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ABSTRACT

Purpose of the study. Determining maximum possible number of high-quality radionuclide studies by days of the
generator operation.

Materials and methods. We studied the factors influencing the capacity of radionuclide diagnostic tests in osteoscin-
tigraphy (OSG) by days of service life of a ®™Tc generator GT-4K. The OSG capacity, the required resource of ®"Tc and
its efficiency in OSG were calculated. The optimal days for the generator delivery were determined.

The Pirfotech **Tc radiopharmaceutical (RFP) prepared with the generator was used for OSG.

Scanning, data collection and processing of results were carried out on gamma-cameras of the systems Signature
Series, Symbia T16 Siemens, and syngo M1 Applications VB10 Siemens.

Parameters of the radioactivity of ®™Tc were processed by mathematical methods using the Excel program.
Results. We revealed specific factors influencing the OSG capacity: 1) three-hour accumulation of RFP after its admin-
istration to the patient; 2) generator activity by days of its operation; 3) the day of the week of the generator delivery. We
calculated quantitative indicators of the maximum possible OSG capacity during the generator operation (maximum
number of OSG procedures by days of operation, total capacity, preferred day of the week for the generator delivery).
Conclusion. The most significant factors in optimal OSG planning by days of the generator operation are the generator
specifications, quantity and frequency of generator supply, provision of gamma-cameras.

The described technique for scheduling diagnostic procedures can be useful for the efficient use of the generator
system which ensures the maximum amount of high-quality RFP from the generator eluate and contributes to the
objectification of the cancer process in order to choose the treatment tactics.
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ONTUMU3ALLAA NNAHUPOBAHUA PALUOHYKTUAHBIX AUATHOCTUHECKIX
WCCNEAOBAHUM MPU NPOBEAEHWW OCTEOCLUHTUTPADUN

H.A.Makcumosa*, B.I.Kapnyn, M.A.Ap3amacueBa, M.[.Unbyenko, 0.C.LLUnbIK

OrbY «<HMULL onkonorum» Munsapasa Poccuu, 344037, Poccuiickas ®epepauus, r. Poctos-Ha-[loHy, yn. 14-a nuHus, 4. 63

PE3IOME

Lienb nccneposanus. OnpepesnieHve MakCMManbHO BO3MOXHOMO YNCNa Ka4eCTBEHHbIX PafUOHYKINAHbIX Ucce-
[l0BaHWI N0 AHAM CpPOKa 3KcryaTaLuum reHepaTopa.

Matepuanbl U MeTofbl. 111 LOCTUMXKEHUSA NOCTaBNEHHOW Lienu U3ydanuch hakTopbl, BIUSAOLLME Ha MPOMNYCKHYH Cnoco6-
HOCTb PafMOHYK/MAHbIX AMArHOCTUUYECKUX UccnefoBaHuii octeocuuHTUrpacdum (OC) no AHSIM Cpoka aKcnyaTaumm
reHepaTopa **™Tc Tuna ['T-4K (reHepaTop). PaccuuTtbiBanack nponyckHas cnoco6HocTb OCI, Heo6xoanMblii pecypc *°mTc
1 ahheKTMBHOCTb ero ncnonb3oBaHus npu nposefeHnn OCI. Onpeaensanncb onTUMalbHble AHU NOCTaBKW reHepaTopa.
[ns npoeeaeHus OCI npumeHsinca paguodhapmaLeBTUYeckuit npenapart «MupooTex, **mTe» (POI), npurotoBneHune
KOTOPOro o6ecneynBasnoch C MOMOLLbIO FreHepaTopa.

CkaHupoBaHue, MoslyyeHne AaHHbIX 1 06paboTKa pe3ynbTaToB OCYLLECTBIIANACh HA FraMMa-Kamepax cucTemM e.cam
Signature Series, Symbia T16 “Siemens, syngo M1 Applications VB10 “Siemens”.

O6paboTka nokasaTesieit NnapaMeTpoB PagnoakTUBHOCTYM **™Tc ocyLiecTBAANaCb MaTeMaTUYECKUMIU MeToAaMm
C nomoLypbto nporpammsbl Excel.

