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X-ray mammograms reveal abnormal tissue densities, while metabolic images identify regions of
abnormal metabolism. Conventional nuclear medicine and radiologic breast images must be ac-
quired at different times with different patient positions making coregistration difficult. Accurate
coregistration of metabolic and x-ray images of the breast is likely to be important when acquiring
information about the location and diagnosis of suspicious lesions or tumors. Our Rdditton
emission mammographyystem detects metabolic activity within the breast. The two planar de-
tectors are integrated into a conventional x-ray mammography unit. This arrangement simplifies the
image registration process by allowing a breast metabolic image to be acquired immediately after
performing an x-ray mammogram. The patient is not moved between procedures. A coregistration
tool has also been developed. A thin plastic sheet with a wire frame protrudes from the side of the
upper PEM detector. With the tool positioned over the suspicious area of the breast, a magnified
film density image is made using the available x-ray equipment. A radio-opaque rectangular outline
of the wire frame is visible on the film image. During a positron emission metabolic scan, detectors
acquire a 4% 59 mnt image of the same region. The PEM detectors can be positioned anywhere
along the width of the breast. This provides an image of a particular region of interest. Several
contiguous images may be combined to provide a complete scari998 American Association

of Physicists in Medicind.S50094-24088)01311-X]
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[. INTRODUCTION contrast needed to identify tumors against a background of

X-ray mammography is currently the imaging technique oftormal tissue. The accumulation of FDG in different tissues
choice for detection of breast cancer. However, this techS@" D& measured guantitatively using PET. A FDG PET

5 . .
nique has limited sensitivity and specificity. Dense tissue>tUdy Py Wahlet al in breast cancer patients demonstrated

masses found within the breast are regarded as suspiciofls M€an tumor to k_)acliground”ra‘i‘tlo of 8'}6'?5‘”96 1-86_
lesions. Using mammography it is difficult to differentiate 800, 25 tumors, size “3.0 cm”"—“&12 cm”). Tseetal®
dense but healthy breast tissue from a dense tumor. MarfPOrted that 12/14 breast cancer patients showed positive
(65%—85%" breast biopsies based on suspicious mammogEDG uptake. Niewegt al."" reported 11/12 cases of pri-
raphy findings return a negative diagnosis for breast cancdPary breast cancer were detected with FDG-PET, with only
after pathological examination of the excised tissue. Alterna®n€ lesion, which was under 1 cm, being missed. A study of
tively, a tumor may have a similar density to healthy tissue 97 breast tumor patients with FDG studies by Ailal? is
so some (5%-15% of cancers are not detected with the most extensive series published so far. They found a
mammography. sensitivity of 90% and a specificity of 85% when applying
In 1930 Warburget al2 first described enhanced glucose full quantification to their images. Avril states that motion
metabolism in tumors compared with healthy normal tissuesartifacts and small lesions caused a loss of sensitivity in their
Recently Brownet al* showed that the increased glucoseresults.
uptake in breast tumors is facilitated by an increased expres- We have applied the basic principles(8fET) technology
sion of the glucose transporter molecule GLUTif re- to a dedicated breast imaging instrum&ht:? Our positron
sponse to hypoxic conditions within the tumoR{F-18]-  emission mammograph{PEM-1) instrument has been de-
flouro-2-deoxy-D-glucose(FDG) is a positron emitting Vveloped to image tumors within the moderately compressed
glucose analog that is widely used for metabolic imagingbreast by taking advantage of the increased FDG uptake. The
with positron emission tomograptf?ET). FDG and glucose term “positron emission mammography” refers to any in-
enter cells via the same membrane transport mechanismsfrument, regardless of its geometry or image reconstruction
The metabolites of FDG accumulate preferentially in tumoralgorithm, which is designed to detect the presence of posi-
cells. Normal cells also accumulate FDG, but at a reducetfon emitting isotopes within breast tissues. Recently other
rate compared to the active tumor cells. This provides thdEM instrument designs have been repolted! The first
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clinical PEM study was reported by Weinbegg al’® in

1996.

