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Conseguently & need has developed toc organize this
information in a cogent and coherent fazhion in  aone

is

renter such as our University. Thi=s organization
. ) ‘ oo '

necessary and useful {for the users of such systems,

because they will now have one place to get current and

reliable information without wasting time looking in

multiple souwrces. By .Just placing a phone call, or

where equipment xists by computer to  compuker

communications, which will be described later, accurate

information can be retrieved within a few minutes.

How  such a system can  be usetul to a
hpn+ﬂutlear.physi:ian will be used asz an wample. The
physician mavy Euﬁﬁéct that hiz  patient nhas &
neunological problem and may thint that brain
zcintigraphy 1is apércprzate for an accurate
diagnosis. I+ he knows a databazs  such as the ane
described 1in this thesis is wvailable, he may easily

the instruments in use, and the statd mem

i
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bBie +or these =S
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]
n
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]
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ri
or
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which he belisves will
results and send his patient there. Simi

medicine - physi

n
bt

ians, too, can use this system to find

the kind of techniques that  arese wused in-
centers. They then may send patients to the most

appropriate center.

How can a nurclear chemist or




il

from such & database? The presence of physicists and
chemists 1s essential in running & nuclear medicios
department. They are the ones who develop new isotopes

and chmbine them into kits to form new radiopharmaceu—
ticals. A physicist may want to develop a new radic-
pharmaceutical for a special organ test. By using th:is

datéhaseg ‘he can have quick access  to information
related to the biolpgical andtphygical characfetis+ =
of the var;aus radionuclides and biochemicals that he
may Ee interested in.ar he can:Dbtain, information cn 

previously published articles about his research topic,

where these studies have been tried and by whom.

‘Other people can alzo .use this

s=imilar purp zes. For example, this system

=eful Ffor government -agencies. First
regulators  of nurclear medicine activities throughout

the countrv. They set laws

setc. to control radistion and standardize  working
conditions. One use of +the database For them 15 for

ant trol  purposes. They may look &t each  center =

®

instruments and check whesther i1t méets the stanmdards

set . for that puwpose.  They can  check whethsr fhe

quélity_ of {he isotopea and raugapharmacsutiégls is
as ‘ red accordlng to the regula DﬂSf They maykalza LEE
it for gtatié% al purposes. They may want to learn Sow
many centérz have advanced 1maa ng devices, what fThe

technical details are, how many patients can be chechead

per & certain amount of time, =t

]
M

Ed



vFFDm_thE point of view of equipment suppliers,
the database can be used for marketing purpéses._ Tﬁey
ma% get the in%orﬁationrabcut which cenﬁef. has yhaf
inétngment§ ‘and they can contact them and offter
valternatiyes for deernizaiién, fechqicgl -seryices;

etc.

Other wusers of this database are staff and
students of Biomedical Engineering and other depart-

ments in uwniversities. For - example, students can use

m

the database to learn what specific study is used

of the study are, how thes
h

]

for, what the main fe2atur=e

mn

patient  is preparsd and how much time the ' test takes.

3

This can save thes student a  ifremendous amount of time
logking for thes sams information in a number, of diverse
and scattered sources. He may get detailed information

within minutes and moreover if¥ he wmants to get practi-
cal ‘information abowut this specific study. BeE can find

the addresses of centers where he can ss2= the actual

mn

application and even +4ind the appropriaie person to
talk to about details.
S0, as we see, this database has a very large

application and will be a useful tool for peopls. who

want tc obtain 'Sﬁe:i¥ic information Quickly; Gne
further reason tﬁat’this databasse will be useful for a
large group of users is that thare is ne nesd to learn
alcampli:ateﬁ it ft

uses very simpl
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by those who are not experienced computer users.

Until

databage: in
useful. Why
this

answear

15¢

Medicine

now, we discuss
Nuclear Medicine

ie there 'a need for this

question we

what kind of

have

ed the purpose of this
and Ffor  whom

it was
databacse” To
to know what Nuyclear

studies are done in this

field, what its advantages are over other classical or

radiological studies and how the parameters can be

and useful

collected and organized to form

database,

Atter that we will show how to retrieve
specific information ‘¥ram it and how to - prepare
reports. - ‘ ’

1.2 BQSEC PRINCIPLEB OF RADIONUCLIDE IMAGING
Nuclear Medicine is a separate scientific
ranch of medical  practice .wh:th uses radioactive
substances called radiopharmaceuticals in the diagnosis
of diseases. In this discipline, Nuclear Therapy is
also 1n;LQd:d; hut ré will only concentrate on
diagnostic procedures and in particular Nuclsar HMedici-

‘e imaging. in Nuclear Medicine

: Diagno o Sing
mainly use the radiation effect of certain -

radionuclii:

des to get ‘physiclogical i

\

-In

nformation about

areas of the body. order to conduct &

Medicine study, a radiopharmaceutical is prepared

i
e
¥

plays a physical role in

o oy St £ 3.7 5 — —
the human body and mhich mests
certain requirements for  the safsty of the patisnt.



This radiopharmaceutical, used a

= tracer,

is taken

up

by 5peci¥ic»mfgans called taragets. Since it ié desigﬂed
tao >ShDN the phyaialcéy of 3 5peci¥ic ;fstem. its
distrjbutiﬁn ‘within this system can give us useful
in%crmatimn about varicus péthmlogieé.‘Thic information

=

can be best ohtained by imaging the radiopharmaceutical

distribut

than. an

ion.

anatomical

A functional image

image which could normally b

gbhtained by using radiblogical imaging technigues.

+unction
anatomy .

metastase

be obtained on a CRT or Folaroi

complex

physicist

nurses,

to be met in order to assure the

of an organ’ ma

such as 1in

s in a bone
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paersonnel. GBuality asswance of radiopharmaceuticals

and devices are also vital in obtainin

1]
n
[}
3
]
m
]
s

diagnostic . information. In the +following, the variocus

ponents of a typical nuclear medicire center will be

3

[y )

[N

iscussed after guickly giving a brief history of this

grawihg field.
1.2 HISTORY

The history of nuclear medicine started soon

atter the discovery af x-rays y Roentgen. when

Becquerel discoversd natural radiocactivity. In 1921,

Yon Hevesy carried out the first biological radicactive

tracer experiment and, in 1927 Kotzareff produced cne
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.Df the first imaées 1s51ng
Ggfaph of the kidneys following intracardiac adminis—-
tration of a radium solution to animals. Artificially
progduced radiangclides were first pfcdu:ed Gy ﬁﬂligtv
and Curie in 1934 and two yeér;\laterg Jdohn Lawrence
carried out the first investigations usiﬁgbi~1¢1?_whi:h

had been produced on his brother Ernest

{
n

With the intréduéticn of charﬂed'parfigla accelerators
in the 1ate 1930=s, a large number of isoctopez became
available for medic%l purposes, but I-131 remained the
principle radionuclide used in.clini:élb practice until
;the_éarlyllgéQs. Because of the beta radiation emittad
and tﬁe long {8 day! physical life, I-1Z1 delivered a

high radiation dose to the patient. The sclution to the

apparently irrecaoncilable reguiremen
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halflife to permit ease of commercial distribution and

t

of a short halflife to reduce radiation‘dmse was found

in ~the devélcpmeht of parent—-daughter genar

ators,
particularly ‘
| iiﬁSn——?llE@In: and 99ﬁo~¥}99mTc,
Side by side with the development of

u

radiopharmaceuticals, there was a gradual improvemen
in radiation detectors. During 1930s and 194C=.
radiation detectors were based on the phenomenon of gas

S

ionization: the iocnization chamber, the gas propor

PR
b B :
nal counter and the Geiger-Muller counter, the latter

gaining widespread use. kKallman laid the foundations of

nuclear medicine  1maging when he develapsd
zcintillation corystal coupled o =2 phofomultipiier .,
during the sarly 1240z, This
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relied on the hand-held probszs. The first images wer

cgbhtained by placing a2 arid over the pstients necw

following . the administration of radicicdinse anZ

recording the count rates at 1 cm intervals =0

end-window GM tube. By joining. points exhibiting ths
. A N : N

same counting. rate, an isocount contour image of th

i

thyroid gland was obtained.
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In 1951, Cassen  invented




scanner, in which calcium tungstate crysitals were moved

automatically back and Fforth in a rastsr oattern. The

joto

pen-linked to the detector,an image being built up From

ink dots, regions of high—dot density corresponding to

areas with a high concentration of radiopharmacentical

A subsequent refinement was the replacement of the pen

&
i
in
W
0
R

‘with an intensity modulated light scurece which wa

to form an image on standard x—ray Film.

ri

In most nuclear medicins departmen

r:iu
I?I

whers the greater corysital depth iZ2.5 oF
scanner offers  a much higher deiection sfficiency thar
iz obtainad with S gQamma Camera.
v
Thizs was how nuclesr nEe s was introdices
to modern medical practice. In Turkevy, the praciice of

nuclear medicine started in 19484, Teochnetium was £

obtained in Turkey in the University of Ankara Medicsa

uclear  Medicine department from  mols

obtained From CNAEM by using ths esxtraction method




are now becoming common in Turkey. Toda

there are six centers, three

‘and three of them state hospitals. In

.
'

there are nuclear.
Turkey. They are
Antal yva, Adana,

Istanbul and Ankara

of them

medicine centers
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Ankara,
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R . CATHODE RAY TUBE.

| o o
A | COMPUTER
TN ' MEMORY
l } gng -
PROCESSING
‘ PULSE HEIGHT
ANALYZER
‘SIGNAL
_ INTENSITY -
- . j ‘
1 [sioNaL POSITION
 COORDINATES
SHIELDING
PHOTOMULTIELIER
SCINTILLATICSN CRYSTS
COLLIMATOR
Ire 1. -Gamma camera

