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INTRASURGICAL USE

(57)  The invention relates to a portable mini gamma
camera for intrasurgical use. The inventive camera is
based on scintillation crystals and comprises a stand-
alone device, i.e. all of the necessary systems have been
integrated next to the sensor head and no other system
is required. The camera can be hot-swapped to any com-
puter using different types of interface, such as to meet
medical grade specifications. The camera can be self-
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STAND-ALONE MINI GAMMA CAMERA INCLUDING A LOCALISATION SYSTEM FOR

powered, can save energy and enables software and
firmware to be updated from the Internet and images to
be formed in real time. Any gamma ray detector based
on continuous scintillation crystals can be provided with
a system for focusing the scintillation light emitted by the
gamma ray in order to improve spatial resolution. The
invention also relates to novel methods for locating radi-
ation-emitting objects and for measuring physical varia-
bles, based on radioactive and laser emission pointers.
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Description

FIELD OF THE INVENTION

[0001] The present invention belongs to the field of
Medical Nuclear Physics and radioguided surgery. It is
a device that makes it possible to produce in vivo images
of small human and animal organs using radioisotopes
that are traditionally used in nuclear medicine, with a high
resolution and in real time. The device is designed for
functional studies and detection and/or precise localisa-
tion of cancer in organs such as the thyroid gland, kid-
neys, prostate, breasts and lymph nodes. Itis applicable
to preliminary, intra-operative and postoperative diagno-
sis.

PRIOR ART

[0002] In the diagnostic procedures used in nuclear
medicine, the patient is first given a radiopharmaceutical.
A radiopharmaceutical is a chemical compound contain-
ing isotopes that emit radiation, usually gamma rays.
Once said compound has been spread naturally through-
outthe patient’s body, the latter is examined using a gam-
ma ray detection camera, which provides information
about the region of the organism where the radiophar-
maceutical has accumulated.

[0003] Gamma cameras have been improved since
they were first created in 1958 (H.O. Anger, Rev. Sci.
Instrum. 29 (1958) 27), but they have traditionally con-
sisted of large pieces of equipment, weighing hundreds
of kilograms and they have been connected to bulky,
complex electronic systems. This equipment is pro-
duced, distributed and installed by major transnational
companies (GENERAL ELECTRIC, Siemens, etc.) in
specific hospital premises.

[0004] The detection technology used by these cam-
eras is mainly based on scintillation crystals and photo-
multiplier tubes (PMT) that are not position sensitive.
[0005] The firstsmallgamma cameras, also called mini
gamma cameras, came onto the market relatively recent-
ly, such as those produced by Anzai Medical, TeraRecon,
Intra Medical Imaging, EuroMedical Imaging, and Gam-
ma Medica Imaging. The objective of mini cameras is to
cover part of the diagnosis where they can provide a
much higher quality image than large cameras, in addi-
tion to the advantage of being less costly and often port-
able equipment. Meanwhile, new fields of application that
are almost impossible for large equipment are being dis-
covered for mini cameras, such as intra-operative use.
[0006] Some mini gamma cameras NOw Use a new
type of detection technology based on a Zinc-doped Cad-
mium Telluride semiconductor (CdZnTe), e.g. Anzai
Medical and TeraRecon).

[0007] In the following paragraphs we will give a brief
description of the patents covering mini gamma cameras
that are related to the present invention.

[0008] US 2004/0262528, invented by R. Zaikin and
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M. Suzuki, relates to a gamma camera with a small field
of view that comprises several modules. It uses a crystal
array and photodiodes coupled to the crystals. Claim 22
refers to the use of pixelated CsI(Tl) crystals. Claim 10
refers to the fact that the camera’s high-voltage power
supply is provided by an electronic card on the computer
interface (a PCI card, if applicable). It can be observed
that the PCI bus shares dozens of data lines and the
power supply with the computer’'s motherboard and, fur-
thermore, itis inside the computer, which means opening
the CPU and inserting the PCI card with the computer
switched off so that it is subsequently available to provide
the camera with a high-voltage power supply, this not
being the only power supply that it requires.

[0009] US2003/0081716 A1, invented by T. Tumer, re-
lates to the invention of a hand-held, compact portable
probe with an LCD display (connected by cable or radio).
The technology used in this detector is based on semi-
conductors, and more specifically on CdZnTe. However,
claim 19 refers to the fact that the detector material can
also be selected from the following group: HPGe, BGO,
CdW04, CsF, Nal(Tl), Csl(Na), CsI(Tl), CdTe, CdZnTe,
Hgl2, GaAs, Pbl2. However, it does not make any men-
tion of whether it concerns continuous or pixelated crys-
tals.

[0010] ES 2202846, invented by A. Soluri and R. Pafii,
relates to a flat scintillation gamma camera with very high
spatial resolution with a modular structure. The photom-
ultipliers mentioned in the patent are of the position sen-
sitive type with crossed wire anode readout.

[0011] ES 2206924, invented by A. Soluri, relates to a
miniaturised camera measuring 30mmX30mm, with pix-
elated crystal and individual amplification and acquisition
systems for each channel, which are external to the de-
tector head. However, claim 13 refers to any position
sensitive type photomultiplier.

[0012] WO 00/19238 (S. Majewski, A. Weisenberger,
and R. Wojcik) claims all types of small scintigraphy
equipment consisting of arrangements of position sensi-
tive detectors. It also relates to equipment with a small
detector head, but which requires standard modular elec-
tronic systems (e.g. CAMAC or NIM) to operate.

[0013] As can be seen, mini scintillation gamma cam-
eras generally use one or more position sensitive photo-
multipliers to achieve small equipment. However, itis the
head where the detector (the scintillation crystal together
with the photomultiplier) is located that is reduced to
make them more manageable than the large commercial
cameras. For their operation both the large cameras and
the aforementioned mini cameras require a set of elec-
tronic systems mounted in bulky standard racks, such as
CAMAC or NIM, or the usual cards that are inserted into
the computer. To put even the most advanced cameras
or mini gamma cameras into operation it is currently nec-
essary for the equipment to be supplied with the calcu-
lation or computer system with the electronics included,
whether this be a card in a standard computer or a cal-
culation system specifically designed for the camera.
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[0014] Therefore, there are no stand-alone mini gam-
ma cameras based on scintillation crystals, i.e. in which
their detection, electronic and power supply system are
integrated into a small single sensor head, without any
active part outside the camera, such as PCl cards in the
computer. Likewise, there are no mini gamma cameras
that can be plugged in and unplugged without having to
switch the computer off and in which all the necessary
voltages for their operation, including high voltage, are
generated inside the camera and not on a card or other
device that is connected to the computer.

