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The disciplines of medicine and physics are like oil and vinegar,
often shaken together, often appetizing but not easily miscible.
We attempt to blend the soothing oil of medicine with the acid
reality of physics in a study of how the kidney works.

Lloyd Luke, 1971

Abstract. This paper is the presentation of the fundamentally new approach to the
quantitative assessment purifying functions of an excretory organ based on the
modern dynamic radionuclide studies. The indicator of the function state of the organ
is the relative fraction of the minute circulation volume, which completely cleared by
the tested organ — the effective fraction of cardiac output (EFMO), calculated from
the activity-time curve, recorded over the heart after injection into the blood
circulation of the testing radiopharmaceutical.
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In the recent decades, clinical radiology received unprecedented technological
progress gifted by physicists. Physicists have created and perfected CT, HRCT, PET,
SPECT, MRI, functional MRI, digital ultrasound, PET-CT. These new diagnostic
modalities gave to physicians the ability to see not only the finer details of the
anatomical structure of the internal organs and tissues of the patient, but also the
mechanical properties of tissue and the mechanics of the processes of the blood
circulation compared norm and pathology [1-9].

However, nuclear medicine studies of the dynamic functional processes, of the
principles and the models which have been developed by physicists together with the
clinicians at 60-90th years of the last century [10-18], unfortunately, remained on the
roadside of the progress. This section of Clinical Radiology, whose development
requires cooperation of medical researchers and physicists is used in clinical practice
at a level that is too far from his significance in the clinical management of patients

[19]. In addition, the cost of new technologies remained aside, and, that is the
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principal impossibility, the latest technology are untenable to record of dynamic
processes in the body during sufficient time (an hour or even more) that correctly to
determine quantitatively of the dysfunction level.

The greatest success in nuclear medicine link of the clinical radiology have
been made to create mathematical models and their practical testing for quantitative
assessment of the common blood circulation and excretory organs, including the
kidneys and the liver [20-28].

This paper presents the further improvement of the principles of quantification
of the excretory organs function indices using the dynamic nuclear medicine tests.
The impetus for this is the emergence of new radiopharmaceuticals, specifically
eliminated from the blood by the different ways.

Let us consider the case of radionuclide study where wusing the
radiopharmaceutical (RPh) that specifically removed from the blood by the examined
organ (hereinafter — purifying organ). A curve of the RPh concentration in the blood
in time (activity-time curve) recorded above an organ through which the vessels the
circulating blood transits, e.g. the heart (hereinafter — the transit organ).

It is obvious that at the first pass through the transit organ RPh activity, present
in the moment t in this organ, is the difference between the activity of the RPh,
entered at this point of time in the transit organ (aj(t)) and the activity of the RPh
extruded from it (a, (t)).

Therefore, activity-time curve R(t) can be written in such equation:

R(t) =k(a;(t)—a, (1)), (D)
where k — the proportionality factor between the RPh activity present in the organ,
and the count rate recorded above organ of this time.

Obviously, the value of a;(t) is equal to the product of two quantities — total
activity of the injected RPh and the likelihood that the transit times of the RPh
molecules to entry into the transit organ is less than or equal to t. This probability is a
function of the distribution of transit times RPh molecules from its point of the
injection to the entrance of the transit organ, i.e.:

ai(t) = AFi(),
where F;(t) — the above distribution function, A — total activity of the injected RPh.

Similarly:
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ao(t) = AF(t),

where F,(t) — distribution function of the transit times of the RPh molecules from its
point of the injection to the exit from the transit organ.
Then we can write from (1):
R(t) = kA(F;(t) - F, (1)).
So let us calculate the area under the curve of the first pass RPh through the

transit organ:
So = [R(t)dt = kA [(Fi(t) - F, (1) )dt (2)
0 0

and convert the equation:

[(F.() = F, ()t = t(F, () - F, ()] — [ t(F: () — £, (1))t . 3)

0 0

Because F, (o) =1=F_ (), the first term of the right-hand side of (3) is equal to

zero, therefore:
[(F.(D) - F, ())dt = [tf, (dt - [tf; (dt =T, —1;, 4)
0 0 0

where tjand t, are average transit times from the point of introduction of the RPh to
an entrance of the transit organ and to an exit from it, respectively.
It is obvious that t, = t; + t;, where t; — transit time of the RPh in the transit

organ. As the random variables t; and t; are independent random variables, we can
write:
to=tj+t, or t =t,—t.