'matic. A cross-sectional
ge of the patient is shown at
hottom. with a final image
1e liver seen on the cathode
tube at the top.
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Figure 3. Loss of resolution as a function of distance from the collimator. The images
are of a bar phantom in contact with and at varying distances from the collimator face.
At distances greater than 1 inch, the pattern of the bar phantom essentially disappears.
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passing through the cellimator may interact with a
thallium—activated scdium iodide crystal. Interaction

. 4 . ' ) . )
of the gamma ray wWith the crystal may “resulit in

ejisction of an . orbital electron (photoslectric absorp-
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tiony, producing a pulse of fluorescent light ({sci
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ghe
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lation event) proportional in intensity t
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of the gamma ray. Photomultiplier tubes (FMT

wiby
<

posterior crystal face detect this light and amplif

it. The crystal has an aluminum “housing that protects
it from moistwe, extransous light, and minor physical

-damage. The crystal may be from 10 to Z21.5 in in

I

o
B
!
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i
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ter and From Q.25 to 4.5 in thick

ve bDut has  the same inherent resclution 8% A& -
2 N o [ 3 - ~ U N = = N S
diameter orystal. The thicker the crysital becames, ths

sensitivity {count rate) decrzases by i per
since more photons . pass  through, - but is
approximately a I5 per cent increases in  Spati.

resolution, because the FPHTs are closer to the =vent
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and thus can 1o
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Z.1.3. Fhotomultiplier tubes

Fhotomultiplier tubes (FPMTs) conver% a light
pulse into an- electrical signal of measurable ﬁagnit:—
de. én CAaryray ﬂé¥-,thesé- tubes 1s 51tu3%e; behind the
sodium iodide crystaljand'may‘beVplaced directly'cnvtba

‘crystai, connected to the crystal by light ﬁipez,.ﬁr
'Dptically coupled to the cryétal with a silicone-like
material. A scintillation event éccuring in thé_cryzta?
is recorded by one DF»mDEE FMTs. Localization of the

event in the final "image depends on the amount of light

sznsed by eaci FMT and thus on the pattern of FHT
voltage output. The summation signal Ffor esach scintill-
ation event is then formed by weighing the output oFf

coordinates onn an Z and

=1 ad | — = ¢ £ S - =
slated to the lﬂtEn:ltyu The 2 and Y coordinatess. may
Qo irectiy to instrumentation for

11y occurs near the oo

o
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cryvstal. us . whi

= a thicker cry

more ‘effic

“ty
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ent, the PMT is Furthsr away from &0

scintillation point with a thick crystal and is unable
to determine the coordinates as accuwrately.. Therefors,

spatial'rééeluiian is degraded.. The number = of PMTs

b

l1so very important For the accurate localization of
scintillation events and thus Ffor =spatizl resolutio-.
The greater the number of PMTs, will Bz fha




console, image exposure time is selected which is usu-

ally a preset count, a preset time or pr
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density refers to the number of counts per sguare cs=n-—
timeters of the gamma camera crystal ftace. Other cori-
rols are intensity and persistence which regulates the

lenght of time the light dots cempcsing.the image rema—

o

in on the screen of the CRT image. In wup—to-date gamm
cameras there are two CRTs, one for operator and ancth-

=r for photographic pdrposes. Hard copy images can a21s0

be taken on Polaroid film or transparent sheet filim.

©

A
<=

2. 1.59. Resolution

camera systems  is  ugusually given in terms of

[
]

inhherent or overall resclution. Inherent resolut

the ability of the crystal, FMT detector and

ing electronics +to record the exact 1nc

foned
1
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ht pulse on the sodium iodide

N

Overall spatial

"
(41
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s
r
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ty of the sntire’
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collimater resoluticon, septal penetration,and scattered
radiation.

. There are several wiys of examining the
performance.  of collimators. The simplest methed of
examining overall spatial rtesolution is +t0o detzrmine

the Full Width at Half HMaximum (FWHM) of the lins

[

spread function. This refers to the profile responss of
the gamma camera to - a single point sourcse  of

- radiocactivity, and reflects the number of counts =sesn

1
i
r+

. by the crystal at different lateral distances from the
¥ v

souwrce (see figure 5). The source is often placed 10 om

from the crystal for | such mszasursments. The FEHM is
sxpressaed as the width in centimsters a2t Z7 per cent of
the height of the line spread peak. The narromss the

peak, the bstiter thes resoluytion.

o ] z

factors for  optimizing collimator design such &z &h

fll

presence of scattering material and septal penstraiion.

o
.
T :
5 ~ H - — 2 ~ = T . I = —
n the collimator may be completely undetected by ths
~£ g T 3 =21 ome her the overall =oat H
EA AT =S A = woas g OVWeErdll =sistiss
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or frem. scattered radia-
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{A) The FWHM is the response in count rate to a singie poifit scurce of

rzdicactivity at different lateral distances from the point scurce. With septai peastzation

-

. :B) the image may be significan:lv degraded even though FWHM is unchanged.



resoclution of the system with high-energy isotopss is
considered., the limiting rvesolution is that of the

collimator. When low-energy isctopes are imaged, the

intrinsic resclution becomes more’ important tharn  the
collimator resclution. As the energy of the incident

gamma ray' decreases, the intrinsic reseclution of the

crystal | decreases mafkedly, due to the fact that ther

ht £

o
m
iy
S
o
ut

S

[in}
‘0

lower—energy gamma rays provide less 11

regarding the origin of the gammsa rays. The overall

system resolution, Rs is Jiven by Rs=(RiZ +RcZ11/2

resolution. ’
o
Snother cat s mE pegmememT b e 4= i e e
HOOTE! CRT=Q0rmy ST FESCIUTICn 13 ensrgy rEsi—

o
i

and distinguish beitwsen of differsnt o
ruclides I + 3 o i coog o bl
nuclides. If¥ the snergy is good thse
.
pegaks will be wvery tall and narrow, if Energy
_— 3 - -
resolution is poor the photopeaks will appesar sz Sroad
oumps 10 The snargy spectrum. The FEHM  concept is also
, - .
utilized fto examine energy resoclution and is

gquoted for the relatively high energy (647 LeV

e d
<,

of Cs137. With lower  en&rgy photons, the

N
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"

m

resolution is wors

s fast that,
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"a separate event.If two equal light pulses ocoour oo

I
ot
0

=& together in time, the system mey perceive this as
‘ane event with twice the-ener;y actually present. SQ:h
an Gécurancevwauld be'éiiminated by the energy window
af FHé, and nanebé%‘ihe information from the fws events

ould be imageﬁ;_ thus, the sensitivity of the system
would be diminished.The time after an event during
which the system is unable to respond to anmtﬁer'event
_is.vré{erred to ag'_“deadA tiﬁe“; Dead tims _can‘be
iMﬁartant in high—count—-rate dynamic studies (in the

range of 50000 counts per sscondl, particularly wmith

single crystal cameras. Usually with 20 per cent window

and scatisring material most cameras have dead timss of
S to 10 useg with To%%m.

conventional ones
out the world and

SCan  cameras. - dhols

]

ither pl:

"

i

:cing the patient on a movinmg table or

)
it}
e
A
Nl

=nt

the gamms xﬂ@era ﬁeze:t  head movse gver the

(R

Another specialized imaging device

Anger Tomoscanner. This iz alsc a scanning




radioactivity at different planes projsct onto the

detector with different degrees of magnification and

speed of travel across the detector and can therefore

be separated. Tomoscanners have essentially  thg same
resclution. in each plane and provide sharp tomographic
images of =sxcellent gquality.

1y, there are portable gamma camer tised

ped

Fina

1
U]

primarily in cardiac stress laboratories and intensive
care units. These cameras reguire much less space than
standard cameras and most  ars  available with the

associated components.

laboratoriss are soadium iodide well counters  wused 4
B . . :
pertaorming invitro studies a3 well as for guality

-

contral and as

]

urance procedures, and dose calibrator

[*H

to calibrate a dose of isotope prior to iniection. The
dose calibrator can measure guantities in mCi range

whereas in well counters, the upper limit is uli range.

Another system is  the single probe counting:

system.:Single probe counting systems employ only one
:rystailine‘deteﬁtar and ére quite‘uée§ul for méasuring
thyfaid~ uptake  of radiaaqtiver iédine,' an& cardi%ﬁ
Dutput; Typiéallylthe»cfystal ie o :m‘in diameter and 5
om in' thicknes5, Qith' a .cone—zhaped (flat—Ffield:

zollimator. And as  other instruments, a FMT is at the

crystal base.
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Although one finds limited use of rectilinear
scanners in  the United States and some part of Europe,
they are still used in centers of Istanbul. Rectilinear

canners are devices for imaging the distribution of

\Jt

.