[0015] Most of said patents relate to pixelated crystals.
Some make a minor mention of the possibility of using
continuous crystals of a certain chemical composition.
However, none of said patents explain how to overcome
the serious edge and compression problems affecting
the image that occur when the detection surface is small
in relation to the width of the crystal, in the direction in
which the gamma rays enter, as is the case, by definition,
with mini gamma cameras.

[0016] Some of said patents use photodiodes but most
use wire-based position sensitive photomultipliers. There
are therefore no mini gamma cameras based on position
sensitive photomultipliers based on pad type anodes and
in particular on flat panel type anodes, which had not yet
been invented when said patents were registered. The
research group of the Institute of Corpuscular Physics
(IFIC), formed by the inventors of the present invention,
has also developed several prototypes of mini gamma
cameras. The design and operational characteristics of
these prototypes were described in several articles pub-
lished in scientific publications. One of said prototypes
used wire photomultipliers (different to the technology
used herein) (Nucl. Instr. & Meth. A486(2002)186-190,
Med. Phys. 31 ,6(2004) 1384-1397). A first version of the
prototype operated with cards inserted into the computer
and the other could send the data via its USB 1.0 port.
[0017] Subsequently, two prototypes were developed
based on flat panel photomultipliers (M. Giménez, et al.,
Nucl. Instr. & Meth. A525 (2004) 298-302; Nucl. Instr. &
Meth. A527(2004)92-96). One of them had a medium-
sized field of view, and consisted of an arrangement of
4 PMTs; the other consisted of a single flat panel type
PMT. Both had a rectangular prismatic metal casing and
could send data via the USB 1.0 port. They had contin-
uous crystals treated with paint on both sides of the crys-
tal.

[0018] With all the IFIC’s aforementioned prototypes
and publications there is the problem that in practice the
limited broadband (1.2Mbps) of the USB port used (1.0)
only makes it possible to reach a low rate of event ac-
quisition (maximum 1100 counts per second) in relation
to the normal rate used in nuclear medicine, even though
the physical detector was capable of acquiring data at a
greater speed. One object of the present invention is a
mini gamma camera that can operate using the USB 1.1,
USB 2.0 port and reach a broadband connection of up
to 480Mbp, allowing it to communicate up to 400 times
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faster, which means that it can acquire data at the high
rates needed to achieve high sensitivity.

[0019] Moreover, all these prototypes developed by
the IFIC presented the problem that they were not suit-
able for medical use, making their practical application
in humans unviable for both diagnostic and intra-opera-
tive use. This is due to strict biocompatibility, electrical
safety and electromagnetic compatibility conditions im-
posed by European and American regulations governing
medical equipment.

[0020] Lastly, the painting technique used to treat the
surfaces of the crystals used in the IFIC’s prototypes and
publications was practically unworkable, as there were
many defects at the edges and there were inhomogenei-
ties throughout the sensitive area, which gave the sensor
systems thus created a very short useful life and caused
losses of uniformity that were unacceptable according to
medical standards.

[0021] There is no known mini gamma camera using
any of the current technologies that has a standard com-
puter as a calculation system and that can be plugged
into and unplugged from the computer without interrupt-
ing its operation or switching it off, and which can start
to be used immediately without adding any other inter-
mediary electronic systems.

[0022] Likewise, there are no known cameras or mini
gamma cameras that produce real time video gamma
images, or still images in a few seconds, using the low
doses of radiation permitted in nuclear medicine.
[0023] The difficulties found with the intra-surgical use
of mini gamma cameras include viewing low-activity re-
gions (such as lymph nodes) close to high-activity points
(such as peritumoural injection sites). One solution that
is commonly applied by nuclear physicians consists of
establishing an anti-radiation screen ("material that is
opaque" to gamma rays) between the tumour and the
camera (normally a piece of lead). This makes it possible
to eliminate the glare from the tumour so that the low-
activity points can be seen, as the intensity of image is
redistributed only between the low-activity values, which
include lymph nodes that were previously invisible. It will
be seen below how this idea can be extended for a dif-
ferent purpose by adding IT tools, making it possible to
create a new method for the spatial localisation of ob-
servable regions of the scintigraphic image, which is pre-
cisely another of the difficulties to overcome.

[0024] As has just been mentioned in the previous par-
agraph, another of the problems presented by mini gam-
ma cameras is that of locating objects that appear in the
images that they capture in the patient’s body, i.e. the
correspondence between image and organism.

[0025] To partially solve this problem, doctors some-
times use a radiant object that can be freely situated in
the observation area of the camera while its image is
directly viewed by the camera together with that of the
radiant area of interest. We refer to this tool as a "bright
pointer". The most usual type is a Cobalt 57 pen marker,
although a syringe with Technetium-99m is sometimes
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used. The localisation method using a bright pointer
presents the disadvantage that it leaves a static trail be-
hind as the pointer passes over an area of the image.
The image is also greatly affected, as the pointer leaves
trails at all the points where it has been.

[0026] Localisation and/or navigation systems where
radiation is directly involved in the mode of operation will
herein be referred to as "radioactive pointers", whether
they emitorinhibitradiation. This makes it possible create
a particular point on the scintigraphic image that corre-
sponds to the point indicated by a tool used as a pointer.
[0027] The cobalt-57 pointer described above as a
"bright pointer" belongs to this type of radioactive point-
ers, but it is not the only one. In the present invention we
will show two new types and an improvement in the use
of the known bright pointer.

[0028] A pointer thatinhibits the formation of the image
that would normally form in its absence as it passes over
the observation area, creating a shadow on the image,
will be defined as an "opaque pointer”. Likewise, a pointer
that does not affect the normal formation of the image
due to its presence or absence, but which allows the de-
tection system to know the position of the pointer in re-
lation to the scintigraphic image that is being formed at
a particular instant, will be defined as a "transparent
pointer".

[0029] The methods disclosed in one of the IFIC re-
search group’s earlier patents of invention (J. M. Benl-
loch, F. Séanchez, et al. "Functional Navigator",
P200202220 and PCT ES 03-00497), based on an infra-
red or radiofrequency localiser, is of the transparent type,
although it differs completely in that it requires (and this
is a disadvantage) two detection systems, which are fur-
thermore based on different technologies. In this case,
we will present a localisation method using a transparent
pointer that uses the same detection technology (gamma
radiation) and the same detector, both for capturing the
image of interest and for establishing the spatial location
of the pointer. The new invention presented herein has
further added value in that it offers the possibility of ob-
taining information about physical variables regarding
the source of interest in the physical position marked by
the transparent pointer.

[0030] Likewise, US2004/0075058, invented by I. Ble-
vis, L. Tsukerman and Y. Hefetz, relates to the localisa-
tion system of a gamma camera using radio emitters. US
6723988, invented by N. Wainer and Zichron-Yaakov,
also relates to the use of mini gamma cameras for nav-
igation equipment.