Pe3synbrathbl. BbigeneHbl cneuuduyeckre GakTopbl, BAKSIOLLME Ha MPOMYCKHYto cnoco6HocTb OCI: 1) TpexyacoBoe
HakonneHve POI nocne BBeeHUS €ro NaLMeHTy; 2) aKTUBHOCTb reHepaTopa Mo AHSIM 3KCryaTalumn reHepaTopa;
3) AeHb Heflenu NOCTaBKU reHepaTopa. PaccunTaHbl KONIMYECTBEHHbIE NMoKa3aTesiu MakCUMasbHO BO3MOXHOI Npo-
rnyckHoit cnoco6HocTu OCI™ B nepuog aKcnyaTtaLmum reHepaTtopa (MakcumanbHoe uncio OCI no AHsSM aKcnyaTaumu,
CyMMapHasi NponyckKHas CnoCo6HOCTb, MPEANOYTUTENbHBIN AeHb Hefleny NoCTaBKy reHepaTopa).

3akstoueHue. Hambonee sHauMmbiMu hakTopamu onTumanbHOro nnaHmposaHus OCI no AHSIM cpoka aKcnyaTa-
LM reHepaTopa ABAAIOTCA TEXHUYECKMe XapakKTepUCTUKN reHepaTopa, KOIMYeCTBO U MepUOAUYHOCTb MOCTaBKU
reHepaTopa, o6ecrneyeHHOCTb raMMa-Kamepamu.

Tak1MM 06pa3om, onncaHHasi HaMu MeToAMKa MIaHUPOBaHUA NPOBEAEHUS IMAarHOCTUYECKMX NMPoLEeayp MOXET 6bITb
nonesHom ans aHeKTUBHOrO NCNONb30BaHNUA reHepaTOPHON CUCTEMbI, YTO 06ecrneunBaeT NnosyyeHne Makcumarb-
HOro KonuyecTBa KayecTBeHHbIX POl 13 antoarta reHepaTopa 1 Cnoco6CTBYeT 06 bEKTUBU3ALMM OHKONOrMYECKOro
rpouecca ¢ Lenbto Bbi6opa TaKTUKM NEYEHNUS.

KntoueBble cnosa:

paAMoHYKIMAHbIE UCCNER0BaHMS, OCTeoCLMHTUrpadus, reHepatop *mTc, pagmodapmnpenapar,
nnaHvpoBaHue OCT, nupdoTex, MponyckHas CNoCO6HOCTb.
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RELEVANCE

The examination of cancer patients is extremely
complex, including radiation, endoscopic and vari-
ous laboratory methods of investigation [1]. Mod-
ern diagnostics of metastatic lesions of the skeletal
bones is of great importance for the choice of treat-
ment and prognosis for many malignancies, such
as: breast, prostate, thyroid, lung, kidney, stomach,
esophagus, intestine [2-5]. Among the existing
methods of radiological diagnosis of bone metas-
tases, osteoscintigraphy (OSG) occupies a priority
position [6].

0SG is a method of radionuclide diagnostics
based on the introduction of a radiopharmaceu-
tical (RPD) drug to the patient's body and subse-
quent registration of its distribution and accumula-

Fig. 1. Multiple foci of pathological hyperfixation of RF are
detected on the osteoscintigram (osteoblastic metastatic lesion of
skeletal bones in prostate cancer).

tion in the skeleton using gamma-cameras. 0SG is
not only highly sensitive, but also allows scanning
the entire skeleton, which is not possible with other
more specific methods of examination (fig. 1).

Spiral computed tomography is also used to di-
agnose bone metastases. Although highly specific,
it does not provide early diagnosis of the lesion [7].

Emission tomography (osteoscintigraphy) of
the whole body remains one of the most popular
methods of radionuclide diagnostics. According to
our data, OSG consistently accounts for more than
80% of the total number of radioisotope studies.
So, in 2017, 2057 radionuclide studies were per-
formed in the radioisotope laboratory with the ul-
trasound diagnostics group based on the National
Medical Research Centre for Oncology of the Min-
istry of Health of Russia, of which 89% (1837) is
skeletal emission tomography, in 2018, 2255 were
performed, of which 86% (1928) is skeletal emis-
sion tomography, in 2019. 2394 were conducted, of
which 88% (2110) were 0SG. The quality of the re-
ceived information and the throughput is affected
by the activity of the RFP: increasing the activity, in
order to reduce the scanning time to increase the
throughput, increases the patient's dose load [6].
Reducing the activity, in order to increase the num-
ber of OSH (RFP is distributed to a larger number
of patients), reduces the image quality, affects the
reliability of the conclusion. The scan time indica-
tor affects the quality of the information received,
the throughput, and also depends on the patient's
condition. The radioactivity factor of the RFP inev-
itably affects the planning of the OSG. In the pres-
ence of low RFP activity, it is impossible to plan
a large number of 0OSG, because in such cases,
technological capabilities will not be observed and
the information obtained during scanning will be
of poor quality; increasing the scan time reduces
throughput.