PEM can determine if a suspicious lesion has an abnormal
metabolic rate, implying the presence of cancerous cells. A
This suggests that it will have an important role as a second- o
ary cancer screening technig(after mammography, but be- Togistranon
fore biopsy. We anticipate that PEM will eventually be able g ]

. . . . . compression

to detect these changes in metabolism quantitatively. This ¥ paddle— IO
would provide a useful tool for assessing a tumor’s response % breast
to anticancer drugs and radiation therdpy® Tumors, which
respond to a variety of treatments, generally have much a magnification || | lower

table detector

lower FDG uptake than they did before the onset of
therapy?®?! A recent study by Bassat al,?? has shown a
significant decrease in tumor glucose metabolism in response detectors move along
to an effective course of chemotherapy. these rails

Comparing images obtained from different modalities has V < x-ray film cassette holder
traditionally been an obstacle. For example, conventional 45 cm
nuclear medicine and radiologic breast images must be agie 1. The integration of PEM detectofwhite areasinto a conventional
quired at different times with different patient positions. In mammography unitshaded areasThe PEM detectors are shown retracted
practice, methods employed for image registration includée allow an x-ray mammogram to be performed. The PEM detectors slide to
the use of positioning devices to align the patient, externai® 'eft of the figure to perform the PEM scan.
and internal landmarks, and relatively complex mathematical

algorithms?®2* Accurate coregistration of metabolic and x- _ , o _ .
ray mammography images of the breast provides a valuabf@vailable during the patient examination. This greatly facili-

approach to identifying, localizing, and quantifying changestates acquisition. of additional PEM i'mgges and re.tqu.e's of the
in breast anatomy and glucose metabolism. Combining x-rajl@mmograms, if necessary, to optimize lesion visibility.
mammography and metabolic imaging into one unit simpli-
fies the registration process by allowing for consecutive im—B
ages to be acquired without moving the patient between

this side faces
chest wall

. X-ray mammography films

scans. The x-ray mammography film images are acquired on a
Philips Mammo DIAGNOST-UC unit. Standard diagnostic

Il. EQUIPMENT mammography film is used. The developed films are placed
on a light box and digitized using a Panasonic WV-BL-200

A. PEM detectors video camera connected to the Alpha workstation. The raw

Construction details of the PEM scanner have been detideo image has 512480 pixels. The pixels in the raw
scribed in a previous paper by Thompsatral X Briefly, the video image are interpolated in order to make them square.
detectors are Comprised of two XZ2X20 mn']?’ pixe”ated The reSUIting matrix size is 522380 pixels. The size of the
bismuth germinate scintillation crystal block arrays. The twoPixels depends on the setting on the video camera’s zoom
planar detectors are positioned 180° relative to each othdens.
and they operate in coincidence to detect the 511 keV anni-
hilation photons from positron decay. The crystals are cu
from both sides of the blockL1.5 mm depth on one side and
6.5 mm depth on the othewith the separation between cuts  The PEM detectors have been integrated into a conven-
being 2.0 mm. The cuts are offset 1 mm on both sides givingional Philips mammography unit as illustrated in Fig. 1.
a sampling distance of 1.0 mm. The crystals are opticallyEach detector is housed in a shielded aluminum box. A stan-
coupled to Hamamatsu R3941-05 position-sensitive photodard mammography magnification table has been modified
multiplier tubes(PS-PMT). such that the PEM system will attach securely onto the struc-

