LEFT VENTRICLE

SEGMENTATION AND MEASUREMENT
- Using Analyze e

B

QAnaIyzeDirect




LEFT VENTRICLE SEGMENTATION AND MEASUREMENT USING ANALYZE 2

Table of Contents

1. Introduction page 3

2. Segmentation page 4

3.  Measurement Instructions page 11
4. Calculation Instructions page 14

5. References page 15

You


http://www.linkedin.com/company/analyzedirect
https://twitter.com/analyzedirect
http://www.youtube.com/analyzedirect
https://www.facebook.com/AnalyzeDirect

LEFT VENTRICLE SEGMENTATION AND MEASUREMENT USING ANALYZE 3

Introduction

Some of the most important values associated with cardiac function can be obtained by measuring left ventricular volume at end-systole
and end-diastole. Gated contrast-enhanced micro CT can be used to obtain high-contrast images of the cardiac blood pool at these times

points in small animals. The left ventricular blood pool can be segmented at each time point and the volume measured.

The most common measurements and calculated values derived from this method are as follows:

® End-diastolic volume (EDV) is measured directly from the segmentation.
e End-systolic volume (ESV) is measured directly from the segmentation.

* Stoke volume (SV) is the volume of blood ejected from the left ventricle in each beat of the heart and is related to cardiac output.
SV =EDV-ESV
e FEjection fraction (EF) is a measure of contractile function of the left ventricle.
SV
EF(%) = —— % 100
EDV

e Cardiac output (CO) is a measure of the volumetric rate of circulation of blood throughout the body and requires the heart rate (HR)

to be measured.

CO = HR xSV
Two recent studies have used Analyze to segment and measure the left ventricle in animal models.

Hermann et al! segmented the left ventricle of pigs in order to calculate EF, SV, and LV mass from electron beam CT images to determine

the effects of a proteasome inhibitor on cardiac structure and function.

Richards et al.2 segmented the left ventricle of mice in order to measure ESV, EDV, and LV volume and to calculate LV mass, SV, EF, and CO

to determine the effect of different heart failure conditions on exercise intolerance.
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Segmentation Instructions

#1 MicroCT Diastolic - Volume Edit

Acquire a contrast-enhanced cardiac gated micro e
W55
CT scan.

|

Load the end-systole and end-diastole time points

into Analyze. e

Edge Strength |Walls|

(] Use Edge Strength

With the end-diastole dataset selected in the

Analyze workspace, open the Volume Edit module
(Segment > Volume Edit).

Copyeignt 1586.2014, BIR, Mayo Clinic:
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Select the Walls tab and check Define walls to limit semi-

Edge Strength| Walls | Semi-Automatic | Manual

automated operations. ; S - :
P Define walls to limit semi-automated operations

Select the Draw Wall radio button, and deselect the Transverse and ) Browse © Draw Wall
Sagittal checkboxes so that only the Coronal checkbox is checked. Wall Type: () Line @ Trace () Spline
Navigate to a coronal slice showing the entire heart. Trace a wall Extend Wall(s): [C] Transverse [¥] Coreonal [] Sagittal

around the heart.
Rezet Wall(s): |AII | |Trans'.rerse| | Coronal | | Sagittal |

AE—— TTT—— T e
Wenom

Narme| Original

Color White [ @] Add Object
[] Display 7] Locked

[ Edge Strength Walls |
Defin it semi-automated operations
© Draw Wall

Wall Type: © Line ©

Extend Wall(s): [7] Tr:

| Capyrignt 19862014, BIR, Maya Clinic
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Click the Add Object button, and then AT

name the new object Left Ventricle.

Under the Semi-Automatic tab, select
the Object Extractor radio button. Set a

Narme Left Ventricle

. . . . . Color Red =) M ==
seed point by clicking in the left ventricle. "

. . € se ol ©) Region Grow
Note: In the dataset shown, the anlmal IS ‘E‘(unnened(nmpnnems‘?- Object Extractor () Object Separator
O Oblique Cutting ) Fill Holes O Propagate Objects
. . . O Reassign Object
lying prone, so the left ventricle is on the o o L
11893 2fuats
opposite side from where it would appear in _
Reset Limits Redo

a normal human CT scan.

