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¢ One of the the widely used way to follow up oncological disease is estimation of lesion size differences. Volumetry
is one of the most accurate approaches of lesion size estimation. However, being highly sensitive, volumetric errors
can reach 60%, which significantly limits the applicability of the method.

Purpose was to estimate the effect of reconstruction parameters on volumetry error.

Materials and methods. 32 patients with pulmonary metastases underwent a CT scanning with 326 foci detected.
326 pulmonary were segmented. Volumetry error was estimated for every lesion with each combination of slice
thickness and reconstruction kernel. The effect was measured with linear regression analysis

Results. Systematic and stochastic errors are impacted by slice thickness, reconstruction kernel, lesion position
and its diameter. FC07 kernel and larger slice thickness is associated with high systematic error. Both systematic
and stochastic errors decrease with lesion enlargment. intrapulmonary lesions have the lowest error regardless the
reconstruction parameters.

Lineal regression model was created to prognose error rate. Model standart error was 6.7%. There was corelation
between model remnants deviation and slice thickness, reconstruction kernel, lesion position and its diameter.

Conclusion. The systematic error depends on the focal diameter, slice thickness and reconstruction kernel. It can
be estimated using the proposed model with a 6% error. Stochastic error mainly depends on lesion size.
¢ Keywords: volumetry; lesion; volumetry error; pulmonary metastasis; systematic error; stochastic error; recon-
struction kernel.
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¢ Axmyanvrocmo. OTHUM U3 KTI0YEBBIX CIIOCOOOB OL[EHKY TeUeHMsI OHKOIOTMYECKOTO IIpoliecca SB/AeTCs aHa-
N13 IVHAMMKY PasMepoB 04aroB. IIpy oueBUIHOI BBICOKON 4yBCTBUTEIbHOCTH IOTPEUTHOCTD BOMIOMETPUN MOXKET
pocturaTb 60 %, YTO 3HAYUTE/IBHO OTPAaHMUYMBAET BO3MOXHOCT! NIPUMEHEHMS METO/a.

Ilenv — oneHKa CTeIleHM BAMSIHNUA TApaMeTPOB PEKOHCTPYKLIMY M300pa>keHNIT Ha OTPELIHOCTb BOMIOMETPUU
COIMIHBIX OYArOB B JIETKUX.

Mamepuanvt u memoowvt. O6cnenoBaHo 32 manyeHTa ¢ MeTacTa3aMy [OYeYHO-KIeTOYHOTO PaKa B JIETKUX,
Y KOTOPBIX ObIZI0 0OHapy>KeHO 326 o4aros. [ KaXX[Oro odara ¥ IepPeMEHHOro IlapaMeTpa PeKOHCTPYKLIUU —
TOJIIIMHBI Cpe3a U KepHens — Oblla paccuMTaHa HOTPEIIHOCTh u3MepeHus. CreneHb BIMAHNS (aKTOPOB Ha I0-
TPELIHOCTD M3MePEHMS OLleHMBa/IN C TIOMOILbI0 PEIrPeCCMOHHOTO aHa/IN3a.

Pesynvmamvt. Ha cnyyaiiHyio ¥ aOCOMIOTHYIO NTOIPELIHOCTb M3MEPEHUII BIMAIOT TONIIMHA Cpe3a, KepHeNb
PEKOHCTPYKIMY, IOKa/IM3alusa oyara u ero guaMmerp. Ilpumenenne xepuensa FCO7 u yBennuenue ToNMLMHBI cpe3a
YBEINYMBAIOT CUCTEMATUYeCKYIO IOTrpeIrHOCTb. O6e KOMIIOHEHTBI IIOTPEIIHOCTY YMEHBIIAITCA C YBe/IMYeHVeM
AyuaMeTpa ovara. JIHTpamy/1bMOHa/IbHbIE OYary XapaKTepU3YIOTCA HaMIMEHbIIEN IIOTPEIIHOCTBIO MISMEPEHMIA IpU
BCeX ITapaMeTpax PeKOHCTPYKIIUM.

[/ IpOTHO3MPOBAHMS CUCTEMATIYECKON MOTPELIHOCTY [IPU BBIYUCTIEHUN 00beMa 04aroB pasanyHOro Jua-
MeTpa C M3MeHeHMeM TOMIIMHBI Cpe3a CO3/laHa MaTeMaTidecKast Mofenb. CTaHfapTHas OLIMOKa MO COCTaBMIa
6,7 %. BblsiBeHa CBsI3b MEX/y CTAaHHAPTHBIM OTK/IOHEHMEM OCTATKOB MOfeny (Cy4aifHoOi OTPELIHOCTDIO) ua-

MEeTpPOM O4ara, TOMVHON Cpe3a M KEPHENEM PEKOHCTPYKLIVMN.
3axnouenue. CucteMaTudecKas NOIPELUIHOCTD 3aBUCUT OT [jUaMeTpa o4ara, TO/IIMHbI Cpe3a U KepHeJid PeKOH-
cTpykuuu. OHa MOXKeT OBITh OLieHeHa ¢ IIOMOLIBIO MIpefIaraeMoil Mofieli ¢ oumoKoi 6 %. CiydaiiHas morpen-

HOCTDb IIPEMMYIIIECTBEHHO 3aBUCUT OT AMaMETpa o4dara.