[0031] A mini gamma camera for intra-surgical use
must be a light, portable, stand-alone device with one or
no cables and it must be capable of forming images in
real time.

[0032] There are many widely known systems with la-
ser-based pointers. These can generate points, lines and
a large range of geometrical forms.

[0033] In all known cases where a singular light form
is generated on a certain surface due to the intersection
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of emitted laser light with this surface, said light form is
characterised in that its position and shape depend on
the distance of the surface intercepted by the light from
the laser emitter or emitters, and also on the angular po-
sition of the surface; otherwise, the laser emitter or emit-
ters must be symmetrically positioned in relation to the
axis on which the laser emitters move towards or away
from the surface where their light is intercepted.

[0034] Anexample of this could be alaser point emitter
that moves towards or away from a surface where it gen-
erates a point, the axis of movement following the same
line as its light. This is a case where the figure generated
maintains its position on the surface and its point form,
but which is symmetrically situated relative to the axis of
movement, and also on said axis, figures 1 aand 1 b.
[0035] There are many cases of examples where the
position or form changes as the position between surface
and emitter is moved:

1. Alaser point emitter like the one mentioned above,
but which moves towards or away from a surface
where it generates a point, the axis of movement
following a line that forms a certain angle other than
zero with the line followed by its light. This is a case
where the figure generated is still a point, but its po-
sition on the surface changes with the distance be-
tween emitter and surface, figures 2a and 2b.

2. A laser emitter with a single transducer, which
generates any figure other than a point, generates
a figure of a dimension that varies with the distance
between emitter and surface and generally also var-
ies with the angle at which this surface is situated
relative to the emitter.

DESCRIPTION OF THE INVENTION

Brief description

[0036] The object of the present invention is a novel
portable mini gamma camera for intra-surgical use and
a localisation system for gamma-ray-emitting objects.
[0037] The mini gamma camera is based on scintilla-
tion crystals and is essentially characterised in that it is
astand-alone device, i.e. all the necessary systems have
been integrated together with the sensor head, forming
a compact, stand-alone piece of equipment, without the
need for any other electronic system, and which can be
connected to any standard computer or compatible de-
vice by any full-speed or high-speed universal serial in-
terface, Wireless USB, Bluetooth or FireWire, figure 3.
At the same time, this equipment meets medical grade
specifications regarding electrical safety and electro-
magnetic compatibility.

[0038] Thisinvention also presents a special treatment
for the surfaces of the crystal, if the scintillation crystal
of the mini gamma camera is of the continuous type, and
a method that makes it possible to use almost the entire
area thereof without the serious disadvantage of image
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compression and edge effects that occur with the use of
continuous crystals. It also introduces the innovation of
using rare-earth-based scintillation crystals.

[0039] Any gamma ray detector based on continuous
scintillation crystals can also be provided with a system
for focusing the scintillation light emitted by the gamma
ray in order to improve spatial resolution, as the width of
light distribution that reaches the photodetector is re-
duced.

[0040] Other innovative characteristics of the mini
gamma camera that is the object of our invention are that
it can be self-powered from the port of the computer, can
save energy, enables software and firmware to be up-
dated from the Internet without the need to interfere with
the camera, and can form Real Time Gamma-ray Video
(RTGV) images, even at doses administered for low ac-
tivity, thanks to a new "probabilistic reconstruction" algo-
rithm.

[0041] One ofthe problems presented by gamma cam-
eras is locating objects that appear in the images that
they capture in the patient’s body, i.e. the correspond-
ence between image and organism. In the presentinven-
tion, this problem is solved by developing a method of
localisation that uses one or more radioactive pointers,
using the same gamma camera both to capture the image
of interest and to establish the spatial location of each
pointer. The new invention presented herein has further
added value in that it offers the possibility of obtaining
information about physical variables regarding the
source of interest in the physical position marked by the
transparent pointer. It also introduces a new laser-based
light pointer system, which makes it possible to indicate
a specific point of the scintigraphic image on the obser-
vation area.

[0042] The mini gamma camera and localisation sys-
tems that have been developed constitute a new surgical
navigation system using real time imaging.

Detailed description

[0043] A mini gamma camera based on scintillation
crystal technology and essentially characterised in that
it is a stand-alone device, i.e. all the necessary physical
and electronic systems have been integrated together
with the sensor head, forming a compact piece of stand-
alone equipment without the need for any other additional
electronic system, and which can be connected to any
standard computer or compatible device using a hot-
swappable interface.

[0044] The structural elements of the mini gamma
camera are as follows, figure 4:

1. Interchangeable gamma-ray collimation system
based on tungsten, lead or another material of the
same anti-radiation characteristics.

2. Scintillation crystal.

3. Position sensitive photodetector (or photodetec-
tors).
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4. Anti-radiation screen made from lead, tungsten
another material of the same anti-radiation charac-
teristics.

5. Low-consumption electronics with analogical or
digital processing and power supplies and standard
computer connection interface.

6. Interface output connector.

7. Casing with electromagnetic screen.

[0045] The collimator 1, with one hole (single pinhole
type) or several holes (multiple pinhole type or parallel-
hole, converging or diverging type collimator) or a coded
mask structure, allows the gamma rays to pass only
through the holes established for the correct formation
of the image.

[0046] The scintillation crystal 2 transduces the energy
from a gamma ray, generating a large number of visible
light photons, which can be detected by the photodetec-
tor 3.

[0047] The photodetector 3 receives the light from the
scintillation crystal and transduces it into electrical im-
pulses that are sent to the electronic processing section.
The photodetector uses a high-voltage power supply of
up to 1200V, which is generated on a source plate that
forms part of the internal electronic section of the detector
head.

[0048] The anti-radiation screen 4, made from lead or
another material of similar anti-radiation characteristics,
covers the side, rear and front surfaces of the camera,
except in the area of the collimator 1. Thus, the gamma
rays cannot reach the sensitive area of the camera, ex-
cept through the hole provided expressly for this purpose
in the collimator 1, in the case of a single pinhole colli-
mator, or the many holes in the case of multiple pinhole,
parallel-hole, diverging, converging or coded mask col-
limators.

[0049] The processing electronics 5 receive the output
signals from the photodetector 3. This processing system
consists of the following parts:

1. Inter-anode network that reduces to a minimum
the number of electronic signals from the anodes of
the photodetector for the localisation of the centroid
of the light distribution from all the individual anode
signals.

2. Analogical signal processing system to amplify,
filter and obtain a suitable amplitude according to
the charge of each signal.

3. Digital processing system to digitalise the analog-
ical signals, perform digital filtering and send the re-
sults to the computer via the established communi-
cation interface. It also controls all the device’s func-
tions.

