
Interpolative Background Subtraction

Michael 1.Goris, Sharon G. Daspit, PeterMclaughlin, and Joseph P. Kriss

Stanford University Medical Center, Stanford, California

A method for background subtraction is presented. The data are digi
tized scintigraphic images, stored in 64 X 64 frames. Within this array a
rectangular area surrounding the target is defined. All data points outside of

this area are set equal to zero. From each data point within the area, the
computer subtracts a background value equal to the average of the two inter
secting linear interpolations between the values at the edges of the rectangu
tar area having the ordinate and abscissa values of the point of interest. The
rationale for this approach is discussed and its application in myocardial per
fusion studies is illustrated.
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In a scintigraphic image, body or nontarget back
ground is generally handled by subtraction across the
board (threshold setting) or by delinearization of
the display response (contrast enhancement) . For
some situations we have found it better to define
background as a fixed fraction of the image area (1).
In some cases, however, a more precise quantitation
of the background is helpful. Schelbert et al. (2) and

Van Dyck et al. (3) assumed that the count rate
originating in the region adjacent to the target organ
was representative of the background component of
the target count rate. In effect, they used an average
background, but the main thrust of their method
was to take the background sample as a ring around
the target. Both groups of investigators showed em
pirically that a left ventricular ejection fraction, cal
culated using this correction, agreed quite well with
the value obtained by contrast ventriculography (area
measurements) . They also showed that although
there is some predictability, there is enough variation
to make several regional samplings (i.e., a ring)
necessary.

We surmised that if the changes in regional back
ground are relatively monotone, the background
could be better approximated by linear interpolations
than by simple averaging. An obvious application
lies in the estimation of myocardial perfusion with
2Â°'Tl-chloride, where one compares relative myo
cardial uptake of the tracer injected at rest and dur

ing exercise (4) . This comparison is made difficult
by the varying background component, which is
usually larger in the resting study.

MATERIALS AND METHODS

Two millicuries of 201Tl-chloride is injected in
travenously with the patient at rest or exercising to
angina or ST-segment changes on electrocardiogra
phy. Data are collected between 5 and 30 mm in the
anterior, left anterior oblique, and left lateral pro
jections. The scintillation cameras are interfaced with
a dedicated digital computer (5), and the scintigrams
are digitized and stored as 64 X 64 data arrays
[IA(K,L)].

Prior to background subtraction, the digitized im
ages are smoothed by weighted nine-point averaging.
The smoothed data are then displayed on a cathode
ray tube. On this display the operator selects two
sets of coordinates (x1, yi) and (x@,y2) representing
two opposite corners of a rectangle surrounding the
target and whose sides parallel the coordinate axes,
as do the rows and columnsof the 64 X 64 data
array forming the digitized image.

If IX1 = x1, IYI = Yi, 1X2 = x2, 1Y2 = y2, then
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The third and last class of picture elements con
sists of the edge elements delineating the selected
rectangular area. (Either IX1@ K@ 1X2 and L =
lyl or 1Y2, or IY1@ L@ 1Y2 and K = IX1 or
1X2. ) These elements are used as above to estimate
the background component of the picture elements
of the second class. In a final step the elements in
the third class are set to zero. The digitized image,
now smoothed and corrected for background, is
plotted by an electrostatic printerâ€”plotter, using a
pseudogray scale display (6).

RESULTS AND DISCUSSION

Figures 1, 2, and 3 show data obtained in the an
tenor, left anterior oblique,and left lateral projec
tions after an injection of 2 mCi of 201T1-chloride.
The patient, a 28-year-old woman, had a history
of recent anterior wall infarction, anterior wall aneu
rysm, and total obstruction of the left anterior de
scending coronary branch. The figures show the
original smoothed data (A) , the computed back
ground (B) , and the residual image (C) . The myo
cardium is better delineated and the perfusion de

FIG. 2. Leftanteriorobliqueviewfromsamestudy:(A) origi
nal data; (B) interpolated background; and (C) residual. Again,
inferior apical defect is better seen in residual image (C).