+ KmroueBrple cmoBa: BOIOMETPYA; Oo4ar; IIOTPEHIHOCTD BOTIOMETPUN; METACTATNYIECKOE ITIOPA’KEHNE JIETKUX; CU-
CTeMaTn4€ecKas IMOrpeurHOCTb; cnyqaﬁma;{ IOrpenIHOCTb; KEPHE/Ib PEKOHCTPYKIINN.

Introduction

Analysis of the changes in the size of a focus
is one of the fundamental methods to assess the
course of the oncological process [1, 6]. Focus
dimensions can be estimated in several ways, such
as by measuring the diameter, volume, or both
dimensions in combination. Foci volumetry is
a potentially more sensitive technique than linear
measurements [2]. However, the measurement
error can reach 60%, which limits its application
considerably [3]. The measurement error depends
on the size of the focus [4], filter used for image
processing, and slice thickness [5].

This work aimed to assess the influence of
image reconstruction parameters on the volumet-
ric error of solid foci in the lungs.

Materials and methods

We examined 32 patients with metastatic
lesions of the lungs, and a total of 326 foci were
found.

Scanning and reconstruction options

All studies were performed by computed to-
mography using Aquilion ONE and Aquilion CX
scanner (Canon Medical Systems, Japan).
Scanning was performed in 64-spiral mode with
the following settings: slice thickness, 0.5 mm;
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pitch, 1; voltage per tube, 120 kW, and automatic
current control using the SureExposure software
(Canon Medical Systems, Japan).

Each image was reconstructed three times
with standard slice thicknesses of 0.5, 1.5, and
3 mm using reconstruction filters FC07 and FC14
and a different reconstruction level start.

Distribution of foci by localization

All identified foci were divided into groups of
intrapulmonary foci (not adjacent to any of the
normal structures of the chest) and contacting
foci (parahilar, parapleural, and paravascular).
The volumes of contacting foci could not be
determined automatically, so the contours were
corrected manually and therefore subjectively.

Contour imaging of the foci

The program automatically performs contour
imaging of the intrapulmonary lesions; while the
irregular shape of the actual lesion is reduced
to the shape of an ideal sphere, its diameter is
calculated, which is hereinafter referred to as the
“effective diameter.”

Contour imaging was performed using a pro-
gram with the Seg3d semi-automatic contouring
function. The radiologist visually assessed fitting
of the normal structures of the lung and chest
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wall into the contour of the focus and, if adher-
ence was found, corrected the contour manually
to refine the measurement.

Estimation of measurement error

For each focus and slice thickness—reconstruc-
tion kernel combination, the measurement error
was calculated as the difference between the mea-
sured volume and the reference volume. To esti-
mate the measurement error, the volume deter-
mined on the reconstructed images with a slice
thickness of 0.5 mm and an FC14 filter was set
as a reference. The degree of influence of factors
on the measurement error was assessed through
regression analysis. Then, the resulting model
was used to plan and determine the systematic
component of the measurement error, as well as
the random component, based on the variability
of the distribution of the model residuals.

Results

The influence of the reconstruction parameters
on the volumetric results was evaluated. The graph
presented in Fig. 1 demonstrates the dependence
of the volume measurement error and the effective
diameter on the filters and focus types used. Three
vertical columns (from left to right) demonstrate
reconstructions performed with a thickness of
0.5, 1.5, and 3.5 mm. Reconstruction kernels
FC07 and FC14 were analyzed in two horizontal
rows (from top to bottom). In each field, on the
abscissa scale, the focus diameter ranges from
0 to 30 mm, and the ordinate scale shows the
relative measurement error. Colored dots indicate
options for focal localization.

The graph shows that both the stochastic and
absolute measurement errors are influenced by
the slice thickness, reconstruction kernel, focus
localization, and diameter. When a FCO07 kernel
is used and the slice thickness is increased, the
systematic error increases. Both components of
the error decrease with an increase in the focus
diameter. Intrapulmonary foci are characterized
by the smallest measurement error for all recon-
struction parameters.

Fig. 2. The dependence of the volume estimate random
error on the effective lesion diameter

Puc. 2. Ipaduk 3aBUCHMOCTM CIy4ailHOM IMOTPELIHOCTU
oLeHKM 06beMa OT 3¢ deKTUBHOTO AuaMeTpa ovara
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Fig. 1. The dependence of volume estimation systematic
error on effective diameter of the lesion, reconstruction
kernel and the lesion localization
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Fig. 3. The dependence of volume estimate random error
from slice thickness

Puc. 3. Ipadux 3aBMCHMOCTM CITy4ailHOM IOTPENIHOCTU
OLIeHKM 00beMa OT TOJIIUHBI Cpe3a

To predict the systematic error in calcula-
ting the focus volume of various diameters with
changes in the slice thickness, the following
mathematical model was created:

AV = 3 . Thickness + 183/Diameter +
+ 26, 5oy T 23.