Choose an appropriate threshold range
that defines the left ventricle, and then
click Extract Object.

[ Point Picked = (220, 157, 303) Value=1278 (Object=0riginal)
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Other regions were extracted along with . Mot e Vet

File View Other Help

the left ventricle. We are only interested W0 S m
'7D0ngma\
in segmenting the left ventricle, so we will I

[Other

define a separate object to isolate these ‘ :

Name Other

. e S
extra regions. e :

Edge Strength | Walls| Semi-Automatic |Manual|

© Browse (©) Threshold () Region Grow

Click Add Object a nd name th e new &) Connected Components ©) Object Extractor @ Object Separaton

©) Oblique Cutting © Fill Holes © Propagate Objects
O Reassign Object

object Other.
Reset Limits| [_Redo | [ Undo |

IC o7 ] ol 269

| Foint Picked = (285, 157, 347) Value=1222 (Dbject=Left Vanticle)
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With the Other object selected, choose the 7. T o Vome et

File View Other Help

Object Separator option, then click first W o[5S

—
M Joriginal A

([ WlLert ventricie

in the aorta (or another space in the Left

Display [T Locked

Ventricle object not belonging to the left
' . ‘ Color Green
ventricle) and second in the left ventricle. - :

Opacity (0-100%) 50

© Browse © Threshold ©) Region Grow
. M N (©) Connected Components () Object Extractor @ Object Separator
Click Separate. If the separation did Sl vl

*) Reassign Object

H Select two points on the same object. The first
not work correctly, click Undo and try SrismEmoopi
Selecting points on orthogonal images has
proven to be more effective than selecting

se | eCtI n g d I'Ffe rent Seed pO| nts. points on the rendering
Reset Secds | [ Reset Limits| [ Redo ] [ Undo ]

Alternatively, use Object Separator
iteratively until the two regions are
correctly defined, or use manual tools to
edit the objects.

| Point Picked = (274, 222, 370) Value=1280 (Object=Left Vanticls)
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To improve the segmentation result, we E
will perform the Fill Holes operation. i@ °® Slm
Navigate to View > Objects. (i I
¢ In the Object window, click the :
Morph Object button in the e
bottom right o M——
e Set Object to Left Ventricle,
Operation to Fill Holes

¢ Fill Type to 3 pass 2D and
Transverse

e Connectivity to 4-connected

e Defined Object to Left Ventricle

* Click the Morph button to perform

the operation

* When prompted, click Fill Holes

| Copyright 19882012, BIR, Mayo Clinic

# Morph Object - Volu, L= | 1| X ]

Object: Left Ventricle ~

Operation: Fill Holes =

Fill Type
@ 3D 020 @ 3pass2D|

|@ Transverse () Coronal () Sagittal

‘ Connectivity

|@ 4-connected () B-connected |

Defined Object:  Left Ventricle =
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In this data set, the boundaries of the Left

Ventricle object are somewhat noisy. We

will filter the objects in order to improve

the segmentation result even further.

In the Objects window (View >
Objects), click the Filter Objects
button in the bottom right

Leave Operation as Median and
Filter Size as 3 x 3 x 3

Click Filter

Save the object map by going to
File > Save Object Map and
choosing a directory

Repeat segmentation steps for the
end-systolic data and save the

end-systolic object map

£+ MicroCT_Diastolic - Volume Edit

[=[E] = ]

File View Other Help

LR

L 2Im[criginal ‘
(Wit ventricie
B other

Name| Original

Color White (] Add Object
[ Display [0 Locked “W@

Edge Strength |Wals | Semi-Automatic| Manual

[ Use Edge Strength

Copyright 138-2014, BIR, Mayo Clinic.
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Measurement Instructions

Select the end-diastolic data in the Analyze workspace and
open the ROl module (Measure > Region of Interest). Load

the object map by navigating to File > Load Object Map.

p
#+ MicroCT_Diastolic - Region Oﬂnberes-—

[ESNEERSC)

