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1
RADIOACTIVE EMISSION DETECTOR BEQUIPPED WI'TH A POSITION
TRACKING SYSTEM AND UTILIZATION THERECF WITH MEDICAL
SYSTEMS AND IN MEDICAL PROCEDURES

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to a radicactive emission detector equipped
with a position tracking system. More particularly, the present invention relates
to the functional integration of & radioactive emission detector equipped with a
position tracking system as above with medical imaging modalities and/or with
guided minimally-invasive surgical instruments. The present invention is
therefore  useful  for  caleulating  the  position  of a  concentrated
radiopharmaceutical in the body in positional context of imaged postions of the
body, which mformation can be used, for example, for performing an efficient
minimally invasive surgical procedure. The present invention further relates to
a surgical instrument equipped with a position tracking system and a radicactive
emission detector for fine in sitw localization during reseclion and/or biopsy
proceduses, which surgical mstrument js operated in concert with other aspects
of the mvecotion.

The use of minimally iovasive sargical techniques has dramatically
affecled the methods and outcomes of surgical procedurcs. Physically culting
through [iLssue and otpans to visually expose surgical sites in conventional "open
surgical” procedures causes tremendous bluat travma and blood loss. Bxposure
of internal tissucs and organs i this manner 2lso dramatically increases the risk
of infection. Trauma, blood loss, and infection all combine to extend recovery
times, increasc the rate of complications, and requise 2 more intensive care and
monitoring regiment. The result of such open surgicel procedures is more pain
and suffering, higher procedural costs, and greater risk of adverse ouicomes.

in sharp contrast, minimally invasive surgical proceduses cause little
blunt trauma or blued loss and minimize the risk of infection by maintaining the
body's natural baniers to infection substantially intact. Minimally invasive

surgical procedures result in faster recovery and canse fewer complications than
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2
conventional, open, surgical procedures.  Minimally invasive surgical

proceduoges, such as laparoscopic, eadoscopic, or cystoscopic surgerjes, have
replaced more invasive surgical procedures in all areas of surgical medicine.
Due to technological advancements in areas such as fiber optics, micro-tool
fabrication, imaging and material science, the physician performing the
operation has easicr-to-oporate and more cost effeclive tools for use in
minimally invasive procedures. However, there still exist a host of techpical
Furdles that limit the efficacy and inczease the difficulty of minimally invasive
procedures, some of which wers avercome by the devefopment of suphisticated
imaging techniques. As is further deiailed below the present invention offers a
yet forther advantage in this respect,

Radionuclide imaging is one of the most jmportant applications of
radioactivity in medicine. The pumpose of radicnuclide imaging is to obtain a
distribution  #mage of a  radionctively izbeled substance, e.g, a
radiopharmaceutical, within the body following administration thereof to a
patient. Bxamplcs of radiophavrmacenticals include monaclonal aptibodies ot
otber agents, e.g., fibtinogen or fuoradeoxyglucose, tageed with a radioactive
isotope, ¢.g., m'f‘technetimn; mgallmm, Mhattiom, *Mindium, iodine,
iadine and lxﬂuorins, which may be adminisiered orally or intravenously.
The radiophatmaceuticals are designed io concenirate i the arca of a tumor,
und the uptake of such radiopharmacenticals in the active part of a tamor, or
other pathologies such as an inflammation, is higher and more rapid then in the
tissue that neighbors the tumer. Thereafter, a radiation emission datector,
typically an invasive detector of a gamma camera (sew below), is employed for
locating the position of the active area, Another application is (e detection. of
blood clois with radicphammacevticals such as ACUTECT from Mycomed
Amersham for the detection of newly formed thrombosis in veins, or clots in
arteries of the heart or brajn, in an emergency or operating room. Yet other

applications include radicimaging of myocardial infarct using agents such as

JP 2004-512502 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

17

2%

25

30

(76)

WO 02716965 PCTILILAGE
3
radioactive anii-myosin wntibodjes, radicimaging specific cell iypes using
radinactively tagged molecules (also known as molecular inaging), ctc.

The distribution image of the radiopharmaceutical in and arovod 2 tumor,
or another body structure, is obtained by recording the radioactive emission of
the radiopharmaceutical with an cxternal radiation detector placed at dilferent
locations outside the pattent. The usual preferred emiission for such applications
is ihat of gamma rays, which emission is in the energy rapge of approxinately
20-511 KeV. When the probe is placed in contact with the tissue, beta radiation
and pesifrons may also be detected.

The first attempts at radionuclide “imaging” were in the late 1940°s. An
array of radiation detectors was posilioned mechanically on a maitiz of
measiming points around the head of a patient.  Aliematively, a single detector
was positioned mechanically for separate measurements at each point on (he
fnatrix.

A significant advance ocewred in the early 1950°s with the iniroduction
of the rectilizear scanmer by Ben Cagsen. With this instrument, the detector was
scamed mechanically in a predetormined pattern over the area of nterest.

The first gamma camera capable ol recording all points of the image at
one tipe was described by Hal Anger in 1953, Anger used a detector compriged
of a Nal(T1) screen and a sheet of X-tay film. In the late 1950%s, Anger replaced
the film screen with a photomultiplicr tube asscably, The Angor camera is
described in Hal O. Anger, “Radioisotope camera i Hine GJ7, Insh;urnentation
in Nuclear Medicine, New York, Academic Press 1967, chapter 19, 1.8, Patent
No. 2,776,577 to Anger, issued in 1957, also describes such a radiation detector
assembly.

LS. Patent [No. 4,959,547 to Cartoll et al. describes a probe used to 1nép
or provide imaging of radiation within a patient. The probe comprises a
radiation detector and an adjustment mechanism for adjusting the solid angle
through which radiation may pass fo the dctector, the solid angle being

confinuously variable. The probe is constructed so thai the only radiation
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reaching the defector is that which is :"ri.hin the solid angle. By adjusting the
solid angle from a maximum to a minimum while moviog the probe adjacent the
source of radiation and sensing the detecied radiation, one is able to locute the
prabe at the source of radiation.  The probe caf be used to determine the
location of the radioactivity and to provide a peini-by-point image of the
radiation source or data for mapping the same.

U.5. Patent No, 3,246,005 to Carroll &t al. describes a radiation detector
or probe, which uses statistically valid signals to detect radiation signals from
Tissue, The vutput of a radiation detector is a series of pulses, which arc counted
for a predetermined amount of time. At Teast two count ranges are defined by
circuitry tn the apparatus and the count range which includes the jnpoi count is
detenmined.  ¥or each count range, an audible signal is prodaced which is
audibly discriminable from the audibls signal produced fer every other count
range. ‘'1he mean values of each coant range are chosen to be statistically
different, e.g., 1, 2, or 3 standard deviations, from the mean of adjacent lower or
higher count ranges. The parameters of the audible signal, such as frequency,
voice, repetition rate, and/or intonsity are changed for each count range o
provide a signal which is discriminable from the signals of any ciler count
range.

U.S. Patent No. 5475,219 to (Hson describes & system for detecfing
photon emissions wherein a detecfor serves to derive electrival parameter
sigoals having amplitedes corresponding with the detecied energy of e photon
emissions and other signal generating events. Two comparator networks
employed within an energy window, which define a funclion 1o dovelop an
output, 1., when an gvent-based signal amplitude is equal to or above a threshold
valee, and to develep ao output, H, when such signal amplitude additiopally
exténds above un upper imit. Improved reliability and accuracy is achieved
with a discriminator ciccuit which, in rosponse to these outputs L and H, derives

an event outpet upon the oceurtence of an output L in the absence of an catput
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H. This discriminalar circuit is an asynchronous, sequential, fundamental mode
discriminator circuit with theee stable states.

U.8. Patent Nos. 5,694,333 and 6,135,955 {0 Madden et al. describe a
system and method for diagnostic testing of a structure within a patient’s body
that has been provided with & radivactive imaging agent, ¢.g., 2 radiotracer, lo
cause the siructure to produce gamma rays, associated characterisiic X rays, and
a contimuun of Compton-scuttered photons. The system inciudes a radiation
receiving device, eg., a band-held probe or camera, un associsted signal
processor, and an anaiyzer. The radiation receiving device is arranged 1o be
located adjacent the body and the structure for reoeiving gamuma rays and
characteristic X-rays emitted from the structure and for providing a processed
clectrical signal representative thereof. The provessed elecirical signal includes
a first portion representing the characteristic X-rays received and a second
portion tepresenting the gamma rays received. The signal processor removes
the signal corrssponding to the Compton-scattered photons from the electrical
signal in the region of the full-energy gamuna ray and the characteristic X-ray.
The: analyzer is arranged to selectively usce the X-ray portion of the processed
signal to provide near-field infonmation about the siructare, Lo selectively use
both the X-ruy and the pamma-ray portions of the processed signal to provide
neat-ficld and far-field information sbout the structure, and to selectively use
the gamrra-ray portion of the precessed signal 1o provide cxtended field
intormation aboul ihe structure.

1.8, Patent No. 5,732,704 to Thurston et al. describes a method tor
identifying a sentinel lymph node located within a grouping of regional nodes at
a lymph dreinage basin associaled with neoplastic tissue wherein a
radiophrarmacentical is injected at the situs of the neoplastic tissve. This
radiopharmaceutical migrates along a lymph duct towards the drainage basin
contaunng the sentinel node. A hand-held probe with & forwardly disposed
radiation detector crystal 15 mancuvered along the duct while the clinician

observes a graphical readout of count rats amplitndes to determine when the
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probe is aligned with the duct. The region confaining the sentinel node is
identified when the count rate at the probe substautially increases. Following
surgical incision, the probe is maneuvered vtilizing » sound oniput in connection
with actuation of the probe to establish increasing count rtate thresholds
followed by incremental movements until the threshold is not reached and no
sound cue is given to the surgeon. At this point of the mancuvering of the
probe, the probe detector will be in adjacency with the sentine! node, which then
may be removed.

U.8. Patent No. 3,857,463 to Thurston et al. describes further apparatus
for tracking a radiopharmaceutical present within the [ymph duct and for
locating the sentinel nede within which the radiophatmacentical has
concenirated. A smaller, straight, hand-held probe is employed carrving two
hand actueble switches. For tracking procedures, the probe is moved in an
undulatory manaer, wherein the location of the radiopharmaceutical-containing
duct is detenmined by observing a graphics readout. When the region of the
sentinel node is approached, & switch on the probe device is actuated by the
surgeon to carry out a sequence of squclching operations until a small nede
locating region is defined.

118, Patent Nos. 5,916,167 to Xawmer et al. and 5,987,350 io Thurston
describe surgical probes whorein a heat-stevilizable and reusable detector
camponent is combined with a disposable handle and cable assembly. The
reusable detector component incorporates a detector crystal and associated
mountings along with preamplifier components.

LS. Patent No. 5,928,150 to Call describes a system for detecting
emissions from a radiopharmaceutical injected within a lymph duct wherein a
hand-heid probe is utilized. When employed to locate sentinel Iytaph nodes,
supplementary features are provided including a function for treating validated
photon event pu]sés to determine count rate icvel signals. The system includes a

fanction for count-raie based ranging as well as an adjustable thresholding

JP 2004-512502 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

23

(80)

WO 02716965 PCTIILOL063S

feature. A post-threshold ampliﬁcaﬁ;n cireuil develops fuil-scale aural and
visual outputs.

U.8. Patent Nos. 5,932,879 aod 6,076,009 to Raylhman ¢t al. describe an
mtraoperative systom for prefercntially detecting beta radiztion over gamma
radiation emitted from a radiopharmaceulical. The system has jon-implauted
silicon charged-pariicle detectors for generafing signals in response to recesved
beta particles. A preamgplifier is located in proximity to the detector filters and
amplifies the signal, The probe is coupled to a processing unit for amplifying
and filtering the signial.

T8, Patent No. 6,144,876 to Bouten describes a system for detecting and
locating sources of radiation, with particular applicability to interoperalive
Iymphatic mapping (ILM) procedurcs. The scanning prebe eimployed with the
system performs with both an audible as well as a visual perceptive owtpui. A
desizable slability is achieved in the readouts from the system through a signal
processing approach which establishes a floating or dypamic window analysis
of vulidated photon event counts. This floating window is defined betwecn an
upper edge and a lower edge. The values of these window edges vary doring the
analysis in response to compiled count sum values. In general, the upper and
lower edges are spaced apait a valee corresponding with about four standard
deviations.

To compute these coint sums, counts are collected ovet suceessive short
scan ntervals of 30 milliseconds and the count segonents resulting thorefrem are
located m a succession of bins within a ciroular buffer memory. The count sum
is generaied as the sum of the memory segment count values of a coertain
number of the bins or segments of memory. Alteration of the floating window
oceurs when the count sum either cxoeeds its upper edge or falls below its lower
edpe. A teporied mean, computed with respect to the window edge 1hai is
crossed, 1s developed for cach scan interval which, in tuin, is whlized to derrve a

rocan count rate signal.  The tesulting perceptive output exhibils a desirable
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H
stability, particulacly under conditions wherein. the probe detector is in 8 direct

confiontational geometry with a radiation source.

1U.8. Patent No. 5,846,513 teaches a system for detecting and destroying

living tumor tissue within fhe bady of 2 Hving being. The system is arranged to
be used with a2 fwnor localizing radiopharmacentical, The system inchndes &
percutaneounsly insertable radiption delecting probe, an associated analyzer, sad
a percutancously insertable tumor removing nstument, €.g,, & resecloscope.
The radiation detecting probe mcludes a needle unit having a radiation sensor
compenent thercin and a handle to which the needle vnit is veleasibly mounted.
The needle is arranged to be inserted through a small percotaneous portal into
(he patient’s body end is movable te vatious positions within the suspected
mmot to detect the presence of radiation indicative of canceraus tissue. The
probe can then be removed and the tomer removing instrument inseited through
the portal to dostroy and/or Temove the capcerous tissue. The instrument not
anly destrovs the tagged tissue, bul also removes ii from the baody of the being
50 {hat it can be assayed for radistion to confirm that the removed tissuc is
cancerous and nol healthy tissue. A collimator may be used with the probe o
establish the probe's field of view.

The main Hmitation of the system is that ance the body is penchated,
scanning capahilities are limited to a translational movement along the line of
penetration. .

An effective collimator for gamma radiation most be several mm in
thickness and therefore an effective collimator for high enetgy garmma radiation
canmot be engaped with a fie surgical instrament such 2s a surgical acedie, On
the other hand, beta radistion is absorbed maindy duc to its chemical reactivity
after passage of about 0.2-3 v through biological tissue.  Thus, the system
described in U.S. Patent No. 5,846,513 cannot efficiently employ high energy
gamma deteetion bacause directionality will to a great extent be lost and it also

cannet cfficiently employ beta radistion because too high proximity to the
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radicactive scurce i3 required, wheri.as body tissue limits the degree of
maneuvering {he instrumsnt.

The manipulation of soft tissue organs requires visuzlization (imagiog)
techniques such as computerized tomography (CT), fluoroscopy (Koray
fluoroscopy), magnetic resonance imaging (MRI), optical endoscopy,
marunography or ultraseund which distinguish the borders and shapes of soft
tssue orpans or masses. Over the years, medical imaging has become a vital
part in the carly detection, diagnosis md treatment of cancer and other diseases.
In some cases medical imaging is the fast step in preventing the spread of
cancer wough early detection and in many cascs medical tmagiog makes it
possible to cure or eliminate the cancer altogether via subsequent treatment,

An evaluation of the presence or absence of tumor metastasis or invasion
lhas been a4 major determinant for the achievement of an effective treatment for
cancer patients. Studies have determined that abaut 30 % of patients with
esseniially newly diagnosed tumor will exhibit clinically detectable metastasis,
Of the remaining 70 % of such patients who are deemed "clinically free" of’
metastasis, about one-half are curable by local tumor therapy alove. However,
some of these metastasis or even early stage primary tumors do not show with,
the imaging tools deseribed above. Moreover often encugh the most important
part of 2 tomor to be removed for biopsy or surgically removed is the active, i.e.,
growing part, whereas using only conventional imaging cannot distinguish this
specific part of a tamor from other parts thereof and/or adjacent non affected
Lissue. ’

A common practice in order to locaie this active part is (o mark it wiik
radjoactivity tagged materials generally known as radiophacmaceuticals, which
are adrninistered orally or intravenousty and which tend o concentrate in such
areas, as the uptake of such radiopharmaceuticals in the aciive pact of a tumor is
higher and more rapid than in the neighboring lumor tissue. Thereafter, a
radiation emission detector, typically an invasive detector, is employed for

locating the pasition of the active area,
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Medical imaging is often used to build computer models which allow
doctors to, for example, guide exact radiation in the treatment of cancer, and to
design minimally-invasive or open surgical procedures. Moreover, imaging
modalities arc also used to guide surgeons to the target area inside the patient’s
body, in the operation room during the surgical procedure, Such procedurcs
may include, for example, biopsies, mserting a localized radiation source for
direct treatment of a cancerous lesion, known as brachytherapy {so 85 to prevent
rudiation damage to tissues near the lesion), injecting a chematherapy agent inio
the cancerous sjte or removing a cancerous or oiher lesions.

The aim of ull such procedures is lo pin-point the target area as precisely
a5 possible in order to get the most preeise biopsy results, preferably from the
most active part of a tamor, or to remove such a tumor in its eatirely on the one
hand with minimal damage to the surrounding, non atfected tissues, on the other
hand.

However, in the current state of the prior art this goul is yet o be
achieved, as most of the common imaging modalities such as Suoroscopy, CT,
MRE, mammography or ultrasound demonstrate the position and appearance of
the cative lesion with anatemical medifications that the lesion causes to its
surrounding tissue, without differentiating bebwesn the non-active mass from
the physiologically active part thereof.

On the other hand, prior art radiation emission detectors andlor biopsy
probes, while being svitable for identifying the location of the radiation siie,
they leave sornething to be desired {rom the standpeint of facilitating the
removal or other destruction of the detected cancerous tissue with minimum
invasion of the paijent.

The combination of modalifies, as is offered by the present invention, can
reduce the margin of ewror in posilioning such tumors. [n additicn, the
possibility of demonstrating the position of the active part of a tumor
superimposed on a scan from an imaging modality that shows the organ or

mmor, coupled with the possibility te follow a surgical tool in reference to the
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afflicted area during a surgical procedure will allow for & more precise and

controlled surgical procedures 1o take place, minimizing the aforementioned
problers.

The present invention addresses these and other issucs which ave further

clabaorated hereinbelow, and offers the physicians und paticnts more reliable

targeting, that in turr will result in less invasive and less destructive surgical

procedures and less cases of mistaken diagnosis.

SUMMARY OF THE INVENTION

According to one aspect of the present inveation there is provided a

system for caleulating a position of & radioactivity emitting sowrce in a
system-of-coordinates, the system comprising (a) a radioaciive emission
detector; (b} a position tracking system being comnccted o andfor
communicating with the radioactive emission detector; and (c} 2 data processor
being designed and configured for receiving data inputs from the position
tracking system and from the radivaciive emission detector and for caleulating
the position of the radivactivity emitting source in the system-ofcoordinates.

According to another aspoct of the present invention there is provided a
systemn for caleuleting a position of a radivactivity cmitiing source in a
system-of-coordinates, the. system comprising {(a) at least two radioactive
emission detectors; (b) u position tracking system being connected to and/or
comununicating with at least two radicactive cmission detectors; and (c) a dala
processer being designed and configured for receiving data inputs from the
position tracking system and from the af loast two radioactive emission detectors
and for caleulating the position of the radioactivily emiiting sowe in the
system-of-coordinates.

According to stil ancther aspect of the present invention there is
provided a method for defining  pesition of a radicactivity emitting source in a
system-of-coordinates, the method comprising the steps of () providing a

radicactive smission detector being connected to or conupunicating with a
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position, tracking system; and (b) monitoring radioactivity being emitted from
the radivactivily emitéing source, while at the same time, monitoring the
position of the radicactive emission detector in the system-of-coordinates |
thereby defining the position of the radivactivity emitting source o the
systemn-of-coordinatos.

According to yet another aspect of the present invention there is provided
a method for defining @ pesition of a radioactivity emifting source in &
system-of-coordinates, the method comprising the steps of {a) providing al least
one radioactive emission detector being connected (0 or communicating with 2
posiiion tracking system; and (b) monitoring radicactivity being emitted from
the radioactivity emitting source, while at the same time, mositoring the
position  of the at Ieast one radivaclive emission deictor in  the
system-of-coordinates, thereby defining the position of the radicactivity
emjiting source in the system-of-coordinates.

According to yet another aspect of the present invention tkere is provided
a system for caleulating a positiop of a radicactivity emitting souras ip a first
system-of-coordinates and further of projectiag the position of the radivactivity
emitting sowce onto a second sysivm-of-coordinates, the system. comprising (a)
a radicactive emission detector; (b) a position tracking system being cormected
to and/or communicating with the radicactive dotector; and (¢) a data processor
being designed and configured for (j) receiving data inputs from the position
tracking system. and from the radicactive emission detector; (3) cajculating the
position of the radioactivily emitting source in the first sysicm-of-coordinates;
and (iii} projecting ihe position of the radicactivity emitting source onto the
second system-of-coordinates.

According to still another aspect of the present invention thete is
provided a system for caloulating a position of & radioectivity emitling source in
a first system-of-coordinates and further of projecting the position of the
radinactivity emitting source onto a second system-of-coordinates, the system

comprising (a) at least two radiouctive emission deteciors; (b) a position
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1
tracking system being conpected to andfor communicating with the at least two

radivactive emission detectars; and (¢} a data processor being designed and
confizured for () receiving data inputs from the position rracking system and
from the at least two radioactive emission detectors; (ii} caleulating ihe position
of the radioactivity ewitting source in the first system-of-coordinates; and {ii)
projecting the position of the radicactivity emitling source onto the second
system-of-coordinates.

According to sill another aspect of the present iovention there is
provided & method for calculating a position of a radigactivity critting scurce in
a first system-of-coordinates and for projecting the position of the radicactivity
emitting source onie a second systeni-of-coordinates, the method comprising the
steps of (a) providing a radiactive emission defector being connecied to or
communicating with a position tracking system; and (b) monitoring radioactivity
being emitted from the radioactivity emittiog source, while al the same time,
monitoring the position of the radivactive emission detector in the first
system-of-coordinates, theseby defining the position of the radioactivity
emitting source in the first system-of-coordinates and projecting the position of
the radioactivity ermitting souvce onto the second sester-of-coordinaies.

According 1o an additional aspect of the present invention there is
provided a methed for calewlatiog a position of a radioaciivity emiatting sovece in
u firsi system-of-coordinates and for projecting the position of the radioactivity
emitiing source onto a seeond system-of-coordinates, the method comprising the
steps of (a} providing at feast one radioactive exission defeetor being connected
0 of communicating with & position tracking system; and (b) monitoring
radicactivity being emitted from the radioactivity cmitting source, while at the
samie time, monitoring the position of the at least one radioactive emission
detecior in the first system-ef-coordinates, thereby defining the position of the
radioactivity emitting source in fhe fiest system-olf-coordinates and projecting
the pasition of the radicactivity emitting sowrce onto the second

system-of-coordinates.
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14
According to yet an additional aspect of the present inventien there is

provided a system for calculating a posilion of a body component and 2 position
of a radiopharmaceutical uptaking pertion of the body component within a
subfect, the system comprising {a) a twe-dimensional (projectional or
cross-sectional) or a three-dimensional {conscqutive cross-scctional) imaging
modality being connecled to and/or communicating with a first pasitien Zacking
systemn for caleulating the position of the body component in & [irst
system-of-coordinates; (b) a radioactive emission detector being connected 1o
andfor communicating with a second pesition tracking system for tracking a

pesiiton of the radiopharmaceutival uptaking portion of the body companent in

- & second system-of-coordinates; and (¢) at least one data processor being

designed and configured for receiving data inputs from the three-dimensional
imaging modalily, the first position tracking system, the radioactive emission
defector and the second position tracking system and calculating the position of
the body component and the pesition of the radiopharmaceutical uptaking
portion of the body component in a commen system-of-coordinatas.

According o yet an additional aspect of the present invention there is
provided 2 method for calculating a position of a body component and a
position of a radiopharmaceutical uptaking portion of the body component
within & subject, the method comprising the steps of (a) providing a
two-dimensionat or a three-dimensional imaging modality being connccted to
and/or commuonicating with a first position iracking system and calculating the
position of the body component in s first systemn-of-coordinates; (b} providing a
radicactive emission detector being connected to andfor communicating with a
sccond  position  fracking  system  and  backing a position of the
radiopharmaceutical uptalking portion of the body component in a secoad
sysiem-ol-coordinates; and (c) receiving data wiputs from the three-dunensional
imaging maodality, the first positon tracking system, the radionctive emissicn

detecter and the second posilion fracking system and caleulating the position of
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the body component and the pesition, of the radiopharmaceutical uptaking
paortion of the body component in a common system-of-coordinates.

According to sill ‘an additional aspect of the present invention there is
provided a system for performing an intrabody surgical procedire on a
radiopharmaceutical nptaking portion of 2 bedy compancnt within a subject, the
system comprising (a) a radicactive emission detector being connected to and/or
communicating with a first position tracking system for (racking a position of
the radiopharmaceutical uptaking pertion of the body compoment in a first
system-of-coordinates; (b) a surgical instoument being connected to and’or
communicating with a second positon tracking system for tracking a position of
the surgical instrument in a second system-of-coordinates; and (¢) at least one
data processor being designed and configured for receiving dala inputs from the
first position teacking system, the radivsctive cmission detector and the second
position {racking systom and for calculating the position of the sucgical
instoument and the radiopharmaceutical uptaking portion of the body component
in a common system-of-coordinates.

