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A NEW APPROACH FOR SPLIT RENAL FUNCTION EVALUATION OF
GLOMERULAR FILTRATION RATE, PERFUSION AND PLASMA FLOW BY
NUMERICAL ANALYSIS OF 3D MSCT-BASED MODELS
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Materials and methods. A prospective study was launched in a Research Moscow, Russia.

Institute for Uronephrology and Reproductive Health from November, 2015 to May, 2017.
88 patients were enrolled into the study (2 with hydronephrosis, 10 with hypertensive
kidney disease, 5 with stone kidney disease, 2 with kidney anomalies, 69 with renal
tumors). Comparison made between renal scintigraphy data and 3D MSCT-based models.
Results. CT-based methods for the calculation of split renal function with 3D-models
showed correlation with renal scintigraphy (p<0.004).

Conclusion. A new approach for split kidney function assessment based on
contrast-enhanced CT with 3D-models and mathematical analysis allows for both
acquiring detailed data on clinical anatomy and evaluation of renal function to promote
preoperative decision-making. It showed strong correlation with no significant difference
in comparison with RS in terms of glomerular filtration rate, perfusion and plasma flow.
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ith respect to providing comprehen-

sive and accurate information about

tumor size and shape in relation to

the kidney and adjacent organs and
tissues, contrast-enhanced multi-slice computed
tomography (MSCT) has become a commonly used
imaging modality in urology. Modern MSCT scan-
ners allow for performing a three-dimensional (3D)
rendering of a region of interest and thus leading
to well-balanced decision-making in advanced re-
nal tumor. The evaluation of split renal function is
traditionally based on renal scintigraphy data
(RS). RS with technetium-99m MAGS is utilized to
measure kidney function. Injection of a radioactive
tracer is followed at 2 minutes by measurement of
the amount of decay from each kidney. It is a re-
searcher-dependent way of split kidney function
assessment. As well as that results of RS may de-
pend on patient’s weight and patient’s body
movements during the procedure [2, 7]. However,
it is commonly used in the clinical settings [4, 5,
8|.

Contrast-enhanced MSCT is a 4-phase in-
vestigation providing a series of images in non-
enhanced, arterial, venous, and excretory modes.
Modern MSCT scanners allow for performing a
3D-reconstruction of a ROI in every phase. Pre-
sumably, fusion of all the phases into a 3D-image
would facilitate better understanding and inter-
pretation of the preoperative imaging data and
lead to a carefully-weighted decision-making in
advanced renal tumor [9]. Images are reconstruct-
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ed with a 1 mm-slice thickness in multiple planes.
An Amira Version 5.4. (Konrad-Zuse-Zentrum,
Berlin) software was used to generate 3D CT-
models [6]. As it was demonstrated in the previous
papers utilizing Amira software may aid for deci-
sion-making leading to less operative time, blood
loss, warm ischemia time, length of hospital stay
and negative surgical margins [1, 3]. Currently,
Amira is routinely used in a Research Institute for
Uronephrology and Reproductive Health for pre-
operative decision-making. However, we aim to
present data on Amira for split renal function as-
sessment.

Objective.

This paper aims to present how numerical
analysis of kidney 3D-models can be used to eval-
uate split renal function.

Materials and Methods.

From November, 2015 to May, 2017, 88 pa-
tients were enrolled into a prospective study
launched in a Research Institute for Uronephrolo-
gy and Reproductive Health. Inclusion criteria
were as follows: 1) patients wirh urological diseas-
es leading to kidney function loss; 2) availability of
contrast-enhanced MSCT and renal scintigraphy
clinical data. Exclusion criteria: voluntary aban-
donment from further work-up or no available
clinical data at a three months follow-up. The
mean age of patients was 58 years (CI £ 21.7).
3200-4200 Hounsefield unit (HU) radiopaque
agents were used to perform MSCT. Algebraic de-
termination of split renal function was performed
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with Amira Version 5.4. software (licence number
ASTND.44644). An IT-specialist was blinded to the
results of RS.

