
ni<>tri fisici c h r  influenzano IP p r o p r i ~ t à  di rili~>~<r~noii/.o 
mupirtico nucbarr  di q t i ~ r i i  trsnuti. 

Introduction 

I. Review of principi1 results 
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Fig. I. -- a) TI virialiun* in Iiumaii in1rai:rmial lurnurs (di. Cvrtaincs e1 ,il., 1982 unpiiblislivd): th i  ri:stiltsxliiiw thrri. i s  no siinpl<: di- 

criminiition bctwwn maligiiant and brnipn luniors. L>) l', rariitions in human intracrinial tumors. 

tl ie ini t ial  eiitliusiasin fur  NMR that prevailed airiorig un- 

wlogists. Tlie arrso<:iation u f  the two rplaxatiun tiiiies Ti 
and T1 is however. upen t u  dr late.  Ti and T, rzpress 

flu,:tualions iii the variuiis pliyaii:al parairicters u f  tissiie 

waior differrntl) [lo-151. Tlirir assui:iatiori inay wcll 

I i idr  data sped i i :  t u  TI o r  'T2. Fiirthi:rniurc. i i iaiiy au- 

tl iors have sliowii Llial Imdun  rr laxal ioi i  Liines do i iu t  

alluw a diatin~:iioii t u  h iiiadt: hiitwi:eri iiialignaiit aiid 

norii ial tissui. b u t  brtwci:ri Liirnor, or. cven iriorc gcnrral- 

ly .  altered tissuc aiid hcaltliy tiwiie [6. 8, 10, 12, 141 
(Fig. l). 

I'rutuii Nhlll wa) simris a x<:iioitivi: , i i i: iI~ud fur de. 

Lwti i ig phyaiulogi<:al f lu~:l i ial ioi is b u i  il ~:aii no luriger 

hv <:onnidi:red a spt:<:ifii. ~ r i< : t l~ud  Sur ctiaract<:ri~iiig i:aii- 

<:cr. 

11.I:. Frey aiid M.M. I'ititar [ l 6 1  wwr: tlii: first. iii 
1972. t u  aliow l l ia t  t l i r  TI u f  di1'l'eri:iit m i i - tu inor  urgaiin 
(livcr. liii1iii:y. splerii) iii<:r<:ascd by l 0  t u  20% iri a i:aii- 

wr-carr! i i ig iriiiiisc. 'I'lii:~ rcsiiltr win: confirini:d tiy 
utlier rw.eari:lirrs iising di l ' f i rr i i l  airiiiiala. W r :  uiimcl irs 

reached tlic UIII,,. t w n c l ~ i ~ i o i i  w l w ~  W; s i i i d i ~ ~ d  t l ~ <  livcr, 

nplriiii. kiiliii:\s. Iicart snd striatri l iiiusi.li:s i n  i i i i w  wi t l i  

1,i:wir l i i i ig i i i i i iur  [I:]. 'Siiis s) r tcn i i~:  d f w t  is iriore scn- 
x i t iw  wlii:rr TI i a  i:uri<:vriied. T, wuiild sewn a firllrr 

iridicatur uf tl~,: tunior i k d S .  W,: also s l iuwxì  a smsilivv . . I I arid 1'1 ri:ai:tiuii iii tlii: p:rit i i ir iural area (Fig. 2). C.  
l<. T.iiig foi i i id t l i r  sami aìli:rati<m iii 'I'l i t i  t l ie peril i l- 

rrioral area and shuwvd that alluyrafts o f  norii ial tissiiq. 

were also a<:cuiripanicd I>? ari incrrasi: in TI in adjawnt 

tissiiir. Hc attribiiti:d tliis r i f r c t  t<, a local imii i i inc rra 

ctiuii. T l i r  systwnic i:ffw:t ori tissiirs is no1 thvrcfor i  r i i ,  

rwsarily spei:ific t o  i:an<:rr. T o  g iw  an i:xa~iiplt!, w r  l iai , ,  

shown that as t h i  Litwis t i i i i iur griws, tlir splmic 'T, anil 

T, inwrasad; t lwr r  was a guud wrr i i la t ion wi th tlii sp i i  

n :  indrx (Fig. 3). K ihxa t i u i i  tiiiics i n  sp lwn alsr> 

i:liangn, h o w i w r ,  af t iv  cxposuri. ti> rarliaiion. and alti,i 

i ir i inuiioii iudulation dne i o  varioiis straiiis oE Brucellri 

oborlus, iitl:. 
11 was thvn disi:own:d that tl i is systi.iniv cffi,.<l. 