The signals from each PS-PMT are processed to produdeire of the x-ray unit. The magnification table is a hollow
X, Y position and energy information about each photonbox conventionally used to establish a fixed amount of dis-
interaction. Timing signals from the last dynode of each detance between the breast and the x-ray film cassette.
tector are processed by a constant fraction discriminator and The two PEM detectors are mounted on rails in order to
a coincidence circuit. Valid coincidences are used to triggescan the entire breast width. The detectors always move in
an Aurora-14 6-channel CAMAC analog to digital convertertandem. During an x-ray mammogram, the detectors slide
(ADC) which digitizes the energy and position signals. Theout of the x-ray photon field allowing an unobstructed film
ADC is interfaced to a DEC Alpha workstation. The work- image to be acquired. The maximum height of the magnifi-
station is on a cart with the data acquisition system mountedation table/PEM detector assembly is 45 cm. The width of
below. In practice, it stands in one corner of the mammogihe instrument varies from 30 to 46 cm depending on the
raphy examination room. The PEM and x-ray images ardateral position of the detectors. A plastic compression

E:. Integration of PEM and x-ray mammography

Medical Physics, Vol. 25, No. 11, November 1998



2121 Bergman et al.: PEM and mammogram coregistration 2121

paddle is used to immobilize the breast. The compression tumour
paddle attenuates approximately 2%—-3% of the 511 keV

gamma rays.

detector——> L

The biggest problem with this design has been the posi- — compressed
tioning of the detectors over suspicious regions that are __: breast

within 2.5 cm of the chest wall. Here we have found that
mediolateral oblique views allow for deeper imaging.

lll. PEM IMAGE ACQUISITION
A. PEM software

slice
images |,

The PEM software consists of three interdependent pro-
grams to acquire, compute, or accept commands, and display. 2. Formation of seven images by backprojection of lines of response
e e e o i o it ey o T
options: ".jentlf.y the patient, digitize a mammogram, red.ls-bg:{[ frggsjsid hot-gspot imagehick line) cor%esponds to the pxllane of t.he
play previous images, etc. It also performs the backprolecr-egion of higher uptake.
tion and corrections described below. During the examina-
tion, the display program provides an almost “real-time”
display of seven transverse PEM images corresponding to
seven slice depths through the compressed brébise im- V. COREGISTRATION OF IMAGES
ages are normally updated every bEhe display programis A coregistration tool
an x-windows application. The display allows the user to - ) ) _
control the image contrast, color table, and to load a selected !N order to facilitate the registration between the radio-
image into one of three auxiliary windows for further pro- 9raphic and the metabolic images, a coregistration tool has
cessing. These windows allow one selected image to be fileen developed. The regl_stratlc_)n tool is a thin shegt of Plexi-
tered, to produce profiles used to measure the lesion contra@@S™ (130<95X3 mm thick with a 3949 mmz window
and size, and to register the PEM image with the mammo@nd graticule made of 0.5-mm-thick steel wire. The coregis-
gram. tration tool can be seen extending from the upper detector in

Fig. 1. These wires are visible on the x-ray image and pro-
vide magnification information. In Fig. 3 the window dimen-
sions are given akyx andLy. The nearest edge of the win-

, dow to the patient is located/ o from the edge of the film.

B. Image formation The PEM field of view® (49X 59 mn?) is larger than the
The X andY positioning information for each detector is coregistration tool window. Since the tool window is posi-
used to identify discrete crystal elements at both ends of {oned above the breast, its image is always magnified more
line of response through the breast voluli&xtensive use than any plane through the breast, on the x-ray film. Depend-
is made of look-up tables, which are loaded as requifed. ing of the compression used, the window size will reach at

Limited angle backprojection is used to form PEM imagesleast the 4% 59 mn? at the midpoint of the breast.

which are oriented transverse to the patient’s bdwith

this method, a number of image planes can be viewed. We
have chosen to display seven planes through the thickness of

the compressed breg$tig. 2). To form the images a number A
is added to the pixel in each plane through which the line
joining the two coincident crystals passes. This number in . /window
inversely proportional to the product of the crystals’ relative A
detection efficiencies, the attenuation of the gamma rays
along their oblique path through the breast, and the detection w$
probability had the annihilation occurred at that location in B
the plane, as shown in our previous woPkrhe image plane

registration

closest to the site of high focal uptake has the best focused ul I/ % | table
image of the site. The seven PEM images are presented left { }
to right with the left-most image nearest the x-ray source. ) — :
L . . . . . indow Image Window Image
The image orientation is as if the breast were pendant with Front view Side view

the chest wall at the top of the image. The pixel size in the
seven 12& 128 images Is 0.5 mm since the sampling dis-Fg_ 3. Magnification of PEM images in frontal and lateral views showing
tance on each detector is 1.0 mm. how the window in the registration is imaged on the mammogram film.
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TasLE |. Symbols, definitions, and values for distances which influence the