According to a further aspect of the present invention there is provided a
method  for  performing  an  intrabody  sorgical  procedure on a2
radiopharmaceutical uptaking poction of a bedy cornponent within a subject, the
method comprising the steps of (a) providing a radioactive emission detector
being cormected 10 andfor communicating with n first position tracking system
and tracking a position of the radiopharmaceutical uptaking portion of the body
component in a first system-of-coordinates; (b) providing a surgical justrument
being connected to and/or communicating with a second position tracking
system and iracking a posilion of the svrgical Insfroment in a2 second
system-of-coordinates while performing the intrabody surgical proceduore; and
(<) receiving data inputs from the first position tracking system, the radioactive
cmission detector and the second position wracking system and calculating the

poritivn of the surgical instrument and the radiopharmacentical uptaking portion
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of the body compenent in a common. system-of-coordinates while performing
the intrabody surgical provedure.

According 1o furiher featires in preferred emboediments of the mvention
described below, the second system-of-coordinates serves as the common
system-of-cocrdinates and therefore the posilion of the radiopharmacentical
uptaking portion of the body companent in the first system-of-coordinates is
projected onto the second system-of-coordiates.

According to still fuher features in the described preferrcd
embodiments the first system-of-coordinates serves as the common
system-of-coordinates and therefore the position of the surgical instrument in
the second  system-of-coordinates  is  projected  onto  (he  first
systern-of-coordinates.

Acvording to still further features in the described preferrcd
conbodiments the secend sysiem-of-coordinates, ihe first system-of coordinates
and the common systern-of-coordinates are a single system-of-coordinatcs.

According to still further featres in the described preferved
embodimenis the first system-cof-coardinates, the second svstem-oficoordinates
and  the commmon  system-of-coordinates are  each  a  separate
system-of-coordinates and therefore the position of the surgical instrument in
the second system-of-coordinates and the posstion of the tadiopharmaceutical
uptaking portion of the body compopent in the first system-of-coordinates ate
both projected onto the common system-of coordinates.

According te stll further featires i the deseribed  prefened
embodiments the first position wacking system and the sccond position tracking
system arc a single position tracking system.

According to still forther features in the described preferred
cmbodiments an image presentation device scrves for visual co-presentation of
the position of the surgical instrument and the radiopharmaceutical uplaking

portion of the body component.
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According to still further features in the described preferred
embodiments the radionctive emission detecior is selected from the growp
consisting of & narrow angle radioactive emission detector, a wide angle
radicactive emission detector, a plovality of individual narow angle radintion
emission detectors and a spatially senmsilive radicactivity detector, such as a
pamma camera emnployed in nuclear imaging.

According  to still further features in the described  prefemed
embodiments the first and the second position. fracking systems muy include, but
are not limited to, any combination of an axticulated arm position iracking
sysicm, an accclerometers based position tracking system, a potentiometers
based position fracking system, a sound wave based position tracking system, a
radic frequency based position tracking system, a magnetic field based position
tracking system and an optical (c.g., optical cncoder) based position tracking
sysiem.

Accordiog to still further features in (he described preferred
cmbgdiments the surgical instrament may include, but is not limited to, any
combination of lascr probe, cardiac catheter, angioplasty catheter, cndoscopic
probs, biopsy needle, ultrasonic probe, fiber optic scopes. aspiration tubes,
laparoscopy probe, thermal probe and suction/itrigation probe.

According  to sl fther features in the  deseribod  preferced
embodiments the radiopharmaceutical may include, but is not dimited to, ',

Gz (which may be administered as Ga-citrate), *MT¢ methoxyisobutyl
isoniteile, #'TICI, "¥F-fuorodeoxyglucase, PI-fibrinogen and MIn-octreotide,
to nanme a few.

According to  still forther featwres in the described preferved
embodiments the two- or three-dimensional imaging modality is congected to
and/or commmumicating with a third position tracking system and is wsed for
caleulating the position of a body component in a third systemn-of-coordinates.

According to still finther features in the described preferred

cmbodiments data inputs are received from the two- or thres-dimensional
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imaging modality and the third position fracking syslem and are used for

calculating the position of the surgical instrument and the position of ihe
radiopharmacentical vptaking portion «f a body component and the positien of
the body component in a common system-of-coordinates.

According to still fuxther fealures mn the described preferred
embodiments the first position tracking system, the secoud position tracking
system and the third position tracking system are a sinple position tracking
system.

According to  still fwther feqtures in the described preferred
embodiments the position of the surgical instrument, the radiopharmacentical
uptaking portian of the body component and the body component are
co-represented by 2 visual presentation deviee.

According to still further features in the described preferred
embaodiments each of the first, the second and the third position tracking system
is mdependently selected from the group consisting of an articulated azm
position tracking system, an accelercreters based position tracking syswem, a
sound wave based posifion tracking system, a radio frequency based position
racking systen, a magnetic ficld based pogition tracking sysiem and an optical
based positicn tracking system.

According to still Jurther features in (he described preferred
embodiments  the second system-of-coordinates serves as the common
system-of-coordinates and therefore the position of the radiopharmaceutical
uptaking portion of the body component in the fivst system-of-coordinates and
the position of the body component in the third system-of-coordinates are
prajected onto the second system-of-coordinates.

Acvording to still further features in the deseribed preferred
embodients the first  system-of-coordinates scrves as the common
system-of-coordinates aud therefore the positfon of the surgical instrument in
thie second system-of-coordinutes and the position of the body component in the

third systemn-of-coordinates are projected onto the first system-of-coordinates,
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According to still further features in the described preferred
embodiments  the thitd  systeme-of-coordinates serves as the common
system-of-eoordinates and therefore the position of the surgical instrument in
the second system-of-coordinates and the position of the radiophammaceutical
uptaking portion of the body component in the first system-of-coordinates are
projected onto the third system-of-coordinates,

According to still firther features in the described preferred
embodiments the sccond system-of-cocrdinates, the first system-of coordinates,
the third system-of-coordmates and the common system-of-coordipates are a
single gyster-of-conrdinates,

According to still  further  fearwes in the  described  preforred
embodiments the sceond system-of-coordinates, the first system-of-coordinates,
the third system-of-coordinates and the common system-of-coordinates are cach
a sepatale system-of-coordinates and therefore the position of the surgicaf
mstrment in the second  system-of-coordinates and the position of the
radiopharmaceutical uptaking portion of the body compenent i the first
system-of-coordinates and the position of the body component in the third
system-of-coordinates are all projected onto the common system-of-coordinates.

According to another aspect of the present Invention there is provided a
system for generating a two- or three-dimensional image of a radicactivity
eritting source in a body, the systemn comprising (a) a radioactive emission
detector; (b)) a position  tracking sysiom  being connected to andlor
communicating with tlis radioactive emission detector; and (¢) a data processor
being designed and configured for receiving data inputs ffom the position
tracking system and froin the radioactive emission detector and for generating
the two- or three-dimensional image of the radioactivity emitiing source.

According to still another aspect of the present inveniion there is
provided a meilied of generating a two- or three-dimensional image of a
radicactivity emitting source in a body, the system comprising (a) scanning fhe

body with a radioactive emission detectar; (b} using a position tracking system
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being, connected to andfor communicating with the radioactive emission
detector for determining a position jn a two- or three-dimensional system of
conrdinates of the radioactive eission detector; and {c} data processing inputs
Irom the position fracking system and from the radioactive emission detector for
generating the two- or three-dimensional mage of the radicactivity emitting
SOUTCE.

According to still apother aspect of the present invention there is
provided a system for perfonming an imtrabody surgical procedurc on a
radiopharmaceutical uptaking poriion of a body component wiibin a subjecs, the
aystemy  comprising a swgical Instrument being  compected to andfor
comomnicating with a position tracking system for tracking a position of the
surgical instrument in a system-of-coordinates, the surgical instrument including
a rudioactive emission detecior coupled ihereto for monitoring the
radiopharmaceutical i sitn,  Preforably, radioactive emission detector is
sensitive to beta radiation and/or posjtron adiation. Optionally it is sensitive o
low energy (10 — 30 KeV) or gamma radiation. The surgical instrument
proferably includes a tissve resecting mechanisin andfor a tissus sampling
mechanism, such as an aspitation mechariism.

According to an additional aspect of the present invemtion there is
provided a system for calculating a position of a radioactivity emitting source in
a system-of-coordinates, he system comprising {a) a surgical instrument
designed and consimicted for invading a body of a sohject, the surgical
instrument including a radicactive einission detecfor coppected thercte or
inlegrated therein, (b) & position tracking system being connecied to and/or
communicating with the surgical instrument; and (c) a daia processor being
designed and configured for receiving data inputs from the position tracking
systern and from the radicactive emission detector and for calculating the
position of the radicactivity emitting source in the system-of-coordinates.

According o yet an additional aspect of the preseot jnvention there is

provided a system for calculating a position of a radioactivity emitting souree in
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a first system-of-coordinates and further of projecting the position of the
radioactivity emitiing source onio a second system-oif-coordinates, the system
comprising (a) a surgical instument designed and consfructed for invading a
body of a subject, the surpical nstrument ipclading a radioactive emission
detector connected theroto or integrated thercin; (b) & position tracking system
being commected to andfor communicating with the surgical instrument; and (¢}
4 datn processor heing designed snd configered for (i) receiving data inputs
from the position tracking system and from the radioactive emission detecior;
(i) calewlating the position of the radioaciivity emifting sowrce n the first
system-of-coordinates; (i) calculating the position of the surgical instroment in
the first system-of-coordinates; and (3ii) projecting the position of the
radioactivity emitiing source and of the surgical instrument oato the second
system-of-coordinates.

According to still an additional aspect of the present invention there is
provided a method for calculating a position of a radicaciivity emitimg source in
u first system-of-coordinates and for prejecting the position of the radioactivity
emitting source onto a second system-of-coordinates, the method comprising the
steps of () providing a surgical instrurnent designed and construcied for
mvadiog 2 body of a subject, the surgical instrument including a radioactive
emission detector connected thereto or integrated therein, the surgical
insirument being commected to or communicaling with a posifion tracking,
system; and (b) monitoring radioactivity being emitted from the radicactivity
cmitting source, while at the same tie, moniioring the position of the
radioactive emission detector in the first system-of-coordinates, thereby defining
the positions of the radicactivity emiting souree and of the surgical instrument
in the first system-of-coordinaies and projecting the position of the radioactivity
emitting source onto the secand system-of-coordinates.

Accordimg to a further aspect of the present invention there is provided a
systern. for calgulating a position of a body componeni and a position of a

radiopharmacentical uptaking portion of the bedy component within 4 subject,
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the system comprising (a) a two- or three-dimensional imaging madality being
connected o and/or communicating with a first position tracking system for
caleulating the position of the body component in a {irst system-os-coordinates;
(b} & surgical instrument designed and constructed for invading the body, the
surgical instrument including a radioactive emission defector connected thercto
or integrated therein, the surgical ‘instrument bemg connected to and/or
communicating with a second position tracking systeru. for tracking a position of
the radiophamnaceutical uptaking portion of the body component n a second
system-of-coordinates; and (c} at least one duta processor being designed and
configured for receiving daiz inputs from the three-dimensional imaging
modality, the first position tracking system, the radioactive cmission detecior
and the second position tracking system and calculating the position of the body
component, the position of the radiopharmaceutical uptaking portion of the
body component and ihe position of the surgical instrument in a cormmon
system-of-coordinates.

According to yet a further aspect of the prosent invention ihere is
provided u method for calculating a position of a body composent and a
position of a radiopharmacentical uptaking portion of the body component
within a subject, the method comprising the steps of (a} providing a two- or
three-dimensionat imaging modality being connected to und/or communicating
with a frst position tracking system and caleulating the pesition of the body
compoment in a first system-of-coordinates; {b) providing a surgical instrument
designed and constructed for invading the body, the surgical instrument
mcluding a radioactive emission detector comnected thereio or integrated
therein, the surgical instrument being connected to and/or commuanicatiog with a
sccond  position  fracking system for tracking a  position of the
radiopharmaceutical uptaling portion of the body component in a second
system-of-coordinates; and (¢) recelving data inputs from the two- of
throe-dimensional imaging modality, the first position tracking system, the

radioactive emission detcctor and the second posifion iracking svstem and
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caltulating the position of the body component, the position of the surgical
instrument and the position of the radiepharmaceniical uptaking portion of the
body componcnt in a common system-of-coordinates.

‘The present nventien secks to ioprove and cxpand upon generation of
one, two- or threc-dimensional images of radioactivity emitting sources.
Specifically, the present inventiom seeks o provide an improved wethod and
system for imaging and guiding a dizgnostic or therepettic instrument towards &
targe? region inside the patient’s body, particularly by means of a nuclear
radiation detector with a pasition tracking systeq.

In ome aspect of the invention, a radiation probe is housed in a collimater
and attached to a position tracking system. As the probe moves in two- or
threc-dimensional space about the patient being examined, data is collecled and
an image of the radiation patterns cmanating from within the patient are
mapped. One advantage of u two- or three-dimensional scan is that higher safety
and accuracy are aclieved through a greater number of directional searches and
in furn a better lpcalizasion of the radiatien source,

The invention enables mapping radiation source regions and surrounding
unceriaiaty regions. One way of accomplishing this is by means of 2 feedback
sysiern that employs statistical amalysis to determine the bounds of an
uncertainly region, und which guides medical personnel to conduet additional
scans ir these unsertainty regions to improve accuracy, reduce error, and hence
minimize the bounds of the uncertainty regions.

The present invention successfully addresses the shortcomings of the
presently known configurations by providing a radipactive emission detector per
se and/or infegrated jn a surgical mstrmment connected to or communicating
with a position tracking system and the use thereof in a variety of systems and
methods used for medical imaging and/or medical procedures.

The present invention has many other appiications in the direction of

therapoutics, such as, but not Ymited to, implanting brachytherapy seeds,
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ultrasound microwave radio-frequency cryotherapy and localized radiation
ablations.

Tmplementation of the methods and systems of the present invention
involves performing or completing selected tasks or steps manually,
autormatically, or a combination thereof Moreover, according to actual
instrumentation and equipment of preferred embodiments of the methods and
systems of the present invention, several selected steps could be implemented by
hardware or hy software on any operating system of any frmware or a
combination thereof. [or example, as hardware, selected steps of the invention
could be implemented as a chip a circuit.  As software, selected steps of the
invention could be implemented as a plality of software instruetions being
executexd by a computer using any suitable algorithms. In any case, sclected
sieps of the method and systemn of the invention could be described as being
pectormed by a data processor, sach as a computing platform for executing a

plurality of instructions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, wiih

refercnce to the sccompanying drawings. Wiih specific reference now to the
drawings in detail, it is stessed that the particulars shown arc by way of
example and purposes of illustrative discussion of the preferred embodiments of
the present mvention anly, and are presented in the canse of providing what is
believed to be the most vseful and readily understood description of the
principles and conceptual aspects of the invention. In this regard, no atiempt is
made to show structural details of the invenfion in more detail than is necessary
fur a fundamental understanding of the invention, the deseription taken with the
drawings making spparent to thoss skilled in the act how the several forms of

the invention may be embodied in practice.
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In the drawings:

FICh 1 15 a black box diagram of a system according to the teachings of
the present invention;

FIG. 2 is a perspective view of an articulated arm which serves as a
position tracking systern shown carrying a radicactive emission detector in
accordance with the teachings of the present invention;

FIG. 3 is a schemalic depiction of a radicactive emission detector
earying A pair of three coaxially aligned accelerometers which serve as a
posifion fracking systemn n accordance with the teachings of the present
inveniion;

FI(i. 4 is a schemstic presentation of a radicactive emission detector
commumicating with yct another type of a position tracking system in
accordance with the teachings of the present invention;

FIG. 5 is a sumplified cross-sectional view of 2 narrow or wide angie
radiogctive emission detector used t¢ implement an embodiment of the present
nvention,

FIG. ¢ is a presentation of a scanning protocol which can be effected
with the detector of Figure 5;

FIG. 7 is a simplificd cross-sectional view of a spatially sensitive
radioactive emission deteclor, e.g., & gamma camera, used 10 implement another
embodiment of the present invention,

FIG. § is & presentation of a scanning protocol which can be effected
with the detector of Figuse 7;

FIG. 9 demonpsirates a system in accordance with the teachings of the
present invention which employs four posifion {racking systems for co-tracking
the positions of 2 patient, a radioactive emission detector, an imaging modality
and a surgical instrument;

FIG. 10 demorsirates the use of a pair of radiation emission detectors
conpected thexcbebween via a connector, preferably a flexible comnecior or a

flextible connection to the connector according to the present invention;
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FIG. 11 s a schematic diagram of a swrgical instrument and
accompanying system clements sccording to the teachings of the present
invention;

TFIG. 12 is a simplified pictorial illustration of an imaging system
constructed and operative in sccordance with 2 preferred embodiment of the
present invention, including a radiation probe and position sensor, position
tracking sysien, medical imaging svstem and coordinate registration sysiem;

FIG. 13 }s a simplified pictorial illustration of a_single ditognsion image
formation with a nuclear radiaiion probe attached te a position racking system
of the system. of Figire 12, in accordance with a preferred embodiment of the
present invention;

FIG. 14 is a simplified pictoriai plot of deteciing a radiation point source
with the nuclear radiation probe ot the system of Figure 12, withont further
Processing, in accordance with a preferred embodiment of tThe present invention;

FIG. 15 is a simplified low chart of an averaging algorithm. used in the
imaging system of Figure 12, in accordance with a preferred embodiment of the
present invention;

FIG. 16 is a simplified pictorial plot of detecting a radiation paint source
with the nuclear radiation probe of the system of Figure 12, with averaging
processing, in accordance with a preferred ernbodiment of the present mvention;

LIGS. 17 and 18 are simplificd pictorial itustrations of hot oross and hot
bar phantom images, respectively, of images produced by a gamma radiatjon
probe of the system, of Tigure 12;

FIG. 19 is a stmplified flow chart of 2 minimizing algorjthm vsed in the
imaging system of Figure 12, in accordance with a preferred embodiment of the
present invention;

FIG. 20 is a simplified pictorial plot of detecting & radiation point source
with the nuclear radiation probe of the system of Figure 12, with minimizing

processing, in acoordance with a preferred cmbodiment of the present mvention;
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FIG. 21 is a simplified pictorial illustration of an image reconstruction
system constructed and operative in accordance with a preferred embediment of
the present inveniion, which produces a combined image made up of medjcal
images, the position of the peak radiation location and the locatton of a
therapeutic instroment;

FIG. 22 is a simplified flow chart of a ratation map reconstruction
algorithm, in accordance with a prefarred einbodiment of the present invention;

FIGs. 23A and J.ZBB are illustrations of radiolabeled patterns chserved in
images produced by the system of the invention and by & conventivnal gamma
camera, respectively, of an antonomous adenoma of a thyroid;

FIGs. 24A and 248 are illusirations of radiolabeled patterns observed in
images produced by the system of the Invention and by a conventional gamma
camera, respectively, of suspected Paget's disease of a humeras;

FIGs. 25A and 238 are illusteations of radiolabeled patterms observed in
images produced by the system of the mvention and by a conventional ganumna
camera, respectively, of chronic ostcomyelitis; and

FlGs. 26A and 261 are illusirations of radiolabeled patterns ohserved i
images produced by the system of the invention and by a conventional gamma
camera, respectively, of skeletal metastasis from medulloblastoma.

FIGs. 2TA-G demonstrate the operation of an algorithm provided by the
present invention for estimalting the distribution o radiaiion sources in a contrel

volume.

DESCRIPTION QF IHE PREFERRED EMBODIMENTS

The present invention is of a radivactive emission detector equipped with
a position tracking systern which can be functionally integrated with medical
two- or three-dimensional imaging modalities andfor with goided
minimally-invasive or other surgical tools. The present invention can be used
for caleulating the position of a concentrated radiopharmaceutical in the body in

positional context of imaged portions of the body, which information can be
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used, for example, for performing an officient and highly accurate mivimally
invasive surgical procedure.

The principles and operation of the present invention may be better
understoad with reference to the drawings and accompanying descriptions,

Before explaining at least one embodiment of the Invention in detail, it is
to be understond that the invention is not limited in jts application to the details
of comstruction and the amangement of the components set forth in the
following description or illustrated in the drawings. The invention is capable of
other emboditnents or of being practiced or carried cul in various ways, Also, it
is to be anderstocd that the phraseology and terminelogy employed herein is for
the purpose of description and should not bo regarded as limiting.

The vse of radioactive materials lo tag physiologically active tissue
within the body of a patient, for determining the tssue's localization and
demarcation by radioactive enussion detectors bas been disclosed in the medical
Iiterature For at least forty years. Significant developments in the localizaiion
and demarcation of tissue bearing radioactive isotope tags for diagnostic and/or
therapeutic purpescs have occurred since that time. Ta fact, it is now becoming
an established practice in the diugnosis und/or treatment of certain diseases, ¢.g.,
cancer, blood clots, myccardial infarct and abscesses, to introduce moneclional
aotibodies or other agents, ¢.g., fibrinogen, fluorodeoxyglucose labeled with a
radipactive jsotope (e.g. “MTechnetium, “Gallium, * Mhalliom, ““Indaum,
Piodine, "Fluorine and *lodine) inla the bedy of the patent, Such
radiopharmaceniicals tend o localize in particular tissve or ceil type, whereas
uptake or hinding of the specific radiopharmacruiical is increascd in mors
“physictogically active” tissue such as the active core of 4 cancerous tissue, so
that the radiation emitted following nuclear disintegrations af the isotope can be
detected By a sadiation detector to betier allocate the active portion of a twmor.

Such radiation may be, for example, a, 87, B andfor y radiation.
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In another type of applications radioactive substances are vsed to
determine the Ievel of flow of blood in blood vessels and the level of perfusion
thereofl into a tissue, e.g., coronary flow and myocardial perfusion.

Referring now to ibe drawings, Figure 1 iliusirzies a system for
caleulating  a  position of a redicactivity emitting source in a
system-of-coordinates, in accordance with the teachings of the present
invention, which system js referred to hereinhelow as system 28.

System 20 includes a radivactivity emission detector 22.  System 20
according, to the present invention further includes a position tracking system
4. System 24 is conngeted to and/or conrnuricating with radioactive simission
detector 22 so as to monitor the position of defector 22 in a two- or
three-dimensional space defined by a system-of-coordinates 28 in two, (hree or
more, say Your, five or preferably six degrees-of-freedom (x, ¥, z, p, B and ).
System 240 firther includes a data processor 26, Daia processor 26 is designed
and configured for receiving data lnpuls from position tracking system 24 and
from radicactive emission detector 22 and, as is further detailed below, for
caleulating  the  position  of fthe radioactivity emilling source in
system-of-coordinates 28, The phrases “system-of-coordinates” and
"three-dimensional space” are used herein lntorchangeably. As shown in Figure
10, a pair {or more) of detectors 22 connected thorebetween via a physical
conneetar, each of detectars 22 is position tracked, can be used for calcolating
the position of the radivaciivity emitting source in system-of-coordinates 28. If
more than 2 single detector 22 is used, defectors 22 are preferably connecied
there between via a connector 29, Connector 29 is preferahly ficxible. In the
alternative, the connections of detectors 22 fo connecter 29 provide the required
fexibility.

Position tracking systems per s are well known in the art and may use
any one of a plurality of approaches for ike deiermination of position in a two-

or three-dimensional space as is defined by a system-of-coordinates in two,
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three and up to stx degrees-oi-freedom. Soms position tracking systems employ
movable physical connecions and appropriate movement monitoring devices
(e.g., potentiometers) to keep track of positional chanpes. Thus, such systems,
once zerped, keep track of position changes to thexeby detsrmine actual
pasifions at all times. Onc example for such a position tracking system is an
articuiated anm.

Digure 2 shows an articulated arm 39 which includes six arm members 32
and @ base 34, which can thersfore provide positional data in six
degrees-of-fieedom, Mouitoring positional changes may be effected in any ons
of several different ways, For exsmple, providing each arm member 32 with,
¢.g., potentiometers or optical encoders 38 used to monitor the angle between
adjacent arm membery 32, to thercky monitor the angular change of cach such
arm member with tespect to adjacend s members, so us to determine the
position in space of radicactive emission detector 22, which g physically
connected 1o articulated arm 30.

As is shown In Pigure 3 other position tracking systems can be attached
directly to radioactive cmission detector 22 in order o monitar its position in
space. An example of such a position tracking system is an assortment of three
triaxially (e.g., co-orthogonaliy) oriented avceleromneters 36 which may be used
to monitor the positional clianges of radivactive emission detector 22 with
respect o a spacc. A pair of such assorlments, as is specifically showa in
Yigore 3, can be used to determine the position of detector 22 m six-degrees of
freedom.

As is shown in Figures 4 and 10, olber position tracking systems
re-determine @ position irrespeciive of previous positions, to kecp track of
pésiticnﬂl changcs. Such  systems fypically employ an amay of
receivers/iransmitters 40 which awe spread in koown positions o a
(bree-dimensional space and transmitter(s yrecsiver(s) 42, reapectively, which
are in physical connection with the object whose position being monitored.

Time based trrangulation andfor phase shift triangulation arc wsed in such cases
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to periodically determine the position of the monifored object, radicactive

emission detector 32 in this case. Examples of such a position tracking sysiems
employed in a varicty of contexts using acoustic (e.g, ultrascund)
electromagnetic radiation (2.g., infrared, radio frequency) or magnetic field apd
oplical decoding are disclosed in, for exampls, U.S. Pat. Nos. 3,412,619;
6.0083,170; 6,063,022; 5,954,665; 5,840,025; 5,718,241; 5,713,946, 5,604 045;
5,568,809, 5,546,951, 5480422 and 5,391,199, which are incorporated by
reference as if fully set forth herein.