wtiii:ti had priwiuiisl! I i i ~ r i  drsi:rilii,d i n  n:lati#m t u  va 

rious solid tumors, also existed in semm [18]. Holl i-  

[ l91 and Hazlewood [20] later confirmed this resul1 
on  animals models. Hazlewood further showed thal 

the systemic effect on  serum could also occut during 

the growth period o f  benign tumors. 

T u  riti:nd thwv r iwi l ta t u  hiinian ~,at i i~nts iwasi i  

rvd tht. 'T, arid 'T, #,I'svriiiii fruii i 224, vontrols und I'roiii 

310 varr i iw <il uarious sulid tiitnors at diffi.rvnt siagi.- 

o f  wol i i t ion.  Uiir rcsiiltr [-I] showcd that: 
i) the uystrriiic vff<v.l <Iwr.riLwl i n  a i i i i i ia !~ a l w  $.\I 

s i rd  i n  iiian; 
ii) a. iii aiiiiiials, tlii: i,ifw:t r i w l t i d  iii ari i i i i~n:aw i11 

'T1 (Fig. 4). Thc v f f w t  ori T , ,  IIUW(:V<T, was a i:liaii:.< 
i n  its d i s t r i l ~ ~ ~ t i u n  h t  n u l  i n  i l 5  mvaii aw!ragc: 

iii) i t  uiil) aplwarvd iii arlvanwd stagi~s and i:vaw:d t i  

m i s t  iii thi. risidiial siagi,; 
i") il cwi ld iwit l icr IN, wrrv la i ,d wi t l i  a \ariaiion i! 
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THE NMR PROTON RELAXATION IN BIOLOGICAL FLUIDS: 
A GOOD WAY T 0  IDENTIFY PRECISELY HEALTHY OR PATHOLOGICAL STATES 

G. J .  BENE 

D d ~ r t e m e n t  dePhysique de lo Mati& Condenske, Section de Physique de l'Universit.4, C H -  121 1 Genève 4, Shitzerland 

Surnmary. .- A new approach of medica1 diagnosis 
by NMR is propoaed and applied i o  a physiological 
Puid. 11 U well knowh that such f luids ore relatively 
easy t o  study by NMR techniquea, because they ore 
m i n l y  aqueoua solutions of mineml ions and ofmacro- 
moleculea in the presence of auapended cella. If the 
ertrnction is correcfly done, we have similar properties 
in vivo and in vitro. A given f lu id genernlly has a well 
defined compoaition for a large heolthy populaiion, 
and the amnll qualitative or quantiiotive deviations show 
a weak influence on  the relaxation properiies. We should 
alao mention that n given pathology con show qualita- 
tive changea of composiiion in direct connection w i i h  
the euolution o r  wi th the reriouanera of the paihology. 

We used an experimental procedure capable o r  pre- 
ciaely describing n giucn healihy phyaiological f luid, a 
pathological state of ihis f lu id and th r  leve1 o f t he  lailer 
by NMR reiaxation times T I  and T,. An  appropriaie 
alrotegy W developed in severa1 sieps p r e c i d y  described 
in this paper. The particular ph,yaiolo~icalf luid explored 
ia the amniotic f lu id and i i r  pollution by meconium 
(mainly polymucoaaccharides) i n  foetal distress, i n  thr 
lani weeks of pregnan,y. 

Some final rrmnrkn arr mndr oboul Ihr applicniion 
o r  this procedur~ l o  oihcr ph,ysiological f luids o r  ro,ft 
lianues. 