MSCT data was copmared to RS and histo-
pathological findings Statistical analysis of data
obtained was performed using MedCalc Statistical
Software version 17.0.4 (MedCalc Software bvba,
Ostend, Belgium; 2017).

Results.

4.1. Mathematical analysis of 3D-models
generated from contrast-enhanced multi-slice
computed tomography (MSCT) scans. Four-phase
abdominal CT-images included non-enhanced,
arterial, venous, and excretory phase data sets.
The following protocol was established: 1) pre-
contrast scans (t_1); 2) arterial scans (shortly after
a contrast reaches the renal arteries); 3) paren-

Fig. 1 (Puc. 1)

3D-model of MSCT.

Regions of interest with high attenuation are
made transparent. Lesion is outlined and «sub-
stracted» from the model.

3D-moaeAb MCKT.

Fig. 1.

Puc. 1.

Jlag 30H HHTEpeca HCIOAB30BaH (PHUABTP IIPO-
3payHocTH. OGBEM OILyXOAEBOM TKAHU HU3BAT U3
obbeMa, K KOTOPOMY OyayT HpHMEHEHbI Mapa-
MEeTPBI pacyera (PYHKIIUH NapEeHXHUMBIL.

chymal scans (50 to 60 seconds after the arterial
phase); 4) excretory scans (seven minutes after the
arterial phase). Images were collected in a DICOM-
format. Original images are mispresented for fur-
ther analysis due to «white noise» distortion (noise
containing many frequencies with equal intensi-
ties). Application of various filters allow for better
image quality acquisition.

Amira 5.4.5 software tools allow freeing the
margins of the kidney from adjacent organs with
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similar attenuation. Structures with different at-
tenuation values can be «added» to or «subtracted»
from the model. Figure 1 shows kidney cyst (up-
per pole) and a kidney lesion (lower pole). Cysts do
not accumulate contrast agent so they do not af-
fect numerical analysis.

However, kidney lesions being highly vascu-
larized need to be subtracted from the 3D-model
(1) by estimating radiological density of a contrast
agent n ()_(,t_i ) at a_t_i tim(_s: ]

n(x,t;) = —1000 = 1(inside the lesion) + n (x,t;) = 1(outside the lesion),

Regions of interest with high attenuation
and regions with plenty of contrast agent (veins
and arteries) are «substracted». Crust relative con-
trast flows are compared in the left (L) and right
(R) kidney (2).

Plasma flow(R) = ——eres®

, Plasma flow(L) = ———eris®
w

Meortex (R}+Mc ortex Meortex [R}"‘Mcm"rsx (L)

where
Plasma flow - percent of the contrast agent into the cortex;
M - «anassy of contrast acent in a selected volume of right or left kidney cortex (Hu*err’)

50-60 seconds (t_2) after the arterial phase
another scan is performed. Contrast agent deliv-

ered to the cones (AMyyrine 1(2) of the kidney is
assessed (3):

ﬂ'Mu?iﬂs 1(2) = Zx in (cones) ﬂ"n":..r.r-i*n.e:-r 1{1: EE) *AV.

Seven minutes after the arterial phase an-
other scan is performed (t_3) — excretory phase.
Secondary urine formation can be estimated in
this phase. However, due to the fact that urine
from each kidney is mixed in the bladder total
contrast agent release can be assessed.

«Label Voxel» mode is used to outline region
of contrast agent distribution. An important char-
acteristic of kidney function is an ability of the
renal cortex (nephrons) to produce urine. This
value (U_tot) can be calculated (4) by dividing the
volume of radiopaque agent excreted by the 7th
minutes by the volume (V_cortex) of the cortical
layer of the parenchyma (P):

'Utat[ﬂ or L) = tot = P[F: arL}I{Vpiasma (Rorl)

Where tot characterizes the excretory func-
tion of the kidneys (%). If a patient has stones in
the pyelocaliceal system, then their «mass» in HU
must be subtracted from the mass that we ob-
tained earlier, adding n (x,t_ 3 ) over the selected
area in order to obtain the «mass» of contrast
agent brought with secondary urine. Separately
calculating the masses of contrast agent, we find
the distribution of contrast agent in the secondary
urine on the left and on the right (5):