Radioactive emission detectors arc well known in the art and may nse
any one of a aumber of approaches for the determination of the amount of
radioactive emission emanating from an ebject or portion thereof. Depending
on the (ype of radiation, such deteciors typically include substances which when
interacting with radicactive decay emitted parficles emit either electrons or
photons in & fevel which is proportional over a wide lincar range of operation to
the level of radiation impinging thereon. The emission of electrons or photons
is measurable and therefore serves to quantitatively determine radiation levels.
Solid-state detectors in the form of N-type, P-type, PIN-type pixellated or
unpixeliated include, for example, Ge, Si, CdTe, CdZnTe, CdSe, CiiZnSe, Hgl,,
TIBrl, Gads, Inl, GaSe, Diamond, TIBr, Phl; InP, ZnTe, HgBrl, a-5i, u-3e, BP,
GaP, CdS, 8iC, AlSh, PbO, Bil; and ZaSe detectors. Gas (e.g., CO; CHy) filled
deteciors include ionization chamber detectors, proporfional chamber defectors
and geiger chamber dewctors.  Scintillation detectors mclude organic
scintillators crystals and Yiquids, such as CyyHyg , CraHiz , CioH, cte., Plastics,
NELOZA, NELLD4, NE110, Pilot U and inorganic scintillatoss, such as Nal, Csi,
BGO, LSO, Y80, Ba¥, Zn8, Zn0, CaWQ,; and CIWS,. Also known are
scintillation fiber detectors. SeintiMator conpling inclede photomuliiplier tube
(PMT) of the following types: side-on type, head-on type, hemispherical type,
position sensitive type, icrochannel plate-photoruliiplier (MCP-PMTs) apd

efectron multipliers, or photodiodes (and photediodes arrays), such as 8i
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photodiedes, %) PIN phetodiodes, Si APD, GaAs(P) photodiodes, GaP and
CCD.

Figure 5 shows a namrow angle or wide angle radicactive emnission
detector 22*. Narrow or wide angie radioactive emission detector 22 ingludes a
narrow slit (collimator) so as to ellow only radiation amiving from a
predetenmined angelar direction (e.g., 1 ° -~ 280 * - wide angle, preferably 1 ° -
80 ° - narrow angle) to enter the detector. Narrow or wide angle radioactive
emisston detectors especially suitable for the configuration showr in Figure 10
ar¢  wanulactured, for  example, by Neoprebe, Dublin, Ohio
(www.neoprobe.com), USA, Nuclear Fields, USA  (www.nuficom)
Intrahedical Imaging, Los Angeles, CA, USA (www.gammaprobe.com}),

Az ig shown in Figurte 6, such a detecfor is typically used to measure
radicactivily, point by point, by scanaing over the surface of a radicactive object
from a plurality of dixections and distances. In the cxample shown, scang from
four different dircetions are amployed. It will be appreciated that if sufficient
radicactivity records are collected from ditferent angles and distances, and the
orieptation and position in space of detector 27 is simultanecosly mepitored
and recorded during such scans, a threc-dimensional model of a radioactive
region can he reconstituted and its position in space determined. I two or more
detectors are co-employed, as shown in the configuration of Figure 10, the
results may be collected faster.

Figure 7 shows another cxample of a radioactive cmission detector, »
spatially sensitive {pixelated) radioactive crnlissicm deteclor 227 {such as a
gamma camera). Detector 22%, in effect, includes an array of multitede nacrow
angle detector units 23, Such an arangemont is used in accordance with the
tcﬁchings of the present invention to reduce the amount of 1neasurcments and
angles Dpeccssary 10 acquire sufficient data 50 as to reconstiute a
three-dimensional model of the radioactive object. Examples of spatially
sensitive radioactive cmission defectors employed in a variety of contexts are

disclosed in, for exampie, U.S. Pat. Nos. 4,019,057, 4,550,250; 4,831,262; and
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3,521,373; which are incorporated by reference as if set forth herein. An
additional example is the COMPTON detector
(hitparens.uel ac.uk/MedPhys/posters/ _giulia/piuliahim). Figure § shows a
scan optionally made by spatially scnsitive radivactive emission detector 22
{such as a gamma camera}.

A radioactive emmission detector of particular advantages for use in
context of the present invention is the Complon gamma probe, since, in the
Compton garuma probe, spatial reselution is independent of sensitivity aad it
appears possible to excsed the noise equivalest sensilivity of collimated
imaging systems especielly for systems with high spatial resolution. The
Compton probe is a novel iype of gamma-probe that makes vse of the
kinematics of Comgpion scattering to comstruct 4 source image without the aid of
mechanical collimators. Compton imaging ielescopes were first built in the
19705 for astronomical observations [V. Schoenfelder et al., Astrophysical
Journal 217 (1977} 306], The first medical imaging laboratory instrument was
proposed in the early 19808 [M. Singh, Med. Phys. 10 (1983} 4211 The
potential advantages of the Compton gamma probe include higher efficiency,
3-U imaging without detector motion, and more compact and lightweight
syslem. In the Compton gamma probe, bigh-energy pamma rays are scattered
fromn a first detector layer for detcotors array) into a secondd detector laver array.
For cach ganmupa, the depesited energy is measured i both detectors. Using a
line drawn between these two defectors, the Compton scaitering equation can
be solved to determine the cone of possible direction about this axis on which
the gamma ray most have entered the first detector. The intersection of cones
from many events is then develuped to locate gamma vay sources in the probe’s
field-of-view. Obviously enly coincident events are considered, and the more
accurately their enesgy can be determined, the less uncertainty there is in the
spatial angle of the arcival cone. The probe's eleckonic systemn is combiping
eoincidence measuremenis across many deleclors and detectors layers with a

very good epetgy resolation. The choice of the geometry and the material of

JP 2004-512502 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

(107)

WO 02716965 PCTIILOL063S

34
the first layer detector plays & major role in the system imaging capability and

depends on (i} malerial efficiency of single Compton Svents, in telation to other
imteractions; (i) detector energy resofution; and (iif) detector position
resofution.  In particular, the overall angular resolution results from the
combination of two components, relaied to (he energy resolotion and io the
pixel volume of ihe detector.

Thus, as now afforded by the present invention, connecting a radicactive
emission detector to a position tacking system, permits simultancous
radinactivity detecting and position tracking at the same time. This enables the
aceurate caleulation of the shape, size and contour of the radiating ehject and its
precise position in a three-dimensional space.

The present invenijon thus provides a method {or defining & position of
radioactivity emitting source in a system-of-coordinates. The method is effected
by (a) providing a radivactive emission detector which is connecied io or
comnunicating with a position tracking system; and (b) monitoring radioactivity
emitied from the radioactivity emitting source, while al the same time,
monitoring  the position of  radioactive  emission detectar I the
systenm-of-coordinates, thereby defining the position of ihe radioactivity
emitting source in the system-of-coordinates,

It will be appreciated by one of skills in the art that the model produced
Dy system 20 i projectable ooto any of the other systems-of-coordinates, or
alternatively, the system-of-voordinates defined by pesition iracking system 24
may he shared by other position wacking dystems, as is further detailed
hereinbetow, such: that no such projection is Tequirsd.

Thus, as is finther shown in Figure 1, system 20 of the present invention
can be used for calculating 2 position of a radioactivity eoitting source in a first
system-of-coordinates 28 and further for projecting the position of the
radicactivity emitting source omto 4 second system-of-coordipetes 28 The
system inclgdes radioactive emission detector 22, position tracking sysiem 24

which is connected fo and/or commumnicating with radicactive emission detector
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22, and data processor 26 which is designed and configured for (i) receiving
data jnputs from position tracking system 24 and from radioactive emission
detector 22; (ii) calculating the position of the radicactivity emitting source in
the first system-ofcoordinates; and (i) projecting the position of the
radioactivity emitting sourca onto the second system-of-coordinates,

A method for caleulating & position of a radicactivity emilting source in a
first systent-of-coordinates and for projeciing the position of the radioastivity
emitiing soutce onto a sceond system-of-coordinates is also offcred by the
present invention, Thiz method is offected by (a) providing a radivactive
emission detector being connected to or communicating with a position tracking
system; and (D) monitoring radicaciivily being emitied from the radioactivity
eroitting seurce, while at the same tine, moenitoring the position of the
radivactive eodssion detector in the fiest system-of-coordinates, thereby defining
the posidon of the radioaciivily emilting source in  the  first
system-of-coordinates and projecting the position of the radioactivity emitting
sourcs onfe the second system-of-coordinates.

it will be appreciated that the combination of a radicactive ewission
detector and a position tracking systemn connected thereto and/or communicating
therewith allows a suitable data processor to gencrate a two- or
three-dimensional image of the radioactivily emilting source. An algorithm can
be used to caleulate image intensity based on, for example, a probabilify
function which averages radiation counts and generates an image in which the
shorter the time interval between radicactive counts, the brighter the image and
vise versq, while down-compensating when a localion Is re-scanned. A
free-hand scanning with a directional detector can be employed for this purpose.

In one embodiment, when scanning 2 body area with the detector, the
defector is made to follow a three-dimensional surface which defines the hody
curvatns and in effect is vsed also as a position fracking pointer.  This
mformation can be used to define the position of the radicactive source with

respeet to the outer surface of the body, 5o as to create a three-dimensional map
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of both the radioactive source and of the body curvaiure. This approach cun
also be nndertzken in open surgeries, such as open chest surgeries so as to
provide the surgeon in real time with information concerning the fonctionality
of a tissue.

The radinactive cmission detector which can be used in context of the
present invention can be a beta emission detector, a gamma cmission detectar, a
positron emission detecior or any combination thereof. A defector that i
sensitive to both beta (and/or positron) and pamma emission can be used to
improve localization by sensing for example gamma emission distant from the
source and sensing beta of positrons emission closer to the source. A beta
detector is dedicated For the detection of either electrons from sources such as
Hodipe, or pogitrans from sources such as Fluorine. A gamma detector can
be designed as a single enexgy detecior or as a detector that can distinguish
between different types of energies, using the light intensity in the scintilator as
a relative measure of the gumma energy. Also, the defector can be designed to
utilize colncidence detection by using detectors facing one another (180
degrees) with the examined organ or tissue in-between. The radiation detector
can have ditferent collimators with different diameiers. A large bore will be
used for high sensitivity with lower resolution while a small bore coltimator will
have higher tesotution at the expense of lower sensitivity.

Another possibility is to have a the collimator maving or rotating with
the opening cecentric so that a different solid angle Is exposed to the incoming
photons al any one time, thus gathering the photons from overlapping volumes
at different time intervals. The rost of the image processing is similar if the
probe moves or if the collimator eceentric opening moves.

System 20 of the present invention can be used in concert with other
medical devices, such as, but not linited to, any one of a variely of imaging
modalities and/or surgical instruments.

Imaging modalitiss are wel! known in the art, the main modalitics that

serve for two- (projectional or cross sectional) or three- (cosequtive cross
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sectional)} dimensional jinaging are a flooroscope, a computerized tomography

scapner, a magnelic resonance imager an ultrasound imager and an optical
camara.

Medical images taken of the human body are {ypically acquired or
displayed in three main erientations () coronal erientation: in a cross section
(plaae). for example, across the shoulders, dividing the body into front and back
alves; (1) sagiftal erientalion: 1n a cross seciion (plane), for example, down the
middle, dividing the bedy into Jeft and right halves; and (iii) axial orientation: in
a cross section (plane), perpendicular fo the fong axis of the body, dividing the
body into opper and lower halves. Oblique views can also bo acguired and
displaycd,

Varions types of Xeray imaging are central (o diagnosis of many types of
cancer. Conventional X-ray imaging has evolved over the past 100 years, but
the basic prmcipal is still the same as in 1395, when first inlroduced. An X-tay
source i tumned on and X-rays are radiated through the body part of interest and
anto a film cassette positioned under or behind the hody part. The cnergy and
wavelength of the X-rays allows them to pass through the body part and croate
the image of the interpal stouctoves Jike bones. As the X-rays pass through the
band, for instance, they arc aticnuated by the different density tssves they
cncounter, Bone alienvates a great deal more of the X-rays than the soft tissue
sarounding it becanse of its grater density. It is these ditferences in absorption
and the comesponding varying exposure Jevel of the film that creates the
images. In fact, X-ray imaging resulis in a projection of the inwegrated density
of column-voxels defined by the X-rays as they pass through the body,

Thwroscopy s 2 method based on the principals of film Xeray that s
useful for detecting disorders and twmors in the upper gastro-intestioal (GI)
system. (for example, the stomach and jntestines). Fluoroscopic imaging yiclds
a moving X-ray picans. The pliysician can watch the sceeen and see an image
of the patient's body {for example the beating heart). Fluoroscopic iechnology

improved greatly with ihe addition of felevision cameras and fluoroscopic
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"image intensifiers”. Today, many conventional X-ray systems have the ability

to switch back ind forth between the radiographic and fluoroscopic medes. The
latest X-ray systems have the ahility to acquire the radiograph ot fluoroscopic
mavic using digital acquisition.

Computed Tomography {CT) is based on the X-ray principal, where the
ilm is replaced by 2 delector that measures the Xoray profile. Tgside the covers
of the CT scanner is o rotating frame which has an X-ray tbe mounted on one
side and the detcctor mounted on the opposite side. A {an beam of X-ray is
created as the rotating flame spins the X-ray tube and detector arcund the
patient. Fach tims the X-ray tuhe and detector make a 340° rotation, an image
or "slice" bas been acquired. This "slice" is collimated fo a thickness.between 1
man and T0 mom vsing lead shotters in front of the X-ray tube and X-ray detector,

As the X-ray tube and detector make this 3607 rotation, the detector takes
pumerous profiles of the attenuated X-tay beam. Typieally, in one 360° lup,
about 1,000 profiles are sampied.  Each profile is subdivided spatiaily by the
detectors and fod into about 700 iadividual chaunels. Each profile is then
backwards reconstructed (or "back projected™ by a dedicated computer info a
tyeo-dimensional image of the "slise” that was scarmed.

The CT gantry and table have nwitiple microprocessors thal controt the
rotation of the gantry, movement of the table (up/down and infout), tilting of the
ganfry for angled images, and other functions such as tuzning the X-ray beam on
an off. The CT contains a slip ring that allows electric power to be translerred
from a stetionary power source onto the contibwously rotating gantry. The
innovation of the power slip ring has created a renaissance jn CT called spiral or
helical scanning. These spiral CT scanpers can now image entire anatonic
regions lile the lungs th a quick 20 to 30 second breath hold.  Instzad of
acquiring a stack of individual slices which may be misaligned due to slight
palient motjon or breathing (and lung/abdomen motion) in between each slice
acquisition, spiral CT acquires a velume of data with the patient anatomy a1l in

one position, This volume data set can then be compiter-reconstructed to
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provide three-dimensicnal modets such as of complex blood vessels like the

repal arteries or aorta. Spival CI allows the acquisition of CT data that is
perfectly suited for three-dimensional reconstuction.

MR Imaging is superior to CT in detecting soft tissue lesions such as
ftumors as it has excellent contrast resolution, meaning it can show subile
soft-tissue changes with exceptional clarity. Thus, MR is often the mcthod of
choice for diagnosing wmors and for searching for metustases. MR uses
magnetic encrpy and radie waves 10 create single or consequtive cross-sectional
images or "slices” of the human body. The main component of most MR
systemas is 4 Jarge tobe shaped or cvlindrical magnet. Also, there are MR
systems with a C-shaped magnet or other type of open designs. The strength of
the MR systemns magnetic fickl is measured in meiric units called "Tesla". Most
of the cylindrical magnets have a strength between 0.5 and 1.5 Tesla and most
of the open or C-shaped magnets have a magnetic strength between 0.01 and
0.35 Tesla. '

Inside the MR system a magnetic field is created.  Rach total MR
examination typically is comprised of a series of 2 to & sequences. An "MR
sequence” is an acquisition of data that yields a specific image orientation and a
specific type of image appearance or "contrast”, During the cxamination, a
radio signal s tumned oo and off, and subsequently the energy which 1s absorbed
by different atoms in the body is echocd ar reflected back omt of the body.
These echoes are continuosly measured by “"gradient coils” that are switched
on and off to measure the MR signal refllecting back. In the roiating frame of

reforence, the net roaguetization vector rotate from a longiludingl position a

. distance proportional to the time length of the radio frequency pulse. After a

certain length of time, the net magnetization vector rotates 90 degrees and lies in
the transverse or %-y plane. It is in this position that the net magnetization can
be dctcc.tf:d on MRL. The angle that the net magnetization vector rotates is
comumonty called the 'flip' or tip' angle. At angles greater than or less than 90

degrees there will still be a small component of the magnetization that will be in
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the x-y plane, amd therefore be detected.  Radio frequency coils are the
"antenna" of the MRI system that broadcasts the RF signal to the patient and/or
receives the return signal. RF coils can be receive-only, in which case the body
coil is used as a transmitter; or transmit and receive (transceiver). Surface coils
are the simplest design of eoil. They are sioply 2 loop of wire, either civcular or
rectangular, that is placed over the region of inferest.

A digital computer reconsuucts these cehoes into images of the body, A
benefit of MRT is that it can casily acquire direct views of the bady in almost
any orentation, while C'I scanoers typically acquire crass-sectional images
perpendicular or nearly perpendicular to the long bedy axis.

Ultrascund imaging is a versatile sconning technique that wses sound
waves 1o create images of organs or anatomical structures in order to make a
diagnosis. The ultrascund process mvolves placing a small device called a
transducer, against the skin of the patient near the regiom of interest, for
example, against the back to image the kidneys. The ulfrascund transducer
combines functions of emitfing and receiving sound. This iransducer produees
a stream of saudible, high frequency sound waves which pepelrate into the
bady and echo off the organs inside. The transducer detects sound waves as
they eche back from the mternal structurcs and contours of the organs.
Dilferent tissues reflect these sound waves differently, causing a signature
which can be measwred and transformed into an image. These waves are
reoetved by the ultrasound machine and wrned into live pictures with the use of
computers and reconstroction software,

Ultrasound scanning has many uses, including: diagnosis of discase and
structural abnormalities, helping @ conduct other diagnostic procedures, such as
needle biopsies etc.

There are limilations to some unltrasound techniques: good images may
not be obtained in every case, and the scan may not produce as precise results as

some other diagpostic imaging proccdurcs. In addition, scan results may be
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affected by physical abnoumalities. chronic disease, excessive moveruent, or
ingorrect transducer placement.

Both two- (cross sectional) and three- {consequiive <ross-sectional)
ulirasound imaging technigues are available nowadays, Worlh mentioning is
the Dopler three-dimensional nitrasound imaging,

In many cases imaging modalities either inhcrenly include (e.g.,
fluoroscope, CT, MRI} and/or are integrated with position-tracking-systems,
which enable the use of such systems to reconstruct thres-dimensional imags
models and provide thedr position in a threa-dimensional space.

It will be appreciated that, similar to the vision system, also un optical
camera can be used to generale three-dimensional imagery date sccording to the
present invention by imaging a body from a plurality (al least two) directions.
This type of imaging &s especially applicable in open chest surgerics or oiher
open surgeries, Sofiware for calculating a threc-dimensional image from a pair
of stereoscopic images is well known in the art

Thus, as used herein and in the claims section that follows, the phrase
"three-dimensional imaging modality” refers to any type of imaging equipment
which Includes sofiware and hardware for generating a three-dimensional
image. Such an equipment can gonesate a three-dimensiona! mage by imaging
suceessive cross-seclions of a bedy, e.g., as if viewed from a single direction.
Alternatively, such an equipinent can generste a fhrec-dimensional image by
imaging a hody from different angles or directions (iypically two angles) and
thereafier combining the data imto a three-dimensional image.

Surgical instruments are also well known in the art and may use any one
of a plurality of configarations in order to perform minimaliy-invasive surgical
;ﬁr‘ucedures. Examples inciude lascr probes, cardiac and angioplastic catheters,
endoscopic probes, blopsy necdies, aspiration tubes of needles, resecting
dovices, vlirasopic probes, fiber optic scopes, laparoscopy probes, thermal
probes and suclionfirrigation probes. Tixamples of such swrgical instruments

employed in & variety of medical contexts are disclosed in, for example, U.S.
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Pat. Nos. 6,083,170; 6,063,022; 5,054,665; 5,840,025; 5,718,241; 5,713,946,
5,604,945, 5,568,809; 5,546,951; 5,480,422 5,391,199, 5,800,414; 5,843,017;
6,086,554, 5,706,234, 5 868,739; 5.911,719; 5,993,408; 6,007497; 6,021,341,
6,066,151; 6,071,281; 6,083,166 and 5,746,738, which are incorporated by
reference as if fully set forth herein.

For somc applications, examples of which are provided in the list of
patents above, surgical instnzments are integrated wilh,
position-tracking-systems, which enable to monitor the position of such
mstruments while placed in and guided through the body of a treated patignt.

According to a preferred cmbodiment of the present imveniion, lhe
surgical instrument is equipped with an additional radioactive emission detector
attached thersto or placed therein. This addibional defector is used, according to
preferred embodiments of the invention, to fine tune the location of radioactive
emission from within the body, and in closer proximity to the radicactive
source. Since the surgical tool is preferably connected to or commmpicating
with a position-tracking systern, the position of the additional detector can be
monitared and jts readouts wsed to fine tune the position of the radioactive
source within the body. Thus, according o this aspect of the present invention,
at feast one extracorporeal deteclor and an intracorporeal detector are used in
coneert to determing the position of a radivactive sovree in the body in highest
precision, The extracorparcal detector provides the general position of the
source and s wsed for directing the surgical instrament thereto, whereas the
infracorporeal dotecior is used for reassuring prior to application of treatment or
veiricvel of biopsy that indeed the source was comrectly {argeied at the highest
precision.

While according to a presently preferred embodmment of the invention
two detectors, one extracorporeal and one istracorporeal, are employed as
described above, for some applications a single intracorporeal detector may be
cinployed, which detector is attached to or mtegrated with a suzgical instrument

whose position is tracked.
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The wse of intvacorporeal and extracorporeal detectors ealls for carefil
choice of the radivactive isotope employed wilh the radiopharmaceutical. While
the extracorporeal detector can be comstrwcted with a suitable collimator for
bandiing strong radiation, such as gamma radiation, the intracorporeal detcctor
is ininiature by matore and is lmited in design and construction by the
construction of the surgical instrument with which it is employed. Since
collimators for high energy (80 — 511 KeV) gamma radiation arc robust in
nature, they are not readily engagesble with miniature detectors. Eleetron {beta)
and positron radiation are characterized by: (i) they highly absorbed by
biological tissue as they arc of lower coergy and higher chemical reactivity; and
(if) they arc readily collimated and focuged by thin metal eoilimators. Tt is also
possible t0 usc low energy gamma radiation (10 — 30 KeV) for iniracorporal
applicalions since the collimation of these gamma photons can be aclieved with
thin layers of Tantalum or Tungsten. As such, the radio pharmaceutical of
ckoive is selecfed o emit both gamma and beta andAw positton radiation,
whereas the extracorporeal detector is set to detect the high energy gamwma
radiation, whereas the ipfracorporeal detector is sei io detect the fow energy
gamma, beta and/or positron radiation. [sotopes that emit both high energy
gamma and/or low enerpy gamma, beta and/or positron radiation and which can
be used per s¢ or a5 & part of a compound as radiopharmaceuticals include,
without limitation, "*F, ""In and ™I in radicpharmaceuticals, such as, but not
limited fo, 2-["°F|flucro-2-deoxy-D-glucose  ('FDG), "'n-Pontetreatide
™ 'I.n-DTPA—D-Phel]-octrcotide), L-3-[mI]-IodD-alphanmethyl-tymsinc {IMT},
07(2-[wF]ﬂuomeﬂlyl)-T,- Tosine {L—[‘&F]FET), mh1—Caprumab Tendetide
(CYT-356, Prostascint) and '"'In-Satumomab Pendetide (Oncoscing).

Figure 31 illustrates a system in accordance with this aspect of the
present invention. A surgical instrument 100 is shown connected fo a
resectionfuspiration control clement 102 as well known in the art. Surgical
instrument 100 includes a radioactive emission detector 104, which has a

sollimator 106 for callimating low encrgy gamma, beta andior postiren
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radiation. In some embodiments, a8 indicated by arraw 108, deicctor 104 may
be translated within instrument 100. A position tracking system having one
element thereof 110 attached to onstroment 100 aud anather element thereof 112
at a fixed location serves to monitor the position of instrument 100 &t all tines
in two, three and up to six degroes of freedom. Radicactive emission detector
104 commuaicates with a counter 114 for counting low energy gamma, beta
and/or positron radiation. All the data 35 communicated 1o, and processed by, 2
processor 116. The 2D or 3D data may be projecied and displayed along with
2D or 3D boaging data derived from aa Doaging modality using a shared
presentalion device as described elsewhere herein. A real or virtyal image of
the surgical instrament isell may also be co-displayed.  Examples of
commercially available radiation emission detectors that can fit Inside, for
cxample, a biopsy needle include scintillating plastic optical fibers like S101
and 5104, manufactured by PPLASTIFO or an optical fiber communicating
with a scintillator {erther detector paint or scintillation crysial) at the fber edye.
‘Ihg level of detected vadiation can be reported visvally or by an audio signal, as
is well known in the art.