Riassunto. - Viene qui proposio un nuoiw approc- 
cio dingnortico, chr utilizzo la Hinononza Magnrti<:u 
Nuc l~are  per li inaliai d i  f luidi fisiologici. ti' ben nolo 
chr qucati f lu id i  porsono csaero siudiaii facilrnrriie con 
i ~ c n i r h e  NMH, prrehé conrisiuno ranonziulmentc d i  
aoliizioni acquoae d i  ioni minerali, d i  inacromolecolr r d i  
cellule in aorpcnaione. Se l'rsir<iziunc 6 rsrgui ia co r r r l -  
fomentc, le proprir id in  vi tru r d  in  vivo nono molro si- 
mili. Un daio f lu ido ha in p w r a l r  una componi,' -ioriv 
brn drfinita per un g r a n d ~  numero d i  indiiridui xuiii, 
e 1. piccole drtiiazioni qrul i iai ivr o quu i i i i i a i i t i~~  rnosiru- 
no solo lieiii effeiii nullr proprioiù d i  r i lmsamrnio Si 
driw nnchr mmziunnre chr uno dafu paiolo& p u t  
Fnserr axsociaia a ~ambiar i i rn l i  qunliinfivi C qunn i i ia i i t~ i  
di componizione, in d i r r i i a  ri4aziorie con l ' r i~oluz ior i r  

dr l la patologia siessa. 
E' stato qu i  usato un procedimento sperimental~ 

cnpacr d i  descrivere con precisione le proprietà d i  ri- 
lass~mento magnetico nucleare d i  un dato f lu ido fisio- 
logico in individui sani e in  individui affetti da alcune 
paiologie, a vari livelli d i  gravità. I n  particolare, è stato 
preso in considerazione i l  l iquido amniotico e ne sono 
stati studiali gl i  stati d i  inquinamento da meconio, 
che si possono associare a casi d i  anomalie fetali nelle 
u l i imr s r t t i m n e  digravidanza. 

Vengono infine considerate le possibilità d i  applicare 
questo procedimento ad altr i  f lu id i  fisiologici o a tessuti 
molli. 

Since Darnadian'n disiovrry in  1971 [l], proton 
rrlaxatiun o f  physiolugi<:al wnti:r has been largnly 
irive:stigated fur rnedical diagnostica: i& iinportani:~: in 
cruaial in spin imaging, and ita ponsibil it i i:~ srein very 
(iruiniaiiig in  tbc: i dm t i f im t i on  o f  pathological t i a u w .  

I n  t h r  prescnt state uf  thi: drvi:luprnrnt o f  r rwarch 
in thia l'ield, w r  thirik that muri: infoririatiuri u n  bi: 
oxt ra i t rd l r um rrlaxatiun iii<:asurciiimta. I n  spin i i n q -  
ing, t l ic intcnaity at rach point is ol'ti:n a cuiriplii:atiid 
f i incl ion o f  Mo. t h r  rnagnt:tiaatiuii u f  prutuns, and uf 

T ,  nnd T , ,  their ri:laxatiun tiincs. Thi: significanw 
o f  thc iiriagea obtaincd i8 tl i i is ni)t  clear and their intcr- 

p r t a t i un  i d i i u t  M a u r ~ i i i  u ' T  and 'T2 i i i  
suft tiaauea, which noriiially arr inhu i r iu~ :n i~u i ia  iiiitdia, 
givi: " ~ i i ~ ~ a n "  valiii:s, grii imdly diyr ivad i ~ f  any biui:hi:in- 
ical in tmi t ig .  Mureovcr, t l ic  a i ~ i ~ ~ l i t i ~ d t ~  uf  the! applicd 
i'ietld 110 i~ g e n ~ : r a l l ~  arbitrury ur i:liuai:n wi t l iu i i t  r d w -  
i :nw i o  thi: ol icr i  acn~ i t i v r  disl,i:miu~i u f  t l ic rcluxatiun 
tiirira. 

Wv ~ i r l l~ l l Js l :  I i m :  a iiiori: rigori>iia trcattnrnt u f  t h ~ :  

rviaxaliuri o f  walar proturis in  liliyaiulugii:al a q i i w i i ~  
noliitiuitn. Af tcr  a Lirici siirvey o l  tl iv pliyaii:al priiicil,li:s 
of t l ic i i i vu lv~d  p a r ~ i i i ~ ~ t w u ,  tl i ia trvatii ivnt i8 apI~l icd 
tu  a ~ h i u l u i : a l  f l i i id, riaiiit4) t a i n i u t i  f l i i id 
(A.I".)  or prrgiiani W W i ,  ari. focuaiiig un thi. 
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INFLUENCE OF AGE A N D  THERMAL TREATMENT 

ON THE PROTON NMR RESPONSE OF MUSCLE 

M. VILLA 

Dipartimento d i  Fisica "il Volta". l iniversit i  degli Studi, Paria, Ital? 