4. Power supply system for generating the different
voltages required by the equipment from a single 5V
supply.

[0050] The connector 6 is the equipment’s only essen-
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tial means of communication. Said connector sends data
in both direction and in the case of interfaces connected
by cable it also supplies power from the computer to the
mini camera.

[0051] The casing 7 ensures that no light enters the
device and reaches the scintillation crystal 2, thus pre-
venting noise from affecting the scintigraphic image to
be obtained. The casing also acts as an electromagnetic
screen against all kinds of external noise and internal
emissions, thereby ensuring a suitable medical grade
electromagnetic compatibility.

[0052] As all the necessary electronic, analogical, dig-
ital, firmware and power supply systems have been in-
tegrated into the sensor head, it is possible to achieve a
compact mini gamma camera that is exceptionally self-
contained and portable. The digital information that the
device transmits to the computer means that the scinti-
graphic image can be directly obtained. For the continu-
ous wireless operation of the camera and the computer,
it will be necessary to use an external 5V power supply
connected the mains. ltcan also operate by battery power
with the use of wireless interfaces, which frees it of any
kind of cable connection.

[0053] No other known gamma camera operates as a
stand-alone device. However, this feature is very impor-
tant for intra-surgical use, as it reduces the number of
cables to the minimum (one or none, depending on the
interface used), and any cable in the operating theatre
is a significant obstacle for the surgeon.

[0054] A specific object of the present invention is a
mini gamma camera of the foregoing characteristics,
which meets the medical grade electrical safety and elec-
tromagnetic compatibility specifications.

[0055] The proposed invention, unlike previous publi-
cations by the research group formed by the inventors
thereof (see e.g. Nucl. Instr. & Meth. A486(2002)
186-190, Med. Phys. 31 ,6(2004) 1384-1397, Nucl. Instr.
& Meth. A525(2004)298-302, Nucl. Instr. & Meth. A527
(2004)92-96), uses a casing that has been especially de-
signed to meet medical grade electrical safety regula-
tions in a surgical environment. Furthermore, the elec-
tronic circuits have been created to operate in an envi-
ronment without the protection offered by a thick layer of
aluminium, as described in said publications.

[0056] A specific object of the present invention is a
mini gamma camera of the foregoing characteristics,
which is also characterised in that the hot-swapped in-
terface can be at least one of the following: a) Full-speed
(12Mb/s) or high-speed (480Mb/s) universal serial inter-
face; b) Wireless USB; c) Bluetooth; d) FireWire.
[0057] As part of the present invention a USB commu-
nications interface has been developed that is up to 400
times faster than that of the academic prototypes men-
tioned in the prior art. Said interface can communicate
using USB 1.1 (12Mb/s) and USB 2.0 (480Mb/s), which
means that data acquisition speed limitations will be
physical for a long time to come. It also prepares this
system to operate with new, very high sensitivity collima-
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tor systems that are being developed. Communication
interfaces using other modern communications ports
such as Wireless USB, Bluetooth and FireWire have also
been developed, which have not been reported in any
other scintigraphy equipment and which provide great
versatility in terms of interconnection with standard cal-
culation systems, also making them more portable and
easier to use. These advances have also led to a system
that can be connected and disconnected from the com-
puter without having to switch it off or take any extra
measure.

[0058] A specific object of the present invention is a
mini gamma camera such as the one described above,
with the characteristic of being self-powered, as it can
use the standard external data interface of the computer
as a power supply, or alternatively a battery, not requiring
the use of mains electricity or any other external power
supply.

[0059] This is possible thanks to the fact that the mini
gamma camera that is the object of the present invention
consumes less power than the power outputs offered by
the ports that are used. The equipment may also have
an external power supply (which will not be essential)
using a direct 5V 500mA supply.

[0060] A specific object of the present invention is a
mini gamma camera such as the one described above,
with the characteristic that it can go into energy-saving
modes, as the software can define several levels of power
consumption according to the functional requirements at
each moment.

[0061] As part of the power supply control, the mini
camera can go into "sleep" mode, in which it consumes
just 2 microamperes, without losing the ability to "wake
up" and change to another state if the software gives an
automatic order to do so. The next energy state con-
sumes 23mA and allows two-directional data communi-
cation between the camera and the computer, with func-
tions such as identification and pre-establishment of data
acquisition conditions. At another level that consumes
320mA, the device can generate background noise level
acquisition, carry out functionality checks and adjust its
systems to counteract noise. At another level that con-
sumes 150mA, the system can maintain the optimum
temperature of the sensor system so that it can start an
acquisition quickly.

[0062] Finally, with a consumption of 470mA and all
the systems switched on, the equipment can carry out
any operation, according to its purpose.

[0063] By making appropriate use of these features,
the equipment does not have to be unplugged from the
computer, saving energy whilst also lengthening the use-
fullife of the equipment. No mechanical buttons are need-
ed to switch the equipment off.

[0064] A specific object of the present invention is a
mini gamma camera such as the one described above,
wherein the software can be updated from the Internet
and firmware (hardware controller) can be recharged
from the software without having to open the camera,
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which means that it is possible to alter the hardware
and/or add other features to it by means of firmware up-
dates.

[0065] This exclusive characteristic makes it possible
for the manufacturer to include new advances and im-
provements to mini cameras marketed anywhere in the
world by providing a downloadable update, which regis-
tered clients would have access to.

[0066] It is usual for certain modern consumer elec-
tronic devices that operate using software to be updated
in this way. It is less usual for it to be possible to update
the firmware that controls the hardware without having
to open up the equipment that contains that hardware.
There is no known gamma camera in which this charac-
teristic is implemented.

[0067] The operation of the digital system of the mini
gamma camera that is the object of the present invention
is based on a microcontroller and it presents a hardware
design with a set of facilities that are additional to those
required for scintigraphic imaging. The use of these extra
features has not yet been developed in the current scin-
tigraphy software, and they are not included in the pro-
gram that operates in the microcontroller (firmware).
What we claim is that our equipment will be able to use
these features once they are developed. This may be
done by simply sending the corresponding update by a
computerised means and the currently created system
will be able to update both the computer software and
the firmware of the microcontroller of the mini gamma
camera.

[0068] These hardware updates are, of course, limited
to the features created and not used in the original hard-
ware design. However, the scintigraphic imaging
firmware thatis currently used may be upgraded as many
times as necessary and practically unlimitedly, based on
the same starting data and perhaps some characteristic
of the unused features.