.

radicactive material within - the  body. It is a

systematic point sampling device that forms itz image

by moving over {scanning) the +field of interest.
Basically,the rectilinear scanner is a rigid - bar with a

radiation detector at one end and a light and stylus at

the DthEF.(SEE figqure &68). When the detectror ﬁete:té

-.
T
& i1

[
W
o}
.

radiation, the light flashes, exposing some f

the stylus taps, marking some paper.

provides position data linking +the radiation detector
and the Jlasing 1light. The motion iz two way, i.e.

alternatively left to right and right to leaf

-4

2.2 ISOT0FEE AND RADIOFPHARMALEY

- 0 ing
suitable isctopes iz related to safety problems of
radiation. The isotopes used should not have very high

N

radiation energigs. Otherwise they can
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not have critical negative ‘e¥%eﬁt5 on Drggﬂz prov:ded
that special- pre#autiﬂns are taken in their use. The
halflives areb also an'iﬁportant consideration and need
to be ‘tgkén inte account ‘together with the ensrgyv
-problem. La;tlyﬁ theﬁr producfian is imgé%tant. They
should Ee easiiy praducéd andAshDuld have low ﬁagiz
‘Most  radipactive maferials that are ussd in
hospitals for diagnosticA';urstes are not- readily
available in nature. That means wé_héve to ge werate
them. Today, it is possible to do this by particulate
bombérdment or .§155inng onth methods altéf the
neutranfprotoh- ratio -in the nucleus fo produze an
unstable isotope. Bombard meqt essentially of
the irradiation of the nuclei ¥ selected tfargst
elements with neutrons in a nuclear rea:tgr ‘G? with
;harred - part cles {alpha ﬁarticlezg proftons, or
deﬁtrdns} from a cyclotron. A bombardment reaction can
be shown by the equation az"+n————}a+1hn+gdm a2 . For
example FBMo+tn————9FMo+gamma. Once the bombardms is
completed, the daughter isotope must be physically
separated from any remaining  and unchanged targat
nuclei as well as from any target contaminants. 7 it
is obvious that the :émﬁietenese .of  this final
sep*ratioﬂ #rocess- as wgli' as the initial sleaeniél
purity of the .targest aré vitgi factors in»gbtéiﬁing’a:
product of high specific activity. Becéuse cycliostron
iéotapé ,pradugtien alésst always involves a
transmutation {charge of Z) +rom one elemert to




ancther, this pfocess aids greatly in the separation of

the radionuclides producing carrier7§ree i

m

~
=

n

otopes. (A

carrier—free isotope is one:that has none of the stable

element acccmpanying'it}.kRadionuclides'made by neutron:

bembérdment, which - does not-’ resu1t~.in é”change of.

elemental species are not carrier—free .since the
chemical properties of products are identical and thus

not as easily separated.

Fission isotopes are simply the daughter

3

products of nuclear fission of Uranium 235 or Flatiniu

239 inm a reactor and represent a multitude of

B

‘radicactive materials, with atomic numbers in the range

of roughly halfd that of  Uranium 235. These inciude

carsfully isolated to exclude as many as contaminants
as possible. Thus many carvier—free isciopez  are

oy .
(=
in
i
ot
G
!
11}
ot
|
(!
4
s

Neutron bombardment and nuclesar
always produce isctopes with neutron  excess
decay by beta emission. Cyclotron—produced isctopss are

usually neutron—deficient and decay by electro

n capture
or positron emiscsion. | Some examples of cycloiron-
produced isotopes include I-123, F-18, Ga-4&7, In—-1ii

and Ti-201. In general, cyclotron—generated radionucli-

des are more expensive than those produced by nectron




bombardment or fission.

One important- property ot isotopes 1is the

raﬁieactiVE'detay; But . before explaining this, l1et us

define a few terms . that are widely used in nuclear

medicine. .

CACTIVITY: The amount of radigaétiviﬁy'present
"i.e. the number bedisintigkafiona her second. Its sunit
of meésurémentr'is the Curie (Ci) which iz Z.7%¥1010
disintigratians per second.

SFECIFIC ACTIVITY The activiiy per uniit mass

of material (mCisgr}. For 2 carrier-free isctope, ths

longer the half-life of . the

the
specitic activity.

e knaw‘ that radionuclides  degcay  in  an
exponential  fashion and the term half-life is often
used casually to characterize decay: Hai&—li%s'us_aléy
ré%ers éc the ph?sical hal%ii%és which iz ths t of

time necessary for a radicnuclide to be redurcsd +s5 haisf

ot its existing activity. The physical hself-life is

given by th=0.5%93/v whers v is the decay constant

and therefore the physi:az'half—li¥é have char

actsris—
tic véluesy¥or- 2ach radioactive nuclide. The following
{Drmgls is very useful for nucleér médicine:
A=AOe~0. 69Tt /th
where A is the activity aof 2 %artisuiar radioisciops

e



T

present at a given time t, given a certain activity AC

at time =sero. For example, if we have 5 mCi of To29m
today, Z4 hours later the amount remaining will be &.31
mCi, Where half-life of Tc99m is six hours.

.

Similar to the physical halflife or physical
decay of a radionuclide, the biological halflife refers

to the time it tékes "an organism to eliminate'half ot
an .administered compounds or chemical on a‘stri:tly
biclogic basis,‘

he effective
halflife which incorpsrstes both the ‘physical and
biological halflives and is the

On . the - other vhand,A t

one that should be
con;ideréd in diagndstic .studies;.'Fcr eyamﬁleg if.é
nonjradia;tivet :hémical ' compound were AgiVEnlsﬁf',ah
individual"anﬂ : |

half of it was eliminated by t
within thres hours the
be three hours. CE4

follows:

hal¥-life ie thres hours
S1w

hours the the effective h

¥y}

e f

3

e Qiving  sSoms  examples
radionuclides in nuclear medicine, the

represaents  the characteristics of
most desirable for nuclear medicine diagnosis.

IXMinimum of particulate emission
2)YFrimary photon energy between S0 to S00 ke,
I¥Fhysical half-life greater thard the time required

jection

HH

tec prepare material for in



4iEffective halflife longer than the examiriation tims
Suitable chemical form and réactivity
Al ow-toxicity ‘
‘ 7?Stabiiity,ar ﬂéar—stability-oflﬁhe préductyi .

I

WIDELY USED RADIONUCLEIDEES IN NUCLEAR FMEDICINE

Lan T 1

Z2.2.1. Technetium 99m
Tc?%m has no particulate emission, a six hour

ey cent)

alflite and predominant (28

o

energy with only a small amount {10 ger centd of intsr-

[y

nal conversion. It is the most widely used

nuclear 1maging procedurss. It 'is

m
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m
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ing it from th

in a gsnerator svysiem. be gither an

column type or a solvent extraction types. Mo-%F%  for
genaritors s generally érﬁéuceﬁ i idation

fissiaon products which in the

nearly carrisr—f 2 and has a2 hig

+ s 5 e ke . -
inN ThNe ailumina genseratdir =YSTEm LhnE Ml

‘activity iz absorbed on

an
physinlogic saling over the
washed ‘ofdf  ths column - as - scocdium peritschnetate

{Na®FmTc04-). This type of oenerator is commonly

3

in ho

m

pital

solvent extraction

|~...|
B

utios o
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equilibrium pair (99Mo—9%mTc). Sepératicn of the two.
'species is passible using metﬁyl sthyl ketdne becau%e
sodiQm pertechnetate is highly solubl% vin Qrganiﬁ
solvent.' This mgthSd produces highlf concentféte#
quantitieé of Tc?%m énd, is usuaily ‘onlg'utiiized bg.

commercial radiopharmacies. Technetium can exist in a.

variety of wvalence states ranging from -1 to +7. When

puds
n

eluted From “an alumina column generator, Tc%99m

present primarily as heptavalent (+7) pertechnetate. In

3

0

the preparation of radiopharmaceuticals, ToF%m
pertechnetate can be reduced from +7 to a lower wvalence

state, usually +4, to permit the labeliing of wariocus

0

chelates. "Following IY. injection, Tc9%m pertechnetste

iz loosely bound to profein and

HE

pertechnetate is markedly influsne:

ment - of ‘patients  with potassi

perchlorate, or potassium iodide.

hnetate gives a column dose o

b
Pou




= I-131

Tt
AR Gy

A

[

L

- alif =4

W

Two isotopes of iodine,

clinically useful Ffor imaging and may be ‘administers=d

Tt

-as iodide. Jodine 122  has a 13.3 houwr half-life and

'déqays bf electron capture to tellufium 123,
photons emitted aré 28 keV i?Elper cent) and 159 ksV
(84 per cent) gamma rays. I-123 fs‘usuaily pradu;ed in
a cyclotron by bombardment ﬁf 8bh~121, Te-12Z,c0r Te—124.
ﬁhother héthoﬂ is to bombard I-127 to produce X-127 and

"let this decay to I-123. The cyclotron production and

short halflife make I-127 sypensive and di=ztribution
on  a natiohwide - basis difficult. Iodine 127 has =
wholebody dose of 0.04 rad/mCi and 2 thyroid doss of 14

rad/mCi.

..
Iodine 131 is a

b
5
Mo
E

an imaging viewpoint
dose  to  the thyroid ar

energy. Hovewsr, it is widely available, is relativ

“
m
poud

e

inexpensive, and has a relatively long shslf lifs.

I-131 has a2 half life of 8.046 days and decavs by beta
g - L 3 — M - .
emission to stable Xenon 131, The principle mesan bsta

energy (70 per cent)! is 192 keVY. Several Q3mma Fravyes are

also emitted, with the predominant photon being

(82 per cent). Ilodine 131 gives a wholebody dose of 0.5

to 3.5 rads/mCi and & thyroid dose of 1 to
rad/mCi.
When dodine is orally 2Administersd az the

n

ot

3

.
]

fd e

iadide ion, it is readily absorbed  from B

10
th
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testinal tract’ and distributed in the extracellular

fluid. It is concentrated in & manner similar to To%%m

pertechnetate 1n  the salivary ' glands, thyroid, and

gastr;c mucasé..és with pertechnetate, there is a renal
%iltfatimn with tubular-reagsarpfiﬁn. Urinary excretio
-is the préﬁmminant Fcute (35‘ to 75 ﬁe%‘cent>in.24
hours) although there is some fecal excretion as well.

2.3 Thallium SRR
"When a thallium metal tafget.is'bémbarded with

protons in a cyclotron, lead 201 is produced, which can
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be separated from the tha
-decay to  thallium 201. Thallium 201 haz. & physi

half-life of 73.1 hours and decays by electron caspture

from o8 to 80 keV ({(94.5 per cent) and much smaller
amounts  of gamma rays with higher energies. Bince
F1l-201 is cyclotron produced it iz extremsly expensive.
Thallium 201 is narmaﬁly administersed as = :hiériqe_and.
rapidly clears rom  the blood with =2 halflife of
between .SD ssconds an& Z mins. Since it is voughly &

E 3 - 3 R} b ” . P R T P :
potassium analog, it is rapidely distributed throughout

4 - o -, - 3 " "
the body, particularly in muscle. Thallium 202 (%S

cent photon at 493 keV) contamination should be less
than 0.3 per cent and if present in greatsf'qnantitiez

can significantly degrade images.