A PEM magnification values.
z 2
T Distance Symbol  Valuémm)
x Anode to film A 580
Height of magnification table H 220
X length of window Ly 39
Y length of window Ly 49
Y origin of window from film edge Wyo 26
Distance from window to breast Wg 36
Breast compressiotvariable B 15-70
Distance from window to magnification W 51-106
table (variable
film Horizontal distance from window to PEM Dwp 150
Fic. 4. Front view of PEM magnification geometry showing two points in
different PEM slices, both the same distance from the center line. Since they
are on different slices their images will appear at different points in the
mammogram. Similarly, the magnification of the window,y, is
A
During the x-ray examination, the breast is imaged MW_A— H-—W" )

through this window, producing a radio-opaque grid on the o _ _
film. The window provides a landmark which can be used toCombining Eqs(1) and(2) we obtain an expression for the
position the PEM data on top of the x-ray mammographyrelative magnification of the PEM slicgé with respect to the
image. This region can be repositioned by sliding the toolimage of the windowM g
detector assembly across the breast area.
o _Ms_ A-H-W
SW"My  A-H-B[(7.5-9/7]

(€©)

B. Derivation of magnification factors

During a mammogram, x rays diverge from a point on the 1he edge of the window nearest the patient's chest is
anode producing a magnified film image of the patientslocatedWyomm from a vertical line joining the anode to the
breast. The mammography film is not symmetric since thdack of Fhe f|lm as shown in Fig. 3. The Ioc_atlo_n of thls_ line
anode of the x-ray source s directly above temter of the ©n the film isMy*Wyo from the edge. This distance is a
chest wall edgef the mammography film. This point is the re_ferencg to the edge_ of the_ film when it is digitized. The
origin of the magnification on the x-ray film as shown in Fig. Window is always a fixed distanc&g, above the com-

3. Figure 3 shows both frontal and lateral views. The seveR"€Ssed breagd6 mm. Table | lists these symbols and gives
PEM image planes are each magnified by a different amounth® valuesin mm) for our instrument.

and appear shifted by a different amount on the mammo- The PEM deteptors traverse alqng the width of the breast.
gram. To correlate the image of the registration tool on the x-ray

The PEM image must be scaled by a factor which defilm with the field of view of the PEM scanner, the detectors
pends on the PEM image plane chogene ofseven and ~ MUSt move across the breast by a specific distance. A scale

the zoom setting on the video camera. This is illustrated ifP" the railings is provided for this purpose. The distance that
Fig. 4 where two points labeleB, , in planel, and Py in the detectors would have to move to align the two modalities

plane5 are both a distanck from the center of th&X-axis IS NOt simply equal to the physical distan@@yp, between

PEM image. If these points were radio-opaque each would1€ Plastic coregistration window and the PEM dete15i0

cast a different shadow on the film, oneXat, and the other mm). This effect is illustrated in Fig. 5. In practice, since the
at Xs. error is relatively small, the detectors are always moved by a

The program calculates the necessary scale factors rfixed distanceécorresponding to a breast thickness of 50 mm,
quired to match the PEM image size to the film image size2d the lesion being in the central sli@nd a software cor-
by considering the similar triangles constructed when pho!€ction is applied. The PEM image is moved by a small
tons are emitted from the point like x-ray ano@ee Fig. 4 amount,Ax depe_ndmg on th_e z_ictua_l slice of the lesion and
Suppose the x-ray anode is at a heighand the window in Preast compression. From similar triangles:
the tool is at a heightV above the magnification table. If the X d
height of the magnification table id, and the thickness of M = ,
the compressed breast Bsthen from similar triangles, the A-H-03B A-H-W
magnificationM g5 of the X coordinate of a poinPs in slice
number “S” is