[0069] For example, computer updates could be used
to add to the system the possibility of converting it any
of the following pieces of equipment, apart froma gamma
camera:

1. Radiation level detector.

2. Multi-channel spectrometer.

3. Single-channel spectrometer with a moveable
window.

4. Thyroid count capturing system.

[0070] A specific object of the present invention is a
mini gamma camera of the aforementioned characteris-
tics, with the additional characteristic that the scintillation
crystal is of the continuous type, which has undergone a
special treatment of its outer surfaces, and a specific al-
gorithm called "compensated affine transformation" has
been used to make it possible to achieve inhomogeneity
in the detection area of less than 5% in up to about 80%
of said area, overcoming the old limitations known as
edge effects that limit the useful area to 50% of the sen-
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sitive area.

[0071] Although some patents (see ES 2202846, in-
vented by A. Soluri and R. Pafi; ES 2206924, invented
by A. Soluri) give a minor mention to the possibility of
using continuous crystals in mini gamma cameras, said
patents are based, according to all their examples of em-
bodiment, on pixelated crystals.

[0072] However, none of said patents explain how to
overcome the serious edge and compression problems
affecting the image that occur when the detection surface
is small in relation to the width of the crystal, in the direc-
tion in which the gamma rays enter as is the case, by
definition, with mini gamma cameras. Said problems
have aninsignificant effectin the case of the large gamma
cameras that have traditionally been used, and therefore
the authors of said patents overlook such problems. How-
ever, as is shown in the publications by the research
group formed by the authors of the presentinvention (Nu-
cl. Instr. and Meth. A486(2002)186-190, Med. Phys. 31 ,
6(2004) 1384-1397, Nucl. Instr. and Meth. A525(2004)
298-302, Nucl. Instr. and Meth. A527(2004)92-96) said
problems are important and substantially reduce the use-
ful field of detection of the cameras if, as required by the
regulations (Performance Measurements of Scintillation
Cameras, NEMA Standards Publication no. NU 1, Na-
tional Electrical Manufacturers Association, Washington
D. C. 1994), the detection surface is to be uniform. There-
fore, although the use of continuous crystals is cited in
some patents, no method has yet been invented for their
practical use in small field of view cameras without them
generating edge effects and a lack of uniformity that ex-
ceed those permitted by the regulations, e.g. the afore-
mentioned NEMA standards. For this reason they are
not used in practice.

[0073] The present invention introduces a special
treatment for the surfaces of the crystal and an algorithm
that make it possible to achieve relatively large useful
fields of view (using almost the entire area of the crystal),
which cannot be achieved by current continuous crystal
systems, which is the main reason why this technique is
not currently used in mini gamma cameras outside aca-
demic circles.

[0074] Furthermore, the use of continuous crystals
with a suitable surface treatment makes it possible to
achieve a greater amount of light in the photosensitive
device than crystals in the form of a pixel array, which
results in an improved energy resolution of the gamma
ray detector.

[0075] The surface treatment that is applied to mini-
mise the edge effects will be described below. The sur-
face via which the gamma rays penetrate into the crystal
has been roughly polished, painted with a dry, reflective
white paint and coated with a reflective white epoxy layer
thereon. Alternatively, this surface can be finely polished
and coated with a self-reflective layer. The self-reflective
layer has the property that the particles of light emitted
by the crystal, which fall on said layer, are reflected at
the same angle as the emitted light that falls on the crys-
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tal, but in the other direction. The surface of the crystal
that is in contact with the photodetector is also roughly
polished. Finally, the small side surfaces are roughly pol-
ished, painted with dry, absorbent black paint and also
coated with an absorbent black epoxy layer. The differ-
ence between this treatment and the one described in
the previous publications by the research group to which
the authors of the invention belong (see e.g. "PORTABLE
MINI GAMMA-CAMERA FOR MEDICAL APPLICA-
TIONS", by E. Porras, B. Escat, J. M. Benlloch, D. Kadi-
Hanifi, S. Lépez, N. Pavén, J. A. Ruiz, F. Sanchez, A.
Sebastia, Nuclear Instruments & Methods in Physics Re-
search A 486, 2002, 186-190; "DESIGN AND TESTS OF
A PORTABLE MINI GAMMA CAMERA", by F. Sanchez,
J. M. Benlloch , B. Escat, N. Pavon, E. Porras, D. Kadi-
Hanifi, J.A. Ruiz, F.J. Mora, A. Sebastia, Medical Physics
31, 6, June 2004, 1384-1397) is considerable in terms
of reducing edge effects and improving uniformity.
[0076] Inthe article by D. P. Mc Elroy, S.C. Huang and
E.J. Hoffman, "The Use of Retro-Reflective Tape for Im-
proving Spatial Resolution of Scintillation Detectors"
(IEEE Trans. Nucl. Sci. Vol 49 (1) (2002) 165-171) retro-
reflective strips are used to improve the intrinsic spatial
resolution properties of a continuous crystal in gamma
cameras. However, the use of a retro-reflective layer has
never been implemented in mini gamma cameras.
[0077] Despite said optimum treatment of the surface
ofthe crystal, it is necessary to apply a specific algorithm,
which we call "compensated affine transformation”, to
minimise image compression and edge effects to achieve
a uniform detection surface of the maximum possible
size.

[0078] The algorithm first breaks down the surface of
the detected (compressed) image into polygons (e.g. tri-
angles) with a small area and an affine transformation is
carried out so that each polygon is expanded, maintain-
ing its shape. The expansion factor depends, among oth-
er factors, on the specific characteristics of the crystal
and photodetector that are used and on the situation of
the polygon in relation to the centre of the detection sur-
face, it generally being greater for polygons situated on
the limits thereof than in the centre. A lookup table (LUT)
is used to make quick and efficient local corrections of
position and energy. Moreover, the gamma rays that
have been detected in a given polygon are redistributed
into expanded polygons using a Monte Cario method that
takes into account the probability that the detected gam-
ma ray had actually fallen within another adjacent poly-
gon. The uniformity is therefore optimised in the largest
possible detection area.

[0079] In the previous publications by the research
group formed by the authors of the presentinvention (see
e.g. "A FLAT-PANEL-BASED MINI GAMMA CAMERA
FOR LYMPH NODES STUDIES", by M. M. Fernandez,
J. M. Benlloch, J. Cerda, B. Escat, E.N. Giménez, M.
Giménez, Ch.W. Lerche, J. Martinez, N. Pavoén, F.
Sanchez, A. Sebastia, Nuclear Instruments & Methods
in Physics Research A 527, 2004, 92-96) a decompres-
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sion method is used on the detected image, which is
based on functions of two variables with monomial mul-
tiples. The fundamental problem with said method is that
it cannot be used in real time due to its slowness because
of the large number of algebraic operations that it in-
volves. It also lacks the possibility of being optimally
adapted to the local characteristics of the detection sur-
face, which can vary considerably, e.g. according to the
illuminated anode pads (if the detector is a position sen-
sitive flat panel photo-multiplier).