File Generate Tools View Other Help

Show || Show
_) (_

Samp
Opts

Copy (| Copy

LRSIt RS

jo|®| =] 1

Sample
Images

Clear
Regionz

Clear
Lirviits

Slice |

313

E‘.

maoCz
o @
s

@
ﬁ O“o

<-C+>-> E
T
e
o
o

Convert

EE
B

Intersections become part of:
@ Defined (0) Existing (C) New

Object To Define:

e i |

() 2D Mode @ 30 Mode () 4D Mode

Copyright 1986-2014, BIR, Mayo Clinic
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Open the Sample Options window (Generate > Sample Options). In the

T —— ™y
!d'/-,' Sample Options - Region Of Interest . El@u

Sample Options window, set the following parameters:

) sample Type “|[C] Original
e Sample Type to Object(s) ) Selected Region Left Ventricle
e Select only the left Ventricle Object @ Object(s) 7] Other
* Set Summing to On () Individual Voxels

e Auto Reset to On

e Sample to All Slices i
e Sequence Display to Off [ Select All ” Invert Selections
e Stat type to Intensity Combine Objects: @ Mo () Yes

¢ Set Log Stats to On

Minirmum Sample Max/Min Maxirmum
0|[_] | {2553 |

Range @ Volume ) DataType
Volume @ Primary Related

Summing @ On ) Off -
- - Reset Sum
Auto Reset @ On (0 Off -

Sample @ All Slices (7 Slices Specified in Slice Menu

Sequence Display () On (

Stat Type @ Intensity (O 2D Shape () 3D Shape () Fractal
() Boundary Coordinates (7 Region Pixels

Decimal Places IE !

Log Stats @ On () Off Configure Log Stats
—
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Click Sample Images, then save the
generated statistics from the ROI Stat
Log window. Repeat the measurement
steps for the end-systolic data and

save the end-systolic .stats file.

4 ROI Stat Lag - Region Of Interest (= E] = |

CT Diastolic

ampleMin= 0

700000000000087 VoxelHeight= 0.048979908080809808900887 VoxelDepth= 0.04878990500000040!
Hame Mean Std.Dev. Voxels Lrea mm2 Vol mm3

Ventricle sum 1261.42 41.40 ST3523 1422.36 T0.83

soe

39 coTr 2014 o
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Calculation Instructions

Import the .stats files into Excel or

another spreadsheet application as space- | Home | Insert Page Layout  Formulas Data Review  View Acrobat
delimited files. * Ll Calibri S Wrap Text General -
Paste S I =T - ([ || =8 oo ce
h . £ he | d . - .J Format Painter |..B ] MEETRSA R ER l il ol ‘ ..'"".“‘""!J Ed
Use the equations from the Introduction to Clipboard | Font 5 AR )| R 5 |
calculate stroke volume, ejection fraction, A20 -@ |
and cardiac output. AN B | c | D E | F =P TS YU —r—
1 & wed Sep 17 12:13:39 CDT 2014
2_;# VolumeFile= MicroCT_Diastolic
3 # SampleMax= 2553 SampleMin= 0
4_;# VoxelWidth= 0.0498 VoxelHeight= 0.0498 VoxelDepth= 0.0498
5 8
En_;# Vol_# Slice Name Mean Std.Dev. Voxels Area_mm2 Vol_mm3
7 |#
8 | 1 512 Left Ventricle_sum 1261.42 41.4 573523 1422.36 70.B3
9 |
£
11 # Wed Sep 17 12:20:33 CDT 2014
}24:# VolumeFile= MicroCT_Systolic
13 # SampleMax= 2582 SampleMin= 0
___1_:145# Voxelwidth= 0.0498 VoxelHeight= 0.0498 VoxelDepth= 0.0498
15 |#
15_;# Vol_# Slice MName Mean Std.Dev. Voxels Area_mm2 Vol_mm3
17 |#
18| 1 512 Left Ventricle_sum 1261.27 40.4 279820  693.96 34.56
19
EDV ESV 5V EF HR* o
mm#"3 mm#"3 mm#"3 % 1/min  cm"3/min
70.83 34.56 36.27 31.21 400 15

*Heart rate estimated here but would be a measured range.
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