AX:XM_XP, (4)

A
Ms= A—H-B75-95/7 @

Ax=d ATA-W

A—-H-0.58
—Xp,

Medical Physics, Vol. 25, No. 11, November 1998



2123 Bergman et al.: PEM and mammogram coregistration 2123

4

The scaled PEM image is offset iy before being over-
laid on the mammogram.
The procedure used to display the PEM image on the
mammogram consists of four phases, the first two of which
; R require user inputFirst: The user selects a grayscale range
tool which maximizes the visibility of the coregistration tool on

X
(] X-ray field of view
¥/1; PEM field of view

gon;gtmssed / the digitized mammogramSecond: The user selects the
reast

“Find Tool” option, and uses the mouse to drag and stretch
a rectangular outline of the registration tool until it overlays
the tool's image on the digitized x-ray film{During this
phase the scale factor§; and Sy, for each axis of the
mammogram image are established. This allows for any
zoom setting to be used on the digitizing cameféird: The

Fic. 5. (a) Center of field of view of mammogramX(,) and PEM image  program interpolates PEM image to the size of the mammo-
(Xp) do not match if one assumes that the position of the PEM scannegram, and its position is establishdeburth: The program
should C(_)rrespond exg(_:tly to the pre\(ious position of the registration'too_IdiSp|ayS the PEM pixels in the offset and aligned PEM im-
(b) Applying the magnification corrections ensures that the same region |%ge which exceed the lower PEM color-scale threshold on
the mammogram image. The result is a metabolic breast im-
age scaled and aligned with the anatomical features visible
on the mammogram.

a. Front view b.

film image

imaged.

whereXp is the center of the PEM image field, aKg, is the
center of the registration window in the mammogram, and
0.5B is the height of the center slice through the breast. V. PHANTOM EXPERIMENTS

A. Magnification factors

C. PEM/mammogram coregistration software To verify the magnification factors, the tool was placed at
We have written software to display PEM images using!n"€€ heights, 120, 60, and 5 mm above the magnification
standard X-Windows library functions in Open VMS. Users t@ble, exposing the film at each height. The film was then
have several options when presented with the seven PEditizéd and the tool was aligned with each image on the
image planes on the computer screen. After selecting one ¢fM- The measured coregistration tool and image slice mag-
the images, zoom, smoothing, and profile features allow fopification factors were compared with calculated values.
further image processing.
The PEM image overlays the x-ray image in a “registra- B. Image of diamond pattern of capillary tubes
tion window.” The PEM and x-ray images have separate

color scales whose upper and lower thresholds can be chos?rbA diamond-shaped array of 22, 0.5-mm-id. capillary
. . 8 . .
by the user. When overlaying the PEM image on the mam:.. es was filled with" solution to a depth of 1 crfusing

mogram, the PEM color is displayed if the pixel is above thethe capllllary action of the tubeThe closest tube centgr to
. . center distance was 5.7 mm. This arrangement was imaged
lower PEM display threshold, otherwise the grayscale mam:

U ; s in air to facilitate the precise correlation between a PEM
mogram pixel is displayed. The resulting effect is a back-, ; .
. . .~ image and its corresponding mammogram. The glass tubes
ground grayscale mammogram image with colored regions

LS . . are easily seen on the x-ray mammography film. An x-ra
highlighting areas of increased FDG radio-tracer uptake. mammogyram and a PEM inz/age weregmzfdg for several d?fl_
In order for the PEM images to be displayed with the

. fferent lateral positions along the detectors’ range of motion.
same scale as the mammogram it is necessary to account

T ;
. o " 18%ven lateral dis lacements, from30 to +30 mm, from
the zoom factor of the video camera used to digitize the film . P .
. : o . : the x-ray axis of symmetry were used. Seven sets of images
This, and the user identification of the coregistration tool . :
were collected for two equivalent breast compressi@ts

described below, require an additional scale factor betweegmd 70 mn.