Thus, a surgical instrument equipped with a radiation emission detector
and which is connected to and/or communicating with a position tracking
sysiem forms one embodiment of this aspeot of the present invention, Such a
design acfing in concert with cither conventional imaging modalitics andfor
extracorporeal radiation emission detectors form other embodiments of this
aspect of the invention. In all cascs, a surgical instrument equipped with a
radiation emission detector and which is comnected to and/or communicating
with a position tracking system serves for /n site fine tuning of a radjoactive
sourec in the body.

it wiil be appreciated that in some minimally-invasive procedures cven,
the posttion of the patient himn ot hersclf is monitored via a position tracking
system, using, for example, electronic or physical fiducial markers attached at

vertain locations to the patient's body.
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Thus, as iz further detail:‘.ii hercinbelow, by projecting  the
three-dimensional daia and positions received from any of the above mentioned
devices intn 2 comymon system of coordimates, or altematively, employing a
commoen position tracking system for all of these devices, ohe can integrate the
data into a fur superior and comprechensive presentation.

An example to this desived outcome 35 shown in Tigare 9. In the
embodiment shown, four independent position tracking systems 50, 52, 54 and
56 are used to track the positions of « patient 58, an imaging modality 60, a
radjoactive cimission defector 62 and a surgical instment 64 in four
independent systems-of-coardinates 66, 68, 70 and 72, respectively. If the
patient is still, no tracking of the patient's position is requirsd.

It will be appreciated that any subset or all of the position tracking
systems employed ruay be integrated into one or more common position
tracldng systems, and/or that any subset or all of the position fracking systems
cmployed may share one or more systemg-of-coordinates, and farthier that any
positional data obtained by any of the position tracking systems described in any
of the systems-of coordinates may be projected to any other system of
coordinates or to an independent (filth) system of coordinates 74, In one
preferred embodiment, applicable for applications at the torso of the patient, the
system of coordinates is a dynamic system of coordinatcs which takes into
account the chest breathing movements of the patient during the procedure.

As indicated at 74, the raw data collected by detector 62 is recorded and,
as indicated at 78, the position and the radioactive data records are used to
genorate a three-dimensional model of a radiopharmaceutical uptaking portion
of 4 body component of the patient.

Similarly, as indicated at 89, the imagery datz collected by jmaging
modality 60 is recorded and the position and the imagery data vecords arc used
to generate a thres-dimensional mode! of the smaged body component of the

patient.
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All the data collected is then fed into a data processor 82 which processes

the data and, as indicated at 84, gencrates a combined or swperimposed
presentaiton of the radivactive data and the magery data, which is in positional
context with patient 58 und surgical instrument 64.

Instruiment 64, which by itself can be presented in context of the
combined presemiation, may then be used to perforn the provedure most
accurately. Processor §2 may be a single cutity or may include a plurality of
daia processing stations which directly commuuicate with, or even integral to,
any one o more of the deviees described.

The present invention provides & major advamtage over prior art designs
because it positionally intogrates deta portaining io a body portion as retrieved
by two independent imaging techriques, conventional inaging and radivaclive
imaging, to thereby provide a surgeon with the ability the {ine point the portion
of the body to be sampled or treated. .

Tt will be appreciated that subsets of the devices described in Figure 9
may be used as stand-alane systems. For example, a combination of detector 62
with  its  positica-tracking  system  and  instrument 64 with  dts
position-tracking-system may in some instances be sufficient to perform
intrabody procedurcs,  For mere diagnostic pwposes, withoui biepsy, a
combmation of detccior 62 position-tracking-system  and modality 60
position=trucking-system are sufficient.

Refetence 1s now made to Figure 12, which illustratcs an imaging system
20 constcted and operative in accordance with a preferred embodiment of the
present invention, Imaging system 204) preferably includes a radiation probe
202, such as the narow anpie radioaclive emission detector 22" described
hereipabove with reference to Figures 3 and 19

A position sensor 204 is provided for seusing the position of radiation
probe 202, Position sensor 204 may be physically attached to radiation probe

202, or may be distanced therefrom, Position sensor 204 transmits the sensed
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pesition data 1o a posilion tracking system 206. Position tracking system 206
may be a system like position tracking system 24, described hercinabove with
referemce to Figure 1, and position sensor 204 may be any Jind of sensor
applicable for such position tracking systemns,

Another method which can be vsed to locate the source of radiation
emission is by vsing a smali hand held gamma camera 205 (such as the DigiRad
20206c Limager TM™, 9350 Trade Place, San Diego. California 92126-6334,
USA), attached to position sensor 204.

Position tracking system 206 enables radiation probe 202 to [teely scan
back and forth in two- or three-dimensions over the area of interest of the
patient, preferably incrementing a short distance between esch scam pass.
Position tracking system 206 tracks the position of radiation probe 202 with
respeci o & position tracking coordinate system, such as X, Yy, and Z;, with an
origin O,..

Tmaging system 200 also includes a medical imaging system 208, such
as, but net limited to, computed or corputerized tomography (CT), magneiic
resonanee imaging (MRI), ulirusound imaging, positron emission tomography
(PET) and single photon cmission computed tomography (SPHCT), for
example. Medica] imaging system 208 provides images of a patient 209 with
respeet 1o & medical imaging coordinate system, such as X, Y,, and Z,, with an

origin Oy,

tmaging system 200 alse weludes a coordinate regisiration sysiom 219,
such as that described jn U.S. Patent Application Ne. 09/610,490, the disclosure
of which ig incorporated herein by roference. Coordinate Tegistration system
‘210 is adapted to register the coordinates of the position tecking coordinate
system with those of the medical imaging coordinate system.,

Position fracking systemm 206, medical imaging systen 208 and

coordinate registration system 210 are preferably in wired or wircless
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commmunication with 2 processing unit 212 (also referred to us & data processor
210).

In operation of jmaging system 200, after administation of a
radiopharmaceutical to patient 209, a clinician/phrysician/surgeon (not shown)
may move or scan radiation probe 202 about a larget area under examination. A
physiological activity map of the target area is obtained by measvring the
radiation count rate with radiation probe 202, and by comrelating the count rate
with the count rate direction with position tracking system 206, which follows
the motion of the moving or seanning radiation probe 202,

Referenct is now made to Tigare 13 which ithustrates image formation
with radiation probe 202, in accordance with a preferred embodiment of the
present invention. For the purposes of simplicity, the example shown in Figore
13 is for a single dimension image formation, but it is readily understood that
the same principles hold true for any other dimensional image formation.

Tn ane exaple of carrying out the invention, radiation probe 202 may be
a gamma ray detector probe thai comprises a collimator 211 and radiation
detector 213, Gamima rays are projected through the probe CO”i'.lniltOlj 211 onto
radiation detector 213, which produces electrenic signals in accordance with the
radiation detected. Radiation probe 202 sends pulses to a prabe connter 215
which may include a pulse height analyzer circuit (not shown). The pulse height
analyzer cirenit analyzes the electronic signals produced by radiation defector
213. If the electranjc signals are withia a selected energy window, the Jevel of
radiation, i.., number of radiation counts, is cownted by probe counter 215.

Examples of snitable radiation detcctors include a solid state detector

(83D} (CdZnTe, CdTe, Hgl, 5i, Ge, and the like), a scintillation detestor
('Na[(' ). T80, G8Q, Csl, CaF, and the like), a gas detector, or a scmiiliating
fiber detector (S101, 8104, and the like), for example.

‘The position sensor 204 associated with the radiation probe 202 senses

the position of radiation probe 202, and posiiion tracking system 206 calenlates
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and moniters the motion of radiation probe 202 with respect o the position

tracking coordinate systemy. The motion is caleolajed and monitored in two,

three and up to six dimensions - the linear directions of the X, Y and Z axcs as
well as rotations about the X, ¥ and Z axes (i.e., rotational angles o, 9 and o,
respectively).

Examples of suitable position tracking systems include a measurement
wechapical arm (FavoAm, http:/fworw. faro.com/products/Taroarm asp), optical
tracking systems (Nortbern Digital Inc., Ontario, Capada NDI-POLARIS
passive or active systems), magnetic tracking systems (NDE-AURORA),
infrared tracking systems (E-PEM systen, http://www.e-pencom), and
wlicasonic tracking systems (E-PEN system), for cxample.

Processing unit 212 combines the radiation probe count rate frem probe
counter 213 together with the positional intornmtion from position tracking
system 206, and uses an imaging software algorithm 217 to form a
two-dimensional or threc-ditensional radiotracer-spread image of the target
arce inside the paient’s bedy, The spatial probe positions together with the
spatial count rates may be stored in memory or displayed on a computer monitor
214 as a pattern of marks corresponding to fhe spatial and count rate position.

An example of such a pattern is showa in Figere 14, which illustrates a
single-dimensional, unprocessed simulation of a radiation point source 218
(Figure 13), 30 mm deep inside the human body, detected by using a 10 mm
nuclear radiation probe 202 coupled to position iracking systern 206. The graph
of Figure 14 iudicates io a physician that there is a peak count rate of ahout 500
in the probe paesition of about 30 mm.

I one embodiment of the ovention, the imaging software algorithm 217
eniploys an averaging process 1o refine the curve of Figure 14, This averaging
process will now be described wiih reference to Figure 15.

Probe counter 215 feeds probe count rate information N(Xe, Y, 7e, o, &

@ to processing unit 212 (step 301). Position sensor 204 feeds probe position

JP 2004-512502 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

o
o}

(123)

WO 02716965 PCTILILAGE
0
information (¥c, ¥o Ze, g 8 @) to processing unit 212 (step 302). Trobe
parameters (such as its physical size, dk, dy, &) are alse input into precessing
unit 212 (step 303).

Processing unit 212 then finds all the voxels (i.e, volume pixels) that
represent the probe volume in the processing unit memory (step 304), ie.,
Xo+dx, Yerdy, Ze-rdz. Processing unit 212 caleulates the number of times that
the caloulation process has been done in sach voxel from the beginning of the
image formatien (step 305), i.e., M{Xcrdx, Fordy, Zed dz). Processing unit 212
then cajculates the new average count raie values in cach voxel {step 306), in
avcordance with the formula:

NiXc+dx, Yetdy, Zotdz) =
[ M(Xe+dx, Yotdy, Zerdz) + NiXe, Yo, Ze, p 6 @ J/
[ M(Xctdy, Yordy, Zovdg) +1 ]

Processing nnit 212 then corrests the display imape that represents the
perceived voxels ut M(Xe+dx, Yotdy, Zotdz) (step 307). The algorithm then,
repeats itself for the next probe position (step 308).

‘The resulling graph of the averaging algorithm o Figure 15, as applied to
the example of Figure 14, is shown in Figure 16.

Figures 17 and 18 respectively show examples of a hot cross phantom
image and a hot 4.77 mm bar phantoo image, produced by a ganuma radiation
probe caupled with position tracking system 206 and the averaging algorithm of
Figure 15 The probe images were made by using a probe, EG&G Ortec
Nal{TIl) model 903-1 {thickness=17, diameter =1”) connected to a SciniiPack
mede] 206, The position trecking system vsed was the Ascension miniBIRD,
commercially available from Ascension Technology Corporation, P.O. Box 527,
Burlington, Vemmont 05402 USA
(http:Ifwww.usccnsion-t::ch.comfg:"ap_l:lic,hh:ﬂ). The magnetic fracking and

location sysiems of Ascension Techoology Corporation use DC magnetie fickds
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fo overcome blocking and distortion from nearby conductive metals, Signals
pass through the human body without attenuation,

In another cmbodiment of the invention, the imaging softwarc algorithm
217 may employ a minimizing process to refine the curve of Figure 14 as is now
described with reference to Figure 19.

Probe counter 215 feeds probe count rate information NyXe, ¥e, Zc, p, 8
@) to processing nnit 212 (step 401). Posilion sensor 204 feeds probe position
infermation (Xc, Yc, Ze, g € @) to processing unit 212 (slep 402). Probe
paratneters (such as its physical size, dx, dy, d2) are also input into processing
unit 212 {step 403).

Processing umit 212 then finds all the voxels that represent the probe
volune n the processing unit meraory {step 4043, ie., Xetdx, Fordy, Zorde.
Froin the voxels that represent the probe volume in the processing vnit memory,
processing it 212 finds those that have a higher count rate value N{¥c+dsx,
Yetddy, Zetdz) than the inputted probe count rate Ni¥Xe, ¥e, Ze, o 4 @ {step
405). Processing unit 212 then changes the higher vount rate voxels to that of
inpuited probe count rate N(Xe, Ye, Zo, o 8 ) (step 406), and corrects the
display image at the higher count rate voxels N(Xe+dx, Ye+dyp, Zotdz) (step
407). The algorithm then repeats itself for the next prebe position (step 408).

The resulting graph of the minimizing algorithm of Figure 19, as applied
te the example of Fignre 14, is shown in Figure 20.

Another algorithm i provided by the jovention for estimating the
distribuiion. of radiation sources in 2 control volume, and is deseribed with
reforence to Figures 27A-27G. In this algorithm, it is assumed that the radiation
sources comprise dot sources that radiate uniformly in all directions, and that the
radiation soutces are localized and smoothly distributed in a bounded volume.

Reforence is now made to Figures 27A und 27B, which illustrate a
radiation sensor 60(4, preferably generally shaped as s tube collimator. Radiation

quanta 602 are registered by the radiation sensor 600, as described hereinabove,
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thereby providing the average number of quanta per unit time. The radiation
sensor 600 may be moved around a volume of interest 604, Tie position of the
sensor 600 and its divection (as well as the position of the investigated volume
604) arc assumed to be known at any given moment (ligure 27A).

The tube collimator is preferably pravided with a plane circular detector
606 of radiation quanta. The yuamnia detector 606 is preferably disposed on a rear
&nd 608 of the tube and radiatior quanta can reach the detector 506 only through
an open front end 610 of the tibe (Figure 27B)

Reference is now made to Figure 27C, which illustrates a system of
coordinates {x, v, ) with the origin ¥ in the center of the radiation sensor 600,
the {x, y) plane bring the plane of the detector, and the 7 axis being in the center
of the cullimator tube. The geometry parameters of the collimator tube — height
h and radius p — are known,

From the rotational syoumetry of the tube, it is clear that having &
radiation source Q = Q(x, y, z} with the total intensity I uniformly radiating in
all dircctions, the portion of the intensity regisiered by the quanta detector 606
of the radiation sensor 600 i3 defermined only by the distance r from @ to the
axis of the collimator {axis z) and the distance z from Q 1o the (x, ¥) plane. In
other words, there is a finclion @©(r, z), which is defined oniy by the collimator
purameters p and h {corresponding expressions from p, h, r ind z may be easily
wrilten in explicit form), such that the intensity of the radiation spol Q = Q(x, ¥
» 2) = Qr, #) registercd by detector 606 is propartional to @(r, z) and to the total
intensity I of the radiation spot.

Reference is now madé io Figure 27D. It follows from the foregoing
discussion, that if instcad of one radiation spoi fhere is some radiation
distribuzion ) = I €Kr, Z} ) in a voleme V , then the radiaiion ntensity,
registered by radiation sensor 600, is proportional {with some constant not
depending on the radiation distibution and the sensor position) to the following
integral:
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jl[ Gir, 7)) &I, ) dQ 1}
v

An algorithm for estimating the intensily distribution 1(Q) from the
values obtained in the measurement scheme of Equation (1) is now discussed,
For the sake of simplicity, the first casc is discussed with reference to Figure
27T for a two-dimensional problem, wherein intensitics 1(Q) arc distibuted in
some 2-dimensional plane. The 3D problem is a direct generalization of the
comeesponding 21 problem, as is cxplained hereinbelow,

As seen in Figurc 27E, the radlation sources are distributed in 2
rectangular region V in a plane. Two systems of coordinates are considered. The
first one is the sensor coordinate system (x, y, 2) comresponding to the sensor
600, The seeend one is the radiation souree coordinate system (u, v, w)
corresponding to the radiation sources plane (u, ¥).

It is assumed thal o each discrefe time increment, the position of the
origin of (%, v, z) system and the direction of the z-axis unit vector in (u, v. w)
coordinates are konw. To other words, the position and direction of the moving
sensor in the (u, v, w) coordinate system is known, and the (i, v, w) coordinate
systemn is assumed o be motionless.

The radiation sources are considered to be distributed in accordance with
the distribution function 1(Q) ) in some bounded, given rectangle V on the plane
(o, v). QY = {u, v) is the unknown and sought-for radiation (or radjation
intensity) distzibution function defined in V.

To regularize the problem of estimation of the radiation distribution
fanction 1{(3), the fanction {(3) will be considercd to be given from some tinite
difmensional space H of functions defined in V. In other words, the function
I(QQ) itself will not be estimated bui rather some finite dimensional
approximation of the distribution I(Q).

The simplest approach to finite dimensional approximalion is io

subdivide the rectangle V into sets of equal rectangular cells and consider the
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54
space H of siep-Tunclions corresponding to this sabdivision (J.c., the space of

functions that are vonstant in the cells of subdivision), as shown in Figure 27F.

If the subdivision of rectangie 'V inlo smalf rectangles is sufficiently fine,
then this step-function approximation is good enough for the estimation of
radiation distribuiion 1{Q).

Let each side of rectangle V be divided into n equal pars (Figure 27F).
Then m = o' is the dimension of the space H of step-functions on the
corresponding subdivision.

The space H is naiuraily isomorphic to the m-dimensional space of n x n
matrixes (with its natoral scalar product < =, « > ),

LetT=(1;;)j-1.. beikeunknown element of H that it j5 desired to
estunate. Supposs that element I is measured on K functionals {®% } =1 x of

the form. of the integral (I
S O T DoV B g)
3 "Fk i =t 4 Fj ij ()

where Py = (P ;; N) ii=1 0.k =1, .., K {after approximation of
Tunction () by the correspording step-funciion, the integral (1) ts iransfoomed
to the sum {2 ),

Functionals @y, k=1, ..., K, conespond to K discrete positions of the
semsor (Figure 27E). Knowing the cxplicit expressions for functions $fr, z)
fram {1} and knowing for each time moment k, the position of the sensor
relative to inspection region V, one can calewlate all matrixes &, = (&5 &y i
jehens k=1, ., K.

Accordingly the following scheme of measurements are obtuined:

Wi = <h, W >k ey, k=1,.., K. {3}

Heie w . are results of measurements of the unknown clement [ of the
space H , and &y, ure random errors (s . - independent random variables, Le . =
0,k=1,..;K).
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Let M: H — H the operator in the space 11 of the form:
M =35 D@0, 4)
Then the best non-biased lingar estimate | of the element I is given by
the formula:
fentty, 5)

where M 11— H (he inverse operator to the operator M of the form
{4), and

W= Zpex i@y, (6)

(where W, are the resulis of measurements of the form (3)).

One problem of using estimates (3) (besides cormputational preblems if
the dimension m of the space 11 is very large) is that the operator M: 1 — H of
the form (3) is “bad mverlable”. In other words, the eslimation problem is
“ill-posed”. It means that having a noise € y in the measurements scheme (3),
even if the noise is small, may sometimes result in a very targe estimation error
dist(T, 0. '

Fhis mweans that the cstimation problem  reguires additiopal
regularization. This is a gencral problem of solving a large set of linear
cquations. There are several methads (or solving such eguations. Below is
described one of the known methods for solving such equations but numerous
other methods are also possible, theses incluede gradient decent methods such as

in (hitp:/fwvwew-vis] technion s 1171 999/99-03www/) and other methods that are

generally known in the art.  Further, it is possible o improve (he imuge
reconstruction by taking inte account the correlation betweon measprements as
they are dope with substantial overlap. Also, in the following deseription, a
regular step function s asswned for the representation of the pixels or voxels,
or.hex basis may be uscd such as wavelet basis, gaussian basis, ctc., which may
e betier suited for some applications.

To obtain repulatized estimate § g instead of the estimate f, the

cigenvector decomposition of the operator M may be used:
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Tet @ 93, ... , ¢y be eigenvectors of operator M: H = H
corresponding to eigenvalues b2 g2 . 22210

Let R be some natural number, ]| < R < m ( R is the “repularizaiion
parameler” ). Lel H¥ be the subspace of the space H spanned by ihe first B
SIECAVECLOTS b1, ... , PR .

H® = PP brmtm - 7

Let P 1T H™ be the orthogonal projection on subspace 1®

The regularized estimate 1y mauy be obtained as follows:

Lot ©,® =pP @ k=1, K

PR = D g Wk ®™ ity
M™: B® — H® the operator of the form:
MY =2 ¢ 0 MO0 M @

{operator M™® s the restriction of the operatar M of the [orm {4} to the
subspace H® of the form (7)),

thenl™® = (M®yt w® (10

When the regularization parameter R is properly chesen (so that the
eigenvalue Ag is not too small), then the estimate (10) becomes stable.

There nre seversl possihlie approaches to choesing (he patameter R_ (e
approach is to leave R as a “program parameter” and {o obtain the reasonable
value “in experiment”. Ancther approach is to choose some “optimal” value.
This 1s possible if the covariation operators of the random nedse & in (3) are
koown, and information about the element 1 of the space H is known a priori.

The subdivision inte a large number of eguel rectangles has the
disadvantage of making the dimensien of the space H 100 big (especially in the
3D case). If each side of rectangle V is subdivided into n egew! parts, then the
dimension of the space 11 will be 1° and the dimcnsion of the matrices used in
solving the corresponding estimation cquations would be 0* % n* = n* (in the 3D
case, i x n® = né}. It is clear that for large r, this situation may cause serious

memaory and compntation time.
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In ucvordance with a preferred embodiment of the present invention, an

irreguiar subdivision of the rectangle V is used. This irregular approach may
significantly decrease the dimension of the problem and facilitate computer
calculations.

More specifically, a drawback of the regular subdivision of the
investigated region V, discussed hercinabove, is that a lot of cells that actually
huve no signal may be taken into account (Figure 27F). It would be much betier
to have small cells only in regions with high signal and have big cells in regions
with low signal.

Reference is now made to Figure 27G, which illustrates an advintageons
irregular cell subdivision, m accordance with a preferred embodiment of the
present invention.

In a first stage, repular subdivisions are made in “large” cells, and
measurements and cstimations are made as described hereinabove. In this
marmner, the intensity disiribution is estimated in the laxge cells,

In a second stage, the large cells, which have an intensity larger than
some thresheld, are subdivided into 4 equal subcells (or § subcells in the 3D
case). A suitzble thyeshold may be obiained by laking the avorage intensity (of
all Jarge cells) minus two (or three) sigmas (standard deviation), for exumple.
Measurenients and estimations are made in these subdivisions as described
hereinabove.

The act of subdivision and subseguent measurements and estimations are
continued until a desired accuracy is reached at some smaller level of
subdivision, typically defined by the computational and memory capabilities of
the computer being used.

The 3D problcm may be treated i the same way as the 2D case, the only
differcnce heing that instead of rectangle V, there is a parallelepiped 'V (Figure
27D). Accordingly, the <ells in each subdivision are also parallelepipeds.

The algorithms described hereinabove may be used for a variaety of

imaging systems. Tor example, the algorithms may be used with single
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radiation dotector probe, an amay of radiation detector probes, large gamma

cameras of various design, such as mwuit} head camerss, gencral purpose
cameras, and automatic white balance {AWB) scanners. The algorithms are
suitable for SPECT and planar imaging, and may be wscd for all types of
isotopes of with any type of photon encrgy.

From the foregoing, discussion, the skilled artisan will appreciate that the
algorithing described horeinabove may he used to predict the location of the
radiation spurce and the uncertainty region {based on the system measureinent
errots) n the vicinity of the radisiion source. The algorithms also gnide the user
o perform additional measurcments to minbpize the uncerfainty region
éccording to the reguirements of the system operator.

The algorithms thus comprise a feedback system that cmploys analysis to
determine the bourds of an uncertainty region about the radiation source, and
which guides medical petsonnel to conduct additional scans in these uncertainty
regions to improve accuracy, reduce error, and hence minimize the bounds of
the uncetainty vegions.

Continuous sampling with radiation probe 202 may provide localization
of a wmor and a physiological radiation activity map of the tumor region.
Higher safety and accuracy are gzined by a greater number of scans.

Heference 15 now made to Figove 21 which illustratcs an imape
reconstruction system 450, construcied and opcrative in accordance with a
preferred einbodiment of the prescnt invention. Image reconstruction systoml
450 produces a combincd image 451 made up of the images coming from the
medical imaging system 208 with the position of the peak radiation location
{and its upcertainty arca) from processing unit 212, together with the location of
a iherapcutic instrument 452, such as u biopsy needie. The combined image 451
allows ihe physician to better assess ihe relative position of therapeutic
mstrument 452 in rclation to the anatomical image {from medical imaging
system 208) and the position of the radioactive area as inferred by the mdiation

detection algorithm,

JP 2004-512502 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

2

(132)

WO 02716965 PCTIILOL063S

59
Reference is now made fo Figure 22 which {llustrates & flow chart of a

radiation map reconstruction algorithmo, in accordance with a preferred
embodiment of the present invention.

Deconvolution methods are often used in image processing procedures.
Examples of such deconvolution methads are described in US Patent 6,166,833
to Sapia et al, the disclosuce of which is incorporated herein by reference.
(However, it is apprecisted that these are just examples and the present
invention is pot limited to the deconvoluiivn metheds mentioned in US Patent
6,166,853)

In typical image acquisition, light (vt other electromagnetic wave ensrgy)
passes through a finile aperture to an image plane. The acquired image is a
result of a convelution of the source object’s Jight with the aperture of the
imaging system. A sysiem transfer-function may be generally obtained directly
by taking the Fourier transform of the aperture. As is known in the au, the
blurring effects due to convolution gencrally cxist in two-dimensions onfy, 1.e.,
the x-y planes. A pomnt-spread-fusciion (F3E) is an expression vsed to describe
the convolutional blurring in two-dimensions. The PSF physically results from
imaging a point source. The Fourier transform of the PSF is the system
trans fer-function, which is obtained by convolving the system u'anst‘cr-lftmctinn
with a Dirac-delia function, A point source is the physical cquivalent of a
Dirac-delta function, and, in the frequoncy domain, the Dirac-delta function is 2
unity operator across the spectrura, Therelove, the Fourier translorm of the PSE
skould be the Fourier transfoum of the apertiare. However, the PSF contains
noise and blurring due to other cffects such as aberrations.