A

FIG. 3. Left lateralview fromsamestudy;(A) originaldata;
(B) interpolated background; and (C) residual. Large anterior wall
defect is seen in residual image, with suggestion of aneurysm.
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FIG. 1. Pseudograyshadedisplay of count-ratedistribution
over chest (anterior view) after intravenous injection of 2 mCi of

@Tl:(A) original data; (B) background computed by interpolation;
and (C) residual, presumed to represent tracer distribution over
myocardium. Note that inferior apical defect is better seen in re
sidual image (C).

the picture elements IA(K,L) can be divided into
threeclasses.The firstclasscontainspictureelements
representing counts outside of the rectangular area,
and whose x coordinates are smaller than x1 (K <
IX1) or larger than x2 (K > 1X2) and/or whose y
coordinates are smaller than yi (L < IY1 ) or larger
than y2 (L > 1Y2) . All the elements in this first
class are given an initial value of zero. The second
class contains elements representing counts within
the rectangular area; their x coordinates lie between
xl and x2 and their y coordinates lie between y1 and

y2(IX1 < K < 1X2,IY1 < L < 1Y2). For each
such element the background component is computed
as the averageof two intersectinglinearly interpo
lated values.The first interpolationis betweenthe
two points on the rectangle with the same x coordi
nate as the element in question, but with y coor
dinates equal to y@and y2. The second interpolation

is between two points with the same y coordinate as

the element considered, but x coordinates x1 and x2.
Hence, the background at any point (K,L) is com

puted as

where

A B

C

IBCK(K,L) = (IB1 + 1B2)/2,

IB1 = IA(K,IY1)
(Lâ€”IY1)

+ [IA(K,1Y2)â€”IA(K,IY1 @1(IY2â€” IY1)'
1B2 = IA(IX1,L)

C

(Kâ€”IX1)
+ [IA(1X2,L) â€”IA(IXl@L)](Ix2 â€”IX1)

The value IBCK(K,L) is then subtracted from the
originalcorrespondingIA(K,L) element.
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fects in the apex, anterior wall, and proximal septum
are more clearly seen in the corrected images (C).
Although well-chosen contrast enhancement could
have achieved the same effect, it is unreasonable to
expect contrast enhancement alone to equalize the
contrast between target and background obtained
during exercise and rest without introducing other
artifacts. On the other hand, the computed back
ground (B) is what one would expect: variation in
a fairly monotone fashion. It corresponds well to
the background surmised and mentally subtracted
by the experienced reader in his visual interpretation
of the â€œAâ€•images.

Figure 4 shows the same data as Fig. 3 processed
in two different ways : after the interpolative back
ground subtraction (left) and after conventional
constant-background subtraction (right) . In the lat
ter, the subdiaphragmatic activity still shows. Fig
ure 5 uses phantom data to make the same compari
son. This figure illustrates three things: (A) if the
background is indeed monotonely variable, then the
interpolative method will yield nearly exact results;
(B) visual correction for background may fail, as

shown in the top image where the unequal activity
distribution in a ring phantom cannot be detected;
and (C) conventional background subtraction will
produce artifacts.

In general, if the background contribution to the
image is not constant, the subtraction of a constant
average background will introduce artifacts. For in
stance, if two points in the target have true counts
of n1 > n2, but background contributions b1 < b2
so that the image shows (n1 + b1) and (n2 + b2),
subtracting the average background (b1 + b2)/2 will
yield n1@ (b1 â€”b2)/2, which is less than the true
count, and n2 + (b2 â€”b1)/2, which is greater.

CONCLUSION

For the conditions described (a variable but mono
tone background) , theoretical considerations show
that an interpolated background subtraction is pref
erable to an averaged background subtraction. This
is easily illustrated with phantoms having the appro

priate characteristics. In the clinical application of
myocardial scintigraphy with thallium, the procedure
was found to be helpful in the interpretation of the
data.
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