[0080] An additional object of the present invention is
a gamma ray detector based on continuous scintillation
crystals improved by a system for focusing the scintilla-
tion light emitted by the gamma ray, thus reducing the
width of light distribution that reaches the photodetector,
figures 5a and 5b.

[0081] The spatial resolution of a gamma ray detector
based on continuous scintillation crystals depends of the
width of light distribution emitted by the gamma ray onto
the crystal and which reaches the surface of the photo-
detector: the greater the width of distribution, the more
difficult it is to separate two points from each other and
therefore the lower the resolution. Moreover, the greater
the width of light distribution, the greater the edge effects
that occur with the use of continuous scintillation crystals,
increasing the compression factor of the image.

[0082] Said improvement that is introduced in the
presentinvention is therefore particularly importantin the
case of gamma ray detectors with thick scintillation crys-
tals, in the direction perpendicular to the surface of the
photodetector, in relation to said surface. Said detectors
present the difficulty that most of the interactions occur
close to the surface where the gamma rays enter the
crystal and they therefore generate very wide light distri-
butions on the surface of the photodetector.

[0083] Said system for focusing the scintillation light
emitted by the gamma ray can be implemented by adding
one or more layers of optical material that act as lenses
thereto. In particular, the use of layers of converging lens-
es or micro-lenses with a similar focal distance to the
dimension of the crystal in the direction perpendicular to
the surface of the photodetector reduces the width of light
distributionthatreachesit. To achieve a greater reduction
in the width of light distribution, the continuous crystal
can be segmented into two or more layers along the di-
rection perpendicular to the photodetection surface, add-
ing a layer of converging micro-lenses between every
two of said layers.

[0084] A specific object of the presentinvention, which
is a consequence of the above, is a gamma ray detector
that consists of several layers (in the direction in which
the gammarays enter) of continuous scintillation crystals,
and finally photodetectors, and in which a layer of con-
verging lenses or micro-lenses has been added between
every two of said layers.

[0085] Said invention is useful in any gamma ray de-
tection system based on scintillation crystals, e.g. in pos-
itron emission tomography (PET) cameras, SPECT and
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gamma cameras in general.

[0086] A specific object of the present invention is the
use of a gamma ray detector according to claims 8 or 9
in a mini gamma camera such as that of claim 1, orin a
PET or SPECT camera, or a gamma camera based on
scintillation crystals in general.

[0087] A specific object of the present invention is a
mini gamma camera such as the one described above,
with the characteristic that the main component of the
scintillation crystal is a chemical element belonging to
the rare earth type, such as LnBr3 or LnCI3.

[0088] Crystals of the type in which the main compo-
nent is a chemical element belonging to the rare earth
type considerably improve the functionality of the mini
camera. This is because said scintillation crystals make
it possible to achieve an energy resolution of the detected
gamma rays thatis comparable to that of detectors based
on semiconductor technology. This characteristic is crit-
ical in order to distinguish between different radioactive
isotopes, as it is possible to separate the corresponding
energies. This ability to separate the energies enables
us not only to reduce the background noise, as the size
of the energy window is reduced, but also to apply the
localisation method described below more efficiently.
[0089] Furthermore, crystals of the type in which the
main component is a chemical element belonging to the
rare earth type produce a larger amount of scintillation
light, with the consequent increase in photon detection
statistics, which improves the spatial resolution of the
gamma camera. At present, these crystals cannot be
grown to a very large size, which means that they can
only be used in smallgamma cameras. Moreover, aman-
ufacturing method has not yet been developed to pro-
duce pixel arrays from said crystals. Their use in the mini
gamma camera with continuous crystals in which the
edge problems have been solved therefore represents
an optimum application thereof.

[0090] A specific object of the present invention is a
mini gamma camera such as the one described above,
with the characteristic that the photodetector is of the
position sensitive flat panel photomultiplier type.

[0091] One of the essential properties of said type of
photomultiplier is that its design has been considerably
improved to avoid dead areas at the edges of the device,
thus facilitating the modular connection of several flat
panel photomultipliers. Furthermore, it hardly presents
edge effects, which makes it particularly suitable for use
in mini gamma cameras and even more so when contin-
uous crystals are used, as is the case with the present
invention. Some patents (ES 2202846, invented by A.
Soluri and R. Pani; ES 2206924, invented by A. Soluri;
WO 00/19238, invented by S. Majewski, A. Weisenberg-
er, and R. Wojcik) disclose the use of position sensitive
photomultipliers, of the type that use crossed wire an-
odes. Flat panel photomultipliers have multi-pad anodes,
rather than wire anodes. ES 2206924, invented by A.
Soluri, mentions the possibility of using any type of po-
sition sensitive photomultiplier; however, flat panel pho-
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tomultipliers did not appear until 2002, which means that
they could not be the object of said patent (which is from
1998).

[0092] An additional object of the present invention is
a scintigraphic image creating algorithm called "probabi-
listic reconstruction”, which is based on assigning each
detected gamma ray of a distribution the probability that
the emission point has occurred at each point of the pos-
sible radiation emission region, taking into account the
point of impact detected by the detection system, the
intrinsic resolution of the detector system, the uniformity
of the detector, the geometry thereof and the geometry
of the optical system that is used.

[0093] The assignation mainly consists of attributing a
probability to the direction of linear impact according to
the value of uniformity at said point and attributing a prob-
ability to its vicinity, taking into account this and the other
aforementioned variables.

[0094] Different filters are currently used to soften the
image, the purpose of which is to minimise the effect of
a lack of sufficient statistics in certain regions. Said filters
are only applied once the final image has already been
obtained. Using the "probabilistic reconstruction" algo-
rithm claimed herein, said softening is automatically per-
formed in real time, event by event, thus accelerating the
formation of the final image, figures 6a, 6b, 6¢ and 6d.
[0095] "Probabilistic reconstruction" is a development
thatmakes itpossible to achieve stillgammaray emission
images of a quality that is comparable to that achieved
using conventional methods, but using a considerably
lower number of detected gamma rays. This develop-
ment therefore makes it possible to achieve images in a
much shorter time. In practice, with the doses of radiop-
harmaceuticals that are currently administered, this
means that images can be achieved in real time. Alter-
natively, it could mean a reduction in the dose that is
administered to achieve an image of the same quality.
[0096] Therefore, a specific object of the present in-
vention is the use of the aforementioned "probabilistic
reconstruction" algorithm, and a gamma camera, such
as the one described above, but not limited thereto, for
the formation of an image in real time of a quality that is
comparable to that achieved using conventional meth-
ods, but using a considerably lower number of detected
gamma rays.