The PSF contribution to the overall blurriness may be diminished or
eliminated by deconvolution.

Referring io Figure 22, in the case of the present invention, the transfer
function of the radiation detector may be determined by taking the Fourier
transform of the aperture of the detsctor, and taking inte account the neise and

blurring duz to other effects such as aberrations {step 500} An example of a
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transfer function may be a noomal distibulion, Using known mathemalical
techniques, the deconvolution of the transfer fanction may be determined (step
s02y

The count readings of each spatial location of the detector constitute the
sum of radiafion counis from all the voxels {or pixels in the case of
twe-dimensional maps, the term “voxel” being used herein to include both
pizels and voxels) within the defector’s held of view. Al least one voxel, or
preferably each such voxel, may be assigned a covnt value based on the
decopvolution of the unique iransfer function of the radiation delector in use
{step 504). An additional mathematical procedure may teeat the varicus valves
that each voxel receives due to the muliiple readings from viewpoints of
different detectors (step 308). This treatment may constitute for example a
gimple algebraic average, minimum vahie or reciprocal of averaged reciprocals
i order to produce a single value of readings in each voxel. The decenveolution
is then wsed to reconstruct the voxels of the radiation map with diminished or no
blurriness (step S04).

The algorithmos deseribed herein are applicable not only to the analysis of
readings obtained wsing a directional radioactivity defector, rather they also
apply $or spatially scositive {pixclated) radioactivity detectors. Tn this case, the
readings of each pixel are algorithmically (reaied as described herein like for a
directional radioactivity detector. The motivation behind using a spatially
sensitive detector is to save on measurement time by receiving readings from a
multitide of directions in parallel. This, in essence, creales a number of
overlapping low resolution images which can then be processed to form a bigh
resclution image. In addition, the spatiatly sensitive detector can be scanned to
improve even {urther the resolution using the algorithms descxibed hereinubove.

Thus, the same algorithms that apply for a directional detector apply for
the spatially sensilive detector, only now insiead of une radiation reading at each

position, a large set of descorate positions are processed in parallel. Each pixel
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can be secn as & separtate detecior with an angle of acceptance dictated by the
geometry of a segmented collimator employed thereby. Each of the pixels
occupies a different position in space and hence cen be seen as a new position
of & single directional probe by the algorithm described herein. It is also
possible, fike with the directional detector, to scan the whele sef of pixels by
scunning the spetially sensitive detector 2nd 1o acquire a new set off daga points
from the new position. Once obfaining & low resolution image from cach of the
pixels of the spatially sensitive detecior, a super resolution algorithm can be
employed to generate an image of higher resolution. Suilable super reselution
algorithms are described in, for example, I. Acoust. Soc. Am., Vol. 77, No. 2,
February 1985 Pages 567 - 572; Yokota and Sato, IEEE Trans. Acoust. Speech
Signal Process. {April 1984); Yokota and Sato, Acoustical Imaging (Plenum,
New York, 1982, Veol. 12; H. Shekartoroush and R. Chellappa, “Daia-Driven
Multi-channel Super-resolution with Application to Video Sequences”, Journal
of Optical Society of America-a, vol. 16, no. 3, pp. 481462, 1999 H,
Shekarforoush, I. #erubia and M. Berthod, “Bxtension of Phase Correlation to
Sub-pixel Registration™, IEEE Trans. Tmage Processing, to appear; P,
Cheeseman, B. Kanefsky, R, Kruft, J. Stutz, and R. Hanson, "Super-Resolved
Surface Recenstruction From Multiple Images," NASA Technical Report
FIA-94-12, December, 1994; A M. Tokalp, ME. Ozkan, and MI. Sczan,
"High-Resolntion lmage Reconstruction for Lower-Resointion  Image
Sequences  and  Bpace«Varying lmage Restoration," FEEE  International
Conference on Acoustics, Speech, and Signal Frocessing (San Francisco, CA),
PP 11-169-172, March 23-26, 1992,
http /www-visl technion.ac.il/199949-03 /manw/, which are incorporated herein
1.1]-' reference.
EXPERIMENTAL RESULTS

In a series of clinkal experinaents, some of the basic concepts of the

invention have been tested on patients who were pre-injected with a sujtable
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radiopharmacentical  for their particalar  pathology, ‘Two-dinensional
color-coded maps have been construcied based on a scan of a pre-determined
lezion area by 2 hand-held radiation detector with a magpetic position-tracking
system. The resulting maps, which represented the radiation count Jevel, were
compared 0 images of conventional gamma camera,  The list of
radiopharmaceuticals tested inciudes PFDG, "MTc-MDP, "™ic sodium
pertechnetate, *MTc erythrocyies.  Similar radiolabeled patteras were obscrved
in the images produced by the system of the invention and in the images
produced by a conventiopal gamma camera in the following pathologies:

Figures 23A and 23B illustrate vadiolabeled patterns observed in images
produced by the system of the iovention and by a conventional gamme camera,
tespectively, of an autonomous adenoma of a thyroid of a 58 year-old male.

Figures 24A and 24B illustrate radiclabeled patterns observed in images
produced by the system of the invention and by a conventional gamma camera,
respectively, of suspected Pagei's disease of a humerus in an 89 year-old
female.

Figures 254 and 251 illustrate radiolabeled paticing observed in images
praduced by the system of the invention and by a conventional gamma camera,
respectively, of chronic osteomyelitis in 2 19 year-old Femals.

Figures 26A and 26B illustraie radiolabeled palterns ohserved in images
produced by the system of the invention and by a conventional gamma camera,
respeeiively, of skeletal metastasis from medulloblasioma in an 18 year-old
male.

The following provides a fist of known procedures which can tuke
gdvaniage of the system and method of the present invention:

In cancer diagmosis the sysicm and method of the present invention ean
find uses for screening for cancer and/or directing invasive diagnosis (biopsies)
cither from ouiside the body or by way of endoscapic approach. Bxamples
include, but are not limited to, lung cancer biopsy, breast cancer biopsy, prostate

caneer biopsy, cervical cancer biopsy, liver cancer biopsy, lymph node cancer
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biopsy, thyroid cancer biapsy, brain cancer biopsy, bone cancer biopsy, colon

cancer biopsy, gastre intesiine cancer endoscopy and biopsy, endoscopic
scrcening for vaginal cancer, endoscopic screening for prostate cancer {by way
of the rectum), endoscopic screening for ovarian cuncer. (by way of the vagina),
endoscopic sureening for cervical cancer (by way of the vagina), endoscopic
sercening for bladder cancer (by way of the urinary frack}, cudoscopic screening
for bils cancer (by way of he gastrointestinal track), screening for luug cancer,
sereening for braast cancer, screening for melanoma, screening for brain cancer,
sereening for lymph cancer, screening for Kidney cancer, screeming for gastra
intestingl cancer (from the culside).

In the speoial case of MRJ, the radiation detector can be combined and
packaged together with a smail RF coil for the transmission and reception or
reception only of the MR1 signals in a rectal probe configuration for prostute
diagnosis and treatment or any other close confinement pogition such as the
vagina, airways, the uper portion of the gastrointestinal wrack, cte)

Procedures known as directing Incalized freatment of cancer can also
benefit from the system and method of the present invention. Rxamples inchide,
but are not {imited to, intra tumoral chemotherapy, intra tamoral brachytherapy,
intra tumoral cryogenic ablation, intra fumocal radio frequency ablation, intra
tumaoral ultrasound ablation, and intra tumoral laser ablation, in cases of, for
example, lung cancer, breast camcer, prostate cancer, cervical cancer, liver
cancer, lvmph cancer, thyroid cancer, brain cancer, bone cancer, colon cancer
(hy way of endoscopy through the rectuim), gastric cancer (by way of endoscopy
through the thorax), thoracic cancer, small infestine cancer (hy way of
endoscopy through the reetam or, by way of endoscopy through ike thorax),
bladder cancer, kidney cancer, vaginal cancer and ovatian cancer.

In interventional cardiology the following procedures can take advantage
of the prescnt invention wherein the method and systern can be used to assess
tissue perfusicn, tissue viability and blood flow intra operatively during PTCA

procedute (balleon alone or in conjunction with the placement of a stent), in
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cases of cardiogenic shock to asses damage to the heart, tollowing myocardial
infaret to asses danage to the heait, in assessing heart fajlure condition tissue in
tertns of lissue viability and tissue perfusion, in mira vascular tissue viability
and perfusion assessment prior to CABG operation.

The radioactivity detector can be mounted on a catheter that is entered
through the blood vessels to the heart to evaluate ischemia from within the heart
m order to guide abiation probes or another type of treatment fo the appropriate
locatton within the heart.  Another application which may benefit from the
present ipvention is the localizalion of bloed clots. For example, a radioactivity
detector as described herein can be used to asses and differentiate between new
clots and old ¢lots. Thus, for example, the radicactivity detector can be placed
on a very small caliber wire such as a guide wire that is used during FTCA i
order to image intrabloodvessel clots. Intrabloodvessel clois can be searched
for in the aottic are as clots therein are responsible for about 75 % of stroke
cases.

Using the method and system of the present mvention to assess tissue
perfusion, tissue viability and blood flew inlra operatively can also be employed
in the following: during CABG operation 10 asses iissue wviability, to mark
infarct areas, during CABG operations to asses the svccess of the re
vasculerization,

The present invention has many other applications in the direction of
therapeutics, such as, buf not limited fo, implanting brachytherapy seeds,
ufttasound microwave radio-frequency cryotherapy and localized radiation
ahlations.

It will be appreciated that many other precedures may also take

advantage of the present lavention.

Tt is appreciated that certain features of the invention, which are, for
clarity, described in the context of sepatate embodiments, may also be provided

m combination in & single embodiment. Comversely, various features of the
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invention, which are, for brevity, described in the context of a single

embodiment, may also be provided sepacately or in any suitable

subcombination.

Althongh the invention has becn described in conjunction with specitic
embodiments thereof, it is evident that many alternatives, modifications and
variations wiil be apparent to those skilled in the art. Accordingly, it is intended
to embrace all such alternatives, modifications and variations that fall within the
spirit and broad scope of the appended claims.  All publications in printed or
elecronic form, patents and patent applications mentioned in this specification
are herein incotporated in their entirety by reference into the specification, to the
same extent as if’ each individval publication, patent or patent application was
specifically ated individvally indicated to be incorporated herein by reference.
In additipn, citation or identification of any reference in this application shafl
not be construed as an admission that such reference is available as prior art to

the present invention.
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WHAT IS CLAIMED IS:
I. A system for caleulating a position of a radicactivity emitting

source in a system-of-coordinates, the system comprising:
(2)  aradioactive cmission detector;
b a position tracking system being comnected to  andior
comrpunicating with said redioactive emission detector; and
{¢)  adatu processor being designed and confligured for receiving data
inputs trom said pesition tracking system and from said
radicactive emission defector and for calculaling the position of

the radioactivily emitting souzee in the system-of-coordinates.

2. ‘The system of claim 1, wherein the radicactivity emitting source is
selecied from the group congsisting of a radiophammaceutically labeled benign
tunor, & radiophammacevtcally  labeled  malignant tumor, a
radiophamacentically labeled vescnlar clot, radiophanmaceutically labeled
inflanunation related components, a radiopharmaceuticaily labeled abscess and

a radicpharmacentically labeled vascular abnormality.

3. The system of claim 1, wherein said radioactive emission detector
is selected from the group censisting of a namow angle radicactive emission
detecior, a wide angle radiation emijssion detector, a plurality of individual
narrow apgle radiation emissinn detectors and a spatially sensitive radioactivity

detector.

4, ‘The system of claim 1, whercin said position tracking system is
selected from the group consisting of an articulated arm position fracking
system, an accelerometers based position lacking system, a potenliometers

based position tracking system, a sound wave based position fracking system, a
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radio [requency based position tracking system, a magnetic field based position

tracking system and an optical based position tracking sysien.

3. A methed for defining a pesition of a radioactivity emitling source
in a system-of-coordinates, the method comprising the steps of:

() providing a radicactive emission delecior being conpecied 1o or
comrnupicating with a position tracking system; end

()  monitoring radicactivity being emitied from the radicactivity
emitting souree, while at the same tinge, moniforing the position of
said radicactive emission detector in the system-of-coordinates,
thereby defining the position of the radioactivity emifting, source

in the system-of-coordinates,

. b The method fur claim 5, wherein the radioactivity emitting source
is sclected from the grovp consisting of a radiopharmacenticaily labeled henign
wmor, a  radiopharmacewically  labeled  palignani  (wmor, &
radiopharmaceutically labeled vascular clot, radiopharmaceutically labeled
inflammation refated components, a radicpharmaccutically labeled abscess and

a radiopharmaceutically labeled vascular sboormality.

7. The methed for claim 35, wherein said radicaciive emission
detector is selocted from the group consisiing of a narrow angle rudioactive
emission detector, a wide angle radistion emission detector, a plurality of
individual narrow angle radistion emission detectors and a spatially sensitive

radioactivity detector.

3 The method for claim 5, wherein said posifion tracking svstem is
selected from the group cousisting of an artieulated wm position tracking
system, an accelerometers based position Lracking system, a potentioineters

based position (racking system, a sound wave based position tracking system, a
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radia frequency based position tracking system, a magtietic field based position

tracking system and an optical based position tracking system.

Q. A system for calenlating a position of a radicactivity emmilting
source in a fust system-of-coordinates and forther of projeciing the pesition of
the radioactivity emitting source onto a second system-of-coordinates, the
SyStem comprising:

{a)  aradjoactive emission dectector;

() a position tracking system being comnected o andfor

communicaling with zaid radioactive emission detectos; and

(¢)  adata processor being designed and configured for:

() receiving data inputs from. said position tracking system
and from said radipactive emission detcctor;

{ii)  calculafing the position of lhe radicactivity cmifting source
in the fiest system-of-coordinates; and

(iti)  projecting the position of the radioactivity emitiing source

onto the second system-of-coordinaics.

10.  The system of claim 9, wherein the radicactivity emilling source is
selected from the group consisting of a radiopharmacentically labeled benign
tumor, a  radiopharmacevtically  labeled  malignant  temor, =
radiopharmaceutically labefod wvascular clot, radiopharmaceutically Jabeled
inflammation related components, a radiopharmaceutically Jabcled abscess and

a radiopharmacecuricaily labeled vascolar abnormality.

[1. The system of claim 9, wherein said radioactive cmission detector
is selected from the group consisting of a parrow angle radicactive emission
detector, a wide angle radiation emssion detector, a plurality of individual
nartow angle radiation endssion detectors and a spatially soositive radivactivity

detector.
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12, The system of claim 9, wherein said position tracking system is

selested from the group consisting of an articulated arm position tracking
systern, an acoclerometers based position iracking system, a potentiometers
based position tracking system, a sound wave based position fracking system, a
radie frequency based position tracking system, a magnetic ficld based position

tracking systern aind an optical based position tracking system.

13. A methed for calevlating a position of a radioactivity emiiting
source it a first system-of-coordinates and for projecting the position of the
radioactivity cmitting source onte a scoond system-of-coordinates, the method
comprising the steps of:

(3)  providing a radicactive emission detector being conngeted o or

communicating with a position tracking system; and

(h) moniloring rwdicactivily being emitted from the rtadioaclivity

emitting source, while at the sume time, monitoring the position of
said  redicactive  emission  detector  in the  first
sysiem-of-coordmates, thereby defining the position of the
radioactivity emitting source in the first system-of-coordinates and
projecting the position of the radicactivity emitting sowrce ontoe

the second system-nf-coordinates.

14.  The rmethod for claim- 13, ‘wherein the radieactivity emitiing
source is selocted from the group conaisting of a radiopharmaceutically labeled

benign  lumer, a  rediophammacentically  labeled malignant tamor, a

- radiopharmacoutically labeled vascular clot, radpharmacentically labeled

inflammation related components, a radiophatmaceutically labeled abscess and

a radiopharmaccutically labeled vascular abnormality.

15.  The method for claim 13, whersin said radioactive emission

detector is selecied from the group consisting of a narrow angle radioactive
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emission delector, a wide angle radiation emission detestor, a plurality of

individual narrow angle radiation emission detectois and a spatially sensitive

radinastivity detector,

16.  The method for claim 13, wherein said position tracking system is
selected from the group consisting of an arliculated arm position tracking
system, an accelerometers bused position tracking system, a potenfiomefers
baused position tracking svstem, a sound wave based position tracking system, a
radio frequency based positien tracking system, a magnetic field based pesition

tracking system and an optical based position tracking system.

17. A system for calculating a position of 2 body component and &
position of a radiopharmaceutical uptaking portion of the body component
within a subject, the system comprising:

(a) =2 three-dimensional imaging modality being connceted to and/for
communigating  with a  tirst position tracking system for
caloulating the position of the body compoment in a fimst
system-of-coordinates;

(o) a radioactive cmission detector being connecled to andlor
communicaling with a second position system for tracking a
position of the radiopharmaceutical uptaking portion of the body
component in a second system-of-coordinaies; and

{c}  at least one daia procecssor being designed and configured for
receiving data inputs from said three-dimensional imaging
modality, said first position fracking sysiem, said radionctive
emission detector and sald second position tracking systemn and
calculating the position of the hody component and the position of
the radiopharmacentical uptaking portion of the bady component

in & common system-of-coordinates.
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18.  The system of cfaim 17, wherein said first system-of-coordinates

serves as said common system-of-coordinates and theretore the position of the

radiopharaceutical uptaking portdon of the body component in said second

systemm-of-coordingtes is projected onto said fiest system-of-coocdinates.

12, The system of «claim 17, wherein  sald  second
system-of-coordinates  scrves as said commor svstem-of-coordipates  and
therefore the position of the body component in said first system-ofcoordinates

is projected onto said second system-of-coordinates,

20, The system of claim 17, wherein said first system-of-coordinaics,
said second system-of-coordinates and said commen system-of-coordinates are

a single system-of-coordinutes.

21, The system of claim 17, wherein said first system-of-coordinates,
said second system-of-coordinates and zajd common system-of-coordinaics are
each a separate system-ol-coordinates and therefore the position of the body
component in said first system-of-coordinates and the position of the
radiophiarmaceutical uptaking portion of the body component in said second
system-of-coordinales e both  projected  onto said  common

system-of-coordinates.

22, The system of claim 17, wherein said first position tracking
systera and said second position tracking system are a single position tracking

system.

23.  The system of claim 17, wherein said imaging modality
communicates with an image presenfation device which serves for visual
co-presentation of said body component and said radiophanzaceutical wpiaking

portion of the body component,
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24,  The system of claim 17, wherein said radicactive emission

detector is selected from the group consisting of & narrow angle radivactive
einission detecior, a wide angle radiation emission detector, a phuality of
individual narrow angle radiation emission detectors and a spatially sensitive

radjoactivity detector.

25.  The systent of claim 17, wherein said position trackiog system is
sclected from the group comsisting of an articulated amm posifion tracking
system, an accelerometers based position tracking sysiem, a potentiometers
based position tracking system, a sound wave based position tracking system, a
radio frequency based position racking system, a magnetic field hased position

tracking system and an oplical bascd position tracking system.

26.  The system of claim 17, wherein said smaging modality is selected
from the group comsisting of a Flueroscape, s Computed Tomographer, an

Magnetic Resonance Imager, an ulirasound imager and an optical carmera.

27, The system of claim 17, wherein said radiopharmacentical is
selected from the group comsisiing of P4, ¥Ga, ¥MTc methoxyisubutyl

isonitrile, ' TICL, ®F-fluorodeoxyplucose, 15[-fibrinogen and M ![p-octreotide.

28. A method for celeulating a position of a body component and a
position of a radiopharmacewtival uptaking portion of the body component
wiilia  subject, the method comprising the steps oft

(ay  providing a three-dimensiona! imaging modality being connected

to and/or communicaling with a first posttion {racking system and
calculating the position of the body component in a first
system-of-coordinates;

(&) providing 2 radicactive emission detector being conmected (o

andfor communpicating with a second position tracking system and
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tracking a position of the radiopharmaceutical uptaking portion of
the body companent in a second system-of-coordinates; and

{¢) rceceiving datn inputs from said three-dimensional hneping
modality, said fust position tracking system, said radioactive
emisgion detector and said second posiiion racking system and
calculating the position of the body component and the position of
the radiopharmaceutical uptaking portion of the body component

in & conumon syster-ofcoordinates.

29.  The methed for claim 28, wherein said first system-of-coordinates
serves as said common system-of-coordinates and therefore the position of the
radiopharmacentical uptaking portion of the body component in said second

system-of-coordinates is projected onto said Frst systers-of-coordinates.

30, The method for claim 28, wherein  said  secomd
system-of-coordinates serves as said common system-of-coordinates and
therefore the positicn of the body compenent in said first system-of-coordinates

is projected onte said second system-of-coordinates.

3. The method for claim 2%, wherein  said  first
system-of-coordinates, said second system-cf-coordinetes and seid commmon

system-of-coordinates are a single sysicm-of-coordinates.

32, The method for claim 28, wherein  said  first
system-of-coordinates, said zecond system-of-cocrdinates and said cammon
system-of-coordinates are each a separate system-of-coordipates and therefore
the position of he body component in sald first systerm-of-coordinates and the
pesition of the radivpharmaccutical uptaking poriion of the bady component in
said second system-of-coordinates are both projected onto said common

system-of-coordinates.
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33, The method for claim 28, wherein said first position tracking

system and said second position tracking system are a single position trackmg

system.

34, The method for claim 28, wherein said Imaging modality
communieates with an bmage presentation device which serves for visual
co-presentation of said body component and said radiophacmaceutical uptaking

portion of the body component,

33, The method for cleim 28, wherein said radioactive ernission
detector is selected frem the govp consisiing of a narrow angle radioactive
emission detector, a wide angle radiation emission detector, a. plurality of
individual narrow angle radiation emission detectors and a spatially sensitive

radioactivity detector.

36.  The method for claim 28, whercin said posilion tracking system is
sclected from the group copsistiag of an articulaled arm position tracking
system, an aceelerometers based position tacking systern, a potentiomeiers
based position tracking system, a sound wave based position tracking sysiem, a
radio frequency based position tracking system, a magneiie field based position

racking systern and an opiical based position tracking system.

37, The mcthed for claim 28, whersin said imeging modality is
selected from the group consisting of a fluoroscope, a computerized tomography
scanner, a magnetic resonance imager and an uitrasound Imager and ap eptical

camera.

38.  The method for claim 28, whercin said radiopharmaceutical is
selected from the group consisting of ", ¥Ga, "MTc methoxyisobulyl

isonitrile, 2! T1C], ¥F-fluorodeaxyglucose, *T-ibrirogen and "' In-cctreotide.
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39. A system for perforraing an intrabody surgical procedure on a

radiopharmaceutical uptaking portion of a body component within a subject, the
system comprising;

(3) a radicactive emission detector being connccled to  and/or
commmunicating with a first position tracking system for tracking a
position of the radiophanmaceulical uptaking portion of the body
component in a [irst system-of-coordinates;

(b) e surgical insirument being connected to andfor communicating
with a second position tracking, sysiem for tracking @ positien of
said surgical instrument in a secoud system-of-coordinates; and

(c)  at least one dala processor heing designed and copfigured for
recejving data inputs from said tirst position tracking system, said
radivactive codssion detector amd said second position wacking
systern and for caleulating the position of the surgical instrument
and the radiophatmaceutical wptaking portion of the body

component in a coramon system-of-coordinates.

40, The system of claim 39, wherein said surgical insttnent includes
an additional radioactive emission detector, whereas said at lesst one dafa
processor being further designed and configured for receiving data inputs frem
said additional radicactive emission detector for refining ihe position of the
radiopharmaceutical upkiking portion of the hody component in the common

system-of-coordinates.

‘ 41.  The system of clabe 39, whercip said  second
system-of-coordinates serves as said comamen  system-of-coordinates and
thesefore the position of the radicpharmaceutical uptaking, portion of the body
compenent in said first system-of-conrdinates is projected onto said second

gystem-of-coordinates.
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42, The system of claim 39, whercin said first system-of-coordinates

sorves as said common systers-of-coordinates and therefore the positicn of the
surgical instrument in said second system-of-coordinates is projected oito said

first system-of-coordinates.

43, ‘The system of claim 39, wherein said fixst system-of-coovdinatcs,
said second system-of-coordinates and said common system-of-coordinates are

a single system-of-coordinztes.

44. The systerm of olaim 39, whorein  said  second
system-of-coordinates, said first system-of-coordinates and sadd common
system-of-coordinates are cach a separate system-of-coondinates and therefore
the position of the surgical mstrument in said second system-of-coordinates and
the position of the radiopharmaceutical uptaking portion of the body eomponent
in said first system-of-coordinates are both projected onto said common

system-of-coordinaies.

45, The system of claim 39, wherein said first position tracking
system and said second position tracking system are a single position tracking

syslem.

46.  The sysiem of claim 39, farther compriging, an inﬁage presentation
device which serves for visual co-presentation of the position of said surgical
instrument and the radiopharmacentical uptaking portion of the Dbody

component,

47.  The system of claim 39, wherein said radioactive emission
detector Js selected from the group consisting of a parrow angle radipactive
emission detector, a wide zngle radicactive emission detecior and a sensitive

radicactivily detector.
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48, The system of claim 39, wherein said position tracking systemis
selected from the group consisting of an arficulated amn pesition tracking
system, an accelerometers based position tracking system, a potentiometcrs
based position tracking system, a sound wave based position tracking system, a
radio frequency based position tracking system, 2 magnetic field based position

tracking sysiern and an optical based position racking svstem.