Comparing the last formula on the right side of (4) and taking into account the
expressions (2) and (3), it is easy to understand that:

So = kAt,.

So, the area under the curve activity-time of first pass of the RPh through the
transit organ for any law of RPh entrance in this organ is the product of the

administered RPh activity with its average transit time in the transit organ and a
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factor of proportionality between the count rate over that organ and RPh activity
therein.

One of the most important hemodynamic parameters of the body is the minute
volume of circulation (MVC shorter MV), i.e. the volume of blood, flowing through
the cavities of the heart per minute. In adult MV is about 57 liters per minute.

Ejected by the left ventricle into the aorta the blood is distributed at the
network of arteries, delivering it to the organs and tissues. Some part of the MV
passes through each organ including through the purifying organs.

The most important of all purifying organs are the kidneys. In a normal adult
human about 25% of the blood, ejected by the heart, passes through the kidneys. Such
rich blood supply is provided by the anatomy of the renal arteries extending from the
abdominal aorta like a short thick trunk.

They distinguish for the kidneys: total renal circulation (TRC) — the amount
of blood passing through the entire kidney per minute, and effective renal
circulation (ERC) — blood flow through functioning renal parenchyma per minute,
which accounts about 90% of the TRC. TRC has the ability to autoregulation — to
remain constant. ERC in renal disease is reduced in proportion to the extent of
damage of the kidney purifying function. This in turn leads to lower values of the
ratio of ERC/MV in this condition. Consequently, the ratio between the effective
renal circulation and minute volume of circulation — ERC/MV — can be a very valid
indicator of the kidneys purifying function in all circumstances, moreover
independent of all other terms and conditions. In its physiological fact, this figure is
the effective fraction of minute volume of circulation (EFMV) for the tested
purifying organ.

Assessment of the ERC state is carried out by an indirect method of a
clearance — measuring the ability of the cells of the renal parenchyma to the almost
complete removal of the blood test substances. For this purpose, use of such
compounds as paraaminohippuric acid (PAH), diodrast, creatinine. However, this
method has some limitations, it is burdensome for the patient and provides significant

errors, so the use of this method clinically impractical.
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Let the RPh, which selectively extracted by the kidneys, is introduced into the
bloodstream. Within a minute the kidneys cleanse out of the RPh from the fraction of
the MV which strictly equal to the absolute value of the quantity of the ERC. Further
the purified blood returns to the general circulation and reduces the concentration of
the RPh in it proportionally to the ratio of ERC/MV. Thus, the ERC in the general
circulation can be formally regarded as a fraction of the MV, completely free of the

RPh at the same its concentration in the rest of the MV.

Denote the ratio of ERC/MV by the coefficient ¢ and write in the form of the
equation: @ = ERC/MV = EFMV.

The coefficient @ is the probability that the molecule of RPh walk into a
purifying organ on the first pass of blood through the circulatory system. Hence the

probability p, of that the molecule will be captured at the n-th pass is calculated as
follows:
Pa=0(-¢)""
Now we calculate the total area (S.) under of the activity-time curve recorded
above the transit organ. Since, as above mentioned, when passing through a purifying
organ of the RPh portion, corresponding contribution in the total area is not

dependent on input law of this portion and is determined only by its activity and the

average transit time of the RPh in the transit organ, it can be written:
S, =kt (a; +2a, +3a; +..)=kt, Y na,, (5)
n=1

where a,, ap, a3, ... — activity of those portions of the RPh that were captured in the

first, second, third, etc. drug passes through the circulatory system, respectively.
Clearly, a,= Ap, = Ap(1- )", therefore taking into account (5) we can write:

S, = kAt @Y n(l—¢)""

n=1
Transforming the last expression and using the formula for the sum of a

geometric progression, we obtain:
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e KAt

> n(l-e)™! =L2 and S, =—21%.

n=1 (0} ¢
So
S

From here: =0,

C
i.e. value of the EFMYV is the ratio of the area under the curve of the first pass of the RPh
through transit organ allocated from recorded above this organ the activity-time curve, to
the area under the total activity-time curve.

