International Journal of Engineering & Technology, 7 (1.5) (2018) 152-157

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC

Research paper

Inevitable dissection of left ventricle aimed at discovery of
cardiac blood flow appraisal

Inbalatha M. 1", Kalaivani S. 2

1Research Scholar, SENSE, VIT, Vellore, Tamil Nadu, India,
!Assistant Professor, Department of ECE, Dr.T.T.I.T, KGF, Karnataka, India.
2Associate Professor, SENSE, DSP Division, VIT, Vellore, Tamil Nadu, India.

*Corresponding author E-mail: inbalathaphd@gmail.com

Abstract

Cardiac Magnetic Resonance Images (MRI) are chastely indispensable implement for truthful demarcation of the left Ventricle
myocardium for purposeful and serviceable cardiac examination. Dissection of MRI principally the leftward ventricle (LV) is a blistering
focus with extraordinary perplexing owed to deceive delineation such as percentages misalignment in its position, in homogeneity of
sequential portions and to clinch divergence in focus of adjoining pixels for the change in the body fluid drift. In this effort, we put
forward a scheme to inevitably fragment the leftward Ventricle of MRI images by Round Hough Transform (RHT) initially by locating
the seed point stalked a circle with apt radius as basal region and verdict the ROI in the image. Adjoining the center, apex region of the
left ventricle is positioned till the extent and shape connection obsolete plus the mid region from the intermediate ventricle to the base up
to the myocardial fringe. This same images of 21 subjects are compared with the manual delineation method by locating the center
manually. Mean and Standard deviation is calculated for the basal, mid and apex regions of the LV for auto and manual segmentation.
Bland —Altman investigation is performed for End Diastolic Measurements in volume (EDV) with the existing investigations and found
to be more close to the ground truth results and superior than the previously enduring methods. To conclude the projected segmentation
process truthfully locates and segments the LV which trials the one hundredth of blood pour. EDV measurements are established with less

computational time to find the patient’s heart failure with myocardial Infarction.
Objective: To spot the cardiac maladies triggered owed to stumbling block of blood by dissection of left Ventricle with MRI image.

Keywords: Bland-Altman Analysis, Circular Hough Transform, Dissection, End Diastolic Volume, and MRI.

1. Introduction

Cardiac MRI skill display the communal heart structural and
efficient facts for verdict and cure of cardiovascular diseases by a
noninvasive mode [1]. To quantify the left ventricle (LV) volumes,
different imaging types like echo cardiograph, Computed
Tomography imaging methods in addition to Magnetic Resonance
imaging remain in rehearsal, and moreover this imaging
procedureconsumestheirreplaceablecapabilitytoaffordbodilyimager
ies of the LV with organized extraordinary chronological and
altitudinal determinations, devoid of baring the longsuffering to
ionizing contamination or divergence causes [2]. CMRI centered
volumetric extents have been before hand exposed to be extremely
reproducible[3,4] and are habitually cast off the impost of LV role
[5] even thru high- intensity isometrics [6] otherwise in heart
malady [7]. Splitting up of structural configurations from heart
MR imageries, chiefly the left-hand side ventricle, is essentially
intended for figuring investigative directories like expulsion
fraction, ventricular measurements in volume be sides barrier
stiffening [8]. Splitting up of the left ventricle rests on solitary
open disputes for the reason of half- volume upshot, stuffs
resultant from whirling blood, papillary muscle, uproars and image
glitches [9]. A lot of exertions have been keen to elucidate this
difficulties together with morphologic dissections [10], fuzzy
bundling [11,12], model-based methodologies[13, 14], active
contours [15~18], and level set procedures [19]. Blue-collar

dissection is tougher and receipts added stint in medical isometrics
that clues to improve a new reflex method to abstract LV outlines
instinctively. In recent times, diastolic role impost built on LV
volume worked efficiently with CMR imaging methods [20, 21].
Old-style LV volume valuation is restricted to the investigation of
systolic enactment via labor-intensive delimitation of the left ward
ventricle endocardium at both the systolic and diastolic end stages,
also consumes only 5-10 minutes to physically demarcate LV
endocardium for a hoard of around 20 images of the two stages
[22]. Diastolic role calculation is quiet obligatory and entails
dissection of the volume through hall progressive segments. This
out comes in al of to f200 images necessitating investigation,
which is not real for manual delineation.