Summary. - .Mojor differences between the i n  vivo 
ond in vitro . W R  response of ti8sues m y  exist which 
ore related to biochemical changes induced b y  death, 
thermal trentment and even b y  a careful handling of the 
sample. On  the other hand, experimentnl ecidence is pre- 
rented indicating thai the p ro ton  Y.IIR response ofmua- 
riilar tissues is scarceiy affected b y  the procedrires of 
sample prepamtion followed i n  most laboratories. T h u  
fact suggests that in n t r o  studies mqv provide reliable 
estimates of how sensitive VMR tomography wi l l  be in 

discriminating between normal and diseased muscles. 
The spin-lattice and spin-spin relaxation processes of 
protoru are, usuolly, "more exponential" in normal 
muscles than in diseased o r  damaged muscles. The signif- 
icance of this obsemation u discussed and it is sugested 
that a properìy defined "non-exponentinlity factor" 
wi l l  show a great sensitivity to the pathological condi- 
t ion of the muscular tissue.' 

Riassunto. - Tra le risposte ,V.IlR i n  vivo ed  i n  vitro 
possono esistere in linea di principio differenze rilevan- 
ti, dovute alle modifiche biochimiche indotte dalla mor- 
te, dal trattamento termico e persino da un accurato 
trattamento del campione. D'altra porte, vengono q u i  
presentate evidenze sperimentali che indicano che la ri- 
sposta 'H .MfR d i  tessuti muscolari è scarsamente in- 
fluenzata dalle procedure genemlmente usate per  p r e p  
mre i campioni. Questo fatto suggerisce che gli studi in 
vitro possono fornire stime affidabiii della sensibilità 
della tomografia NIIR nel discriminare tra muscoli nor- 
moli e patologici. I processi di rilassamento spin- reticolo 
e spin-spin sono generalmente 'I>iù esponenziali" nei 
muscoli normali  che in quel l i  patologici o danneggiati. 
Viene discusso il significato di questo osservazione e si 
suggerisce che u n  opportuno fattore di "non esponenzia- 
l i td" possa presentare una qande  sensibil it i alle condi- 
zionipatologiche di u n  tessuto muscolare. 

Broadband proton magnetic resonance (PMR) studies 
o f  tissues have a low leve1 o f  technical difficii lt ies and 

Ii iyhly rrl iahle data exist. .%e? most o f  the experimrnts 
havr twrn perfornied i n  citro. the qi irst ion ari*$ o f  
tihether Iiandlin; o f  tlie sample has significanti! altrred 
th r  in aioo P\lR responw o f  the tissoz. -\ furthrr quer- 
t ion concerns the P\1R sensitivity t o  a pathological con- 
il it ion. I t  would he most Iielpful to Iiave a definite feel. 
ing o f  tl ie e x t m t  to u l i ich i n  citro sturlies \ ie ld the re- 
sponse o f  living t isi ies and proviilr iisehil information 
for \\IK tomopapìl!~. Due to the p a t  comp ì r x i h  o f  
the samples. an answw to these qwstions should be de- 
rived from a critica1 analysis o f  mistin: *xperimental 
data. For  this reason, a h r i ~ f  orenicw o f  tlie l i t~rat r i r t .  
rill be given on  the dfccts of t lw  SPII>$P han<llinp pro-  
cediires iipon thr \\I[( response. a i tho i i t  commentin; 
i ipon the interpretaticins offerrd for thr rxperimental 
ohservations. 

