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IMPACT OF PERFUSION ROI
DETECTION TO THE QUALITY OF
CBV PERFUSION MAP

Alkhimova S.

06’cxmom docaiorcenis danoi pobomu ¢ sxicmov nepysiinoi CBV manu 3 oensdy susnauenmns obiacmi neppysii
K KII0U0B020 KOMIOHEHMA 8 Npoueci 00pobKu 300paxcers nep@y3itinoi OUHAMIUNO - CHPUTHAMAUCOT KOHMPACTNHOT
Maznimmno-pesonancroi momozpadii 20n106u modunu. CBV mana sazanviosusnana sx Haukpauya Ois GUSHAUCHHS
JOKANI3aYIT ma po3mMipie 30HU YPancenus npu iHcyaivmi i 8 OYIHI0BAHHI AH2I02eHe3Yy NYXAUH 2071081020 MO3KY.
Husvra sxicmv uiei manu mMoxce Cnpuvunumu Xubi pesyiomamuy Sx KiloKiCHUX PO3PAXYHKIE, MakK i 6i3yanvioi
OUIHKU Uepebpanviozo 06 emy KpPosi.

Bnaue susnauenns obnacmi nepysii na sxicmo CBV man 6y6 npoananizosanuil Wisxom nopieHaHms Man, uo
Oyau ompumani i3 306pasicersv Nicis 3acmocyeanis nopozosoi girvmpauii ma 3 emanonnux soopaxcens i 12 na-
uienmis i3 uepebposackyiaprumu saxsoprosannsmu. Obracmv nepQysii 2071061020 MO3KY OYLA BUSHAUCHA BULYUCH -
HAM NIKCENi8 HU3LKOL (OLIAHKU NOGIMPS MA eKCMPAauepeopaivHux manumn) ma 6ucoxoi (OULsHKU CRUNHOMO3K080L
piduru) inmencusnocmi. Manu 6yau ompumani Memooom GUSHAUEHHS NAOUL Ni0 KPUBOIO Ma MemOOOM 0eKOHBOIIOUIL.

s 060x memodie manii, w0 NOPiGHIOBANUCS, MALU CULGHULTL NOSUMUBHUL 63AEMO36 30K 3a OAHUMU KOpe-
nsyitinozo ananisy IHipcona: r=0,8752 ma r=0,8706 drs memody susnauenms niousi nid Kpugoio ma memooy
dexongoniouii 6ionogiono, p<2,2-10~1°. Heseasxcaiouu na ue, ors 060x memodie diazpamu po3citosans Maiu
MOYKU, NOG’S3aHI 3 BMPAUECHUMU 30HAMU KPOBONOCMAYUAHHS, A JIHIL pezpecil 8Ka3ysanu Ha HASBHICb NOMULOK
macwmaby i 3cysy 0is man, wo Oyau ompumani i3 306paxcerv nicis 3acmocyeans nopozoeoi girvmpaii.

Ompumani pesyromamu 6KaA3y10Ms Ha Me, W NOPO208a Qilbmpauyis € HeehekmueHUM cnocoOOM BUSHAUCHNSL
obracmi neppysii 201061020 MO3KY, SUKOPUCTAHHS SKO20 MONCe Cpuvunsamu nozpuenns skocmi CBV manu.
Busnauenns obaracmi nepysii mae 6ymu cmandapmusosane ma dooane 00 npomoxoie nepesipkil HOGUX CUCTNEM

ananisy nep@ysiunux 0anux.

Kmouosi cnosa: nepgysiina Qunamiuio-Cnpuiinamiued KoOHmpacmua Mazuimuo-pe3oHancua momoezpagis,
uepebpanvnuil 00’'em Kposi, 30Ha yeazi, NoPozosa Piibmpayisi.
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1. Introduction

Analysis of the dynamic susceptibility contrast (DSC)
magnetic resonance (MR) brain perfusion data is extensively
used in medical practice and it is still a subject of ongoing
research efforts. In DSC perfusion MR imaging, the pas-
sage of gadolinium-based contrast agent through the tissues
causes a signal drop on T2-weighted images. Processing of
the achieved signal intensity time curves on a pixel-by-pixel
basis provides quantification of various hemodynamic pa-
rameters and uses to generate color-coded perfusion maps.

The values of cerebral blood volume (CBV) perfusion
map reflect the fraction of the pixels that contain blood
vessels. It is commonly accepted to be the best perfusion
map to evaluate the location and size of stroke lesions and
the angiogenesis of brain tumors [1, 2].