These are the most

widely throughout the worid and =speci




in Istanbul. Other less widely used isotopes include
Xenon 132 which is a relatively insoluble and  inmert

A, and . is most commonly used for  pulaonary

ventilation studies, having a physical *half-life of 5.7
days with principle gamma photon energy of Bl keY and a

beta émission of 374 keV; Ballium &7 which has a.half
litfe of 78 hours with principle gamma photong 92 keV

(40  péer cent), 184 kel (24 per cent), 296 kel (22 per

cent), and 388 keV (7 pér cent)y; Gallium 68 which has a

&8 minute halfiife., 2in
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111 which has a physical half-life of 47 hours with 173

keV (B% -per cent) and 247 LkeV (54 per. cent) photon
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L5 NUCLEAR MEDICINE STUDRIES ’
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£.3.1. Btatic Studiss
M onuciear medicine imsge shows the distriputi-—
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on of aipérticuiar function or combination of functions
Q%’thé systems, 1its v&zcula?ity; the celluiar uétakeﬁi
the time -of transit and the rate of _icss cf the
radionuclide. These processes are frozen at the time.of
the test in relation to thé_vtime of injection of the
r@dioﬁhérmaceuticél when a static imagé‘is prodﬁceé§ In
Dthef words, images are taken after the radiopharmaceu-
ticgl goes  to thg v spgci¥ied' organ and ée@es to
equilibrium tﬁefe. Thére are a few ways of displavying
the'data_ collected by the gamma>caméra, Sutv the most
commonly ussd ones a%e'ﬁispiaying on Folaroid Film or
storing ccllg:ied déta in a ;Dméuterg proceeéing it and
T

displaying it with a CRT. The latter has

e computer can be used to generate = dizplsay

presant, the image in such a way as to =2llow the ocoera-—
tor  to highlight different parts of it at diffsrent
times. For example, with  computer assisted

[ 3]

can be done to produce a better picture of the arsz of
iré—.er»p.:-‘-’r L‘J!—‘ﬂ o= } = B - L —~ = Tz

[ 25T . 12reas With Lhe image LIEseNn On. & Polaror o
film, it is ot possible to make an analvsis =t
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. Dynamic studies

Dynamic imaging records how the act
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in the region under investigation varies with tims from
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the moment of intravenous injection =of the radiopharma—
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photons, providing extremely accurate localization. FET
generally uses short lived cyclotron—produced izg

such . as Carbon—11, HMitrogen —13, O vogen—1

m

Fluorine—18. FPET has therefore bLeen limited to . thoss

e

facilities with Trapid’ access  toc  a cyclotron
a : . B 3 - Y,

n

stated before, it is extremely sxpensive. SFECT is more

By

limited than FPET. articularly since varving depths of
b F 7

the radiopharmaceutical in the body cause a wide range’

of tissue attenuation. The advantage of SPECT over FE

is that the former may be performed using

imaging egquipment - andg Can be  uased with most
radiopharmacseuticals. The radiation dose iz zlzc low.
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715pleen scintigraphy........ Te99m~S—Colloid L

1iLiver SCintigraphy....«.... TCP9m-pertechnetate
2)Brain Scintigraphy.....-... Tc%%m—pertechnetate
TyEidney scintigraphy.....-.. 179 DM5A

-

Zriung

15

CintigraphyYesecceseawa 1CFFa-MAAR

4)5pleen scintigraphy........ Tc?%Fm—5-Collioid

13Brain scintigraphy.-..=::.. [CF?m—pertechnetats

‘Zi8pleen scintigraphy.e..ce-.. 1c99m-5-Colloid

9

Ziliver scintigraphyeec.ea-w.. Tc?9m~-E-Colloi
DTFA, DMSA, FMAA, S5-Colioid, and others are all.
readily available in kits and are labelled with -

radionuclides to produce  radiopharmacesuticals. Az seen
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has the property to be absorbad
by a specific organ andﬂﬂhEﬁ labelled with Fadiaﬁucli—.
des, the Organ_}becames radiaactive, The aﬁouﬂt of
rgdicactivity {primcipally of gamma rays) are detected

by gamma cameras and processed accordingly.as described

earlier. o :
Detailedj information about indicaticns and
procedures. can be found in the CODES File of the

database; explained in the sscond part of the
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I1I. DESIGN OF A DATABASE MANABEMENT SYSTEM

FOR NUCLEAR MEDICINE

.

used for this

i

The .database .manager that i
project is PC-FILE III. It was written for the IBM-FC

and will run on. IBM FC—chpatible computers, as well.

A file consists of records, with each record

containing a number of fields. The orogram  and

application rules will be explained later, in detail.
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.1 SELECTION OF RECORD.

L,

ATABASE MANAGEMENT SYSTEM

Five +Files were created to organize the dats
czllected. Thay are STQFF, ISCTOrR, IMSTRUMT . ORGAM, and
CODES. The contents of gachfile are as follows:

STAFF: This +ile tans:;ts of the staftf in nuclesar
medicine departments of state hospitasls aLe
centers in Istaﬁﬁul‘ The-records in thi=z fils

Title: This is the position of an individusl in hi

centEf, For example, a physician might be a2 professor

ARG

i

istant professor, or- a doctor. Staff octher than

.

physicians may be a physicist, chemist, technician, or

nurse,




£
i

Name: The first name of the individual.

3

_ast_name: The last name of the individual.’

The center 1in which he or she wafksﬁ

City: The city where the center is located.

m

Address code: This fisld contains the code for th

]

address and telephons number{s) of the center. Th
p

information can be found in the CDODRES file.

Rill

Information can bes retrieved using the LIBLing

manager described in detail
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physicians who are professors and have first

logical combinations using the facilities of this filse:
. . N _ _ , R
ISOTOF:This Ffile contains  the isoctopes uszed in nuslssar

medicine studies,  their

hs}

roduction methods,

characteristics, radiopharmaceuticals produced

pas

— &

Ceﬂﬁers where the studies are performed with the radio—

°

n the records, and distributers

[S

pharmaceuticals listed

ot  radiopharmaceuticals. Included in thi

112

tile iz

i}

.

information from the INSTRUMT file. This was done &

1]

Y e i it

minimize passing From one file to xnother and reduce



the time spent "in retrieving data. The fields defined

in this file are the following:

@: The name of the isotope

.

Half _life: The half-time of the isotope.

Energy: The >energy of the prihcip12" gamma ravs
emitted. L : .
Frodimethod: The production method of the isoctope.

Radiopharma: A Fadimpharmaceutical produced wiith
this isctepe. The symbol letters apart From the. isotopse
show the kit labelled with the radiocnuclide.

Radioph _tode: The code of :
The extended nams - of can k=
tound in the CODRES file by using this code.
medicine study performed using
the radiopharmacsutical stated above.
Study_ __code: The cod foar this study
information is Gb ained Iram the CODEE ¥ile.
. c —5 L _—n ‘ 1 X
Study center: The center where the study is perfor—
mad.
Center code: Address and telepghone numbers of the



435

center cited above.

INSTRUMT The imstrumentation file. It consists of
records 0of all the nuclear imaging devices available in

nuclear medicine centers in Istanbul. The fields areg

Instr name: Instrument name and model.

Instr_code: Instrument code. This Figld is not used
for the time being, but it is included becauss it wi

be usefu in the future when an inventory coniro

system is implemented.

.28

The certer where the instrument is

City: The ity whers the
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Center_code: The code in which the full

telephone. numbers of the snter can be fou
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Count_ rate: The maximum ~ count rats of  the
instrument.
Window width: The window width usad .to obtain the

technical data listed in this record.

,

Energy: The energy used
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this record. e.g9. the data is obtained using a2 specific

i}

‘energy and window width and results will changs it an

of these parameters is changed.

m

Field

of view: This is the. maximum field that th

instrument can see.lt is given in millimeters.

Wholebody: This field shows if the instrumsnt is
capable of wholebody scamning. Some instrumsnt systems
can move . the patient bed from head to fect., OO0 the

other hard  the gamma camsra can move from one end to

cariother ' fari a wholebody scan while the bed remains
_EtafiohaTy, bIn thisv:aée‘thei-data for this fisld will
be de?ined as ?émmpleteiy capable’. . ut
eithér tacility are still = in
pieces; small sections at a tlme.‘lﬁ this the ﬁata

Ao som2 are not capable to do wholebody scans, at 211,

instrument is
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routinely used calibration intérvalsj If th=e

2
i

should be serviced, it iz calibrated befors

placec n
use.
, N
Machine _cost: This shows the apgraﬁimiée cost of
machinéuUn¥0rtuﬁately,this_infcrmatfpn ig not reliablel
‘Costs change a3 will conditicns of it is
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however , included to give a rough estimate about costs

and - enable wus to compare cm:ts between instruments.
This -information ‘might be ECDEC¢H11Y useful For-
markefing purposes, for equipdient suppliers,- - atc.

Staff, also who want fo buy a specific in5trument'ma9
use this data as a factor in their search. .

- #of patients: Thié field shows the nﬁmber of
patients'that are imaged per ﬁay, with thE'iﬁstrument
entered in the record. This is not a maximum. It is the

average number of patients checked per davy.

'5gg§_ It shows the +yp1Lal studies performed with

Study _code: This Field gives +the code
summarizes the study, the detailed indicstions,
procedure,  and preparation can be found in ths CODES
file.

Radiopharma: This shows the radiopharmaceutical

Béd_;ggh-ggég:_ﬁ’his is the code of thé complete nam

me
of the radlapha maceutical (entered symbeolically in the
‘Radlgpharma field},‘detailed in the CODES file.