Contemporary diastolic functional appraisals are accomplished
with stead fasts of ware with labor-intensive dissection of basal
section in 25 minutes via skilled radiologist [21-23]. Even though
there is suggestion to upkeep that the quantifiable productivity for
LV exploration concerning the universally hand-me-down
software correspondences is not considerably diverse [24], the
main change ability of practical dimensions resulting from LV
subdivision is powerfully predisposed by the pictorial assortment
of the basal slice and blue Collar explanation of LV endocardium
[7]. Consequently, entirely programmed subdivision and
quantification are compulsory and of prospective medical efficacy
for stretched solicitations of CMR in monotonous scientific
rehearsal.
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2. Related works

Amongst surviving robotic techniques [25], methodologies with
solid former awareness, such as active appearance model [26],
Gaussian-mixture model [27], arbitrary strides [28,29], and graph
cuts[3032], are in effect for mining precise basal LV and rejecting
specifics resembling definite and trabecular muscles from LV.
Tactics with fragile or no earlier awareness, such level sets[33],
Active contour model [34], iterative threshold-decreasing region
growth [35] or multi seed region growth [36], and dynamic
programming [37], naturally necessitate manual credentials of the
basal slices. In count, methodologies using long and short axis
images correspondingly requisite labor-intensive involvement [38-
40] to choice the spots of the apex and mitral valves plus the curve
of long axis.

Effusively instinctive LV dissection has been challenging to
succeed in rehearsal. The universally cast off cine SSFP
acquirement of the heart take account of shares outside the the a
pica land basal slices of LV, which stay both physically omitted
[35] or unheeded overall[36,37,41]in utmost of the robotic
dissection. The basal slice regularly comprises slices of the aortic
origin and is for that reason not absolutely fenced by ventricular
myocardium, creating it a task to robotically fragment. The
circular Hough transform castoff to fragment the leftward ventricle
body fluid pool as of short-axis view heart pictures lacking on
detailed profile outline familiarity [42]. Bansod utilizes the
confined rise route of spitting image pixel intensity to streamline
the CHT used for rough calculation of the leftward ventricle blood
puddle by considering the two dimensional probe window near the
center [43]. Fern“andez smeared HT elliptically towards SA view
images, using Gaussian Derivative by means of leveling and
outline boundary revealing worker which in future used as a prime
input for active contour delineation with LA Segmentation [44].

2.1 Rounded Hough Transform [RHT]

The RHT is a feature mining procedure cast off in appearances cru
tiny and processor exposure for lines findings in the image,but
later enhanced to identify circles and ellipses[45]. Circular Hough
Transform also known as RHT approach used for finding circles in
images owing to its superior characteristics like its healthy and
vigor robustness to noise, change in intensity lighting and any
other impediment in the image. The important steps for
consideration are accumulator array reckoning, Centre and radius
guesstimate. The foreground high intensity bright pixels are the
Candidate pixels cast ‘votes’ in the array and this will be occurring
in a sequence around the center to form a circle of fixed radius are
plainly valued with the center of the circles based on circular
histograms of the acquired image. The voting structure for CHT is
shown in Fig.1. The diagram indicates that the candidate pixel will
always lie on the circle and the votes of them will be accumulated
and coincide to the center of the circle and the radius is appraised.
In mat lab, the function in find circles is used to find circles for an
image which uses two dealings Phase- coding by evasion and
Two-stage [46].The Fig.2 depicts the mode of voting for dissimilar
radii towards route of the gradient with different center and its
corresponding radius. The steps for the circle detection process are
summarized below.