It deserves to be noted that the simple calculations lead to the following

interesting result: l_& ,

¢
that is the inverse of EFMV, equal to the average number of passes of the RPh

molecules through the circulatory system until they are captured by purifying organ.

The above principles for determining the level of kidney function by using
dynamic radionuclide studies are applicable also to examine of the purifying
functions of the liver using proper purpose radiopharmaceuticals.

The authors indicated no potential conflicts of interest.
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THununenuxo M.1., Knicasxo B.I'., Jlicoeou B.M.
KinbkicHa oninka (pyHKIii 0O4MCHUX OPraHiB B silePHiil MeIMUIMHI: CIIOTaJgH MPO
Maii0yTHE
Xaprxiscokuti HayioHabHULL MeOUyHULl yHigepcumem, YKpaina
Pe3ome. CrarTs CTOCYEThCSI BUKJIAAY MPUHIIMIIOBO HOBOTO MIAXOMY N0 KIJTBKICHOI
OLIIHKK OYUCHOT (YHKIIi OyIb-IKOT0 €KCKPETOPHOI'O OpraHy Ha OCHOBI Cy4aCHHX
JTUHAMIYHUX PAJIOHYKIITHUX JOCTiIXKeHb. [lokasHUKOM cTaHy 1i€l (GyHKIIT oprany
€ BIJHOCHA (pakiis XBHJIMHHOTO 00'€eMy KpPOBOTOKY, IO IMOBHICTIO OYMIIAETHCS
opranom — edekTuBHa Qpakilis XBIWIMHHOTO 00'eMy (EDMO), sika 00UUCTIOETHCS IO
KpHUBI aKTUBHICTh-4ac, PEECTPOBAHOI HAJ CEpIEM IICiIsl BBEACHHS B KPOBOOOIr
TECTOBOTO pajaiodapmmpenapara.
KioueBble cjioBa: sjuepHas MEIWUIMHA, JTUHAMHYECKUE PaJHOHYKIIUIHBIC
UCCJIE0BaHUs, ICyPAIlMOHHBIE OPTaHbl, TECT OYUCTUTEIHLHON QPyKIIUN
THununenxo HH., Knueasxo B.I'., Jlucoeout B.H.
KosanuyecTBeHHAasl o1leHKA (PYHKIIUM OYNCTUTEILHBIX OPTaHOB B si/I€PHOii
MeIuIMHE: BOCIIOMUHAHUS 0 OyayuiemM
XapbKo8cKull HAYUOHAbHBIU MeOUYUHCKUL YHU8epcumem, Yxkpauna
Pe3tome. CraThsi Kacaercsi HU3JOKEHUIO TNPUHIUIHUAIBHO HOBOTO MOAXO0Ja K
KOJIMYECTBEHHOM OIIEHKE OYMCTUTENBHON (DYHKIMU JII0OOTO SKCKPETOPHOTO OpraHa
HAa OCHOBE COBPEMEHHBIX JUHAMUYECKUX PAJUOHYKIUIHBIX HCCIICIOBAHUIA.
[TokazaTenem cocTosiHUS ATOM (PYHKIIMM OpraHa SIBISETCS OTHOCHUTENbHAsI (paKiius
MUHYTHOTO 00BEMa KPOBOTOKA, TOJHOCTHIO OYHUIaeMas OopraHoM — 3¢ deKTuBHAS
bpakius MuHyTHOTO 00BeMa (DDPMO), BeiuuCHsieMast IO KPUBOW aKTUBHOCTh-BPEMSI,
pPEruCTpUPYEMON HaJl CEpALleM II0ClIe BBEACHHA B KPOBOTOK TECTUPYIOLIETO
panuodapmmnpenapara.
KurwuoBi ciaoBa: sjgepHa MeAuIMHA, IWHAMIYHI PaTiOHYKIIIHI JIOCHTIIKECHHS,
JienyparliitHi opraHu, TeCT OYUCHOT (yHKIIIi
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