. Bcan___speed: This gives the scan spestd of
rectilinear scanners, or S mOving cameras, eic. in




a8

cm/min.

time: This gives the amount of time which the

scan , takes.d

This gives the type of collimator used
for the study mentioned above. It may be a'parallél,

convergent or divergent ({(i.es a multihole) collimator

or a pinhole collimator with a certain number of holes.

space: This data shows with how much =

- 3 pace
between‘ iinesb the Scanning is performed. It usually
.applieé-{cr recﬁilinea: :anhers “and éhawz.the SRPaRCIng
rgéélutiaq of a specific ‘scanner.

. The INSTRUMT file is the largest. It consists
of most of the information related tc nuclear medicineg
imaging devices, studiess. radiopharmaceuwticals and
centers. it does not include staftfd, ather éecrnlgzl
details and Ehplalﬂitlﬂéévﬁf radionuclides and studiss.
ORGEAN: This file consists of organ imaging studies. For
example, what rad;cp%erma:eutlcai is used  for

spe;ific organ study, how it is administered,  how a

patient is repared . for  the study, what instrumsnt
settings are needed in order to get high gquality

pictures and a summary of why the study i
and what procedure are follomed.The fields in this

are the following:
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radi pharmaceutlral is administered immediately betfore
the study starts, but for static tJdlE” there 1is a
time delay hetween administration and study.

.

fielé indicates whether cagﬁting

is done Drinct in a speciff: study. The data for this

field is "Yes" or "No".

,nggmg_gmg§§iThisvfield indicates whether computer

processing of the data is necessary. or not.  The data

for this fisld is “Yes

picture. Either large , medium, or narrow aperiures are

chosen according to the organ and the study.

Epectro  sgt: This +field EHédE where the spectro
ansrgy és zet. For sxample, for TJechnesitium., 11T is set
to 140 keV peak and a certain window is chosen. such as
10 percent which ma @ es  a 14 keV Aosin.this is
one of the factors which affect picturse guality. Dats
tor this field is given in the Fors:

"140 keV peak, LeV window ¥
Bckand _erase: This shows - the percenitags of

N

backqg ground ‘erase from the tetal picture to obtain.

better resclution. For example, there might be

region which the radiophar maceutical can be held by the

M

study area and by a s=m aller amoun
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_area. By specifying a background area, the béckground

activity can be subtracted by Cqmputer processing and

thus a hetter guality picture is obtained. This ia

typitally used in the liver, spleen. and brain shtudies.

.

ontrast: This shows the amount of contrast needed

to obtain a sharp picture. It might be low, médiumﬁ or

high depending on’ the application.
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CORDES: The last file ié the EEDLS +1i
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the codes are. explained in detai

organized as follows:

Instrument codes. . ..o eaea.2 100197
Fadiopharmaceutical codes:

Study codeS. s uccaccnasaaa
Distributersceasceancsus=sz 400

Centers. ...t nvnansanaas: &OD-5EFT
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Code: This field lists. the specific codes found in

the other files..

through_ EZ0: These
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long. There are a maximum of 20. lines. Thesze fielde

contain text, addresses, and other details.
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Instrument codes are  not included int

8]

COopE ?ilé,although' the range 100-197 is allocated

them., The instrument code ‘field was.epened for future
applica#ions and ié not‘uaed preéently. _Hetween 200 to
2? . the name of each raﬁzapharmareutlcal is given in
full detall. Between'fc 0-392 studies are explaigeﬁ; For
each study,fhé INDICATION ., FPROCEDURE and ’patieﬁt
PJEE@BQI;QN are Suémarized. Code 490 only ‘has the
distributers of dlopharmaceutlcélz in Turkey. Codes

betwesn &0G  to éQQ give the full address and tslephone

numbers of each center.

T.2 THE USE OF THE DATABASE MANAGEMENT SYSTEM

what the main features are, and how it can bBe s:panded

for future needs.

As  the name
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database wmanager. A database manager controls = numbse
of files craated by the preogram. - When FCO-FILE III is
booted, the first guestion asked iz o©n which drive the
4 b = — o . ~ :

catabases previouzly creasted are, or new datazbass=s a2
to be stored. .After. answering this ‘guestiocn, the
databases previously defined will be listsd. You are

then asked which one you wish to enter. If no file has

been created, natbé ng wiill be 11
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display. the second field ﬁames.and the user enters the
related data for it. This continues until déta for all
fislds are entered. After that, the EBMS‘wiil list all
thé ,data :ehtered again _and ask whether they are
dccurate. I+ not, a mmdificétion facility is availa?ie
‘to change any +tield in the record. A{ter finishing the
hadificaticn, ?E—FILE Ilf again.asks whéther all the.
Sﬁta'is accurate. I+ it 1is, thE'recérd is recérééd on

the diskette. The same procedure iz followsd for sach

succeeding record. To leave this "mode, press  the
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repetitive data to e sntersed, then thers zre - Two Heys

that can be used for duplicaticon: & singls guols or a

=1~ k] o= N — T TTT i L3 ]
sinale apostrophy. For PC-FILE - I1II, the maximum  cumber
of records is
.

= Fom = LR =t
e a S !.’i\_-u..’;:\ys..i : a Record

Thiz mode is used to modify records and can be
ntsrsd [ . - ]
entaers by pressing the FZ2 or it and
Y m e + T ™ [ - —=1 i 3 7 —~ ; =}
entaring 1t. The DBME then asks which rescord you wish

"KEY ar #n.%.te—,\"
. N

ey is the data in the first field. it the data of the

first Field of the record +o be modified is
then that record will be listed ard you will bs asked
"Which Field  to modify" However, . it
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gifficult to remember the data in the +irst field of a
specific vrecorﬁ, .Eapeﬁially in lgrge éafabasezﬁ s0
Dthe% WAaYS Q? finding thevrecard exist. One is to enter
the re:o%d number. Each record is numbered autcmétitalw
ly as it is Created.lﬁecord'numbered 17 can be_calleﬁ‘
by ente-r'_ing #17. The contents of the record will be
listed after entering #17 and .the éBHS will-ask which
field you wish tq modify. I+ #17 is.nat the réégré that
iz +to. be changed then ‘presz gnter to the queetich
"which field to modify". Theiscréen.agaiﬁ displays "KEY

or  #n.+,—, A" . ¥ou may then enter a new record

— - £ 1 [ [ e B . 1 #1 et :
number or +" which shows next record,. or whiich
shows receeding record. o (Y which shows thes most
S 4+ NP [ . [N T [ = N S
recent record s worked one or .U owhich shows he last
record i1 the database. & specific record tan be =3s1ly
| S S | - . T ~<
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the DEME asks “EEY or #
zoreen will reappear.
-

- _‘-5':- [T
D2 5. Deleting a Reoord

By pressing  the FZ key or typing "DEL and
 entEring it,.the dEiEée“méde is entered. The 2ga1in
asks “EE? or #n;+,—,§%§f anﬂtaccardingly.one of them is
chosen. é?tsrithé ‘sought after record is found, the
DEMS will 'diiﬂzﬂ? "Type DELETE, or press (enteri. E#

that record is the one that you wish to delste,. then

the word "DELETE" should bBe typed and entersd. In  this



case, the record will be deleted and a number of

slazshes (/) will fi1l1 in the data part of that record.’

r

elete,

I

=]

hE: the record found is not the one you wish

then press (enter) and the DBME will agairf display "HEY

3

or #n,+,~.%,\" again. This way,the correct record could
be found and deleted (or nety. I+ the (enter) Lkey is
pressed while the DBME waits for an answer to “HEY or

#r,+.,~.\" then that mode is left and the »m;ster menu

screen will be displaved.

T.2.4. Displaying a Record

Lay
tian
TEEY o #n.t.—aF 0
will appear, again. - By number o
te—a%¥:N: the sought after record iz found. If hard
copies of & record is desired in ths sams format as
shown on the scresn, then they o Dy
pressing the EBhift and PriSc & on LTheE keybossd.
L]
Fressing {(enter) will cause the DBEME to leave-this
and rgturn to the master menu screen.
Z.2.5% Finding a Record :
.
This mede is very ussful for ==zrohing
records. The DBMS is capable ‘of finding rescords
containing a specific pisce of




the operator. The “find" mode is initislized by
pressing the F3 key or typing "FIN® aﬂd‘Eﬂteriﬂg itf

The DEMS displa?s theﬂmessége:

.

3.

“uxx {scan full field i x (soundex s

0y
3
. 1.
3]
L
1

“Look for:————————— A o
The data to be searched ;for should be éntered, £
speciél feature"c¥ PC—FiLE ITI i; that the datz tc be
entered need not necessarily be typéd.in fglly, juiﬁ

enough characters | that uniquely identifies 1t 15

sufficient. This feature is valid for a11 modes =of the

DEMS; thus ‘'making typing shorter. There ars two

precesding it. Then all the

i

For example, 1if "Imit" iz
records containing “Smitht, or “traremit', =ic. at—
found.

A second method is t0 enter the d92%72 with &
T preceeding it. Ther all the records

sounding like the data entered will be

'

example, - if  "PAndrsssnt  is entered then:all records
containing "Anderson®, “Andersen", "“Andrews?, etc. will

be returned. This is a vwveary

searching records.
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After the DEMS completes its Séar:h,‘if begins

to - list all the records containing the data enterad.
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'ﬁftEF.it displays one rgcard, it dig
"E 'to stop,or press ﬁénteﬁ}” .