.
Iqeinal ; Vatiig along adje norima

Fig.1: Voting Structure of CHT Fig. 2: Voting with different radius
2.2 Algorithm Steps

e Initially build a accumulator matrix for each pixel in the
image.

o Consider all the cells pixels to zero at the beginning.

e Consider every edge point (X, y) directing the image position.

e Increment all cell values using the circle equation (x — a)? +
(y —b)? = r? to locate the focus point.

e Each possible values of ‘a’, corresponding possible values of
‘b’ such that it satisfies the above equation.

e Find the local maxima cells in the accumulator matrix which
finds circles is calculated by the sum.

e |f radius of the circle is not known, a 3D accumulator space
(X, y, r) is picked such that x, y directs the coordinates and r
directs the circle radius.

3. Methods

In the proposed method, Cardiac MRI images of 21 subjects of
different slices of seven normal and fourteen abnormal LV images
are chosen arbitrarily from the Cardiac Atlas Database.
The Database used for the work, Sunnybrook Cardiac Data
similarly acknowledged by means of the 2009 Cardiac Magnetic
Resonance Leftward Ventricle Dissection Experiment facts,
comprise of forty five SA MRI imageries as of a diverse of
patients of both gender with different age groups and pathologies.
In our case, heart failure with infarction patient data and others are
taken to find the % of blood flow and blockage during EDV. The
size of the image is resized to 256 * 256 followed by converting
into gray scale image to reduce the complexity and storage area.
An automated LV segmentation of MRI image starts with
identifying the circular shaped region from the image. Locating
the seed point or center is the primary task which is equipped by
Circular Hough Transform that stores the each cell values in the
accumulator. The values more than zero positions for circle edge
with high intensity and values less than zero positions for dark
circles with less intensity pixel values [42]. It is observed from the
LV image, the bright region which reflects radiation in the
myocardium refers to blood pool and the black region which
absorbs radiations refers to blockage. Two concentric circles will
be marked tarnished for the inner and outer layer. Adjacent to the
center, Apex point will be located, by finding the area of the inside
circle. Let the high intensity pixels be Y to represent blood flow
and dark intensity pixels be X to represent blockage. Then the area
in pixels will be (Y/X).

X =Y, No blockage
It { Y < X, blockage 1)

Then keeping the seed point as reference, the CHT draws a circle
with a radius of 30 mm which is the basal region and this will be
ROI by eliminating the other information of the image. Three
regions of the myocardial LV like apex, mid and Basal region are
clearly executed step by step to explore the blood flow in
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penetration till the tip point of the left-hand side ventricle of the
core. When the basal region is detected, then the blood flow region
with white high intensity pixels will be marked as the mid region.
Then immediately morphological operation erosion will be done in
the detected mid region to detect the apex. The apex will be
probably more close to the seed point where there may be blood
flow or blockage with dark pixels. The complete stream diagram
of the segmentation of left Ventricle using automated RHT and

manual segmentation is shown in Fig. 3.

Convert to grey
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Fig.3: Stream Diagram for the LV Segmentation using CHT and manual

The same images were manually forced to select the seed point
and segment the left ventricle. Calculate the area of the chamber,
area of the blockage which clues to volume of blood flowin the
LV during the End Diastolic. Bland —Altman Analysis is
performed to find the correlation or similarity with the proposed
method and manual method followed by the existing methods [**]
to find the accuracy of the automatic segmentation using Circular
Hough Transform. Mean and Standard Deviation are calculated for
automated and manual for three different regions. After
segmenting the three regions, % of blood flow is be calculated
with the ratio of total pixels of mid region and basal region of the
left ventricle and also the % of blockage is calculated.

4. Results and discussion

The proposed Round Hough Transform is implemented on the
input MRI image, which first locates the seed point indicated by
red color, then the maximum area of basal region will be the
ventricular myocardium specified in red circle besides the mid
region designated in green color stands for the total span of the
papillary muscles and the tip region of the image apex region with
the blue color extending the papillary muscle towards the apex.
The apex region as discussed could have or not have flow of
blood. The blood region is marked with yellow color with high
intensity in the LV. The results for four subjects are shown in the
Fig. 4 with the automatically segmented three regions of the LV
and the blood flow region.