All model coefficients were statistically
significant (p < 0.001). The coefficient of the
model determination was 0.85, and the standard
error of the model was 6.7%. A relationship was
found among the standard deviations of the model
residuals (stochastic error), focus diameter, slice
thickness, and reconstruction kernel (Fig. 2).

The stochastic error was 6.84 mm when 6 mm
of diameter, 1-mm slice thickness, and FC14
kernel were used. It did not change with a decrease
in diameter, but decreased by 0.09 mm with every
1-mm increase in diameter. An increase in the
slice thickness causes a decrease in the standard
deviation of the model residuals (Fig. 3).

The stochastic error in estimating the volume
was reduced by 0.5% for each 1-mm increase in
slice thickness. When the FC07 reconstruction
kernel was used, the stochastic error decreased
by 2.5% (Fig. 4)

Discussion

Analysis of the lesion size is a key step in
assessing treatment outcomes and is important
for the development of treatment guidelines.
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on the reconstruction kernel

Puc. 4. Ipadmx 3aBUCHMOCTM CITy4ailHON INOIPELIHOCTU
OLIeHKM 00beMa OT KepHeJIsi pEKOHCTPYKIUI

Determining dimension measurement error is
critical to maintaining confidence in the reliability
of data. Moreover, it is important to determine
the components of this error, namely, systematic
and random errors. A random measurement
error directly determines the threshold value
of the size dynamics, below which the real size
dynamics cannot be distinguished from the
measurement error.

The dynamics beyond the limits of the random
measurement error also does not always indicate
that it is possible to estimate the real change in
these dimensions because different systematic
errors are possible during measurement. In
these cases, noticeable changes in sizes may be
associated with different systematic errors in
estimating the volumes of the foci.

Measurement errors depend on the size of the
focus [4, 9], area of contact with other soft tissue
structures, and scanning parameters. In our
proposed model, both systematic and random
components of the measurement error can be
predicted. Thus, the proposed model can be
used to compare the images constructed using
different reconstruction parameters.

According to our data, the use of the FC07
kernel when assessing the focus volume with
a diameter of 10 mm is associated with an
increase of 26% in the systematic error and of
7% in the stochastic error. During case follow-up,
if the first images were obtained using FC14 and
the second images were obtained using FCO07,
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the volume of the focus must increase by at least 2. Devaraj A, van Ginneken B, Nair A, Baldwin D. Use of

26 + 7 = 33% so that the registered changes can volumetry for lung nodule management: Theory and
be taken as a significant increase. A difference of practice. Radiology. 2017;284(3):630-644. https://doi.org/
less than 26 - 7 = 19% means that the focus has 10.1148/radiol.2017151022.
not increased, but decreased. 3. Li Q, Gavrielides MA, Sahiner B, et al. Statistical analysis
The estimates obtained using the model of lung nodule volume measurements with CT in a large-
are consistent with the experimental results scale phantom study. Med Phys. 2015;42(7):3932-3947.
of Wormanns et al. [7] and Gietema et al. [8]. https://doi.org/10.1118/1.4921734.
In both studies, patients with small lung metas- 4. Liang M, Yip R, Tang W, et al. Variation in screening
tases were examined twice on the same day. All CT-detected nodule volumetry as a function of size. AR
other factors did not change. In both cases, the Am | Roentgenol. 2017;209(2):304-308. https://doi.org/
95% confidence intervals of foci with a diameter 10.2214/AIR.16.17159.
of up to 10 mm were comparable, which was ap- 5. Petrou M, Quint LE, Nan B, Baker LH. Pulmonary nodule
proximately +25%. volumetric measurement variability as a function of CT
Phantom studies have shown that the stan- slice thickness and nodule morphology. AR Am ] Roent-
dard deviation of measurements ranges from genol. 2007;188(2):306-312. https://doi.org/10.2214/AIR.
4% to 28%, depending on the lesion diameter [3]. 05.1063.

6. Schwartz LH, Litiere S, de Vries E, et al. RECIST 1.1 and
clarification: From the RECIST committee. Eur | Cancer.
2016;62:132-137. httpS://dOi.org/10.101 6/j.ejca.2016.03.081.

The results of this study suggest that systematic 7. Wormanns D, Kohl G, Klotz E, et al. Volumetric measure-

Conclusions

error depends on the focus diameter, slice ments of pulmonary nodules at multi-row detector CT:
thickness, and reconstruction kernel. It can be In vivo reproducibility. Eur Radiol. 2004;14(1):86-92.
estimated with an error of 6% using the proposed https://doi.org/10.1007/s00330-003-2132-0.

model. The stochastic error mainly depends on 8. Gietema HA, Wang Y, Xu D, et al. Pulmonary nodules
the focus diameter. detected at lung cancer screening: Interobserver vari-
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