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Abstract

This paper describes a calibration procedure to re-

2. Calibrati on methodol ogy

Te inpwt rawand ground truth boundaries are ini-

duce the error of raw aut omatical ly produced left ventially in an irregularly spaced vertex polygon format
tricle boundary delineations fromventricul argrams. Onvith 100 vertices and unit diremsions in mlliraters.
a data set of 377 patient studies, the al gorithmuus abl dbe polygors are resarpl ed and i nferpol ated into into
to delineate the boundary for the left ventricle with @napromiate mmher of equally speced vertices be-
average error just over 2. 4 mnrelativeto the gold stan-fore it undergoes the calilbration procedire discussed

dard of cardiologist hand traced boundaries.

1. Ventriculography

Contrast vertriculography is a procedure routirely
performedinclincal practice diring cardiac catheter-
ization. Githeters are intravescularl yimserted into the
heart to inject a contrast dye so that the left ventricle
may be rore clearl y inages with X-Rays. The timse-
querce of suchimge frares is called a ventricul ogram
They corstitute a projection imge sequence of the en
docardial surface of the left ventricle charher. These
images are wed to determre the endocardial bound
ary at the end diastol e, vhen the heart is filled upwth
Hood, and at the end systole, vhen the heart is at the
erd of the contraction phase during the cardiac cycle.

We have reported in another paper[2 ] an automtic
approach to determmi ng the boundaries of the left ven
tricle. Wnoticed that this autorated approach pro-
duced boundaries invhi chthe errors inthe inferior vall
delineation and apical zone delineation vere system
atic. Inthis paper ve describe the apmroach ve took
tocalibratingout the systematic shape errors produced
by the autoratic boundary delineation al gori thms-
ing physi cianspeci fied points for the aortic val ve gare
and the apex.

bel ow

Fig. 1shows atypcal rawclassifiation boundary
for the end diastole and end systole frams of the car-
diac cycle. The systematic boundary error cancell ation
mthodol ogyis, ineffect, acalibrationprocedire vhich
calitrates out all systematic position, orientation, and
shape errars of the rawcl assified boundaries like those
seen in Hg 1. Te calilration trarsformtionis esti-
mated wsing a databese corsisting of the ground truth
boundaries and the correspond ng rawboundaries gen-
erated by the classifer.

Te cross-validation protocol for estinating the ac-
curacy of the boundary error cancellation procedire
takes a databese of N patient studies and pertitions
it into K equal sized sutsets. Then for all K choose
L corluratiors, the trarsformationwsing L subsets 1s
estimated Nowuwsing the estimted trarsformationon
the remining K — L susets, the man error of the
trarmsforrad boundary is estimated.

3. Performnce and data anal ysis schena

The error betveen a commited boundary and the
groud truth boundary is defred as the average dis-
tance betveen each vertex of the commuted boundary
ard the polygon of the groud truth boundary and
the distance betveen each vertex of the ground truth
boundary and the pol ygon of the cormuited boundary.

Fr each vertex of the boundary, the calilrated



Figure 1. Results of the pixel classification
al gorithm over ED and ES franes of the
cardiac cycle. Top : Fnd Systole (ES)
frane showing very little dye in the apex
zone of the left vemtricle and the pixel
cl assification boundary (the thi n boundary
line) falls short in the apical zone. Also
seenis the over estination of the inferior
walls. Thicker boundaries are the bound-
aries dravn by the cardiol ogist. row Fnd-
Dastole (ED) frame showing very little
dye in the apex zone of the left ventricle
and the pixel classification boundary (the
thin boundary line) is under-estimted in
the apex zone of the left ventricle. The
thi ck boundary 1ines represent the bound-
aryof theleft ventricle as delineatedby the
cardiol ogi st.

z-coordinate is cormted as the linear corhination

of rawz - end rawy-coordinates of the left ventricle
boundary and the z andy coordinate of the three wer
entered poirts in all possible conhinations up to 2nd
order term: this comstitutes 1 zero order term 6 frrst
order terms, and 21 second order terra. The coeffi-
cierts associated with the lirear corlination change

for each vertex And the values of the coefhiierts
are estimated by a least squares regression Te cali-
trated z and y -coordinate of that vertexis corputed
wth a different lirear corhination of rawz - and y -
coordinates and the 2nd order term of the three wser-
entered points. Let g ,’1 and b ;1 be the rowvectors of z -
and y -coordinates for any patient n. Iet » ,’1 ad s |
the rowvectars of z - and y -coordinates of the classifer
boundary. For the calibrated boundary estimationin

vertricul ograra ve are:

be

n

e Given: Grrespording ground truth boundaries
R[N x 2P], classifier boundaries Q [N x (2P +28)]
respectivel y:

i bt rsity
R= Q=

! ! ! ! !
gn by TN Snin

where, tll are the 1+6-+21 augmented term commng
fromthe 3 uwser input paints of the first study and ¢ ;v
is tle H-6+2 agated tam aig frantlke 3

e irpd pans  te N th shdy.

e Let A[(2P +28) x2P] be unknown regression
coefftient matri x.

e The problemis to estimate the coeffcient matrix
A and tomninmze || R—Q[¥€. Then for any
classifier boundary matrix Q, the calibrated ver.
tices of the boundary are givse,nvbiyeQa&

is the estinated coefltients.

This problemis solved by the standard least squares:
solution.

Due to the fini te number of our patient studies, 377,
and the large number of coefltients being estimnted,
there is arelationship between the nunber of vertic
we sanple the polygon and the resulting nmean and
standard deviation of the boundary error on the tes:
set. If we sample too many points, we ineffect nem
orize the training data and performance on the test
set will be poor. If we sample to few points, we do
well in terns of generalizing but we incur a large e:
ror due to the coarse sanpling. Therefore we optim ze
for the nunber of vertices. At the optimal values th
nean boundary error is just more than2.4mllineters.



Figure 2 shows the rawclassifier boundary and Referaixs

ibrated boundary for an end diastole frame. Figure 3
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average error to less than 2mm Then we will gaéilearssiﬁer and FEstimated
statistics on the ejection fraction estimates that are ’
based on the autommtic boundary delineation algo-

rithm