Blood region (edge)

Input Image MID region

Seed (red) on (hough)

Basal region Apex region

Input Image  Seed (red) on (hough)  Basal region  MID region Apex region  Blood region (edge)
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¥) . B %)
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Fig.4: Automatic Segmentation using CHT with Seed point, basal (red),
mid (green), Apex (blue) and Blood flow (yellow) regions.

An automated LV segmentation of MRI image starts with
identifying the circular shaped province from the image. Locating
the center is the chief assignment which is equipped by Round
Hough Transform that stores the each cell values in the
accumulator. The values more than zero stands for circle edge with
high intensity and values less than zero stands for dark circles with
less intensity pixel values [42]. It is observed from the LV image,
the bright region which reflects radiation in the myocardium refers
to blood pool and the black region which absorbs radiations refers
to blockage. Two concentric circles will be marked tarnished for
the inner and outer layer. Adjacent to the center, Apex point will
be located, by finding the area of the inside circle. Meanwhile the
area of the Apex, is very small compared to the basal and mid
region area, for the measurement of blood flow volume will not be
properly estimated. From the results, the area of the basal, Mid as
well as Apex region has been clearly marked with different colors
indicating the full depth of the left ventricle for the estimation of
blood flow during the ED. In the meantime, for the same subjects
manually locate the center, and estimate the area of the basal, mid
and apex region. Mean, Variance and Standard deviation for all
the three regions are then projected.Aimed at statistical analysis,
manually calculated Mean and SD values are considered as the
Ground truth values for automatic segmentation.

To find the performance measure of the proposed automatic RHT
for left ventricle segmentation for both manual and auto Mean,
Variance and STD are calculated for all the three regions using the
Equ. (2) - Equ. (4) & the results are tabulated in Table.l1 & 2.
From the tabulated results, the parameters Mean, variance and the
SD of the three different regions are calculated using the Equation.

),

MEAN =Y ¥ % @)
wherel(r, ¢) = Image Pixels &M=Total number of pixels
VARIANCE = ¥M51(1(I) — MEAN)? €)

STANDARD DEVIATION (SD) = vVAR 4)
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Table 1: Ground truth Segmented Mean and Standard Deviation values.

code with an Intel corporation core i7, 2.40 Gigahertz processor
using eight GB RAM and two GB AMD Radeon graphic card on

Windows 8.0. From the tabulated results fromTable.1 and Table. 2,
| | MEAN |STD it is observed that proposed automatic RHT segmentation Mean
mages ‘BASAL APEX | MID ‘BASAL APEX ‘ MID and STD for all the three regions found to be very adjacent to the

ground truth values. Then Bland_ Altman Investigation is
Image1 |137.002 |204.057 |208.623 |6232 |4467 |9.9198 implemented for the Average mean of all four images for the
Image2 |114.305 |18561 |18385 |51.22 |457  |7.86 segmented Basal, Mid and Apex for the proposed work and the
Image 3 ‘129_117 130.331 | 129.065 ‘17_73 8.869 ‘11‘404 existing technique results shown in Table. 4.

Image 4 ‘194.052 204.769 |204.476 ‘25.05 5.8828 ‘8.516
Pmpcﬂi AR[ AR: RIR:
Table 2: Automatic segmented means and standard Deviation Values R JAVEAN] | [ASTD| | [AMEAN]| |ASTD|| [AMEAN] | |ASTD] | |AMEAN] | |sSTD|
MEAN S5TD EDBASAL(m)| 11932 | 2510 | 301 | 463 | 009 [ 231 | 3 | 49
Images
BASAL | AFEX | MID | BASAL AFEX MID EDMID(ml) | 0.7035 | 002665 789 | 1001 0% | 435 | 808 | &M
Imagel | 17393 | 20395 | NO3FT [ 44327 | 42440 | 05651 EDAPEX (ml) | 028275 | 0071 | 503 | 685 | 33 | 33 | 1680 | 461
[mage ? | 140.082 | 185.608 | 1B3534 | 45480 | 45683  7.8526
ARy ARy, RiR;- The tabulated values reserved from Table 1 of [47].
Imaged | 12390 | 13048 | 1333 | 21657 9004 105963
Imaged | 179336 | 204.838 | 200654 | 34734 S864  8.6491 The existing results AR1, ARz, RiRz are taken from Table. 1[47].