If "S" is entered then it will stop listing the records
.ana ask "which field to search for", again. If the
{enter) key is pressed; the DBHS will terminéte that

mode and return to the master menu screen. Hheruise,.
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the search. may be continued by giving a fie

then the appropriate data. 1+ the answer to the
guestion "5 to stop, or press - {enter:’

other records containin the data specified will be

i
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displayed;and when the last record iz 4i

will ask ."Which Field to sesach Ffor". Yoo then procssd

his mode is entered by pressing the F&

typing YLIGH %rem‘the tevboard aﬁd sntering it. Thi=s is
the mode used in preparing reporis. Theres are
to prepars reports in this mode. In addition,
and  mathematical Dﬁeraticns could be per%a%med in
prepgring,thém. Moreover new databases from existing

ones may be created.
As  soon as  the mode ie initiatsd, the DEMS
looks for report  formats created pfeviéusiy and lists

them on the screén and asks:
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"Which format ,or press {(enter)®

il
oy
o
Z

In' ow version of PC-FILE 1III, there are

0
b
=

v

pre—-prepared fcrmats-whichvwili be described later.
one of these is to be used in preparing a.repart,then
simply théﬁname Df‘tha% %Dfmét shauld be entered.  If
not, . then the (énter) key should bef_pressed; Ié.the_>
entef key 1is pressed then all the field -names in the

database will be shown and the prompt "Cclumh=Q Field

to list wi117appear.vThen the field that should be in

o
u

-
fl

column ¢ should be chosen and typed. Again, there
need to type the whole name but just enough characters

to identify 1t unigquely. After entering the first field

I
I
=
1]
w
U]
1]
et
A
rt
-
m
B

~ompt "Column=0 Field to
appear. And another field is entered, stc. dHhen all the

n  the reporit are

fields that you wish to appear i

Athosehgu press the (enter? Vkey to terﬁihaia' the
selection Q%'fields= All fields selected will be listed
side, by side on the outplut report. sesparated by one

space. I+ extra spaces

using  "Hnnt. I, For example, "EFEY is entesred when
asked for the "Field to list", then there will bs five
spaces between the field entered before “*5" and the
Dhe that Awiil be Entered‘a{teri”}S“s The second is by
using tabbing i.e. "=nnt. I+, tor erzample, "=50° is
entered when asked 4or the "Field to List", then the

next +field to be entered will he
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column 50,
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ﬁnotheé facility available with PC-FILE 111 is

the backspace i1.e. R {acility,' I+ a baékzpa:e is
entered when the “"Field to List" prompt appears then

~the. one space between two %iélds'wil} be removed and
both will be printed on the dutput reggrt Sidéjby__ide.

I+ the relative record numbers are @ also
réquired to appear.on the Fepmrt then ”2* sheuldlbe

~entered when the "Field to List" prompt is displayed.

I a "/" iz entered then a carriage return and.

, . o
line feed will opccur and Fields will be listed lime—bhy—
line on the ouitput report.  This is very ussful if

mailing labels are to be printed.
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I+ =gme constant wvalue i

the output report, then 1t shouwld be entersd in double

quotes when the "Field o List" prompit  appesars on the
display. This might be useful in putting o the
FREROr L.

Anocthai important facility is that

heading. DOnly addition, Eub;ractidn, multiplication and

8

division { +,—,%,/7 1} iz allowed as +he mathematical
N i . .
operators. For sxample, when

{(fisldname¥ficldnameiHeadin

fan)
wo
foned
md
»

L
[

is entered when the “"Field to. List" appears, the two

fieldnames entered above will b

m
3
'::I
s
fod
w]
(2]

lisd and the
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result listed under the heading given by the operator.
"11Y is the totai width of the output column énd shoﬁid
in:iude all digits plué__thé not mign and the~decimél
point, "dd"  is the number of digité that yau.wish
appear'td the rigﬁt _§§.the ﬁecidal pgint; Thefe is Dngf
limitation 1in cdnétructing the ?Drmula, fhat is, anly
DHE.>Fight. énd .DneA‘left parantheses can be used,‘Zn
other words, nésted calculations cannot be done., and
ail calculatiqns wiil he xecute& from left to right
sequence. fhése features.allcw niéely Qrganiaed éut;ut

reports to  be prepared.

, After +inishing *hé»“Fleid to List® parit of
the "LISf moade, FO-FILE I1I azks the u Title of fthe
reportt. If. a titie is entered at this point, then 1t
will be maved with the resport format. But if the fitle
might change with different applications,  then the
{enter:? kav‘sh:ulﬁ be pressed. Iin this case. the same
guestion will he asked when ancther report is preparsd
with the same Fformat. Next PC-FILE III will ask "Save
this Pepﬂrt %G}mat?”n I+ the reply 1= YY" then it will
sk for a name and save it under this name. This is the

&

report  format FC-FILE III lists when the F& key

\

pressed or "LISY is typed amnd entered to initialize ths
list mode. By choosing bne . of the report formats

-created for repeated use, therse is -no need fo 'repea%

all of +the above step

mn

. I¥ the report will be used
only once then there is no need to save it and the

answervto the gquestion "“"Savae this report format® shﬁuid
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be !If\illn
} Theré aré & tew characters that can be put in
front- of the title of the output ‘record. They'are the

following:

"@aH" s I+f "aHY . is  entered (with no guotes and
uppercase) then there .will be noc title nor heading
lines to be printed; v *

(Note: @ is numeral Z&ro, not the character 0
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RG] BRI If "pp" is entered +followed by the i

h

report.

[}

then no detail lines will be printed on

S

i

paper.
"iH" 2 IF "iH" is entered folliowed - by the fitls,
then only one title line and one heading line will be

1}
n

printed. This is used when printing a report which uss
multiple print lines for each record and the opsrator
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wishes to only have the first mulfiple heading linss
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After selé.ctin\j the Field, it asks: “cmparé How?
}9{,=!{}”..The §ieldvselected wiil 1a£er be Cbmpared to
Some‘vaqu’which wi}l be enfsred.as thevnext Etep,‘Here
one of the logical~opéfa£cr5 is selected. And it then
aékg ;Comhafed to wvalue:". The valqe tclbé compared is
lenteredu Until now Dné.+i916 wés selected and Eompared
toc some value. If multiple comparisnné are neceaéary,
then it asks "Aﬂd,_Dr, or End". I+ "AY (ine.'éﬁd? is
chosen and in'a‘similar manner the second field tG be
compared t@ -same'value isventered, thén‘ail‘ records
satis{ying ‘bcth. tamparisaﬂg ‘will be printed in’the
record.

Mhén'the selection iz finished = "E” (éb? Eng)

~should be entered and all - the records satisfying the

=
u
r
ot
3
n
&
It

-of clogical Q#E

list c 11 appear on the oulbput

record. & maxioum of 10
and all the logical operations arse made from left @ o

right seguence.

he sams procedurs  applies for the 95" i,

]

and print reports will be xplained latser and
reports can be found in the appendix.
The disk, D", option is used for cloning a

new database or preparing labels or reports and saving

them on the diskette. Freparing labels and reports

]
™
]

almost the same, except that‘ yol do not print the

headers, etc. by choosing an appropriate '8H, T, aC
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For example:
DIS/#15/7/
means go to the DISplay mode and display fiftienth

record of that file and return back tc the master menu

screen.
Finally, the specifications of the datsbase
are:

Minimum Ram memory reguired..ccacecccenncsssoxa 704,

Minimum Disk drives reqguired. v cce-cersvacsesxs=ai

Minimum Disk StOFA0@. et ansscacncuncassa

fent
o

Maximum drives supported...ccvcnccrsancvspesscnat

Maximum field lenght.c.c.viesrrconnonanonancacac-5&63

T .25 it 40-character display scresn

1]
[
3
-+
i
]
L
1}
(%3
1]
ey
15
i
m

2% if mores than 21 field

a
H

n
[
n
0
a

Maximum field name lenght... ... cccc-s

Maximum fields per database-

‘For BU-character displaY.ceceicasoanoccssad

L
"
"
n
b
=

For 40-character displayve.dccssccss.o

P+

Maximum record lenght.e.ccacceecccccrecnsnncas
Maximum records per database. .o ccasccncncces 7FFT
Maximum riumber of sort control fields.....o.....10

Mawximum number of compares for print

record selection.cc.aceancccanns

g

1
ot
.

Maximum number of calculated fields in report..Z2¢

fis vou can see from the above, the Nuclesar Medicine.
14 : 3

System can be expanded very easily to mest future

needs.
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Z.3 PREPARING REFDRTS

From a users pérspective5 this is the—mﬁst
vaiuable feature of the‘databése.' It is poésible_tc
'breéare'oqtﬁqt reparts-a§' the users désign. A-Sample
report  was pfepared and included <iﬁ Appendix‘B. This
report is a highly detailed one and its preparaticn is
described‘jbelo;. The aim was tp prepare a fepprt on
1ive% scintiérapﬁy. The deféils rquired weté'fg:

1)List specifications about the test inéluding

explanation of liver scintigraphv:
2¥List all centers in Istanbul where live

3
w
(an
-
oL
[
1
]

are performed;

tad

Learn the names of the physicians of one spescifi

center in Istanbul listed in {2y abowve in order o

stndys and,

4)0btain the address and telephone numbers of this

center.

Characteristics of studies were cbtainsd from
L] ) . )
the YOREANY file. The file can be entered by pressing

F& or typing "LIS" followed by (enter! toc entsr o ih

"LIST“@ﬁDde. The +irst guestion that appears is “"#hich

format, cr'pFEEé {enter)” (see page 77). Press l(enter:

A1l the fields are now available and the fields that
vou wish appear onn  the output report can bs chosen

{Bee page 77). In the sample repork, organ__name

radiopharma,. dose, route of_ _adm, and time of =do were




selected. After finishing the selection the (enter) key

1

rte

J
0

is pressed. At this point,"Title of the re; is
asked; Here any title can be entered. Infthe sam;lé
report the tiile "@TEHQRQCTEEISTICS OF LIVER STUDY" was

entered (Sees page 78). The next question is "Save this

report format?". Since this report is a sample one and

u

will not be 'used frequently, it was answered "H". {zce

pagé.78).'8ut if’a reﬁart is important aﬁdrwiil be used
{requently; then "Y“‘should’ﬁe enteréd; In thi=s czase,
"Mame for this fafmat"vwi11 be asked aﬁé an appropriate
nahe should be eﬁtered under which the'repérf format
will be Stareér.This is the name whicﬁ iS‘fhEﬁFEﬂLEfEd

whan "Which format; or presss enter” appsars when the Fé

key 1is pressed from the master menu scresn.