49. The system of glaim. 39, wherein said sorgical instrument is
selected from the group consisting of laser probe, cardiac catheter, angioplastic
catheter, endoscopic probe, biopsy needle, vltrasonic probe, fiber optic scopes,
aspiration tubes, laparoscopy probe, thermal probe and suctionfirrigation probe.

Please add a pointing device for the open surgery application.

50.  The system of claim 39, wherein said radiopharmaceutical is
selected from the growp consisiing of Y, %Ga, *™Tc methoxyiscbutyl

isonitrile, ' TICI, '*F-fluorodecxyglucose, *I-fibrinogen and 'M'In-octeeotide.

51, The gystem of claim 39, further comprising a three-dimensional
mmaging modality being connected o and/or communicating with a third
position tracking system for calenlating the position of a body component in a

hird system-ef-coordinates.

52, The system of claim 51, wherein said data processor being further
designed and configured for receiving, data inputs from said ihree-dimensional
ignag,ing meodality and said third position tracking system and for calculating the
position of said surgical instrument and the position of the radiophacraceutical
uptaking portion of a body companent and the position of said body compenent

in a commeon system-of-coordinates.
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53. The system of olaim 52, wherein said second

system-of-coordinates  serves as said common  system-of-coordinates  and
therefore the position of the radiopharmaceutical wptaking portion of the body
component in said first system-of-coordinates and said posifion of sajd body
component in said third systeme-of-coordinates are projected onto said second

systom-of-coordinates.

54, The systesn of claim 52, wherein said first system-of-coordinates
serves a5 said comamon system-of-coordinates and therefore position of the
surgical instrument in said second system-of-coordinates and said position of
said hody component in said third system-ol-coordinates are projected amto said

first system-of~coordinates.

55.  The system of claim 52, wherein satd third system-of-coordinates
serves as said common system-of-coordivates and therefore the position of the
surgical instrument in said second system-of-coordinates and the position of the
radiopharmaccutical uptaking portion of the body component in said first

system-of-coordinates are projected onto said third system-of-coordinates.

56.  The system of claim 52, wherein said first systcro-of-coordinates,
said second systemn-of-coordinates, said third system-of-coordinatcs and said

common system-of-coordinates are a single system-of-coordinates.

57. The system of claim 52, wherein said  second
systern-of-coordinates,  said  first  system-of-coordinales,  said  third
s:ystcm—oﬁcoordinates and said common system-of-coordinates ure each a
separate syslem-of-coordinates and therefere the position of the surgical
instrument in sail second system-of-voordinates and the position of the
radiopharmaceutical uptaling portion of the body component in said first

systern-of-coordinates and the position of said hady component in said third
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system-of-coordinates  are  2ll  projected  onlo  said  common

systom-of-coardinates.

58. The system of claim 5%, wherein said first position tracking
system, said second position iracking system and said third position tracking

systomn arc a single position tracking system.

58, The system of claim 51, forther compmising an image presentation
device which serves for visual co-presentation of the position of said suspical
nstrument and the radiopharmaccutical uptaking pottion of the body component

und said body component.

60.  The systern of claim 5 1, wherein said imaging modality is selected
from the group comsisting of a fluoroscope, a compulerized tomography
scanner, a magnetic resonapce imager and an ultrasound imager and an optical

Camera.

61, The system of claim 51, wherein suid position tracking system is
selected from the group consisting of an articutated arm position tracking
system, an accelerometors based position tracking sysiem, a potentiometers
based position tracking system, a sound wave based position tracking system, a
radio frequency based position tracking system, 2 magnetic ficld based position

fracking system and an optical based position tracking system,

62. A method for performing an intrabody surgical procedurc on a
radiopharmaceutical uptaking portion of a hody component within a subject, the
method comprising the steps of:

(a) providing 2 tadioactive emission detector bemg commeeted to

and/or communjcating with a first posifion tacking system and
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tracking a position of the radiopharmaceutical uptaking portion of
the body component ip 2 first system-of-coordinates;

() providing & surgical instrument being comnectsd to and/or
communicating with a second position lracking system and
tracking a position of said surgical instrument in a second
system-of-coordinates while performing the intrabody surgical
procedure; and

{¢) recciving data inputs from said firsi position tracking system, said
radipactive emissicn detector and said second posilion tracking
syslem and calculating the position of the surgicel instument and
the radiopharmaceuvtical uptaking portion of the body component
in a common sysiem-of-coordinates while performing the

intrabody surgical procedure.

63, The system of claim 62, wherein said surgical instrument includes
an additional radioactive emission detector, whereas said at least one data
processor being further designed and contigured for reeciving data inputs from
said additional radioactive emission detector for sefining the position of the
radiopharmaceutical upiaking portion of the body component in the common

system-of-coordinates.

64, The method for clam 62, whersin said  second
sysiem-of-coordinates setves as said common system-of coordinates and
therefore the position of the radicpharmacentical uptaking postion of the body
component in said first system-of-coordinates is projected onta said second

system-of-coordinates,

65, The method for claim 62, wherein said first system-of-coordinates

serves as Said common system-of-coordinates and therefore the position of the
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surgical instrument in said second system-of-cocrdinates is projected onto said

first system-cf-coordinates.

66. The method For claim 62, wherein said  first
system-of-coordinates, said second system-of-coordinates and said common

system-of~coordinates arc a single system-of-coordinates.

67. The meihod for claim 62, wherein  said  fist
system-of-coordinates, said second system-of-coordinates and said common
system-of-coordinates are cach a sepasate system-of coordinares and therefore
the position of the surgical instrument in said sccond system-of-coordinates and
the position of the cadiopharmaceutical uptaking portion of the body component
in said first system-of-coordinates are both prajected onto said common

system-of-coordinares.

68, The method for clain 62, wherein said first position tracking
system and said second position tracking system are a single position tracking
system.

69 The method for claim 62, further comprising an image
presentation device which serves for visual co-presentation of the position of
said surgical insfrument and the radiopharmaceutical uptaking portion of the

bady component.

. 7).  The method for claim 62, wherein said radipactive emission
détector Is selocted from the gromp consisting of a natrow angle radioactive
emission detector, a wide angle radiation emission detector, a plurality of
mndividual narrow angle radiation emission defectors and a spatially sensjtive

radioactivity detector.
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T1.  The method for claim 62, wherein said position tracking system is

sclected from the group consisting of an articulated arm position tracking
system, an accelerometers based position tracking system, a potentiomcter based
position tracking system, a sound wave based position racking sysiem, a radio
frequency based position racking system. 2 magoetic field based position

tracking system and an optical based position iracking system

72.  The method for claim 62, wherein said surgical instruraent is
sclected from the group consisting of laser probe, cardiac catheter, angioptastic
catheter, endoscopic probe, biopsy needle, ultrasowic probe, fiber opfic scopes,

éspia’aﬁon ubes, lapavoscopy probe, themmal probe and suctiopfirrigation probe,

73. The method for claim 62, wherem said radiopharmaceutical is
selected from the group consisting of 131], 67(33, S"QMTE methoxyisobuotyl
isonitrile, £ ITlCl_. ! SF—ﬂumodeoxyglucose_. ! 2:slvfﬁl-n'inngem and

1 ]ln-octreotide.

4. The method for claim 62, finther the step of providing a
three-dimensional imaging modality being connected to and/or communicaiing
with a third pesition tracking system. and caloulating the position of a hody

component in a third system-of-coordinates.

73.  The method for claim 74, further comprising the siep of recuiving
dala inpuis from said threc-dimensional imaging modality and said thicd
position tracking system and for calculating the position of said surgical
instrument and the position of the radiopharmaceutical uptaldng portion of a
body comporent and the position of said body component i a common

system-of-coordinates.
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76, The method for claim 74, wherein said first position iracking

syster, said second position tracking system and said third position tracking

system are a single position tracking system.

77.  The method for cleim 74, further comprising the siep of
co-presenting  the position of said sorpical dpstument  and  the
adiopharmaceutical uptaking porticn of the bedy compenent and said body

component via a visual preseptation device.

78,  The methed for claim 74, wherein said imaging modality is
selected from the group consisting of a fluoroscape, a computerized tomography
scapmer, a maguetic resonance imager and an ultrasound imager and an opticul

camera.

79.  The method for claim 74, whercin said position tracking system is
selected from the group consisting of an articulated arm position tracking
system, an acccleromelers based position tracking system, a potontiometers
hased position tracking system, a sound wave bused position tracking system, a
radio frequency based position racking system, a magnetic field based position

tracking system and an optical based position tracking system

B0. The mmethod for clatm 75, wherein said sccond
system-of-coordinates sctves as said common system-cf-coordinates and

therefore the position of the radicpharmaceutical uptaking portion of the body

- component in said first system-of coordmates and said position of said body

component in said third system-of-coordinates are projected onto said second

systermn-of-coordinates.

81.  The methed for claim 75, wherein said first system-of-coordinates

serves as said common system-of-coordinates and therefore the position of the
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suvgical instrument o said second system-of-coordinates and said pesition of

said body component in said third system-of-coordinates are projected onto said

first systein-of-coordinates.

82, Thke method for  elaim 75, wherein  zaid  third
systemi-of-coordinates serves as said common  system-of-coordimates  and
therefore the position of the swrgical insirument in said second
system-of-coordinates and the pesition of the radiopharmaceutical vptaking
portion of the body component in said first sysicm-of-coordinates are projected

onta said third system-of-coordinates.

83. The method for claim 75,  wherein  said  first
system-of-coordinates, said sccond  system-of-coordinates, said  third
system-of-coordinates and satd common system-of-coordinates are a single

systetn-of-coordinates.

84. The method for claim 753, wherein  suid  first
systom-of-coordinates, said second  systom-of-coordinaies. said  third
system-of-coordinates and szid common system-of-coordinates are each a
separate system-ofcoordinates and therefore (he position of the enrgical
insirument in said second system-of-coordinates and the position of the
radiopharmacentical uptaking portion of the body component in said first
system-of-coordinates and the position of said body component in said third
systemn-oficoordinates  are all projected  onto said  commaon

system-ot-coordinates,

83. A system for generating a two- or three-dimensional image of a
radigaciivity emitting seurce in a body, the svsiem comprising:

{a)  aradioactive ermission detector;
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a posion firacking system being connected to  and/or

communicating with said redivactive emission detector; and

a data processor being designed and configared for recetving data

inputs from said position tracking system and from  said

radioactive cmission detsctor and for generating the two- or

three-dimensional image of the radioactivity emitling source.

A method of generating a wo- or {bree-dimensional image of a

radipaciivity emiiting source in a body, the sysiem comprising:

€)
)

27

scanning Owe body with a radiouctive emission detector;

using a position tracking system being connected to snd/or
communicating with sald radioactive cmission defector for
determining a position in a three-dimensional system of
coordinaies of sand radioactive emission detector; and

data processing, ingts from said position fracking sysiem and
from said radivactive emission detector for gencrating the two- or

three-dimensional image of the radioaclivily emilting source.

A systern for caleulating a position of a radicactivity emitting

source in a system-of-coordinates, the system comprising:

(=
(L)

()

atf least two radinactive cmission detectors;

a position tracking system beipg connected to  awd/or
communicating with said at least radicaclive emission detectors;
and )

a data processor belng designed and configured for receiving data
inputs from said position tracking systcm and from said at least
two radioactive emission detectors and for calculating the position

of the radioactivity emitting source in the system-of-coordinaies.
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The system of claim 87, wherein zaid at least two radicactive

cmission detectors are physically connected therchetween via a {lexible

connector.

9.

A methaa for defining a position of a radicactivity emitfing sourcs

in a systeni-of-voordinates, the method comprising the steps of:

(@)

(b)

9.

providing at least one radioactive cmission defeclor being
commeqted to or communicating with a position tracking system;
and

monitoring radicactivity being emitted from the radicactivity
emitting sovrce, while al the same time, monitoring the position of
said at Jeast one radioactive emission detector in the
systerm-of-coordinates, thereby defining the position of the

radivactivity emitting source in the system-of-coordinates.

The method of cleim 89, wherein at least two redicactive cmission

detectors are provided,

21,

The method of claim 90, whercin said at least two radioactive

emission detectors are physically comecied thevebeiween via a flexible

Connector.

92

A system for calcalating a position of a radioactivity emitting

source in a first system-of-coordinates and further of projecting the position of

the yadioactivity emifting source onto a second system-of-coordinates, the

systom comprising:

(a)
(&)

at least two radioactive emission detectors;
a position tracking system being connected to andlor
communicating with said al Jeast two radioaciive emission

detectors; and
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2 data processor being designed and configured for:
(iy  receiving daia mputs from said position tracking system
and From said at least two radioactive emission defectors;
(if)  calculating the position of the radioactivity cmitting source
in the fiest system-of-coordinates; and
(i}  projecting the position of the adioactivily smitting source

onto the second system-of-coordinates.

The system of claim 92, wherein said at least two radicactive

emission detectors are physically connected therebetween via a flexible

connector.

o

A method for caleulating a position of a radioactivity emitting

source i a first system-of-coordinaics and for projecting the position of the

radioactivity emitting souzce onto a secend system-ol, the -method comprising

the steps of
(&)

(5)

5.

providing at Jeast one radiosctive emission detector being
vonnected to or communicating with a position tracking syslem;
and

monjtoring radicactivity being emitted fom the radioactivity
emitting source, while at the same time, monitoring the position of
said at least one radioactive emission defector in the [first
system-of-coordinates, thereby defining the position of the
radicactivity cmitting seurce in the first system-of-coordinates and
projecting the position of the radicactivity emitting source onto

the second system-at-coordinates.

A system. for performing an intrabody surgical procedure on a

radiophanmaceutical uptaking portion of 2 body component wilhiz a subject, the

syslem comprising a surgical instument being connected to and/or
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communicating with a position tracking system for tracking a position of said

surgical instrament in a sysiem-of-coordinates, said surgical mstrument
including a radicactive emission detector coupled thereto for monitoring said

radiopharmaceutical in situ.

96. The system of claim 95, wherein said radicactive emission

detcetor is sensitive to bet radiation und/or posilron radiation.

97.  The system of claim 93, wherein said surgical instrument includes

a tissue resecting mechanism.

98, The system of claim 95, wherein said surgical nstrument includes

4 tissue sampling mechanism.

99, The system of cloim 95, wherein said tissue sampling mechanism

includes an aspiration mechanism.

100. A system for caloulating & position of a radioactivity emitting

source in a system-ol-coordinates, the system comprising:

(a) a surgical instrument designed and consiructed for invading a
body of a subject, sajd surgical instrument inciuding a radioactive
emission detector comnected thereto or integrared therein;

(1) a position tracking system  being  comweted fo  andlor
cammunicating with said surgical instrument; and

(c) 2 data processor being designed and configured for receiving data
inputs from said posiiion tracking system end from said
radioactive emission detector and for calculating the position of

the radioactivity emitiing source in the sysiem-of-coordinates.
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101. The system of ciaim 100, wherein ihe radioactivity cmitiing

gource is selected from the group consisiing of a radiopharmaceuticzlly labcled
benign  towor, a radicpbarmaceutically labeled malignant tumoer, a
radiopharmaceuticelly labsled vascular clot, radiopharmaccutically labeled
inflammaticn relaied compenents, 2 radiopharmacetitically labeled zbscess and

a radiopharmaceuiically fabeled vascular abnormality.

102, The system of claim 100, wherein said radicactive emission
detector is a nmarrow angle radioactive cmissinr detector or a wide angle

radicactive emission detector,

103, The systerm of claim 100, wherein said position tracking system is
selecled from the group consisting of an artienlated ann position fracking
system, an accelerometers based position tracking system, a polentiometers
based pasition tracking systew, a sound wave based position wacking system, a
radio frequency based position tracking system, a magnetic field based position

tracking system and an apiical based position tracking system.

104. A system for cafeulating a position of a radioactivity emitting
sousee in a first system-of-coordinaies and further of projecting the position of
the radioactivity cmitiing source onfo a second system-of-coordinaies, the
system comprising:

(8)  a surgical instrument designed and constcted for invading a
body of a subject, said surgical instrument including a radioactive
emission detector connected thereto or integrated therein

{b) a nposition tracking system being comnected 1a  andior
communicating with said surgical instrurrent; and

(¢)  adata processor being designed and configured for:

[6)) receiving duta inputs from said position tracking system

and from said radioactive emission detecior;
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(ii)  calcnlating the posiiion of the radioactivily emitting source
in the first system-of-coordinates;

(iif)  calcnlating the position of said surgical instrument in the
first system-of-coordinates; and

{iliy projecting the posilion of the radivactivity emitting source
apd of the surgical instrument onto  the second

system-of-coordinates.

105, The system ol claim 104, wherein the radioactivity emitting
source is selected from the group consisting of a radiophatinaceutically labcled
benign  tumor, a radiopharmaccutically labeled malignant twmor, a
radiopharmaceutically labeled wvascular clof, radiopharmacewtically labeled
inflampmation related compenents, a radiopharmacestically Jabeled abscess and

a rediopharmaceutically lzboled vascular abnovmality.

106. The system of claim 104, wherein said radioactive emission,
detector i5 a narrow awngle sadjoactive emission deiector or a wide angle

radioactive enssion detector.

107, The system of claim 104, wherein said position racking systesn is
selected from the group consisting of an articulated arm position tracking
system, an acceleroimeters based position fracking system, a polentiometers
based position tracking systern, a sound wave based position tracking system, a
radio frequency based position tracking system, a magnetic ficld based position

tracking system and an optical based position tracking system.

108. A methed for calculating a position of a radicactivity emitting
souree in a first system-of-coordinates and for projecting the position of the
radipactivity emitting source onto a second system-of-coordinates, the method

comprising the steps oft
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{ay providing a surgical instrument designed and constructed for

invading a body of a subjeet, said surgical ipstrument including a
radioactive emission detector connected thereio or integrated
therein, said swrgical instrument being connected te or
communicating with a pesition iracking system; and

{b)  monitoring radicactivity Deing cmitied from the radicactivigy
cmitting source, while at the smpe time, monitoring the position of
said  radioactive  emission  detector im  the  first
system-of-coordinates, thereby defining the positions of the
radivactivity emitting source and of the surgical instrument in the
first systenrof-coordinaies and the pasilion of the radioactivity

emitting source onto the seeond system-of-coordinates.

109, The method for claim 108, whercis the radicactivity emitting
source is selected from the group consisiing of a radiopharmacentically labeled
benign  tumor, a radiopharmaceutically labeled malignant tumor, a
radiopharmaceutically labeled vascwlar clot, radippharmaceutically Sabeled
inflammation tefaied components, a radiopbarmaceutically labeled abscess and

a radiepharmaceutically fabeled vascular abnormality.

110. ‘The method for claim 108, wherein said radioactive emission
detector is a narrow angle radivactive emission detector or a wide angle

radioaciive emission detector.

111, The method tor claim 108, wherein said position tracking system
15 selected from the group consisting of an articulated arm position tracking
system, an acccleromcters based position tracking system, a potentiomeiers
hascd position tracking systen, 2 sound wave based position fracking system, a
radio frequency Gased position tracking systerm, a magnetic field based position

trucking gystem and an optical based position tracking system.
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112, A systern for calenlating a position of a body component and =

position of a rediophanmaceutical uptaking poriion of the body component
within a subject, the system comprising:

(a)  a three-dimensional imaging modality being connected to and/or
communicatiug  with a first position tracking  system  for
calculating fhe position of the body component in a first
system-cf-coordinates;

(bt a swgical instrunent designed and conshucied for invading the
body, said surgical instrument including a radieactive emission
detector connectcd therclo or infegrated therein, said surgical
insttamnent being conmected 10 andfor corumunicating with a
second position fracking system for tracking & position of the
radiopharmaceutical uptaking pertion of the body component in a
second system-of-coordinates, and

(¢}  at least one data processor being designed and confipured for
receiving inputs from said three-dimensional imaging modality,
said first position tracking system, said radioactive emission
detector and said second position tracking system and calculating
the position of the hody component, the posilion of the
radiepharmaceutical uptaking portion of the body cormponent and
the position of the surgical Instument i a  common

syslem-of-coordinates.

113, The sysiem of claim 112, wherein said first system-of-coordinates
serves as said common system-of-coordiates and therefore the position of the
radiopharmacentical uptaking portion of the body component in ssid second

system-of-coordinates is projected onto said first system-of-coordinates.

114, The system of claim 112, whercin  said  second

system-of-coordinates serves as said commen system-of-courdinaies and
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therefore the position of the body component and surgical device in said first

system-of-coordinates is projocted onto said second system-of-coordinates,

115, The system of claim 112, wherein said first system-of-coordinates,
said second system-of-coordinates and said commeon system-of-coordinates are

a single system-ol-coordinates.

116, The system of claim 112, wherein said first system-of-coordinales,
said second system-nf-coordinates and said commoen system-of-coordinates e
cach a separate system-of-coordinaies and thercfore the pesition of the body
component in said first system-ol-coordinates and the positions of the
radiophammaceutical uptaking portion of ihe body component and of said
surgical instrument in said second system-of-coordinates are projected onto said

commen system-of-coordinates.

117. The sysiem of claim 112, wherein said first position tracking
system and said second position iracking system are a single posilion tracking

system.

MR The system of claim 112, whereln sald imaging modality
commuricates with an image presentation device which serves for visual
co-presenlation of said body component ané said radiopharmaceutical uptaking

portion of the body component.

119. The systern of ¢laim 112, wherein said radioactive emission
detector is @ narrow angle radicactive emission detector or 4 wide angle

radicactive emission detector,

120.  The system of clainy 112, whercin said position tracking system is

selected trom the growp consisting of an articulated arm position tracking

JP 2004-512502 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(167)

WO 0116965 PCTLULUOG3S
9%

system, an accelerometers based position tracking system, a potcotiometers

based position tracking system, a sound wave based position tracking system, w

radio frequency based posilion tracking system, a magnetic ficld based position

tracking systena and an optical based position tracking system.

121, The system of claim 112, wherein said imaging modality is
selected from the group consisting of a Fleeroscope, a Computed Tomographer,

an Magnetic Resonance Imager, an ulirasound imnager and an optical camera.

123, The system of claim 112, whercin said radiopharmacewtioal s
selected from the group consisting of 2~[IEFJﬂu()ro-Z—deoxy—'D-gluc.osc,
"Yn-Pentetreotide, L-3-["P1}-odo-alpha-methyl-tyrosine,
O-(2-["*FIfucroetlyl)-] -tyrosine, "Mp-Capromab Pendetide  and

"n-Saiumomab Pendetide.

123. A method for caleulating a position of a bady component and a
position of a radiopharmaceutical uptaking portion of the body component
within a subject, the method comprising the steps of:

(a)  providing a three-dimensional imaging modality being conmected

10 and/or compnmicating with a first position tracking system and
caleulating the position of the body component in a first
system-of-coordinates;

(b)  providing a surgical instrument designed and counstructed for
itrvading the bedy, said surgical instrument incheding, a radivactive
emission. detector connected thereto or integrated therein, said
surgical instrument being connected to and/or compmnicating
with a second position trackjng systemn for tracking a position of
the radiopharmaceutical uptzking portion of the body component

in a sccond system-oficoardinates; and
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{¢) receiving data ioputs from sadd three-dimensional imaging

modality, said first position tracking system, said radicactive
cmission delector and said second position tracking system and
calculating the position of the body component, the position of the
surgical instrument and the positicn of the radiopharmaceutical
opteldng  portion of the body component W a common

systemi-of-cocrdinates,

124, The method for eclaim 123, wherein  said  fivst
system-of-coordinates serves as said common  system-of-coordinates and
therefore the positions of the radiopharmaceutical uptaking portion of the body
component and of the surgical instrument in said second system-of-coordinaies

i8 projected onto said first system-of-coordinates.

125, The nethod for claim 123, +wherein said second
system-of-coordinates serves as said common system-of-coordinates and
therefore the position of the body component in said first system-of-coordinates

is projected onto said second system-of-coordinates.

126. The method for claim 123, wherein  s2id  first
system-of-coordinates, said second system-of-coordinutes and said common

system-uf-coordinates are a single sysicm-of-coordinates.

127. The method for claim  [13, wherein  said  first
.gystem-of-coordinates, said second system-uf-coordinates and said common
system-of-coordinates are each a separatc system-of-coordinates and therefore
the position of the bedy component in said first system-ol-coordinates and ihe
position of the radiopharmacentical uptaking portion of the bedy component and
of said surgical Instrument in sald second system-cf-coordinates are both

projected onto said comynon system-of-coordinates.

JP 2004-512502 A 2004.4.22



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(169)

WO 02716965 PCTIILOL063S

o6
128.  The method for claim 113, wherein said first position teacking

system and said second position trecking system are a single position tracking

system.

123, The method for claim 113, wherein said imaging modality
communicates with an fmage presestation device which serves for visnal
co-presentation of said body camponent, said radiopharmacentical uptzking

portion of the body component and said surgical instrument,

[30. The method for claim 113, wherein said radioactive cmission
detector is a narrow angle radioactive crnission defector or a wide angle

radivactive emission defector.

131 The method for elaim 113, wherein sald posilion racking system
is selected from the group consisting of an articulated arm position tracking
sysiem, an accelerometers based position iracking system, a potentiometers
hased position tracking system, a sound wave based position fracking system, a
radio frequency based position wacking systen, a magpetie ficld hased position

tracking systemn and an optical based position racking systeni.