Table 3: Blood flow and Blockage in% for automatic

segmented images

Images BLOOD FLOW BLOCKAGE
IN %o IN %o
Image 1 58.289125 41.71
Image 2 43.99461 56.00
Image 3 T8.184961 21.82
Image 4 S8.051005 41.949

Also for the same images % of blood flow and % of blockage of
automatic method are calculated using the Equ. (5) & Equ. (6) and
tabulated in Table. 3.

No of Pixels in the Mid Region

% of Blood Flow = 100 (5)

No of plxels in the Basal Region
&% of Blockage = (1 — Blood Flow)x100 (6)

To Promote Bland-Altman investigation is implemented to novelty
the success of our proposed method with the existing methods.
The |A Mean| and |ASTD| for the basal, mid and apex are
calculated using the Equation (6) & (7) and tabulated for the four
images in Table. 4.

|AMEAN]| = {(zl(MEANGI;MEANA) (6)
MEAN; = Mean value for Ground Truth Images
MEAN, =

Mean value for Automatic Images (Hough Transform)

K = Total Number of Images

&|ASTD| = y S0 ¥
STDg =
Standard Deviation value for Ground Truth Images
STD, = Standard Deviation value for Automatic Images
(Hough Transform)K = Total Number of Images

The Cardiac Sunny Brook Database consists of SA SSFP (Steady
State Free Precession) cine image of left ventricle for ED reserved
for the automatic segmentation. The end diastolic refers to largest
cavity area of the cardiac cycle. Thisexperiment is implemented in
MATLAB 2015 and proceeds very scarcer time to process the

From the investigation, it is clearly found that the proposed
technique is much better than the referred existing techniques in
reckoning the average Mean and Average STD for all the three
regions. The accuracy of automatic segmentation is also clearly
shown by the graph in Fig. 5 and Fig. 6.The graph Fig.5 clearly
depicts the difference between manual and auto Mean Vs images
and found that for all the three regions the difference Mean lie
very close to the origin which shows that auto and manual
prediction are same with good agreement. There are three outlier
of basal mean indicating the overestimation by the inter-obsever
erraticism. Further the graph Fig. 6 is a regression plot between
automatic segmentation and manual segmentation. It concludes
that the prediction of both auto and manual are almost the same as
all lie on or precise close to the straight line for basal, mid and
apex region.
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Fig.5: Difference between Manual and Auto Mean for images

Fig.6: Linear Regression graph for Auto Vs Manual
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5. Conclusion

To conclude the study work, we projected a Programmed
dissection of LV using RHT to locate the seed point, and segment
the basal, mid and apex region of the MRI Cardiac image. The
same images were used to locate the centre manually and segment
the three regions. The manually estimated Mean and STD for all
the three regions are considered as the ground truth values. Then
compared with the automatic segmentation results and found to be
very near to the ground truth values. This shows the automatic
segmentation prediction is accurate to the manual observer
prediction. By this segmentation, % of blood flow and % of
blockage is thencalculated and further from Bland- Altman
analysis the automatic segmentation results found to be better than
all the referred existing methods. The graph plot also clearly
demonstrates that for all the images, the automatic RHT
segmentation for all the regions found to be more close to the
accuracy of ground truth values and also linear. To conclude, the
automated segmentation found to be acceptable and very near to
the manual ground truth segmentation and other existing
automated segmentation. In future, the same automated method
can be improved and implemented on video images as it will be a
continuous sequential picture for all the phases of the Cardiac
cycle.
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