The calculation of CBV from DSC perfusion MR studies
is based on the following assumptions [3]:

1) the contrast agent is retained in the intravascular
space and does not diffuse into tissues;

2) stability of the flow during the measurement;

3) T1-effects to be negligible after injecting the con-
trast agent.
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As a result, the CBV value is higher in pixels that contain
only vessel data compared to those that contain a combina-
tion of vessels and brain parenchyma data.

Different software programs for DSC perfusion data
analysis use different algorithms of CBV values evalua-
tion [4, 5]. Mostly it is evaluated as a mathematical-based
semi-quantitative (summary) parameter using area under
the curve method or as a physiological-based quantitative
parameter using deconvolution method. The first method
provides calculation of, so-called, negative enhancement
integral that value is roughly proportional to the CBV and
can be obtained as total area described by the baseline and
the signal loss due to passage of contrast agent through
the tissues. The second method requires knowledge of the
contrast agent concentration in the artery supplying the
region of interest to take into account the variety of physio-
logical conditions. In this method the CBV is obtained
from the ratio of the areas under the tissue and arterial
signal intensity time curves, respectively.

However, not only these differences in the calculation
algorithms potentially impact the quality of CBV values
evaluation, and, as a result, to the diagnostic efficiency of DSC
perfusion MR imaging [6]. Poor detection of brain perfusion

.
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region of interest (ROI) affects both quantitative mea-
surements and visual assessment of analyzed data [7, 8].

Therefore, the object of research in this study is quality
of CBV perfusion map, considering detection of perfusion
ROI as a key component in processing of DSC MR ima-
ges of a human head.

The aim of research is analysis of the impact of perfusion
ROI detection on the quality of CBV perfusion maps in
patients with known cerebrovascular disease using both semi-
quantitative and physiological-based perfusion analysis levels.

2. Methods of research

Despite the availability of automatic brain tissue segmen-
tation [9—11] in most of the modern software programs for
perfusion data analysis, the user-defined thresholding method
is still the state-of-the-art technique that is widely used as
a way of managing pixels involved in brain perfusion ROI.

Thresholding technique bases on the dividing of all
image pixels into two separate classes, i.e. background
and foreground. In the case of DSC perfusion data, the
preprocessing step should exclude low intensity pixels (air
pixels and pixels that represent non-brain tissues) and high
intensity pixels (pixels that represent regions filled with
cerebrospinal fluid) as background [12]. Therefore, the
thresholding should be bidirectional and should provide
a binary mask M(x,y) for processed image as follows:

0, if I(x,y)<minT;
M(x,y)=11, if maxT <I(x,y)<minT;
0, if I(x,y)=maxT,

(1)

where I(x,y) — image intensity at pixel with coordina-
tes (x,y); minT and max7T — threshold values for excluding
low and high intensity pixels respectively.

In order to provide a tool for managing pixels involved in
brain perfusion ROI the most part of the software programs
has intuitive user control for threshold values selection.
Fig. 1 presents the basic level scheme of such control.
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Fig. 1. Basic level scheme of user control for the selection

of threshold values in the scope of managing pixels that are involved
in brain perfusion ROI

The main limitation of such threshold-based control
as a tool to manage pixels of brain perfusion ROI is that
pixels having the same intensity level will always be in-
cluded in the same class. For this reason, the results of
thresholding technique applying are limited by overlapping
the pixels intensities in different classes. In case of no
overlap presence, the results can be perfect. However, this
case is completely falling apart while processing clinical
images. Usually, clinical images demonstrate the presence of
abnormal brain anatomy with overlapping pixel intensities
in lesion regions and regions which should be excluded
from further perfusion analysis. From this point of view,
threshold-based delineation of brain perfusion ROI can
impact the quality of CBV values evaluation, which is
directly affected by pixels involved in the analysis.

Quality of CBV perfusion maps, generated from thresh-
old images, was evaluated based on 12 DSC perfusion

MR datasets from 12 patients with known cerebrovascular
disease. The results shown here are in whole based upon
data generated by the TCGA Research Network [13].

Scan parameters for analyzed datasets were: repetition
time=1900 ms, echo time=40 ms, flip angle=90°, field
of view=23x23 cm, image matrix=128x 128, slice thick-
ness=>5 mm, no gap. 5 slices were scanned with 95 dynamic
images for each slice. All images from analyzed data-
sets were stored in 12-bit DICOM (Digital Imaging and
Communication in Medicine) format.

For the purpose of analyzing the impact of perfusion ROI
detection on the quality of CBV perfusion maps, the results
of the applying of thresholding on the original images were
used to produce semi-quantitative (area under the curve
method) and physiological-based (deconvolution method)
values of cerebral blood volume. Obtained values of CBV
perfusion maps were pixel-wise compared with maps pro-
duced with the same methods from the reference standard.