Overnew o f  the literature 

The spin--spiri (or T2) relaxation process apprars to 
he highly sensitive to drtails o f  the sample prrparation 
and different shape o f  decay for the transvem magn~ t i -  
zation have heen ohservetl in { l i f f e r ~ n t  laboratorirs [I.?].  
Pearson e t  al. [3] foi ini l  a nearl! exponrntial spin-spin 
rdaxation proress in freslily excised rnuscles: non-expo- 
neiitiality <I?veloped after onset o f  rigor anilior freezr- 
thair cycles. Qiialitativel) similar observations on t l i r  ef- 
fect o f  rigor Iiave I m n  made h! Fi ing and Piion [4]. 
Belton and Packer [;l noted variations o f  spin-spin rr- 
laxation procrss in t h r  fio: gastrocnemiiis as a function 
o f  tlir time spent hy th? fro: i n  captivit?. I n  a rareful 
study o f  the spin-lattice (or TI) process i n  skeletal 
miiscles (:liang et al. [6] f o i m l  that this process is sliyht- 
I ?  n o n  ~xponent ia l ;  hot l i  tli? rffective 1'1 and tlie a- 
mount o f  non-exponentiality i i n d r r p  charact~rist ic 
changes i n  the first few honrs followiny exhart ion. 
While we were unahle t o  observe any non-exponentiali- 
t? in xhole frog :astrocnemius [T], t ie  coi i ld see sucli an 
effrct on  TI as a function o f  tirne after excision: uliilr 
there *.ere no  significant differences hetwern TI inime- 
diately after and 12 Iiours after mcision. the spin-lat- 
tice relaxation time increased hr  ahout 10% in tlie first 
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your specification of  a safe level, because some hio- 
degradation occurs a t  even -20' : but  low temperatures 
would be better. I think we are going t o  have some 
problerns i£ you t? and specify a rate of cooling, an 
arbitrar' rate of cooling f a r  al1 sizes and al1 tissues. 
DE CERTAINES I don't entirel? a F e e  with the 
protocol of freezing. I finii that  in some cases you 
Iiave, after freezing, the same results far 'l', hut you ma! 
have more wriations for T?.  Perhaps when a hpttpr 
protocol is not possihlr. frerzing ioul<l Itr iiwd. T h m  
have been some attempts in Grenot>lr. on Ixain hlmors. 
but only for T I .  I know tliat far 'I', , we h a w  fnund 
some vanations after freezinp. 4 s  I said. i t  is perliaps 

al1 nght in some cases wlien a better protoiol is not 
feasihle. biit ns a penrral rule, 1 don't  think it  is good 
to  freezr and thaw. 
DE I R E  - T h r  ralues d o  depend on the rate o f  freerin:. 
We userl d i f fe r~nt  pocitions of a tissue sarnple. in half a 
ilozen d i f f ~ r ~ n t  \\IK tuhea and siihjected tliem to  dif- 
ferrnt frwzin: ronditions anrl i i r ~ a d a t i o n .  'l'hp '1.2 rr- 
siilts wrrr founrl to  l w  irreprodiicihle h! freezing %m- 
p k s  a l  a vpr? slow rate (almut -20' (:) in an ordina? 
frerzer. On tlie contrar?. tlie 'l'? valtiei w r e  more con- 
sistent for samplec frozm in l i r p i r l  nitrogen. I ilo a p e  
that protiahly certain r l ~ a n ~ p l  arp i n i l u r d .  hut s e  foun,l 
the r twl t s  more reproilti~~il4t- tlian for slow fr~ezing.  
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ponfi -- The disciissions held in the prrvious sections 
in&cated the importance of  reaching a rommon aFee- 

in the definition of an appropriate standarrlization 
ineasiirements and o f  coordinatin; a collertion of 

l relaration data obtained on the basis of  such 
cntrria. Resiilts reported in the previoiis literature 
coiild also he reviewed on thcsr bases. .%h a working 

shoiild Iead to a rapid and systematic assessrnmt 
tlie feasibility and applicability <if the X\IR approach 