The high demand for OSG requires optimization
of research planning with the maximum use of the
generator resource on the days of operation, taking
into account the RFP activity indicator, the scan
time.

The purpose of the study. To determine the most
possible number of high-quality radionuclide stud-
ies by the days of the generator's service life.
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MATERIALS AND METHODS

For conducting events an OSG was applied RFP
"Pirfotech, **™Tc", cooking which one provided by us-
ing the generator *"Tc GT-4K type.

Generator set technetium-99m the GT-4K type rep-
resents is a device containing the sorbent is molybde-
num-99 with a period half-life 66.02 hours in the form
molybdenum ammonium (NH,) (MoO,)* and destined
for multiple use obtain sterile solution pertechnetate so-
dium with technetium-99m (eluate) [9].

Calculation General activity eluate (resource of
the generator) as of the date of the event conducted
by using the formula radioactive material maternal
breakdown the isotope *°Mo:

A = A0 * 2A-(t/T1/2 ,

where A —total activity eluate for the day t, GBk;

A, - activity starting point on delivery date by pass-
port to the generator and the start time (8:00 h) oper-
ating conditions of the generator, GBKk;

t — elapsed time after the start operating condi-
tions of the generator for the day and time shift
starts, one o'clock;

T,,, — half-life molybdenum-99, equal to 66.02 hours.

Scheme radioactive materials transformations
described by next one with the scheme:

Mo (T,,=66.02 h) » B-(86.3%) » *™Tc (T
h) » y (140keV, 89.6%) - ...

As aresult beta-minus the decay is formed by new
isotope — °°™Tc with a period half-life 6.01 hours Max-
imum value activity **™Tc achieved byafter 23 hours,
which provides possibility every day obtain the iso-
tope **"Tc.

6.01

172”7
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Activity radionuclide (radioactive substances)
9mTc evaluated derived form using the Sl unit — Bec-
querel. In the calculations for amenities enjoyed
a multiple of one gigabecquerel - GBk (1 GBk = 10*°
BC) [11].

Processing indicators OSG process was carried
out using mathematical methods methods with us-
ing the program Excel.

0SG conducted by on gamma-cameras systems
e.cam Signature Series, Symbia T16 “Siemens,
syngo M1 Applications VB10 “Siemens” several
timesstages.

Initial stage to patient intravenous enter the RFP,
then, through 3 hours after introduction of the RFP,
conducted by planar scanning full body study on av-
erage, it takes 20 minutes.

The final one this stage is used for archiving and
a computer program processing received data re-
sults [10].

In calculations and in the future process anal-
ysis OSG we were systematized the following
factors affecting on efficiency planning process,
time of the event OSG and access card the ability
of the process:

1) generator resource (volume activity received
eluate 5-10 ml) the first one day of operation it is
11.59 GBk. Calculated by at the start time opening
hours 8:00 from passport number values equal to
11.00 GBk as of date and delivery time 13:00;

2) total time for conducting a survey all 0SG per
shift compose 180 min. It turns out by subtracting
out of time duration shifts (420 min) preparation
time to be held OSG 30 min, time savings entered

The estimated practical and maximum possible throughput of the
OSG by the days of the generator's service life when performing
the OSG on a single gamma-camera with a single generator

30

25

20

15

10

5

0

—o— The bandwidth of the generator

—o— Throughput based on technological capabilities

Fig. 2. Maximum throughput when conducting
0SG on one gamma-camera and having one
generator.
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Generator resource and it’s consumption when working
on a single gamma-camera with a single generator

12,00
10,00
8,00
6,00
4,00

2,00

0,00
Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon

B Resource generator in the activity of the eluate, GBk
= Consumption of the generator in the activity of the eluate, GBk

Fig. 3. The generator resource, in the activity (GBk) of the resulting
eluate, by the days of its service life and its consumption, taking
into account the technological capabilities when working on a
single gamma-camera.