mammogram pixels and PEM pixels. Due to the fact that the The image registration procedure is used to align each

video camera pixels may not be perfectly square, and the . ; i
. . . . Image pair. A feature of the registration software allows the
user may not identify the corners of the registration tool per-

. r to identi nd store th rdinat f different point
fectly, separate scale factors for each a8jsand S, are user to identify and store the coordinates of different points

. . . - in an image.(This feature was written for making initial
used. These are incorporated into &8). to provide a pair offset calibrations for the PEM/x-ray mammogram system
(Mgwx and Mgy of factors to scale the PEM pixels to Y 9 y

digitized mammogram pixels: but is it not required clinically. The image threshold is first
' set to optimize the presentation of the PEM image. The cen-
A—H-W ters of the tubes which are in the field of view of the PEM
MSWX:SXA_H_B[7_5_ Sk detectors are then identified. After thresholding the com-
(5) bined image so that the PEM image disappears, but the x-ray
Moy Sy A-H-W mammogram remains, the center of each tube on the film
SWYTSYA—H-B[7.5-97]" image is identified. The paired differences in btrand Y
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Fic. 6. The coregistration tool corresponding to breast compressions of 5, 60, and 120 mm. The green pattern corresponds to the digital representation of the
tool which has been scaled to indicate the image of the tool at 60 mm compression.

coordinates measured for each modality are then used to egt. PATIENT STUDIES
timate the mean distance between the PEM and x-ray im-
ages(The sign is positive if the point in the PEM image is to The initial clinical trial using this instrument is presently
the right of, or above the same point in the mammogyam.underway. The trial requires examination of 20 patients with
The standard deviation of the differences between the cent@ymptoms very suspicious of breast cancer. So far 13 sub-
of each point in the PEM image and each point in the x-rayjects have been studied. A detailed analysis of the outcome
image for each image set was also calculated. A nonzerf these studies will be presented elsewhere.
mean distance can be due to the difficulty in reading the This scanning protocol forms part of the grant application
scale at both ends of the detector travel, and any play in tht the National Cancer Institute of Canada’s Canadian Breast
vertical and horizontal rails along which the detectors slide Cancer Research Initiative, under which this research is be-
A nonzero standard deviation would be due to the imagéng carried out. The protocol has been approved by the Royal
resolution and the ability of the user to identify the center ofVictoria Hospital's Research Ethics Board. The patients
each point in each image. must be older than 21 years of age, nondiabetic, not preg-
nant, and be a candidate for an excisional breast biopsy or
mastectomy within two weeks. Preference is given to pa-
TaBLE II. Magnification factors c_alculated for the coregistr_ation toql from tients with small lesiongless than 1 cm in diamet)erThey
Eg. (2), and measured for two slices and_breast compressions equwalenwhust give informed consent in French or English using an
5, 60 and 120 mm(The measured values include zoom factors and errors in
approved form.

scaling the too).
Patients fast for at least 4 h, and are injected with 75 MBq

Equivalent breast Calculated Measured slice of ¥F FDG in the Nuclear Medicine department of the Royall
compression coregistration magnification &,Y) Victoria Hospital. This |njecteq dose is approximately 1/5 _of
(mm) tool magnification Slice 1 Slice 7 the amount used for conventional whole-body PET studies.
: 82 128 123 126 129 This lower dose can still be imaged effectively because of
60 290 1.48" 142 1.27” 192 the high sensitivity of the PEM instrument compared to PET.