[0097] "Probabilistic reconstruction" is a development
that makes it possible not only to achieve stillgamma ray
emission images of a quality that is comparable to that
achieved using conventional methods, using a consider-
ably lower number of detected gamma rays, but also to
form Real Time Gamma-ray Video (RTGV) images from
radiant objects, even low-activity objects, as the camera
moves over the observation area. This does not require
an increase in the usual dose to be injected into the pa-
tient, as the mini gamma camera uses the same infor-
mation as any conventional camera would receive. The
difference lies in the way the information is processed
and the ease with which this portable camera can be
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moved.

[0098] Therefore, a specific object of the present in-
vention is the use of the aforementioned "probabilistic
reconstruction" algorithm, and a gamma camera, such
as the mini camera gamma described above, but not lim-
ited thereto, to achieve Real Time Gamma-ray Video
(RTGV) images from radiant objects, even low-activity
objects, as the camera moves over the observation area.
[0099] An additional object of the present invention is
a device based on at least two mini gamma cameras of
the aforementioned characteristics, which are mechani-
cally correlated and operated simultaneously by the
same control system, in order to achieve stereoscopic
vision, thereby making it possible to view gamma ray
emitting objects in three dimensions. This is not a tech-
nique of single or dual photon emission tomography or
stereoscopic vision by triangulation (as is mentioned in
PCT/ES03/00497 "Functional Navigator", the main au-
thors of which are also the inventors of the present in-
vention), but rather a true stereoscopic vision based on
images taken by two sensors with only slightly different
visual perspectives that are processed by a system ca-
pable of recognising and comparing image patterns. The
use of this device would be mainly for intra-operative use
in the three-dimensional localisation of deep malignant
regions.

[0100] One possibility for localisation other than that
disclosedinthe priorartis what we call "transparent point-
er" localisation, wherein the image of the radiant object
of interest is not affected by the presence of the pointer
or localisation system.

[0101] An additional object of the present invention is
a"new method of localisation and measurement" of phys-
ical variables of radiation-emitting objects based on the
use of two elements, which are listed below:

1. At least one "transparent pointer" (i.e. that emits
radiation that can be distinguished from the radiation
that is to be observed).

2. A gamma ray detection system (including but not
limited to that of the object of the present invention),
which is capable of simultaneously detecting the
pointer and said sources of interest, figures 7a and
7b. The method consists of the (three-dimensional)
automatic spatial localisation of the pointer by the
gamma camera (without necessarily presenting the
scintigraphic image of the pointer) and the acquisi-
tion and displaying of the image from the source of
interest. The apparent physical variables, e.g. ap-
parent activity, can be determined in the portion of
the region of interest that is indicated by the pointer.
On the basis of said values of the physical variables
and the data obtained from the pointer, it is possible
to determine the absolute values thereof in the indi-
cated part of the region of interest.

[0102] The pointer can be a known source of activity,
in which case the position thereof is determined in the

10

15

20

25

30

35

40

45

50

55

10

three-dimensional space. This is because not only the
point of impact on the detection plane of the mini gamma
camera is detected, but also the distance in relation to
said point is estimated on the basis of the apparent ac-
tivity thereof, as its absolute activity is known. It is also
possible to determine the distance of the pointer in rela-
tion to the camera, based on the known dimensions of
the pointer and the collimator and by measuring the ap-
parent size of the image formed by the pointer.

[0103] One way of distinguishing the pointer from the
rest of the radioactive areais by energy filtering, provided
that the energy emitted by the pointer is sufficiently dis-
tant from energy of the radiopharmaceutical that is used.
[0104] An additional object of the present invention is
an "improved method of localisation" for radiation-emit-
ting objects based on the use of three elements, which
are listed below:

1. At least one "bright pointer" (radiation that cannot
be distinguished from the radiation that is to be ob-
served).

2. A gamma ray detection system (including but not
limited to the camera that is the object of the present
invention), which is capable of simultaneously de-
tecting the pointer and said sources of interest, al-
though not of distinguishing between them.

3. A sufficiently fast mechanism of generating imag-
es with limited persistence.

[0105] The method consists of using a mode of acqui-
sition with limited persistence so that the pointer can be
moved over the camera’s observation area without leav-
ing a (bright) trail behind it, except in its current position,
thus reducing the effect that the traditional method has
on the image that is captured.

[0106] For this to be valid in practice, it is essential to
use a high-sensitivity camera or otherwise a camera that
can achieve images quickly enough, such as the one
described herein. The formation of Real Time Gamma-
ray Video (RTGV) images, according to the "probabilistic
reconstruction algorithm", makes it possible to use these
bright pointers to locate different radiation-emitting points
by situating the bright pointer close to the source that is
to be located.

[0107] Another variant that can be applied using this
type of pointer is that of acquiring a still image for the
time needed for it to form correctly, after which the system
goes into a special acquisition mode in which it waits until
only the bright pointer appears as an extra object in the
image data. The equipment can internally subtract the
new image data from the original image data at each
moment, so that only those corresponding to the pointer
remain. These data make it possible to establish and
show the exact position of the pointer in relation to the
original scintigraphic image, which will still be shown at
all times without being altered by the pointer.

[0108] Having explained the use of anti-radiation
screens to virtually delete a bright object from the scinti-
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graphic image, as was described in the prior art section,
and the use of a cobalt-57 pointer (bright pointer) that
acts as a localiser, as was described above, we now
come back to the concept of "opaque pointer" as an ob-
ject that is capable of stopping radiation from passing
and which can be freely situated in the camera’s obser-
vation area as the image of the radiant object of interest
is viewed. The image that will be seen without the opaque
pointer differs from that obtained with the pointer, as the
rays cannot pass therethrough. With a tool like this it is
possible not only to cover up a high-activity regionin order
to improve the visualisation of the rest of the image, as
was explained above, but also, independently, to see the
spatial situation of observable regions of the scintigraphic
image thanks to the "shadow" created on the image by
the "opaque pointer". It is unknown for a "material that is
opaque to gamma rays" to be used expressly as a local-
iser for radiation-emitting points or regions on a scinti-
graphic image.

[0109] An additional object of the present invention is
a "new method of localisation" for radiation-emitting ob-
jects based on the use of the elements listed below:

1. At least one "opaque pointer” (it does not radiate
or allow the radiation that is to be observed to pass
therethough);

2. A gamma ray detection system (including but not
limited to that of the object of the present invention),
which is capable of detecting the radiant sources of
interest;

3. A sufficiently fast mechanism of generating imag-
es with limited persistence, such as that used to gen-
erate Real Time Gamma-ray Video images, but not
limited thereto.

[0110] The method consists of using a mode of acqui-
sition with limited persistence, figures 8a, 8b and 8c, so
that the pointer can be moved over the camera’s obser-
vation area without leaving a (shadow) trail behind it, ex-
cept in its current position, thus limiting the shadow that
affects the image that is captured at the moment it is
observed.