Generator resource and it’s consumption when working

on two gamma-cameras with one generator
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= Consumption of the generator in the activity of the eluate, GBk

Fig. 4. The generator resource, in the activity of the resulting
eluate, by the days of its service life and its consumption, taking
into account the technological capabilities when working on two
gamma-cameras with one generator.

Generator resource and it’s consumption when working on two

gamma-cameras with three generators
35,00
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25,00
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® Resource of 3 generators in eluate activity, GBk

= Generator consumption in eluate activity, GBk

Fig. 5. Generator resource and its consumption when performing
0SG on two gamma-cameras and simultaneously delivering three
generators.

10

RFP for the patient 180 min and time complete run
works on gamma-cameras in a shift of 30 minutes.
30-minute session preparation and completion
works based on on technical sites and organization-
al issues events isotope analysis works ad blocks;

3) max. number of OSG in the change is equal
to eight. It turns out by dividing the total OSG time
per shift 180 min on average collection time data
for one research — 22 min (adds up out of time in-
stallation/removal the patient and scan time (scan
time with a height of 170 cm and speed scanning
system that provides the optimal one the exhibition
consists of about 17.5 min);

4) required information need the eluate for secu-
rity features maximum value access point abilities
for a change to 3.2 GBk. It turns out by multiplying-
max. the number of OSG in change (8) to activity el-
uate for one research — 0.4 GBk (in accordance with
The with instructions for medical purposes to use
"of the drug Pirfotech, *°Tc",— 3-6 MBq per 1 kg
weight, for an adult a patient with weighing 75 kg
was accepted equal to 0.4 GBk);

Calculation max. the number of OSG in the shift
was made for the following to the algorithm:

defined possible max. number of OSG on the site
planned day 2 dividing values generator resource for
this day and the start time works on the valueactiv-
ities the eluate for conducting events one of OSG
(0,4 GBKk). Then, we compared this value is with the
maximum the number of OSG in a shift. Ifestimated
value the meaning of OSG more than or if it is equal
to 8, then for planned the value accepted - 8 if less 8,
then the calculated value the value was rounded up
down and received the value was accepted for what
is planned the number of OSG. Calculation performed
by all days of the deadlineoperating conditions the
generator. Figure 2 shows results calculating the ac-
tual cost of access point abilities OSG taking into ac-
count technological solutions features in the compar-
ison with the maximum access point ability to when
using total resource generator, by expiration date op-
erating conditions of the generator when you run 0SG
on the one gamma-camera with one generator.

The results of the calculations were tabulated,
and graphs of the OSG process indicators were
plotted. Numerical values and graphical construc-
tion were analyzed. The throughput of the possible
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0SG for all days of the guaranteed life of the gen-
erator was determined as the sum of all calculated
values for the specified period.

The dependence of the total throughput on the
day of the week of generator delivery for the oper-
ational period was calculated similarly to the algo-
rithm described above.

We considered the following options for the 0SG
process under the specified conditions:

1. One gamma-camera and one generator;

2. Two gamma-cameras and one generator;

3. Two gamma-cameras and three generators
set at the same time.

All patients signed an informed consent to con-
duct the study before the study.

“ccnefoBaHuin npu npoBeeHnn OCTEOCLWIHTVII'padJVIVI

THE RESULTS OF THE RESEARCH
AND THEIR DISCUSSION

Fig 3-5 shows the results of calculating the gener-
ator resource and the required eluate demand to en-
sure maximum throughput per shift, depending on the
number of generators and gamma chambers used.

We see that in the first week of operation of the
generator, the generator resource significantly ex-
ceeds the necessary eluate requirement to ensure
maximum throughput during the OSG, the number
of which is limited by the technological capabilities
of the research process.