120 284 176,173  1.26,1.25 They are then taken to the Cedars Breast Clinic where
they are encouraged to drink water. Before preparation for

Medical Physics, Vol. 25, No. 11, November 1998
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Fic. 7. Pattern of®F filled capillary tubes imaged in the center of the PEM field of vigap row), and displayed by 10 mrtbottom row to demonstrate the
field of view. The top row images have 60 000 counts and the bottom row images have 14 000 counts.

the PEM scan, they are asked to urinate in order to reducthrough the breadfslices 1 and ¥ as estimated by the pro-
their radiation exposure. Based on previous mammogramgyram using Eq(1). Table Il shows the range of magnifica-
the suspicious breast is placed on the magnification tabldion factors for extremés and 120 mmand typical(60 mm)

and semicompressed. The compression used is less than tlvatues of breast compression. It also demonstrates that the
required for a diagnostic mammogram due to the length ofmagnification of the upper slices through the breast changes
the subsequent PEM scé&h-5 min. Either a cranial-caudal much more than the lowest slice as a function of breast com-
(CC) or medio-lateral obligugMLO) mammogram is per- pression.

formed through the registration window attached to the up-

per PEM detector. Due to the reduced breast compression,

the resultant film image may not be of diagnostic or screenB. Diamond pattern phantom

ing quality, however, the suspicious mass should still be Figure 7 shows the seven images of the array of glass

clearly visible. After viewing the film, the PEM detectors are capillary tubes filled witht8F solution. The detector separa-

posmon_ed over_the same suspiclous area imd a1-5 Mbn was set to measure a 60 mm compressed breast thick-
metabolic scan is performed. A scan of the “assumed nor-

mal” breast is also performed. ness. The top row of images was acquired for 1 min and
To obtain optimal image quality, our protocol allows formed from 6Q 000 counts._ These images show the com-
other views to be acquired, i neces’sary given that the pa{glete pattern ywth all tubes in the REM field of view. The
tient is willing to tolerate f’urther examir;ation Additional OWer Tow of images was fo.rmed. with only 14 000 counts.
. . : L This series shows the coregistration tool and PEM detectors
x-ray studies are only made if a change in orientatioom

: . laterally displaced by 10 mm from the unit’s axis of symme-
CC to MLO, for examplgis required. If the PEM detectors try. The best-focused image is slice 5, which corresponds to

e e et o i £y PN n WCh h bos e lacd. |
' . . Figure 8 shows the overlay of a PEM image after scaling
made. A PEM scan of the contralateral breast is also made 0 the corresponding mammogram filifThis image was
order to obtain images from “probably normal” breasts ken f th fEig. 7 ding to the fifth
without requiring the scanning of assumed “normal sub-i[a1 en from the upper row o Hg. /, corresponding fo e i
, . image plang. The mean distances between the PEM and
jects. x-ray images of each set of points are given in Table Ill. The
sign of the distance indicates the position of the PEM image
VII. RESULTS with respect to the mammogram. The average distance be-
tween the modalities ranges from 0.03 to 2.61 mm for each
set of readings. The standard deviations in Table Il reflect
Figure 6 shows the result of a triple exposure mammothe ability to image and identify homologous points in each
gram film of the coregistration tool at heights equivalent tomodality. These range from 0.01 to 0.91 ntaverage: 0.24
breast compressions of 5, 60, and 120 mm. The green outlimeam) suggesting the measurement precision is better than the
is the digital model of the tool which has been overlaid onspatial resolutiotf of 2.1 mm. TheX coordinate of the dis-
the 60 mm exposure. The tool outline was also overlaid onances is greater than the instrument’s spatial resolution. This
the two other images. is attributed to the difficulty in reading the scales on the rails
The magnification factors calculated for the registrationon which the detectors travel, and a slight lateral play in
tool in all three cases are given in Table I, along with thethese rails(The scales have been made easier to read, and
measured magnification factors for the extreme sliceshe play reduced since these experiments were perfoymed.

A. Magnification factors

Medical Physics, Vol. 25, No. 11, November 1998
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Fic. 8. Overlay of PEM image of the array of capillary tubes on a mammogram film illustrating the registration procedure. There is a lateral displacement of
error of 2.25 mm between the PEM and x-ray imagEable Il1).