132. The method for claim 113, wherein said imagicg modality is
selecicd from the group consisting of a flusroscope, a compuerized tomography
scanner, a magnetic resonance imager and an ulirasound imager and an optical

Camera.,

133, The method for claim 113, wherein said radiopharmaceutical is
selected from the group consisting of 2-[*Flfluoro-2-deaxy-D-glucose,
"Yn-Tentetreotide, L-3-"F1}-Hodo-alpha-methyl-tyrosine,
O-(2-[F ]fll_.loroelhy!)—[.-tyross’ne, Mg apromub Pendetide and

' p-Satumomab Pendetide.
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134. The system of claim 1, wherein said data processer is adapted to

combing a radiation detector count rate from said radioactive omission. detector
together with pesiticnal inferimation from said position wacking system, and is
adapted to form a radivtracer-spread image of a tagget arei including therein

said radivactivity emitting source.

135.  The system of claim 134, further comprising 2 memory adapted 10

store therein said positional information together with said count rate.

136.  The system of claim 134, further comprising a display adapted (o
displuy thercon sald positional information tegether with said count rate as a
patiern of marks corresponding to said positional informaiion and said count

rate.

137, The system of clairn 134, wherein said data processor is adapted

to refine said count rate and said positional information.

i38. The system of ¢laim 137G, whercin said system-of-coordinates
comprises mutually perpendicnlar linear axes X, Y and Z, and rotations about
the X, Y and Z axes, p, 8 and o, respectively, and wherein in the
system-of-coordinates, said positional information of said detector is defined as
(A%, Yo, Ze, p, 6 4, said detector count rate is defined as NiXe, Ve, Ze, o 8 @)
and a physical size of said detector is defined as (& &y, d2); and further,
wherein said data processor is adapied to average seid count rate and said
positional information by finding all volume pixcls, called voxels, that represent
the detector volume, defined as Xe+dx, Yo+dy, Zo+dz, determining MiXe+ex,
Yetdy, Ze+dz) which represents the number of times that said count rate and
satd positioual information have been caleulated in cach voxel, and calculating

average count rate valucs in each voxel in accordance with: MXo+dy, Fordy,
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Zetdz} = [N{Xctd, Yotdy, Zotdz) + WiXe, Yo Ze, o 8 @ ] /f M(Xe+dx,

Yordy, Zotdz) +1 §.

139. The system of claim 137, wherein said syitem-of-coordinates
comprises mutvally perpendicular linear axes X, Y and 7, and rotations about
the X, ¥ and Z axes, p, 6 and ¢, respectively, and wherein in the
systemn-of-coordinates, said pesitional infetmation of said detector is defined as
(Xe, Yo, Zo, o 8 g said detector count rate is defined as MiXe, Yo, Ze, o 8 @),
and a physical size of said detcetor is defined as (dx, Ay, 42); and further,
wherein said data processor is adapted to minimize said counl rate and sajd
positional information by finding all volume pixels, called voxcls, that represent
the detector volume, defined as Ye+dx, Ye+dy, Ze+dz, finding those voxcls that
have a higher eount rate value N{Xc+dx, Fetdy, Zo+dz) than said detector count
rate Nz Ye. Ze. g & @) which was input, and ¢hanging the higher count rate
vowels to that of the inputted detector count rate NiXe, Yo, Ze, p, € o).

14§).  The system of claim 9, wherein said data processor is adapted to
combine a radiation detector count tate from said radioactive emission detector
together with positional information {tom said position tracking system, and is
adapted to form a radiotracer-spread image of a target area including thercin.

said radivactivity emitting source.

141. The system of claim 140, farther comprising a memory adapted to

store therein said positional information {ogether with said count rate.

142, The system of claig 140, farther comprising a display adapted to
display thereon said positional information together with said count rate as 2
pattern of marks cosresponding to said positional information and said count

rate.
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143. The system of claim 140, wherein said data processor is adapted

to refine said count rate and said positional information.

144, The system of claim 143, wherein said system-of-coordinates
comprises mowaily perpendicular linear axes X, Y and Z, and rotations about
the X, ¥ and Z axes, p, 0 ard ¢, respectively, and wherein in Lhe
system-of-ceordinates, said positional information of said detector is defined as
(X, Yo, Zo, g, 6 @), said detector count rate is detined as MiXe, Yo, Ze, o O o),
and a physical -size of said detector is defined as (dv, &y, dz); and forther,
wherein said data processor is adapted to average said count rate and said
busitional information by finding all volume pixels, called voxels, thai represent
the detector velume, defined as Xe+dx, Ye+dy, Zetdz, defermining M{(Xe-+d,
Fet+dy, Zetdz) which represents the number of times that satd count ratc and
said positional information have been ealowlated in each voxel, and caleulating
average count rate valucs in cach voxel in accordance with MXctdy, Fe+dy,
Zetdz) = [ N(Xe+dx, Yordy, Zevds) + N(Xe, Yo, Zed g, 6 @) J AfM(Xe+dy,
Yet+eby, Zot+dz) +1 ]

145, The system of claim 143, wherein said system-of-coordinates
comprises mutually perpendicular Jinesr axes X, ¥ and 7, and totations about
the X, ¥ and 7 axes, p, O and ¢, respeciively, and whercin in the
system-of-coordinates, said positional information of said detector is defined as
(Xe, e, Ze, p 8 @), said detector count rate )s defined as MXe, ¥, Ze, o 6 @),
and a physical size of said detector is defined as (dx, v, dz); and further,

“wyherein said data processor is adapted to minimize said count rete and said

positional information by finding all volune pixels, called voxels, that represent
the detector volume, defined as Xe+dy, Fo+dy, Ze+dz, finding those voxels that
have a higher gount rate valve N(xe+dy, Po+dy, Ze-+dz) than said detector count
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rate N{Xe, Yo, Ze, o € @) which was input, and changing the higher count rate
voxels to that of the inputied detector count rate N(Xe, ¥e, Ze, o, 6 ¢).

146, The system of claim 17, wherein said at least one data processor is
adapted to combine a radiation detector count rate {rom said radicactive
emission detector iogether with positional information from said position
tracking system, and is adapted to form a radiotracer-spread image of a target

area incloding therein said radioactivity emitting sonrce.,

147, The system of clajm 126, firther comprising a memory adapted to

stare therein said positional information together with said count rate.

148, The system of claim 146, further comprising a display adapted to
display thereon said pesitional information togeldrer with said count rate as a
pattern of marks corresponding {0 said positional information and said count

rate.

149, The systemn of claim 146, wherein said at Ieast one dafa provessor

is adupted to refine said couni rate and said positional information.

150 The system of claim 149, wherein said system-of-coordinates
comprises mutually perpendicular lincar axes X, Y and Z, and rolutions about
the X, ¥ and Z axes, p, 8 and ¢, respectively, and wherein in lhe
syslem-of-coordinates, said positional mformation of said detector is defined as
{Xe, Ye, Ze, o & @), said detector count rate is defined as N(ke, Ye, Zc p, 8 @),
ziﬁd @ physical size of said detector is defined as (dx, dy dz); and further,
whergin said at least ong data processor is adapted to average said count rate
and said positional information by finding all volume pixels, cailed voxels, that
represent the detector velume, defined as Xctdv, Fe+dy, Zotdz, determining
M{Xetdy, Yevdy, Zetds) which represents the mrmber of times that said count
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rate and said positional information have been calculated in each voxel, and

caloulating average count rate values in each voxel in accordance with

MXe+dx, Yerdy, Ze+dz) = [ N(Xe+dx, ¥o+dy, Zetds) + N(Xe, Yo, Zo, p 6 @)

7/ M{Xe+ely, Yordy, Zotdz) +1 ],

151, The system of claim 149, whercin said system-of-coordinates
compriscs mutually perpendicnlar lipear axes X, Y and Z, and rotations about
the X, Y and Z axes, p, 8 and ¢, respectively, and wherein in the
system-of-coordinates, sald positional information of said detector is defined as
Xe, Yo, Ze, g 8 o), saitj deilcctor count rate is defined as Mxe, ¥o, Ze, 5 8 @),
ak]d a physical size of said detector is defined as (o, g &&); and fucther,
whereiti szid at least one data processor is adapted to minimize said count rate
and said positional information by findiag all volume pixels, called vozels, that
represent the dotector volome, defined as Xetdx, Fetdy, Zetdz, finding those
voxels that have a higher count rate value NXc+dx, Ye+dy, Ze+dz) than suid
detector count rate Mi¥e, Ye, Ze, p € @ which was input, and changing the
higher couei rate voxels to that of the inputied detector count rate MiX¥e, Yo, Ze,

PN X

152.  The system of claim 39, wherein said at least one data processor is
adapfed to combine a radiation detector count rate from said radioactive
emisston detector together with positional information from said position
tracking systemn, and is adapted to form a radiotracer-spread image of a target

area including therein said radioactivity emitting source.

153, The system of claim 152, further comprising a memory adapted lo

store thercin satd positional information together with said count rate.
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154 The system of claim 152, forther comprising a display adapted o

display thereon said positional intogether with seid count ate as a pattern of

marks corresponding to said positional information and said count rate.

155, The systemn of claim 152, wherein said at least one data processos

is adapted to refinc said count rate and said positional nformation.

156. The system of claim 135, wherein said systeni-of-coordinates
camprises motvally perpendicular linear axes X, Y and Z, and rotsiions about
the X, Y and Z uxes, p, 0 and ¢, respectively, and whercin n the
system-of-coordinates, said positional information of said detector is defined as
fXz, Ye, Zc, p, 6, g, said detector count tate is defined as Me¥e, Ye, Ze, F=N- NN
and a physical size of said deteclor is defined as (o, dy, dz); and forther,
wherein said at least one data processor is adapted to averagc said count rate
and said positional information by finding all valume pixels, cailed voxels, that
reprosent the detector volnme, defined as Xctdy, Fe+dy, Zetds, determining
M{(Xe+dy, Yerdy, Ze+dz) which represents (he number of times that said cotnt
sate and said positional information have been calenlated in each voxcl, and
caiculating average count rate values in cach voxel in accordance with
MXc-refy, Yordy, Zetda) = [N(Xe-tok, Ye+dy, Zetdg} + NiXc, Yo, Ze, p 8 el
A MXe+dx, Yotrdy, Ze+dz) +7 ]

157. The system of claim 155, wherein said system-of-coordinates
comprises nuutually perpendicular linear axes X, Y and Z, and rotations about
thc XY and Z axes, p, 9 and i, respectively, and wherein in the
system-of-coordinates, said positional information of said detector is defined as
e, ¥e. Ze, p, 6 ), said defector count rate is defined as N(XT, Yo, Ze, o 6 @
and a physical size of said defector is dofined as (dy oy, dz); and further,

wherein said at least one data processor is adapted to minimize said count rate
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and said positional information by {inding 2}l volume poels, called voxels, that

represent the deieclor volume, defined as Xe+dx, ¥e+dy, Zo+dz, finding those
voxels that have a higher count rate value NM(Xctdx, Te+dy, Zotdz) than sajd
detector count rate N(Xe, Ye, Zc, oo 8 @) which was mput, and changing the
bigher count rate voxels to that of (he inputied detector count rate N(Xe, ¥e, Ze,

28 .

158.  The system of claim 85, wherein said data processor is adapted to
combine a radiation detector count rate from said radioactive emission detector
fogether with positional inlormation from said position tracking system, and is
adapted to form a radiotracer-spread image of a tarset area including therein

said radioactivity emitting source.

159. The system of claim 158, furlher comprising a memory adapted to

store therein said positional information together with said count rate.

160. The system of claim 158, further comprising a display adapted to
dispiay thereon said positional information together with said count rate as a
pattern of marks corresponding, to sald positional information and sajd count

rate.

161, The system of claim 158, whercin said data processox is adapted

1o refine said count rate and said positional information.

162, The system of claim 161, wherein said system-of-coordinates
comprises mutually perpendicular linear axes X, Y and Z, and rotations about
the X, Y and Z axes, p, © and ¢, respectively, and wherein in the
systemn-of-coordinates, said positional information. of said detector is defined as
(Xe, Yo, Ze, p 8 @), said detector count rate is defined as N(¥e, Ye, Zc, o, 6 ¢,
and a physical size of said detector is defined as (dx, dy, dz); and fiwther,
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wherein said data processor is adapted io average said count rale and said

positional information by finding all volume pixels, called voxcls, that represent
the detector volume, defined as Xc+dy, Yotdy, Ze-dz, determining, M{Xc+d,
Ye+dy, Ze+dz) which represents the number of times that said count rate and
said positional information have been calenlated in each voxel, and caloulating
average covnt rate values in cach voxel in accordance with MXctdx, Ye+dy,
Zevds) = (MXotvdx, Fotdy Zetds) + NiXe, Yo, Zo, o 6 @) /4 M{(Xe+dr,
Yordy, Zotdz} +1 ]

163, The system of claim 161, wherein said sysfemn-of-coordinates
éomprises nwtually perpendicular [inear axes X, Y and 7, and rotations about
the X, ¥ and Z axes, p, & and p, tespechively, and wherein in the
system-of-coordinates, said positional information of said detector is defined as
(Xe, Fe, Zc, ;3 6 @), seid detector count rate is defincd as N(Xe, Ye, Zc, o 4 @),
and a physical size of said detector is defined as {dx, dy, d2); and fucther,
wherein said data processor 1s adapted to minimize said count rate and said
positional information by finding ali volume pixels, calied voxels, that represent
the detector volune, defined as Xo+dx, Yetdy, Zot+ds, finding those voxels that
have a higher count rate value M(Xe+dy, Yo+dy, Ze+dz) thun said detcctor count
rale N{Xc, Yo, Ze, g & g which was input, and chauging the higher count rate
voxels to that of the inputted detector count rate N(Xe, ¥e, Ze, o 6 @,

164. The system of claim 87, wherein said data processor is adapted Lo
combine a radiation detector count rate from said radicaciive emission detecior
“together with positional information from said position tracking system, and is
adapted to form a radiolracer-spread image of a turget area including therein

said radieactivity emitting source,
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165.  The system of claim 164, further comprising a memory adapted to

store therein said positional infermation together with said count rate,

166.  The system of claim 164, forther comprising a display adapted to
display thereon said positional information together with said count rate as a
pattern of marks coresponding 1o said positionaf information and said count

rate.

167.  The system of claim 164, wherein said data processor is adapted

to refine said count rate and said positional information.

i68. The system of claim 167, wherein said system-of-coordinates
comprises mutually perpendicular axes X, Y and Z, and rotations about the X, ¥
and 7 axes, p, 8 and o, respeetively, and wherein in the system-of-coordinates,
said positional information of said detecter is defined as (Xv, Yo, Zc, g @ @,
said detector count rate is defined as N(Xc, Yo Zr, p @ ¢@, and a physical size
of said detector 15 defined as (cbx. oy, dz); and further, wherein said data
processor is adapted to average said count rate and said positional information
by finding all volume pixels, called voxels, that represent the detector volume,
defined as Xe+dx, Yordy, Zetdz, determining M(Vo+d. Yeidy, Ze-+dg) which
repregents the oumber of times that said count rate and said positional
information have been calculated in each voxel, and calenlating average count
raté velues in each voxel in accordunce with MXc+dy, Yotdy, Ze+dz) =
[N(Xevdx, Yerdy, Zevdn) + NXe, Yo, Zo. p. 6 @] / MXerdx, Yerdy,
Hevds) +1 ]

169, The system of claim 167, wherein said system-of-coordinates
comprises mutually perpendicular lipear axes X, Y and ¥, and rotations about

the X, Y and Z axes, p, O and ¢, respectively, and wherein in the
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system-of-coordinates, said positional information of said detector is defined as
(¥, Ye, Ze, o B o), said delector count rate is defined 28 M(Xe, Ye, Ze, g 4 @,
and a physical siec of said detector i3 defined as (dx, @), d5); imd forther,
wherein said data processor is adapted fo minimize said count rate and said
positional information by finding all voluroe pisels, called voxels, that represent
the detector volome, defined as Xe+a, Fot+dy, Ze+dz, finding those voxels that
have a higher count rate value NfXc+d, Yo+dy, Ze+tdz} than said detecter count
rate N(Xc, Yo, Ze, 5 O @ which was input, and changing the higher count rate
voxels to that of the inputted detector count rate N(Xe, Ye, Ze, o 6 ).

170, The system ol claim 92, wherein said data processor is adapted to
combine a radiafion detector count rate from said at least two radicactive
emission detcotors together with positional information from said position
tracking system, and is adapted to form a radiotracer-spread image of a target

area inclnding therein said radicactivity smittng source.

171, The sysiem of claim 70, further comprising a memory adapted io

siore therein said positional information together with said count rate,

172.  The system of claim 174, further comprising a display adapted 1o
display thereon said posilional information together with said couni rate as a
patiern of marks cocresponding to sadd positional mformation and said count

rate.

- 173, The system of claim 170, wherein said data processor is adapted

(o refing said count rate and said positional information.

174. The system of claim 173, wheretn szid system-ot-coordinates

comprises mutually perpendicular Jinear axes X, Y and Z, and rotations shout
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the X, ¥ and Z axes, p, @ and o, respectively, aml wherein in the
systern-of-coordinates, sald positional infotmation of at least one of said at least
two deteciors is defined as (e, Yo, Ze, p B ), said detector cownt 1ate is
defined as N¢Xe, Yo, Ze, o 6 @), and a physical sjze of said at least one of said
at least {wo detectors is defined 08 (dv, dy, dz); and finther, wherein said data
processor 15 adapted to average said count rate and gaid positional information
by finding all volume pixels, cailled voxels, that represent the detector volume,
defined as Xc+dv, Yetdy, Zotdz, delennining M{Xc+dy, Ye+dy, Zo+ds) which
represents the awmber of times that said count rate and said positional
infurmation have been caleulated jn each voxel, and calculating average count
rate valucs in each voxel in accordance with N{Xu+dx, Yet+dy, Zetdz) =
[N Xe+dy, Vevdy, Ze+dz) + NiXe, Ye, Zc, p O @] /f MXctdy, Yotdy,
Zetdg) +1 ]

175. The sysiem of claim 173, whersin sald systemi-ot-cocrdinates
comprises mutually perpendicular linear axes X, ¥ and 7, and rotations abont
the X, ¥ and 7 uxes, p, 6 and ¢, respectively, and wherein in the
systein-of-coordinates, said positional information of at least one of said at Jeast
two detectors is defined as (Xe, Fe, Ze, p 6 @), suid deteclor vount rate is
defined as N¢Xc, Yo, Ze, p. 8 @), and a physical size of said at least one of said
at least two detectors is defined as (elx, dy, dz); and further, wherein gaid data
processor i3 adapted to minimize said count rate and said positional mfermation
by finding all volume pixels, called voxels, that represent the detector volume,
defined as Xe+dx, Ye+dy, Ze+dz, finding those voxels that have a higher count
rate value N(Xe+dy, Ye+dy, Ze+dz) than said detector count.rate Ni¥e, Yo Zc,
£ & @ which was input, and changing the higher count rate voxels to that of

the mputted detector count rate N(Xc, Yo, Z, p. & ).
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176. The systemn of claim 95, further comprising a data processor,

wherein said data processor s adapted to combine a radiation detector count rate
from said radioaciive emission detector togetber with positionz! information
from saié positiom tracking system, and is adapted to form a radictracer-spread

image of a turget area including therein said radioactivity emitting soutee.

177. The system of claim 176, further comprising a memory adapted to

store therein said positional information together with said count cate,

178, The system of claim 176, further comprising a display adapted lo
display thereon said positiona] information together with szid count rate as a
pattern. of marks corresponding to said positional informaiion and said count

rate.

179.  The system of claim 176, wherein said data processor is adaptod

{0 refine said count rate and sald positional information.

180, The sysiem of claim 179, wherein said system-of-coordinates
comprises mutually perpendicular linear axes X, Y and Z, and rotations about
the X, ¥ and ¥ axes, p, O and ¢, respectively, and wherein in the
system-of-conrdinates, said positionat information of said detector is defined as
(Xe, Yo, Zo, p 6 @), said detector count rale is defined as N(Xe, Yo, Ze, p, 4 ),
and a physical size of said detector is defined as {d, dy, dz), and further,

wherein said daia processor is adapted to average said count rate and said

-positional information by finding all volune pixels, called voxels, that represent

the detector volume, defined as Xe+dx, Ye+dy, Ze+dz, determining M(Xe+dY,
Yo+dy, Zevdz} which represents the mumber of times that said covnt rate and
said positional information have been calculated in each vozel, and calculating

average count rate valuss in each vexel in accordance with N(Xe+dx, Fetdy,
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Zetdz) = [N(Xody, Yovdy, Zetds) + N(Ye, Vo 7o, p 8 @ /[ MiXe+ds,

Yetdy, Zotdz) 1 .

181. The sysiem of claim 179, wherein said system-ofcoordinates
comprises muinally perpendicalar linear axes X, Y and 7, and rotations about
the X, ¥ and 4 axes, p, € and ¢, respectively, and wherein in the
system-of-coordinates, said positional information of said detccior is defined as
(Xe, Yo, Zo, o 8 @), said detector count ratc is defined as NiXe, Yo, Ze, p 8 @),
and a physical size of said detector is defined as (dx, dy, &=); and further,
wherein said data proccssor is adaptéd Lo minimize said covnt rate and said
pusitionpal information by finding ali velume pixels, called voxels, that represent
the detector volume, delined as Xo-+dx, Yot+dy, Zo+dz, finding those voxels that
have a higher count mate value M(Xe-Hx, Ye+dy, Zo+ds) than said detector count
rate V(e Yo, Zc, p 6 @) winch was input, and changing the higher count rate
voxels to that of the inputted detector count rate N(Xe, Ye, Ze, o, 8 o).

182, The system of slaim 100, wherein said data processor is adapred
{0 combine a radiation detector count rate from said radicactive emission
detector together with positional information fiom said position tracking system,
and is adapted to form a radiclracer-spread image of o targst arsa inchiding

therein said ragivactivity emitting source,

183. The system of claim 18, fusther comprising a memory adapted to

stare thersin said positional information together with said count rate.

184.  The system of claim 182, further comprising a display adapicd to
dizplay thereen said positional information together with said count rate as a
paltern of marks corresponding 1o said positional information and said count

ratc.
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185, The system of claim 182, wherein said data processor is adapted

te refine said count rate and said positional information.

186. The systen of claim 185, wherein satd system-ol-coordinates
comprises mutually perpendicular linear axes X, Y and 7, and rotations about
the X, Y and Z axcs, p, 8 and g, respectively, and wherein i the
system-ol-coordinates, said positional information of said detector is defined as
Xe, Ye, Ze, p, 8 @, said detector count rate is defined as NXe, ¥e, Ze, g O o),
and a physical size of said detector is defined us (dx, 4y d=); and further,
wherein said data processor is adapted to average said count rate and said
positional information by finding a1l volume pixcls, called voxels, that veprosent
the detector volume, defined a5 Xe+dk, Yeldy, Zo+ds, deiermining M{Xc+dx,

Yetehy, Zo+dz) which represents the number of times that said count rate and

- said positional information have been cafculated in cach voxel, and calcutating

average count rate values in cach voxel in accordance with MXe hdx, Yerdy,
Zetdz) = [NLXc+dy, Yovdy, Zotds) -+ N(¥e. Yo Zc, £ 8 @ /f M(Xctd,
Yetoly, Zobdz) +7 ]

187, The system of claim 185, whercin said system-of-coordinates
comprizes mutvally perpendicular linear axes X, ¥ and 7, and rotalions about
the X, Y and Z axes, p, B and p, rospectively, and wherein in the
system-of-coordinales, said positional information of said detector is defiped as
(X, Yo, Zc, p, @ ¢, said detector count rafe js defined as NAT, Yo, Ze, p 8 @),
und a physical size of said detector is defined as {dx dy, dz); and finther,
whetein said data processor is adapted to minimize said count rate and said
positional information by finding all volume pixeis, called voxels, that represent
the detector volume, defined as Xe+dx, ¥otdy, Zo+de, fnding those voxels that
have a higher rate value N{Ye+dy, Fetdy, Ze+dz) than gaid detector cot rate
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N{Xc, Ye, Zc, p G @) which was input, and changing the higher count raie

voxels fo that of the inpuficd detector count rate NiXe, Ye, Ze, o & ).

188. The systemn of claim 104, wherein said data processor is adapted
to combine a radiation defector count rate from said radicaclive emission
detecior together with positional information from said position tracking system,
and is adapted to form a radiotracer-spread jmage of a farget arca jncluding

ftherein said radioactivily emitting source.

189.  The system of claim [88, further comprising a memory adapled to

slore iberein said positioral information together with said count rate,

190. The system of claimm 188, further comprising a display adapted to '

display thereon said positional information together with said count rate as a
pattern of marks corresponding to said positional information and said count

rate.

191.  The system of claim 188, wherein said data processor is adapted

to refinc said count rate and said positional imforration.