t o  the problem of tisaue characterization by X21R and 
hoprfully provide thr clinician with iiseful diapostie 
tooli. The question is n o n  w l i r t h~ r  it would he ris~fiil 
to  mtablish a data bank on ZZ1R relaxation data or somp 
0 t h  form of fast exrhange of  information among laho- 
ratories. M.me n e  Vre has giren 11s a copy of a "Hiolo- 
gira1 X3IR Data Bank Form" rlistribiited h? the o c i e t y  
for Vagnetic Resonance Imaying. Bethesda. 'l'he infor- 
mation reqiiired t o  be provided h' this form is the follo- 
icing: 1) date of siihmission, investigators. address. city. 
state', area code and tclephone. 3) Gmeral information: 
title of project:machine information: model, freqiiency. 
niicleus, sample temperature at  measurement ('C), piilse 
q i i e n c e ,  parameters measiired: method of data analy- 
si8: initial slope (ms), Ieast square fit. multicomponent 
fib: mode of  irnaging: sample information: t?pc of eam. 
ple, volume (cc): time delay hefore measurement 
(hours): method o€ storage: fresh or refrigerateci or 
frozen. etc.: time o€ storage: reprodircibility of this 
type o£  tissue (i ms, % o €  errar): patient information: 
(lesignate in data tahle patient LD niimhers, :ex. agP, 
weight, ethnic origin (optional), hormone status. r nd i -  
ration and pathological diagnosis t o  facilitate compa- 
rison with other studies.3)NMR data:sample; parameter; 
value (mean + SD, + SE); 4) Conclusions. 5) Reference 
to publication. One poasibility would be that everyone 
of  il8 get in touch with this data bank. Another possi- 
bility would be that anyone using his own librarian faci- 
lities would try t o  have a data bank in his own institute. 
\ third possibili? might he that of trying t o  establish 
a European data bauk on the hasis of common proto- 
role, or  t o  activate some other mechanism of fast 
exchsnge o€ information. I would like now t o  open the 
diseussion on these points . 
LHOSTE - Could I just add a comment. It  would also 
be very uaeful t o  have standard samples which might he 
exchanged among laboratories in arder t o  compare mea- 
suremente frorn one centre t o  another. I remember this 
was done far  EPR about fifteen or  twen? years ago. 
We prepsred samples which were sent over tlie world 
and two vesrn later we carne back with oiir results, 
and the spread was by a factor of 10, concerning the 
number of spine in the eample. 
PODO - An exchange of standard samples would also he 
v e v  uscful and the pmtocols for their preparation and 
handling are ve? important. 

ORI< \s Dr.  l'odo aaid protocols for sample prepara- 
tion are vital. For these t o  he iisefiil. 4 e  must also Iiaw 
protorols r~yarding t h ~  data that will tie rollected. 'l'lie 
tiest tiay to set this iip and to impose the discipline 
necessar? is to Irave a standard data collcction form. 
'The hest way to get people to fill thew iip is to hare 
sometiliere to send them. l'herefore ire need four 
thinp:  w.e need thi. protocols for sample preparation. 
wr ne-ed the protocols on the data to he collectrd, wc 
need a meclianism for rrceirin: and for analysiny the 
data, and finally the fourth thing ttiat Frof. Llioste 
mentioneil, a systim for standardized calilration to Iir 
iised in al1 the laboratories participatinp. 
01.: CI,:RTZIXES l'here are two rlifferent prohlem 
hpre. 'l'he first roncerns the prntocols and the second 
the data bank itself. Por protorols. it is clear that tlie 
same criteria cannot he applied to proton in vitro studies 
and to pliosphoriis stiidies. for instanre. 1 shall onl:- talk 
ahout proton T i  and 'l2 in uiho protocoli. If 'OLI t n  
t o  understand what causes 'l', and 'l'? variations in 
tumoiirs. it is fundamental t o  have a lot of etudies on 
histological variations in each kind of tiimour. It  is not  
posaihle to ohtain good resiilts iinless you Iiave 300 or 
400 patients. Onl? one center can never hare so man? 
patients over a short period of  time. 'l'herefore the pro- 
torols now heing used by the three French centers is 
interesting for that reason. That is only a small part 
of the problem but it is pertinent. Th? data hank ifi 
another problem again. 1 am not suri that the infor- 
mation like that in the paper yoii have read is enough 
to undemtand the results. i o u  ought t o  have the age 
of tlie patients. the conditions under which the tissuc 
was extracted for in 11iho studies. and a lot more infor- 
mation besides. It just isn't posaihle t o  have al1 that 
information on one small piece of paper. I think it 
is more interesting t o  have a specific hihliographic data 
bank t o  have rapid accesa t o  stiidics, on breast tumors 
in uiho a t  20 MHz and 4°C. for inatance. It is far 
this reason that v e  decided t o  try t o  constitute a data 
hank of hihliographical references, and not of direct 
data information. n u r  data hank (UEDAGR.4-R\IX) 
is now heing elaborated, and it should he compl~te ly  
operative at  the end of the uear. It will also he acces- 
sihle t o  international information processing. 
CORTELLESS.4 - I am the Dircctor of the Data \lana- 
gemrnt Semice here in our institiite, and I jiist a a n t  
t o  make a quick observation. First of  all, I think (and 
we are experimenting already in some fields from ph?- 
sics to medicine), I think that the present state of word 
processing allows us to skip the step of  a data form. 
I would like t o  say that if the information is given, 
even i€ it is not  fully standardized (I hope that you 
understand that I am trying t o  make an exheme sta- 
tement when the truth is in between), word processing 
i8 so powerful today that we ma' not ask to fill in stan- 