2 5 the

—_— —_ i 5 1 — Fand - [

guestion "List on Frinter, Screen, or (. 5 1=
= I

et owas  entered. The printer should bhe O when YF* iz
entered {(see page 7%!. I+ the printer i1z O and iz ==t

pattern should be "HNP {=== page

guestion "Field to trigger subiotals,

.

for no subtotals" should be answ

Since in our report, there were no fi

{enter) key was pressed. After that "List All records

or @ Belectéd records (A or S is displaved. Since-fhe

aim was to obtain only information about liver stud

ies
"S" was entered (sse page 80).When "5" is= selected, =11

field names were shown again and "Field to sslact on®

h

fos

-

was displayed (ses page 81). In = sample repori,



et

"study nameﬁ was selected. For the question “Camparé
how' et y= UMY (see page él) na WRE entgreé.'"CngarEd
to value" wé% ashed_.next.and “1iyew scintigraphy” Was
enteregd (SEE*paée 82). For each of the responses, ﬁhere
ié 'hb need to .type . the,’entire‘name. Entering only
enogghl characéers ED .uniquely' identiFy the name is
sufficient. Therefore "liver" or even-“liv; would ée
Eﬁcugh to- identify "liver. scintigraphyf. The Eaét
gquestion asked. is "And, Or, or End". Sénce'there wWas no
Dthef bfield to select, the answer waé "é“vises pags
IBE}.VThi5>Cémpieted the first'part of the reporit and as
‘spon as "E" was enté#ed the report was'printed. Motice
that,in the beginnihg of the title of Lhevfeperﬁg there
is "@T" and thén fhéftitle..éé?”-wasJépetiaiiy entsrsd
there in order té_prevent £G£$}5 to be printed at the
end of the reﬁortn

The next part of the report was to print 15
explaination of wﬁat.the étud?buas used $for, what the
»p#acéerE was, £tc. Since this in%ormaticﬁ existsd in
the "CODES" %ile,‘we'le?t {he."Qﬁﬁﬁﬁ“ file and Eﬁiéfsﬁ
the "CODESY File wusing the FIO key_while viswing the
master'menu'écreenﬁ Beftore doing thi;, the "study .code”
was obtained by using the "QiS“ior "EINY mode in the-
"DR;‘.QN“ file. ,mi;er'tha‘t we have to go to 'the; “CODESY
file ‘and press fhe {Fé kéy;'ue -are again in the "LIS®
mode. Héreb fields E; to gngare ;hcsen.  Betweer sach
field a slash (/) was entéred “to print data liﬂe;by~

line. However, there is no need to prepare the report



)
iy

{ormgt from the beginning. There is a ready-to-use
format ;afleé YTEXT! in. the -diskette. fherefare,
enteringl”TEXT",'whEﬂ "Which formétg or press lenter) "
is asked, FC-FILE IfI will dcﬂall,the ﬁreparatory warkﬁf

Since we wanted neither the titleé nor totals to be

printed, we’eﬁtered “@HAT" to the "Title of the report®

ri

question. The remaining procedure was the same as the

previous one except that the field ‘“code" was chosen

and the appropriate iggggy"ggge” was entered to print

the explaination of the study.’

I the third part of the sample repori. we

} Istanbul where liver studiess

prrinted all the centers 1in

studies. The title of the repot

STUDIES IM CERTERE OF ISTaAnNBULY, and in ths last part
= . z - g
"study" was  chosen  for the Figid to selesct o0t

centers.  pertorming 1iver studies = and we
“Carrahpasa Tip Fakultesi
names of the physicians working there, ws sntered . the

133

. . e
g ritlel, IUname’, "lasi nams’ as

TAFF" file. We chose
the  fieslds to appsar in  the prihtout. The rest was

similar to the previous set up excepit the last  part.



]

=

Since, physicians were classified according to their

degrees. and since we wanted +o have

all physicians on

“the output report, we had to chooss professors (prof),

assistant professors {(deoc. dr.}, and doctors {dr.) from

the records.In order to do- that, -
“title! as the "Field to select on®,

we first selectesd

and compared wit

"prof". Then, we entered "0" (Or) and selected "title"

again as the "Field to select on:" and cgmparédi with
"doc.dr". é?tef_selecting "Uf'\(Dr),Awe again selected
"title" and this time camparéd with Ydr.”. Finally we
entered "A"  {(And) and séléﬁtEd : as the "Field
to select on" and compared with iggﬁiéig;égw_zgg
Egggiggéi“,.Finallgs LE“ was Eﬁtereﬁ'£5 inéicate we had

it}

finished preparing th report. Pri

the last operation only  the statf

working in "Cerrahpasa Tip Fakultes:

The +inal part of the report

address and telephons numbers =+ this

nDurponse, -we again entered intoc th

pressing. the F10  key, thus leaving
Eefore passing to the “CODES® file,
tconter code" using the "DRISY or

PC—FILE-III and then passed to  the

P e PR |
was printsd oubt.
. e s B
wazs to obitain ths

it Ry el ve 34 T = Pvas

= CGJ.:E».: T LE DY
1. $i gy ang 3 ]

the "BETAFF" file.

we looked at the

"COLDESY files. We

again used the report format “TEXT" and in the last

i

part, gave the "center code® to have



o 7&

telephone number (s) of this center printed. This

completed the sample report.

: s seen from above, the report was 2 very’

e

detailed one. We used four Ffiles out. of the five asvail-

[1]]

le and it took about 20 minutes to prepare. But it

shows how flexible PC-FILE III is in preparing rapﬁffs,

There iz even an easier way to prepare resor

i .
N

by .the use of programmable "smart keys". In Append
a list of smart keyvs to guickly prepars reporis, and

gxamples of short,.simple reporits are shown. To initizate

a smart key, pressing only the

"Alt key" the
appropriate "number keyf iz sufficient. :
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di?%iculty'a¥teF some practice.’

Because - ‘the databases contain information
about,  nuclear medicine centers, staff, studies, -and

radiopharmaceuticals in Istanbul, it is certain that it

will be widely applied.

There is an important point sbout the database

thét should be considered. Tne system is not complete.
Same fields are émpty and ﬁéeé;btc be +illed in rhen
reliable in%érmatian can be obitained. . Be:&uzé 5;
di%?erent insﬁitutiunal pgiicies-it was not possible to

get information about some subiects in the depth neesded

=R
1.

Although there dis no infoFmatich  in these fislds, thsy

wereg still defined and oF
their importance. They
The next  imporitant steg should be to gwpand

this system and make it usable nationwide, by adding
information about all other nuclesasr medicine centers,

available in Turkey. A simple sxample of how imporiant

such a database for Turkey iz that there are

i
i
3
i}
—+
]
8]
ol
[
[
P
pod
m
m

{including those not having nuclesr

medicine capability) ranging from very small. to very

5

large. Some of them are state hospitals and soms are

private centers. Not all of them have the Ffacility %o
utilize nuclear medicine techniguss becauss of the

wpense in establishing such centers. Only nine out of

in

67 rities in  Turkey have nuclear medicine centers and
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not all of them have the‘capacity to do every nuclear
medicine study. For ~example, SFECT (Single Fhoton

Emisszion Computed Tomography) studies can only be

-
“

performed in one center in Turkey; in  "Cerrahpassa Ti
Fakultesi~- - Istanbul", and there is only one mdchine
there to do this type of work. Because of the limited

resouwrces in  Turkey, they must be used as efficiently

as possible.

s

Istanbu1  aﬁdv Ankara have vthe most Aaﬁd
therefore offer  the opportunity for the most
comﬁrehehsive>5tudie§. ‘This is not the case for the
,eésternlpart of Tﬁrkey.-ﬁs an Ex&mp}EF let wus take 57

M

ity where there is rfo nuclear medicine center and doe

L'-
[H]
=
"
-
[\
3
i
o
o
i
h
it
o
o
u

ot have facilities +or a pi

7 - be

patient’™s need udsing classical methods. He may decide

to send his patient to anocther center having

appropriate facilities. Usually the physician sends his

EN
i

patients o Istanbul - or Ankara since they think that

the problem can be best soclved in those cities. But

high percentage of the physicians may not follow the
rapid developments taking place in Turkey and thus

m

sending patients from the'éast to the west is esxpensiv
ahdbtaUSEE a.great ‘desl D%v time toc be wasied,
cloégr .tehtér meefing the ‘phys;ciaz’s ;nd paﬁiéntfs
needs isb évailablé. A simple phone call can provide
valuable in%&rmatian within minutes. Thus with & few

minutes work many thousand lirag and a lot of time

‘could be saved. The latest up-—to-—date and reliable



information can be obtained gquickly and esasily.

i}

Another advantage of such 3 system i

by

.gta;%.éf one institution can contact the sfa%
le .in other Nuclear Medicine  centers. This -is
aécpmplishéd by usipg the "STAFF" file. Full addresses
and telephone numbers are - §ou8d in thé "CODESY file.

Thus it is possible to get useful in%armatécﬁ,‘qui:kiy.