The reference standard was defined as a manually marked
ROI of the brain perfusion data by the experienced ra-
diologist and confirmed by the second radiologist.

In order to make the comparison more meaningful, thresh-
old values for low and high intensities exclusion were defined
to present thresholding results with the highest similarity
to the reference standard. For this purpose, each value from
the intensities range of the analyzed image was checked via
the brute force method. Each candidate of threshold values
for low intensities exclusion was checked without taking
into account its impact on high intensities exclusion, and
vice versa.

The similarity of threshold images to the reference
standard was estimated using Dice similarity index DSI,
which value was calculated as follows:

2-Tp

DS = p v N

(2)

where FP — false positive pixels that belong to the brain
perfusion ROI on threshold images, but that are not associa-
ted with the same position on reference standard; FN —
false negative pixels that belong to the background on
threshold images, but that are brain perfusion ROI pixels
on reference standard; TP — true positive pixels that belong
to the brain perfusion ROI on threshold images and that
are associated with the same position on reference standard.

3. Research results and discussion

The relationships between CBV perfusion maps that
were produced from the threshold images and from the
reference standard were investigated using Pearson product-
moment correlation coefficient. Distribution of data was
assessed for normality using Shapiro-Wilk test (p>0.05)
and a visual inspection of normal Q-Q plot.

Two tests were conducted using different methods to
produce CBV perfusion maps: one test was using area un-
der the curve (weighted sum of the estimates of rectangle
and trapezoid rule) method, and the other test was using
deconvolution (block-circulant singular value decomposi-
tion) method.

The p-value of both tests was < 2.2-1076, which is less
than the significance level (alpha) of 0.05. CBV perfusion
maps that were produced from the threshold images and
from the reference standard are significantly correlated with

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 5/2(49), 2019

5— )



INFORMATION AND CONTROL SYSTEMS:
——

I55N 2664-9969

Pearson correlation coefficient 7=0.8752 (95 % CI=0.8736
to 0.8767) for the first test and 7=0.8706 (95 % CI=0.8689
to 0.8723) for the second one (Fig. 2).

Despite the fact that results are primarily correlational,
scatter plots of both tests have data points associated with
missed blood regions on CBV maps that were produced from
threshold images (points where y equal zero). The regression
lines indicated that CBV perfusion maps produced from
threshold images were subject to scale and offset errors for
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both tests. Overall, the relationship between analyzed CBV
maps obtained for both tests was very similar. However,
the slightly increased agreement was observed in case of
comparison of CBV maps produced with area under the
curve method.

All of the above-mentioned results agree well with a vi-
sual inspection of CBV perfusion maps produced with area
under the curve method (Fig. 3) and with deconvolution
method (Fig. 4).
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Fig. 2. Scatter plots of CBV perfusion maps that were produced from the threshold images and from the reference standard with linear regression:
a — area under curve method; b — deconvolution method
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Fig. 4. CBV perfusion maps for a sample case produced with deconvolution method (all maps are shown with the same window/level settings)
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This study has some limitations to be considered when
interpreting the results. First, DSC perfusion MR data-
sets from only 12 patients were used. Further validation
should be conducted by using a higher number of patients.
Second, there are variations in the calculation algorithms
of CBV values evaluation for both a mathematical-based
semi-quantitative and physiological-based methods. The
ability to produce more accurate results was the basis of
the choice of weighted sum of the estimates of rectangle
and trapezoid rule as algorithm for area under the curve
method [14] and block-circulant singular value decomposi-
tion as algorithm for deconvolution method [4]. Because
these other algorithms of CBV values evaluation were not
directly validated in this study, further studies should be
performed by comparing the results of different calcula-
tion algorithms. Third, since both accurate ROI analysis
and histogram analysis of brain lesions use CBV map to
determine the region of abnormality responsible for perfu-
sion data analysis [15, 16], brain perfusion ROI detection
may affect it determining and require further investigation.

4. Conclusions

The results obtained in this study indicate that thresh-
olding is an ineffective way to detect brain perfusion ROI
on DSC perfusion MR images of a human head. Control
of pixels expressed the same intensity level is the main
limitation of the thresholding technique that adversely
impacts the results of both semi-quantitative and physio-
logical-based evaluation of CBV values. Therefore, applying
threshold-based tools in clinical practice can cause degrada-
tion of CBV maps quality and as a result can be harmful
to patient management.

Standardization of perfusion ROI detection with further
acceptance into validation protocols of new systems for
perfusion data analysis can facilitate determining whether
a particular system meets clinical requirements and can
be transferred from research to industry.
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