In the second week of the generator's life, the
maximum possible throughput is limited only by the

Table 1. Indicators of the efficiency of the use of the generator during the 0SG

Indicator

Unit of
measurement

1 gamma-
camera
1 generator

2 gamma-
cameras
1 generator

2 gamma-
cameras
3 generator

The resource of the generator in the activity of the resulting eluate

Generator resource for all days of the service life GBk 50.86 50.86 152.58
Generator resource in the first five working days of the

service life GBk 37.28 37.28 111.85
Generator resource from 8 to 15 days of operation (only GBk 6.73 6.73 20.19
for working days)

The needs of the eluate to ensure the highest possible bandwidth when performing 0SG

The need for eluate for conducting OSG for all days of the

service life GBk 21.20 33.60 50.80
Maximum eluate requirement for OSG in the first five

working days GBk 16.00 28.40 32.00
Eluate requirement for OSG from the 8th to the 15th day GBk 59 520 18.80
of operation (only on working days)

Throughput during OSG, taking into account technological capabilities

The maximum possible number of OSG for all working .

days of the generator’s service life Unit 53 84 127
The maximum possible number of OSGS for the first five Unit 20 71 80
working days

The maximum possible nu_mber of OSG from 8 to 15 days Unit 13 13 47
of operation (only on working days)

The indicators of efficiency of the eluate

The proportion of eluate to ensure maximum throughput

over all days of the life of the generator over the same % 41.68 66.07 33.27
period

The proportion of the eluate to ensure maximum

throughput for the first five days of the life of the % 42.92 76.18 28.61
generator over the same period

The proportion of eluate to ensure maximum throughput

from 8 to 15 days of the service life of the generator % 77.26 77.26 93.11

resource for the same period

11
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Throughput during the warranty period of the generator,
delivered on different days of the week

54
53
52
51
50
a9
a8
47
46
a5
a4

53

Mon Tue Wed Thu Fri

Fig. 6. The total throughput during OSG on one gamma-camera,
depending on the day of the week of delivery of one generator for
a five-day working week.

generator's activity on the day of the study, which
decreases non-linearly with each subsequent day.

The table 1 shows the quantitative indicators of
the generator resource by the days of the service
life, the capacity of the OSG, taking into account the
technological capabilities and the need for eluate to
ensure the maximum possible capacity during the
0SG with various combinations of generator sup-
plies.

Thus, the entire life of the generator has two pe-
riods:

a) the period with the maximum possible through-
put;

b) the period of limited possibility of conducting
the 0SG.

We found that the maximum number of possible
0SG (127) is performed in the presence of two gam-
ma chambers and three generators, and according
to the scheme 1 gamma-cameras — 1 generator is
the minimum possible (53), but at the same time
the efficiency of using the capabilities of the gener-
ator (s) is different:

1. The maximum efficiency of using the eluate
(generator resource) is shown when working accord-
ing to the scheme 2 gamma-cameras — 1 generator
(66.07%); the minimum — according to the scheme 2
gamma-cameras — 3 generators (33.27%);

12

2. The maximum throughput can be provided when
working according to the scheme 2 gamma-cameras
- 3 generators (127); the minimum - according to
the scheme 1 gamma-cameras - 1 generator (53);

The total estimated capacity of one generator for
the period of operation (including weekends) was
119 OSG; the total number of OSG, taking into ac-
count technological capabilities, was 53 0SG. The
resource of a single generator is sufficient to pro-
vide 2.2 times more OSG research than the actual
throughput capabilities of a single gamma-camera.

The analysis shows that in the first week, the
generator's resource in eluate activity significantly
exceeds the needs of one gamma-camera when
working with one generator: the total resource of
the generator for the entire period of operation (in-
cluding weekends) is 50.58 GBk, and the need for
eluate is 21.20 GBk, which is 41.68% of the total re-
source of the generator.

All the figures show that in the second working
week, the generator resource is used most efficiently.

The throughput dependence during the OSG de-
pends on the day of the delivery week. The optimal
day for the generator delivery and the start date of
the OSG is Monday. Figure 6 shows the analysis of
the capacity for the warranty period of the genera-
tor (15 days), when delivered on different days of
the week.

CONCLUSION

The most significant factors of optimal 0SG
planning for the days of the generator's service life
are the technical characteristics of the generator,
the number and frequency of generator delivery,
and the availability of gamma-cameras.

Thus, the method of planning diagnostic proce-
dures described by us can be useful for the effec-
tive use of the generator system, which ensures
the maximum amount of high-quality RFP from the
generator eluate and contributes to the objectifica-
tion of the oncological process in order to choose
treatment tactics.
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