C. Patient study On this scale, a grade Ill tumor is poorly differentiated and

A 48 year old woman presented with a radio-opaque mas§€tapolically more active than a grade | tumor.
in the superior lateral quadrant of the left breast in a routine 1 n€ top row of Fig. 9 shows the seven CC images of the

mammogram. Two weeks later, she underwent a PEM Studﬁbnormal breast. These images were made with the energy
The 5 min cranio-caudalCC) PEM scan of the semicom- discriminators set for 350—650 keV, and were made from
pressed left breast was performed 44 min after the injectiod/ 000 counts. The bottom row of Fig. 9 shows the images
of 75 MBq of FDG. Four days later, a modified radical mas-acquired for the “assumed normal” breast. Note the area of
tectomy was performed on the left breast. Subsequent path#icreased uptakéoright spoj in the suspicious breast. Figure
logical examination of the tissue showed the presence of inl0 shows a zoomed image of the corresponding mammo-
filtrating intraductal carcinoma measuring 2.3.2x2.2cm  gram with the outline of the registration tool. The radio-
classified as grade Ill on the Bloom and RichardS@tale. opaque mass is visible as is a cluster of microcalcifications.

TaBLE lll. Mean distancg +std. dev) between PEM and x-ray images of up to 18 points along both axes as a
function of equivalent compressig60 and 70 mmand lateral displacement(30 to 30. The last column
shows the number of points used.

Displacement in
mm of PEM field-of-view X distance Y distance X distance Y distance No. of

with respect to mammogram (60 mm (60 mm (70 mm (70 mm visible
center line compress. compress. compress. compress. points

-30 5.18£0.02 —0.70+0.06 2.56:0.06 —0.78+0.91 4

—-20 5.15:0.13 —0.31+0.21 3.26:0.03 —1.33t0.42 11

-10 3.66:0.10 1.89-0.07 3.36:0.03 —1.90+0.48 17

0 —5.6 £0.01 0.47#0.44 —1.70£0.20 —3.39£0.10 16

+10 1.87:0.13 0.84:0.21 2.69-0.08 —2.33+0.48 18

+20 2.25:0.14 —0.61+0.32 4.73:0.08 —2.87+0.10 10

+30 2.33:0.05 —1.40+0.07 3.38:0.47 —3.20+0.01 5

Average 2.12-0.08 0.03-0.19 2.61+0.14 —2.26+0.36
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Fic. 9. Cranial-caudal view of abnormal left bredtp row) and right breastbottom row. In the images, the breast appears pendant. The imaging time was
5 min, and the abnormality was clearly visible after 1 min.

Figure 11 shows the thresholded PEM image overlaid omgration of both structural and metabolic imaging. We have
the corresponding mammogram. The region of highest updemonstrated that it can provide reproducible coregistered
take corresponds well to the location of the microcalcifica-images.

tions on the mammogram. The ability to view images almost in real time has con-
siderable utility. In practice, our instrument can be used
VIIl. DISCUSSION much like ultrasound in that the images appear almost in-

In previous metabolic breast studies, registration with trastantly. The advantage of this is that other views can be
ditional modalities has been identified as a problem. Oumdded if an abnormality appears at the edge of the field,
instrument was designed from the beginning to allow inte-where the detectors are least efficient and the depth percep-

Find=Tool |‘--_—|_::|"_.'-§-'

o: PEM_MAMMASM L CC_ Z
file: FEM_IMMMAZM_| OO

Fic. 10. Digitized mammogram shown with PEM registration display with outline of registration tool used to position PEM image. Note the microcalcifi-
cations near the top center of the registration tool.
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Fic. 11. PEM image showing increased metabolism in the same area as the mammographic abnormality.

tion is poor. Although the use of focal plane reconstruction,coregistered to obtain valuable information about the loca-
compared to other more sophisticated reconstruction algdion and characterization of suspicious breast lesions.
rithms, does not provide the most optimal image quality pos-
sible, the speed of this technique makes this instrument much
more clinically feasible. We intend to develop an “off-line” ACKNOWLEDGMENTS
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