192. ‘The system of cluim 191, whercin said sysiem-of-coordinaies
comprises mutually perpendicular linear axes X, Y and 7, and rotations about
the X, Y and 7% axes, p, B and ¢, respeciively, and whercin in the

system-of-coordinates, said posjiional information of said defector is defined as

(X, e, Ze, o 8 g, said detector count rate is defined as N(Xe, Yo, 7o, p, € @,

and & physical size of said detector is defined as (dx, oy dz); and further,
wherein said data processor is adapted to average said count rate and said
positional information by finding all volume pixels, called voxels, that represent
the detector volume, defined as Xe+dx, Yo+dy, Ze+dz, determining M e+dx,
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Ye+dy, Ze+dz) which represents the number of tiroes that said count rate and

said positional information have been calculated jn each voxel, and caleulating
average count rate values in cach voxel in accordance with MXc+dx, Fot+dy,
Fetdz) = [MXetdx, Yerdy, Zetds) + N(Xe, Yo, Ze, g @ @] /[ M{Xc+ds,
Ye+dy, Zetde) 41 ]

193, The system of claim 191, wherein said systemy-of-coordinates
comprises mubually perpendicolar hnear axes X, Y and 7., and rotations about
the . Y and 7 axes, p, 8 and ¢, respectively, and wherein in the
system-ol-coordinates, said positional information of said detector is defined as
(Xe, Yo, Zo, p 6 @), said detector couni rate is defined 2s NiXe, Yo, Ze, o 6 @),
and a physical size of sald detector is defined as (dfx, dy, dz); and further,
wherein said data processor is adapted to minimize said count rate and said
positional information by finding all volume pixels, called voxcls, that represent
the detector volume, defined as Xo+dx, Fo+dy, Ze+dz, finding those voxels that
have a higher count rate value ¥(Xerdx, Yobdy, Zotdz) than said detector eount
rate WiXe, Yo, Ze, o € @) which was inpui, and changing the higher count rate

vaxels to thai of the inpatted detector count rate Néke, ¥e, Ze, p, 8 ¢).

194, The system of claim 112, wherein said at least one data processor

is adrpted to combine a radiation delector count tate from said radicactive

emission defector togetber with positional information from said position -

tracking system, and is adapted to form a radiotracer-spread Tmage of a target

area including therein said radicactivity emitting source.

195. “Lhe system of claim 194, further comprising a memery adapied to

store thercin said positional information together with said count rate.
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196.  The system of claim 194, further comyprising a display adapted to

display thereon said positional information together with said count rate as a
pattern. of marks corresponding 10 said positional information and said count

rate.,

197, The system of claim 194, wherein said st lcast one data processor

is adapted to refine said counl rate and said positional information.

198. The system of claim 197, whercin said system-of-corwdinatcs
comprises favtually perpendicular linear axes X, Y and Z, and retations about
the X, ¥ and 7 awcs, (v, B and @, respectively, and wherein in the
systeim-of-coordinates, said positional information of said detector is defined as
(Xe, Yo, Ze, p @ @), said detector count rate is defined as N¥e, Yo, Ze, p, & @),
and a physical size of sajd detector is defined a3 {dx, @)y, d2); and further,
wherein said at least one data processor is adapted to average said count vate
and suid positional information by finding all volume pixels, called voxels, that
represent the deicctor volume, defined as Xetdr, ¥Yotdy, Zotdz, determining
M{(Xe+dvy, Yetdy, Zetdz) which represents the munber of times that sald covat
raie and said posifional infermation beve been calenlated in each voxel, and
caleulating average count rate values in each voxel in accordance with
N(Xe+dx, Yo+dy, Zovds) = [N(Xetdy, Yordy, Tovdz) + N(Xe, Yo, 2o, g, 6 @]
/[ M(Xevdy, Yo+dy, Ze+dz) +1 ].

189, The system of claim 197, wherein said system-of-coordinates
‘compnses mutually perpendicular linear axes X, Y and Z, and rotations about
th;a X, ¥ and Z axes, p, B and ¢, respeetively, and wherein in the
system-ot-coordinates, said positional foformation of said detector is defined as
A, Yo, Zo, p 8 @), said detector count rate is defined as Nfie, Yo, Zo. g 8 @)
and a physical size of said defector is defined as (dx, dy, d%); and further,
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whereitl said at least one data processor is adapied to minimize said count rate
and said positional information by finding all volume pixels, called voxels, that
represent the detector volume, defined as Xe+dv, Fotay, Zetdz, finding those
vosels that have a higher count rate value N{Xc+dx, Yordy, Ze+dz) ithan said
detector count Tate NMiXe, Fe, Zo, o € g which was inpur, and changing the
higher count rate voxels 1o that of the inpuited detector count rate N(Xe, ¥e, Zo,

AEg.

200.  The methed of claim 5, further comprising combining a radiation
detector count rate from said radicactive emission detector together with
positional informatjion from seid positon fracking system, and forming a
tadiotracer-spread image of a target area including therein said radioactivity

emitting sonree,

201. The methad of clain 200, further comprising storing said

positional information together with said count rate in a memory.

202. The method of claim 200, further comprising displaying said
positignal information together with said count tate as a patiern of marks

corresponding to said positional information and said count rate.

203.  The method of claim 200, further comprising refining said count

rate and said positional information,

204, The method of claim 203, wherein said system-oficoordinates
comprises mutdally perpendicular linear axes X, ¥ aud 7, and totations about
the X, Y and ¥ axes, p, O and ¢, respectively, and wherein in the
system-ot-coordinates, sald positional mformation of said detector is defined as

(e, Ye, Z¢, i & @), said detector count rate is defined as NiXe, ¥o, Zc, p 4 @,
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and a physical size of said detector is defined as (dx, dv, d2); and furiher,

wherein said refiting comprises finding all volume pixels, called voxels, thal
represent the detector volume, defined as Xotdy, ¥ordy, Zeotz, detenmining
M Xetdx, Yotdy, Zotdz) which represents the number of times that said count
rate and said positional information have been caloulated in each voxel, and
calculating average count rate values in each voxel in accordance with
N(Xetvdx, Yetdy, Zotdz) = (N(Xo+dy, Yotdy, Zo+de) + N(Xe, Ye, Ze, o 8 9]
A MUXcrdy, Yordy, Fetdz) +1 ],

205. The method of clafim 203, wherein said system-of-coordinates
comprises muiually perpendicular lincar axcs X, Y and 7, and rotations about

the X, Y and % axes, p, O and ¢, respeciively, and wherein in the

syslem-of-coordinates, said positional information of said detector is defined as '

(Xe, ¥e, Ze, p 6 @), said detector count rate is defined as Ni¥e, ¥e, Zc, g 8 @),
and a pliysical size of said detector is defined as (dr, gy, 4); and further, wherein
said refining comprizes finding all vojume pixels, called voxels, that represent
the detector volume, defined as Xe-hd, Yetdy, Zetdz, tinding those voxels that
have g higher count rate value NilXe+dx, Yo+dy, Ze+dz) than said detectar count
sate N(Xe, Yo, Ze, p, 6 @) which was input, and changing the higher count rate
voxels (o that of the inpuited detector count rate M(Xe, Yo Zo, p 8 o).

206.  The meihed of claim 28, further comprising combining a radiation
detector ¢ount rate from said radicactive emission delectof together with
positional information from said position tracking system, and forming a
radiotracer-spread image of 2 target avca inciuding therein said radioactivity

emitiing sowce.
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207. The method of claim 206, forther comprising storing sadd

positional information together with said count rate in 4 memory.

208, The method of claim 206, furfher comprising displaying said
positional information together with said count rate as a pattern of matks

voxesponding to said positional information and said count rute.

209, The method of claim 206, further corprising refining satd count

rate and said positional information.

210, The method of claim 209, wherein said systemn-of-coordmaies
comprises muiuaily perpendicular linear axes X, Y and Z, and rofalions aboul
the X, ¥ and Z axes, p, § and o, respectively, and wherein in the
system-of-coordinates, said positional information of said detector is defined as
(Xc, Ye, Ze, a6 ¢, said detector count rate is defined as N(Xe, Ye, Zc, p, 6 @),
and a physical size of said detector is defined as (dx, dy, d<); and further,
wherein said relining comprises findiog all volume pixels, cailed voxels, thal

represent the detector volume, defined as Xe+de, Yetdy, Zetde, determnining

M(Xe+de, Yelrdy, Zetdz) which represents the number of times that said count:

rate and said positionel mlermation have been calentaled inm cach vexel, and
calcufating average cound rate values in each voxel in accordance with
NFo+dbs, Fobdy, Zords) = [N(Xerdy, Yordy, Zovdz) + NiXe, To, Ze, p @ @]
/f M{Xc+dx, ¥e+dy, Ze+dz} +1 ]

211, The method of claim 209, wherein said system-of-coordinates
comprises mutually pespendicular lincar axes X, Y and 7, and rotations about
ihe X, ¥ and 7 oxes, p, O and ¢, respectively, and wherein in the
system-of-coordinates, said positional information of said detector is defined as

Xe, Ye, Zc, p, @ @, said detector count rate is defined as N(Xe, Yo, Zc, g 8 o),
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and a physical size of sald detector is defined as {dv. dy, dz); and further,

wherein said refining comprises finding ail volume pixels, called voxels, that
represent the detector voluie, defined as Xe+dx, Fo+dy, Zotdz, finding ihose
voxels that have & higher count rate value N(Xc+dx, Yot+dy, Zo+dz) than said
detecior count rate N(Xe, ¥e, Ze, p 0 @ which was input, and changing the
higher count rate voxels to that of the imputted detector coumt rate MX, Yo, Zg,

pada.

212, The method of clajn 62, further comprising combining & radjaton
detector coust rate from said sadivactive emission detecior together with
positional information from said posttion tracking system, and forming a
radiotracer-spread image of a target arex including therein said radioactivity

cmitting source.

213. The method of clsim 212, further comprising storing said

positional informaiion together with said count rate in & memary.

214, The method of claim 212, further comprising displaying said
positional information together with said count rale as a pattern of marks

corresponding to said positienal information und szid count rate.

215, The method of claim 212, further comprising refining said count

rate and said positional information.

216. The method of claim 215, wherein said system-of-coordinates
c«;mprises mutoally perpendicular lincar axes X, ¥ and 7, and rotations about
the X, Y and Z axes, p, © and ¢, respeciively, and wherein in the
system-of-coordingtes, sawd posttional information of said detector is defined as

(Xc, Yo, Ze, 5, 8 g, said detector count rate is defined as W(Xe, Yo, Zc, o 8 @),
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and a physical size of said detector is defined as {(c&, &, 42} and further,
wherein s2id refining comprises finding a1l velume pixels, called voxels, that
represent the detector volume, defined as Xotdy, Yotdy, Zotdz, detenmining
M{Xc+dx, Yetdy, Zetdz) which represents the number of times that said count
rate and said positionul information have been calenlated in cach voxel, and
calculating average coont rate values in eash vaxel in accordance with
N(Xe+dx, Yot+dy, Zetdz) = [N(Xevdx, Ye+dy, Zo+dz} + N(Xe, ¥e, Ze, p, 8, )]
7f M(Xedx, Yetdy, Zetdz) +1 .

217. The method of claim 215, wherein said system-of-coorglinates
comprises mutually perpendicular linear axes X, Y and Z, and votations about
the X, ¥ and Z axes, p, 0 and ¢, respoctively, and wherein in the
system-cof-coordinates, said pusitional information of said detecior is defined as
(Xe, Ye, Ze, p 6 ¢, said detector count tate is defined as N(Xc, Yo, 2o, p 0 @),
and a physical size of said detector is defined as (dv, div, d2); and further,
wherein said relining comprises finding all volumo pixels, called voxels, that
represent the detector volume, defined as Ye+dy, Ye+dy, Ze+ds, finding those
voxels that have a higher vount rate value N(Xc+dx, Yo+dy, Zotdz) than said
detector count rate N(Xc, Ye, Zc, o @ @) which was input, and changing the
higher count rete voxels to that of the inputted detector count rate NfXe, Fe, Ze,

[N

218. The method of claim 36, furiher comprising combining a rudiation

detector count rate from sald radicactive cmission detector together with

‘positional information said pasition tracking system, and forming a

radiotracer-spread image of & target area including therein said radioactivity

emitting source,
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219, ‘The method of claim 218, further comprising storing said

positional information together with said count rate in a memory.

220. The method of claim 218, further comprising displaying said
positionul information togetber with said count rats as a patlern of marks

corresponding to said positional information and said count rate,

221.  The method of claim 218, further comprising refining said count

rute and said positional information.

222, The method of claim 221, wherein said system-of-coordinates

comprises mutually perpendicular tinear axes X, Y and Z, and rotations about

the X, ¥V and Z axes, p, € and ¢, respectively, and whexcin in the

system-oficoordinates, said positional information of said defecior is defined as
o, Yo, Zo, o, € @), said detector count rate is defined as Mie, 1o, 7o, p 4 o,
and a physical size of suid deicctor is defined as (dx, v, dz); and furiber,
wherein said refining comprises finding all volume pixels, cailed voxels, that
represent (he detector volume, defined as Xe+dx, Yotdy, Zotdz, detommining
M{(Xet+dx, Yo+dy, Zo+dz) which reprcsénls the mmber of times that said count
rate and said positional Iformation have been calcelated in sach voxel, aml
calculsting average count rate values in each voxel in accordance with
MXct+dx, Yotdy, Zotds) = [N Xy, Yotdy, Zovezs) + NiXe, Yo, Ze, o 8 @y
/f MiXo+dx, Yotdy, Zetds) -+ ]

223. The method of claim 221, wherein said systom-of-coordinates
coﬁlprises mutually perpendiculer linear axes X, ¥ and Z, and rotations about
the X, YV and 7 axes, p, © and ¢, respectively, and wherein in the
systern-of-coordinates, said positional information of said detector is defined as

(Xe, Ye, Ze, p 6 o), said detector count rate is defined as N(Xe, Yo, Zo, p 8 @)
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and a physical size of said detector is defined as (o, &, d2); and further,

wherein said refining comprises finding all volume pixcls, called voxels, that
represent the detector volume, defined as Xe+dx, Yo+dy, Zo+dz, finding those
voxels that have a higher crate value N(Xoc+dx, Ye+dy, Zo+dz) then said
detecior count rale NiXe, Te, Ze, p 4 @ which was input, and changing the

bigher count rate voxels to thaf of the inputied detector count rate N(Xe, Ye, Ze,

£dq.

224, The method of claim 89, further comprising combining a radiation
detecior count rate from said radioactive emission detector fogether with
positional information from said position tracking systemn, snd forming =
radiotracer-spread image of a target arca inchuding therein said radioactivity

emitting source.

225. The wmethod of claim 224, further comprising storing said

positional informetion together with sald count rate in a memory.

226. The method of claun 224, further comprising displaying said
positional information together with said count rete as a partorn of marks

corresponding to said positional information und said count rate.

227. The method of claim 224, further comprising sefining, said couot

rate and sald positional information.

N 228. The method of claim 227, wherein said system-of-coordinates

CD‘m]‘lr‘tSCS mutually perpendicular linear axes ¥, Y and 7, and rotations about
the X, Y and Z axes, p. 9 and ¢, respectively, and wherein in the
system-of-coordinates, said positional information of said detector is defined as

(¢, Ye, Ze, p, 8 ¢, said detector count tate is defined as N(Xe, Yo, Zc, o, 4 @),
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and a physical size of said dssxﬁctf)r]izsI defined as (dx, @, 4%); and further,
wherein said refining comprises finding all velume pixels, called vosels, that
represent the detector volume, defined as Xe+dx, Yo+dy, Zo+dz, determining
M(Xc+dx, Ye+dy, Ze+dg) which represents the number of times that said count
rate and said positional information have been caleulated in cach voxel, and
caleulating average count rate vahies in ecach wvoxel in accordance with
WX+, Yordy, Zotvdzl = (N{Xcrd, Fody, Zotdz) Y NiXe, Yo, Zo, p 8 @lf
A M Xo+dyx, Yerdy, Zet+dz) +1 .

229. The method of claim 227, wherein said system-of-eoordinates
comprises mutvally perpendicular lincar axes X, 'Y and Z, and rotations about
the X, Y and Z axes, p, 0 and ¢, respectively, and wherein i the
system-of-coordivates, said positional information of said detector is defined as
X, Yo, Ze, p, @ ¢, said detector count rate is defined as N{ie, Ye, Ze o O o),
and a physical size of said deiector is defined as {#x, day, dz); and forther,
wherein said refining comprises finding all volome pizels, calied voxels, that
represent the detector volume, defined as Xe+dx, Ye+dy, Ze+dz, finding those
voxels that have a higher count rate value N(Xc+db, Yo+dy, Zo+dz) thao said

detector coumt rate NfXe, ¥e, Zc, p 6 @ which was input, and chenging the’

higher count rate voxels to that of the inputted delector count rate N(¥e, Yo, Zc,
s 89

230. The method of claim 94, further comprising combining a radiation
detector count rate from said at least one radioactive cmission detector together
“\_:vith rositional information from said position tracking system, and forming a
r;djt.\traccr-spread imege of a target area including therein said radioactivity

emitting source.

231. The methed of claim 230, further comprising storing said

positional information together with said count rate in a memory.
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232, The method of claim 230, further comprising displaying said

positional informaiion together with said count rate as & pattern of marks

corresponding to sald positional information and said count rate.

233, The method of claim 230, firther comprising refining said count

rate and said positional infornation.

234. The method of claitn 233, whercin said system-of-coordinates
comprises muinally perpendicular linear axes X, Y and Z, and rotations aboui
the X, Y and Z axes, p, § and ¢, respectively, and wherein in ihe
é}’stcm-ofncnor(linates: saiil positional information of said at Icast one detector is
defined as (Xe, Ye, Ze, p, 6 ¢, snid detector count rate is defined as N(Xe, Ye,
Ze, p 6 ¢, and a physical sizc of said at lcast one detector is defined as (dfx, dy,
dz); and further, wherein said refining comprises finding &l velume pinels,
called voxels, that represent the detector volume, defined us Xe-+vdy, Yebdy,
Zet-dz, determining M{Xe+dy, Ye+dy, Zoddz) which vepresents the number of
times that said count rate and said positional information have been calculated
in cach vaxel, and calenlating average count rate values in each voxel in
accordance with N(Xe+dx, Yordy, Zetdy) = [N(Xe+dx, Yo+dy, Ze+dz) + NiXe,
Yo Ze, p 8 )] /f M{Xckds, Yebdy, Zotdz) +1 .

235, The method of claim 233, wherein said system-of-coordinates
comprises mutually perpendicular Yinear axes X, Y and Z, and rotations about
the X, Y and Z axes, p, @ and ¢, respectively, and wherein in the
‘system-of-cocrdinates, said pesitional information of said at least one detsctor is
defined a5 (Xe, Yo, Ze, o, 0 @), said detector count rate is defined as NiXc, Yo,
Ze, p € g, and a physical size of said at least one detector is defined as (dy, dy,
dz); and further, wherein said refining comprises finding all volume pixcis,
called voxels, that represent the detector volume, defined as Xeddy, Fetdy,
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Ze+dz, finding those voxels that have a higher coumt rate vafue NiXe+dx,

Yo+dy, Ze+dz) than said detector count rate N(X¢, ¥e, Ze, p, 8 @) which was

input, and changing the higher count rate voxels to that of the inputied detector

count rate NXc, Ye, Zc, o 8 @

236. The method of claim 108, further comprising combiging a
radiation detector count rate from said radioactive emission detector together
with positional information from said position tracking system, and forming a
radiotracer-spread image of a target area incloding therein said radioactivity

cnyitting source.

237. The method of claim 236, further comprising storing said

pasitional information together with said count rate in a memery.

238, The rmeihod of clamy 236, further comprising displaying said
positional information together with said count rate as a pattern of marks

comresponding to spid positional information and said counl rate.

239. The method of claim 236, further comprising refining said count

rate and suid positional information.

24¢. The method of claim 239, wherein said system-of-coordinates
comprises mutually perpendicular linear axes X, Y and Z, and rotations about
the X, Y aod Z axes, p, 0 and ¢, respectively, mnd wherein in the
systen-of-coordinates, said positional information of sald detector is defined as
(X, Ye. Ze, g 8 ), said detector connt rate is defined as NM(Xe, Yo, Zo o € ¢,
and a physical size of said detector is defined as (dv, v, 4z); and further,
wherein said refining comprises finding all volume pixels, called voxels, that

represenyt the detector volume, defined as Xetdx, Yotdy, Zetdz, determining
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M{Xc+dy, Fetdy, Ze+dz) which represents the number of times that said count

cate and said positional information have been caleulated in each voxel, and
calgulating average count ratc values in cach voxel in accordance wiih
N(Xc+dy, Yordy, Zerdz) = [N(Xe-+ds, Fetdy, Zetds) + NiXe, Yo, Ze, g G @]
Jf M{Xo+dx, Yovdy, Zodz) +1 .

241, The method of olaim 239, wherein said systemn-of-coordinates
comprises mutually perpendicular linear axes X, Y and Z, and rotations about
the ¥, Y and Z axes, p, 9 and o, tospectively, and wherein in the
system-of-coordinates, said positional nformation of said detector is defined as
Xe, ¥e, Ze, p O @), said detector count rate is defined as N(ie, ¥o, Zo. g O @),
and a physical size of said detector i defined as {dx dy, dz); and further,

wherein said refining comprises finding all volume pixels, called voxels, that

represent the detector vohume, defined as Xe+dy, Yotdy, Zotdz, finding those
voxcls that have a higher count rate valus NiXe+ds, Ye+dy, Ze+dz) (ban sawd
detecior count rate N(Xe, Ye, Ze, o 6 @ which was input, and changing the
higher count rate voxels to that of the inputted detector count rate N(Xe, Yc, Zc,

o8 .

242, The method of claim 123, further comprising combining a
radiation detector count rate from said radiouctive emission detector together
with positional information from said position tracking system, apd forming a
radiotracer-spread image af a target area incloding therein said radioactivity

emitting source.

243, The method of claim 242, further comprising storing said

positional information together with said count rate in 4 memory.
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244, The method of claim 242, further comprising displaying said

positional information together with said cownt ratc a5 a pattern of marks

conesponding o said positional information and said count rate.

245, The method of claim 242, further comprising refining said count

rate and said positional information.

246. The mcthod of claim 2435, wherein said system-ofcoordinates
comprises muivally perpendicular linear axes X, Y and Z, and rofations about
the X, Y and Z axes, p, © and ¢, respectively, and whercin in the
system-o f-eoordinates, said positional information of sald detector is defined as
(Xe, Yo, Ze, pp € g, said detector count raie is dofined as NG, Yo Ze g € @),
and a physical size of said detecior is defined as (dv, dy, dz); and furiher,
wherein suid refining comprises finding all volume pinels, called voxels, that
represent the detector volume, defined as Xe+dy, Ye+dy, Zetdz, determining
MXe+dx, ¥etdy, Zetds) which represents the number of times that suid count
rafe and said positional inlbrmation have been cafeulated dn. each voxel, and
calevlating average cownt rate values in each voxel in accordance with
N(Xe+dy, Ye+dy, Zetrdz) = [NM(Xe+dy, Yetdy, Zotdz}h + NQe Yo, Ze, p 8 o]
 M(Xe+dx, Yotdy, Zevdz) +1 ]

247. The method of claim 245, wherein said system-of-coordinates
comprises mutally perpendicular linear axes X, Y and Z, and rotations about

the X, Y and Z axes, p, 8 and o, respeciively, and wherein in the

‘system-of-coordinates, said positional information of sald detector is defined as

(X, Yo, Zo, p 8 g, said detector count rate i=s defined as N(Xc, Yo, Zo, p 6 o),
and a physical size of said detecior is defined as (dx. v, dz); and furiber,
wherein said refining comprises findng all volune pizels, called voxels, that
represent the detecior volumbe, defined as Xe+dx, Fetdy, Zo+dz, finding those
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vaxels that have a higher count rate value N(Xe+dx, Yetdy, Zetdzi than said

detector count rate N(Xz, Yo, Zo, g 6 @ which was mput, and changing the
higher count rate voxels to that of the inputted detector count rate NfXe, ¥e, Ze,

P

7248. A method for radiaion map reconstruction, the method
comprising:
()  determining a transfer function of a radiation detector;
(b)  determining a deconvolution af said ransfor function;
(¢) assigping a count value based on sajd deconvolution to at least
one voxel within a field of view of said radiation detector; and

(d)  using said deconvolution t reconstruct said at least one voxel.

249. The method of claim 248, wherein said using said deconvolution

compriscs at least diminishing burciness of said at teast one voxel,

250, The method of claim 248, further comprising mathematically
wreating muliiple readings from viewpoints of different defectors that said at

least one voxel receives.

251. The method of claim 230, wherein said mathematically treating
comprises determining a value used in place of a single value of reading in said

af Jeast one voxel.

252. The method of claim 2351, wherein said determining a valuc
comprises determining at least one of an algebraic average, a minimum value,

and a rceiprocal of averaged reciprocals of readings in said at least one vexel.
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A system for calculating a position of a bedy component and a

position of a radiopharmaceutical wptaking portion of the body component

within a snbject, the system comprising:

(a)

)

©

254,

a two-dimensional imaging modality being connected to andfor
comununicating with a first position fracking system for
calculating the position of the body component In a first
system-of-coordinates;

a tadicactive emission detector bemg comneclted to sndfor
communicating with a second position system for tracking a
position of the radiopharmaccutical uptaking portion of the hody
component in a second system-of-coordinates; and

al least one duta processor being designed and configured for

recciving dota inputs fromn said  two-dimengional imaging

modality, said first pesition tracking system, said radioactive
emission detector and said second position iracking sysiem and
calculating the position of the body component and the position of
the radiophannaceutical uptaking portion of the hody component

in a comnnon system-of-coordinates.

A method for calculating a position of a body component and a

position of a radiopharmaceutical nptaking portion of the body component

within a subject, the method comprising the steps of:

(2)

®

providing a two-dimensional imaging modality being conneeted to
and/or communicating with a first position tracking system and
caleulating the position of the body component in a first
system-of-coordinates;

providing a radicactive emission detector being comnected to
and/or communicating with a second position tracking system and
tracking a position of the radiopharmaceutical uptaking portion of

the body component in a second svstem-of-coordinates; and
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receiving data inpuis fiom  said  #wo-dimensional  jmaging

modaiify, said first position irucking system, said radioactive
emission detector and said second position fracking systemn and
calculating the position of the body compiment and the position of
the radiopharmaceutical upiaking portion of the body componest

in 4 common system-of-coordinates.
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