The system is alsc suitable for exgangiaﬂ {s=e

fAppendix D). By using the "ADDY command, new records

=
i
m
m

can be added to the syste fAdding & record in-

page 55)Y. The problem is who to assign  the responsibi-

11£x for maintainiﬁg the - up—to+date database.

just one center for such an applicastion seems to Zs the
hest altefrnative. Eﬁangez or additicons cpuld He
made by authorizsd personnel of this centesr. In this

_way the control of thes database iz centralized assuring

has access  to data entryv, then mistakes could sz2=silvy
destroy the integriiy of the databass. Control should
be centralized and one  center =hould assums

responsibility of maintaining the database.

Finally, the databass iz valusble for
pmténtiél purchasérs' of :nuciear medicine devices. A
petentéal buye? may check ﬁheéhaf the insitrument io B
baught eﬁisté in 'Gther :entEfs i ths sams . if

may decdide o c&zasﬂ snocther device which

exists, he



will provide an alternative means  of diagnosis. This

]

/1]

may not lway be the case, especially for the

hospitals in Istanbul and Ankara, budt at least they
will- be aware of the rescurces of other institutions.

Y

This use . of the database wWill be most useful for

centers in  the =sastern art of Turkey where nuclear
_ ¥

it

medicine imaging devices are rather limited and thus

cooperation between hospgitals wWith limited rescurce

i
[t

. H "
[H]

important.
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V. CONCLUSTION

. Until regenily, the impcrtante_ of the concept
5% éehtralizatian. of information resburces in one
organization wag - not graéped VEfy well. ;It may have
been due to the 1lack of computer fechﬂglogy Qherein if
Was not possible to caﬂstruct large databah:z, But;
‘today,r it is .possible and more than that, it is
ne:eséafy, This- CDﬂCéSt applies 'ﬁ§t qﬁ1ylts nuclear
ﬁediciﬁe bﬁt alsoc to many sther fields. .It. is a .
né:egsitf because tﬁe: technalagical developments in
avery | field ars {akiﬁa' place =g %ast >that: with
conventional methods, - it _srct possible “to  keep

1 - :

% 3 N A —trrm—ris o J Y el 2 - )
tgchnologically up—to—date. foreover people do not want

o

ut
oy
o
[
]
“h
[
1
r-‘u
]
Ly
)
0
)
il
ot
et
it}
r«?-
v
1}
o
5
1
[}
' g
Ut
[
-

; ; : 1 o S B
thesis is very important for developping countries such

as Turkey. Examples ocutsides the iftechnology fields
include, birth rcertidficates, polics records, ocoison
control. etc. It is no longer necessary to handle vast

amounts -0of data using tims-consuming

methods. ® This is especially true

it
("N

countries, like Turkey where the amount of paper:

- aenerated is wvast. The implicaticons of using this



8%

‘helps demonstrate the value of this approach, not only
irn Nuclear Medicine but alsc in gther very guickly

developing disciplines.



ABBREVIATIONS:
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FC-FILE ITI
DEMS |
FMT

EHA

FidHM

e " 13 Couw

2w

. me

AFFENDIX A

r
1

The name of the databass manager

FPhotoMultipiier Tube.

FPuls=s Height ﬁﬁaiyser,'

Full Width at Haif Maximum.

Cathode Ray Tubs.

w

progran.
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FRECERRAHFABA TIP‘FQHULTESliﬁx

Addréss:lstanbul Universitesi ,Cerrahpasa T1p Fa}ultecl
CERRAHFASA- ISTANBUL

"Telephones: §Z4.19.489 =...Santral

525.74.69 ....Nuclear Tip- EnstltUnu

i

I
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AFFENDI

READY~

FREPARED WITH THEM

key;

in

=

z=mart

Some

rogrammed

p

been

'laaded
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L)

~
P
K

change.

to

data

;ith

autcmatically le

e

i
i
i

4111

4

return

"pLE-@r

g

T
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ot

program will

imilarly.,

e

A
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E
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]
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-

Ramasenaasa o end

end/gf

.
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In the INSTRUMT file:

@ endfc/ sasrancee=e 0 change file.
& lis/studyyp/n/07 ....These two keys are used to
7o ffsﬁétudyi=/”~_ find centers performing a

specific study.

0
'

end/q/ cissreen...To end FC~-FILE III.

In the CODES file:

¢ = endfci eseassa-a=10 chang

il

file. .

1 : lis/text/r/p/n/@HeT/ /s/code/=/

2

To print explamations.

5 3

: lis/ifells

0

IS 7 FIALYIT 7 OF g — Foam
nfp/n/AHET //is/codeS=y
3

To print the sxtended nams of a radiopharmaceutical.

7 1 lis/address/r/p/n/0H8T/ /s /codel=/

To print the address of a cenier.
- T
2 : endig/ sranescses-to end FO—Ffile I1I1.
It i= .possibls to- prepars reporits guick
using these kevs. For  example. wWe Can Drepare some

parts of the report in Appendix B guickly using ithese
Lays:

¥ a

To +Find which centers per

5
oy
I
5
=
"
Q'
i
5
il
fuu
[
(w3
o
m
i1}

we simply press "Alt-&" in the INE

the preparatory work will be done by the program and it
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~J

will . ask a title for the report. After entering the
title, we press "Alt-7" and all the remaining guestions

will be answered by the program. It is’

1t

to anmly enter the study name, i.e "liver * scintigraphy"

‘1

liver', and answesr the last guestion "And, Or

or Ernd A/07cr EY as E. .
Similarly, the explaination regarding liwver
s v k 4 .
studies can ke printed easily by pressing YALE-17 in

the CODES file, entering the study code and then “E".

% e o e £
In order t& print the sstended name of a

A
fin
[» 5
ot
[m}
T3
pug
m
“i
|
0l
1
13}
[
i
=
y]
hil
T et
T
i
mn
n
[
]
|
"
|....‘I
P
|
‘:“\
i
W
i
m
i
]
]
ks
ol
i

i)
[
Tl
-
U
i
N

in

3 3 — = £ G =
in the last oLt O this=s o
L]
report has besn preparsd using & =1

£
i

Vs

ng  which centers can perdt

The procadure is as above and

two minutes to prepare. The report is in the

=

pa:

LS
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EXFANDING THE SYSTEM FOR TURKEY:

Althoush the thesis deals only with the
facilities in Istanbul, it is designed so that 1t‘;an
be Expandeﬁ to inclﬁde alil %a:iii%ieg thrqugﬁaut
Turkey.-The system . is designed in such 2 wéy; that no
additional programming is NECessary. Ty means of the

"ADDY command. new data can be entersd.




TORKIYE'DEKt NOKLEER TIP MERKEZLERININ 1985 YILINDAKI DURUMU

'STAFF_(PERSONEL)

du_bb]Ume'NUkTeer Tip Merkezinizin personeli yazilacaktir. Urnegih
bolum baskani, Jijer yardimcilar, doktor]ay;"fizikci]er;_kimyac11ar, var‘
ise elektrik ve diger mihendislier, ve devamli ca11san’hemsire7er.,Bi?giler
asagidaki forma gore dolduruimalidir. - o

MERKEZINIZIN VEYA
BSLOMUNUZON ADI VE
TAM ADRES1

[ELEFON NUMARALARI
(Nikleer Tip Boluminiiziin
ayk1 numaralari varsa

~ belirtin.)

ADT © SOYADI  ONVANI DALT



INSTRUMENTS AND STUDIES (CIHAZLARINIZ VE YAPILAN CALISMALAR)

Bu kisma merkezinizde bulunan tim Nikleer Tip resimleme cihazlari, Ornegin
jamma kameralari, rectilinear tarayicilar ve ayrica uptake cihazlari eklenecektir.
sundan baska, her bir cihaz ile yapmis oldudunuz calismalarida asagidaki forma gore
velirtiniz. Formun i1k kisminda alet ile il1gili bir kac teknik soru sorulmustur.
sunlari aletinizin katalojundanda bulabilirsiniz. %rnedin resolution, window width
(pencere araligdi) ve enerji birbirinden bajimsiz dedildirler. Burada rezolusyonun

INSTRUMENT NAME :
AND MODEL
(Cihazinizin mar-
kas1 ve modeli)

RESOLUTION (mm) :
(Rezolusyon)

WINDOW WIDTH
(Pencere araligi)

ENERJI (keV)

MAXIMUM COUNT
RATE

(Aletinizin mak-
simum sayabilme
kapasitesi)

FIELD OF VIEW
(Cihazini1zin gor-

§a1an mm olarak)

WHOLEBODY
CcAPABILITY

(Tum viicut tara-
mas1 yapabilirmi.
Bir kerede yapa-
mazsa par¢a par-
¢a yapabilirmi?
Belirtin.)

FREQUENCY OF
CALIBRATION
(Kalibrasyon za-
manlari yilda)

MACHINE COST
(Aletinizin al1s
dederi.)

NO. OF PATIENTS :

{Rit ~riha7la naiinde



Calismalarinizdaki radyoizotop]ar1-
nereden temin ediyorsunuz ?

Cesitli radyofannasdtiklér elde
etmek i¢in kullanilan kitleri
nereden temin ediyorsunuz ?

Servis ve bakim.problemlerifiiz . -
var mi ? : : Evet

t
1t

Hayir -- -

Aletlerinizde ariza oldudu zaman _ :
servisi hemen vanilabiliyormu 7 : « Evet -- Hayir --

A]etler1n1z1n servisini kimler
yapiyor ? :

Y1111k orta]ama bak1m masraf]ar1n1z
nedir ?

'Hay1r --

 Yapilan servislerden memnunmusunuz : Evet
Koruyucu bakim yantiriyormusunuz : Evet -- Hdayir --

Kalibrasyonlari nerede yaptiriyorsunuz 7 :

Bundan sonraki sorular her bir alet ile yapilan Qa11sma]ar ile ilgilidir. Her
alet icin ayr1 ayr1 cevaplandirilmasi aerekir, '

-ALETIN ADI - YAPILANVCALléﬂA o 'KULLANILAN RADYOFARMASHT
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