Mg
My +Mg

My
Mp+Mp

FPerfusion ; = , Perfusion =

However, it is quite rare that the contrast
agent filtered by both kidneys reaches the bladder
at a different time and rate (e.g.: unilateral ob-
struction of the upper urinary tract). From the en-
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Fig. 2 (Puc. 2) Fig. 3 (Puc. 3)
Fig. 2. Light microscopy (x 400). Fig. 3. Data RS and MSCT with numerical pro-

Shrunk kidney glomerulus (encircled with the red
line) with large Bowman's space. Hematoxylin &
eosin stain.

Puc. 2. CaeToBas mukpockonus (x 400).

CrAepo3UpOBaHHBIE KAYOOYKH (0OBEMEHBI IO KOH-
TYPY KpPacHOH AMHUEM) C pacCIIUPEeHHBIM IPOCTPaH-
crBa Boymena. OkpaniBaHHe TeMaTOKCHUAMHOM H
303UHOM.

cessing of data on the functional ability of the kid-
ney.
Orbital bone borders were marked on every axial
slice.

Puc. 3. AaHHble peHocuuHTUrpadumn (PC) u MCKT
c oTobpaxeHnemM PyYHKLUOHAABHOU COXPAHHOCTH
NAPEHXMMbl B Y4CA€HHOM 3KBUBAAEHTE.

tire flow of contrast agent, part of it enters the
urinary tract and another one goes back to the
veins. Coefficient K_2,3 helps to assess the distri-
bution of contrast agent flows to the kidney and to
the veins (6). This coefficient can be estimated by
dividing the amount of contrast agent in the entire
parenchyma in the venous phase (the moment
when contrast agent passed the renal arteries and
reached the nephrons) by the amount of the con-
trast agent of this kidney in the excretory phase:

KE,EI. = Mpars‘nch}ma{z}anrine_E{3}'

By the value of K_2,3, one can judge the di-
vision of the total flow of contrast agent between
blood supply systems and urine formation. For
the reference value, we calculated the coefficient
K_2,3 in a healthy 21-year-old volunteer with 100
ml of contrast agent at a rate of four ml / sec
~0.7.

One of the most important indicator of the
renal function, - glomerular filtration rate, - was
also calculated (7):

Glomerular Filtration = Z [Mpen — M rr,],] AV
xinll

general, the described approach makes it
possible to judge the segmentary function of the
kidneys.

4.2. Renal scintigraphy (RS). In addition to
the technique based on the assessment MSCT
kidney data with contrast, in this research work
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we compared the renal function obtained by RS.
The results were analyzed, - a statistically signifi-
cant correlation between two methods of split re-
nal function assessment was observed. Compari-
son of data on perfusion of the right and left kid-
neys obtained with RS and MSCT shows the fol-
lowing results: P<0,004 and P<0,0001 according-
ly.

4.3. Histopathological data. When studying
the structures of the renal parenchyma via mi-
croscopy, changes were revealed. In patients with
hydronephrosis, pathomorphological data indicat-
ed a significantly reduced functional ability of the
kidney tissue (fig. 2), which is more correlated
with the results of the mathematical analysis of
MSCT kidney data with contrast than with data
from RS (fig. 3).

Conclusion.

A new approach for split renal function as-
sessment of glomerular filtration rate, perfusion
and plasma flow by numerical analysis of 3D
MSCT-based models allows for both acquiring de-
tailed data on clinical anatomy and evaluation of
renal function. As far, as we aimed to present data
on new method, we can conclude that it is as ac-
curate as RS. Besides it is characterized by statis-
tically proved advantage over the last in assessing
the functional state of the kidney parenchyma
when it is compromised in conditions of perma-
nent retentional compression caused by hydro-
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nephrosis. Thus, a new approach is not only the
way to assess glomerular filtration rate, perfusion
and plasma flow, but it is also an improved meth-
od for decision-making and more accurately selec-
tion the amount of intervention with tendency to
be optimally appropriate for each patient person-
ally.
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