VILLA - I have a practical propoml. What it seems 
to me comes out  from thie propoml of estahlishing 
a data hank is that this should he started somehow, 

prohablv i t  is convenient t o  start i t  in rather a 
 preliminar^ form. T o  do this, 1 would sav that the 
Istituto Superiore di Sanità should act as a centre 
for collecting this data base and I would siiggest t o  
do this in rather a "hybrid" type of form. That means 
to reach an agreement on some kind of protocol and 
some suitahlc standardieation. t o  send data andlor 
rderences t o  Dr. Podo. These data can then he entered 
in the computer and the information distributrd in a 
type of biilletin, mayhe categonzed in an appropriate 
«va'. .\fter severa1 months of  this work. enough feeling 
alioiit the u t i l i 5  of this data hase can probahly he 
gatliered t o  make suggestiona on how to organire it. In a 
iecond moment, one could prohahly eet up a network in 
wliich e v e v  lahnratory can feed dirrctly the data to a 
central computer and can retneve the data directl?. from 
thr centrai computer. 
I.IIOSTE I think the best thing would he that prople 
wlio seem more involved in this problem could discuss 
together tonight and propose enmething tomorrow, re- 
memhering that the spreading of data isvery useful, hut  
tlie spreading of  preliminaw or incomplete data is 
ilangerous. 
1'01)O - I don't think that only one centre shoulil be 
in charge of  this collection and exchange of  information. 
It wotild hr good to have at  least one centre for each 
coiintry, or  mayla for two countries. 
l A S  If vou have a multi-focus system. 
siirely voli must have the eamc codification lor puhli. 

shed data at  the heginning of the hank. Far example, 
we've had a codification system for six months and 
if we have t o  change, we will need to know the new 
codification rapidlv hecauee it will take us six months 
t o  d o  so. F o r a  multi-focus system I think it is nrcessary 
to have exactly the same codifications right from the 
beginning. 
CORTELLESS.4 - l'm s o r n  hut &ere is no need 
whatsower t o  have the eame codification. If you give 
me the information and your code, the so-called irans- 
codification i8 norma1 procedure. We're not asking 
anybodv to use unique codes. We use word processing, 
and we use information processing. 'The only prohlem is 
that if you send us a set of numhem without telling us 
what the niimbers are, it is difficult hecaiise it is cryp. 
tovaphy - i t  i8 difficiilt hut not impoesible. Riit if each 
centre has its own codes and these codes are euchanged 
the prohlem is solved. I.et me put it in another way. 
we have enough computing power to use al1 thr  otlier 
codes and t o  translate from one code t o  another. Rut 
this is another point, becausr it strongly deprnds on 
how large a computer vou Iiave in thr  focal point 
in each country. With a large enough computer - as 
we have - there is no  prohlem whatsoever. To me, t o  
trv t o  ask to uae the same codes means five yrars of 
discussion about the codes Iiefore we even hegin. 50 I 
think that it is possible to have a multi-centre, multi- 
focus system i l  everyhody is no t  going t o  ask the othem 
to d o  this exercise on changing the codes, hut jiist uee 
thr  programmes t o  read other people's codrs. I'm not  
saying that it i8 possible, I know that it i8 possilde 
t o  do that. 