[0111] For this to be valid in practice, it is essential to
use a high-sensitivity camera or otherwise a camera that
can achieve images quickly enough, such as the one
described herein. The formation of Real Time Gamma-
ray Video (RTGV) images, according to the "probabilistic
reconstruction algorithm", makes it possible to use these
opaque pointers to locate different radiation-emitting
points by making the image disappear when the opaque
pointeris situated between the source thatis to be located
and the camera.

[0112] As with the bright pointer, the opaque pointer
can be used in a special mode to establish its position
on the basis of the difference in the images before and
after itis put into action. The principle is the same, except
that in this case the sign of the image resulting from the
subtraction is negative; however, in both cases the mod-
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ular value of the counts that are acquired (which is pos-
itive) enables us to find out current position of the opaque
pointer.

[0113] Opaque, bright and/or transparent pointers can
be used with different gamma-ray-based systems, such
as gamma cameras, minigamma cameras, SPECT gam-
ma cameras and PET cameras for locating lymph nodes,
tumours and organs in human beings and animals, and
for measuring the physical variables associated with
them.

[0114] Opposite to how radioactive pointers work, it is
possible to create a particular point in the body being
observed, which corresponds to an established position
onthe scintigraphy image being observed (e.g. the centre
of the image). In this case, we have invented a new sys-
tem based on laser pointers that achieve this purpose in
a different way to any known laser pointer system.
[0115] An additional object of the present invention is
a device that makes it possible, through the use of light
emitters, to generate a singular light form with a fixed
position on a surface, even if the distance from the emit-
ters to the surface can vary along an axis that runs from
the device to the surface, with the particularity that said
axis does not cross the spatial position of the light emit-
ters, but can be aligned or made to coincide with the
characteristic planes of emission of the light sources.
[0116] A particular case of our invention consists of a
system that uses laser emitters situated asymmetrically
in relation to the axis of movement between the surface
and the emitter system, which is capable of creating a
singular light form as it intercepts the surface, with the
characteristic that the geometrical form of the light that
is generated and its position do not depend on the dis-
tance between the emitter system and the illuminated
surface, from a certain minimum distance.

[0117] One immediate use of this invention is the pos-
sibility of marking a singular point that indicates the axis
of observation of a device such as a gamma camera (but
notlimited thereto), without having to situate light emitters
on and opposite said axis, which would affect the func-
tionality of the equipment by obstructing the entry of the
rays that are going to be detected. These can be situated
in positions surrounding said axis and at a considerable
distance if necessary. Figure 9.

[0118] The basis of the invention is a geometrical con-
struction that will be described below:

[0119] If we take two laser emitters of the type com-
monly called line emitters, i.e. that generate straight lines
on aflatsurface. Thesereally generate portions of planes
in the three-dimensional space. The intersections of dif-
ferent planes in the space create straight lines in the
space. The intersections of portions of planes in the
space also generate segments of straight or semi-
straight lines in the space. Laser light emitters are ideal
for a device like this, but they are not the only type that
can work.

[0120] Iftheline emitters mentioned above are situated
in such a way that their planes of emission are different,
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but both of them intercept the axis of movement on which
the emitter system and the surface that intercepts the
light of both emitters move relatively, then the intersection
of the portions of planes of emitted light generate a semi-
straight line of light situated exactly on the straight line
followed by the aforementioned axis of movement and
therefore the light of both emissions will always cross at
the same point (in the same position) on the surface that
intercepts the light emissions, even if the surface moves
on that axis in relation to the emitter system.

[0121] If our singular form is the generation of a point
where the lines of light cross, then the above-described
system is an example of generation of a singular form
that maintains its position on a surface, even if it moves
in relation to the emitter system following a straight axis,
which does not coincide with the position in which the
light emitters are situated, and they are not situated sym-
metrically in relation to the axis of movement. The most
simple singular form of generation is a cross (X), but this
is not the only form that can be used.

[0122] The light pointer system that has just been de-
scribed has a wide field of applications that goes beyond
gamma cameras and which includes other structural and
functional image devices.

[0123] If in addition to the above, the line emitters are
situated in a transversal position that coincides with the
focus of a camera of diverging or pinhole collimators, and
the angle of light emission of each light emitter is adjusted
according to the angle of vision of the device, then the
external limits of the crossed light beams can provide
information about the device’s field of view.

DESCRIPTION OF THE FIGURES

[0124]

Figure 1: A laser pointer (pen) is held in one hand
as it lights a specific point on a screen situated to
the left of the photograph. Figures 1a) and 1b) differ
interms of the distance of the emitter and the screen,
as the emitter was moved following the same line of
emission. As a result, the position of the point of light
on the screen at the left does not move.

Figure 2: The same laser pointer as shown in figure
1 is held in one hand as it lights a specific point on
a screen situated at the left of the photograph, with
the particularity that the direction of emission of the
laser forms a considerable angle relative to the hor-
izontal axis that joins the emitter and the screen. Fig-
ures 2a) and 2b) differ in terms of the distance of the
emitter and the screen, as the emitter was moved
following the horizontal axis. As a result, the point of
light on the screen at the left of figure 2a is vertically
higher up than the point of light in figure 2b.

Figure 3: Light, compact, stand-alone mini gamma
camera that can be connected to any computer by
a standard communications port. The device shown
here is sufficient to perform scintigraphy without re-
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quiring any additional system.

Figure 4: Isometric diagram of the mini gamma cam-
era.

Figure 5 a) Light distribution in continuous crystal
without focusing system.

Figure 5 b) Light distribution in continuous crystal
with focusing system.

Figure 6a) Planar image generated in thyroid scin-
tigraphy according to the standard method with 600
events.

Figure 6b) Image generated by automatic recon-
struction using the same 600 events as in figure 6a).
Figure 6¢) Planar image generated in thyroid scin-
tigraphy according to the standard method with 3000
events.

Figure 6d) Image generated by automatic recon-
struction using the same 3000 events as infigure 6¢).
Figure 7a) Image of two radioactive sources, plus
the automatic indication of the position of the trans-
parent pointer above the source situated on the right.
Figure 7b) Image of two radioactive sources, plus
the automatic indication of the position of the trans-
parent pointer below the source situated on the right.
Figure 8a) The camera is held in the right hand. The
system is adjusted to achieve real time video images
(limited persistence) of two sources of emission. The
"opaque pointer" is held in the left hand but is not yet
used. The computer displays the image acquired in
the acquisition window of the software situated on
the left of its screen.

Figure 8b) Using the same system settings as in fig-
ure 8a), the "opaque pointer" is now placed between
the right-hand source and the camera, preventing its
image from forming, as can be seen in the compu-
ter’'s acquisition window.

Figure 8c) Using the same system settings as in fig-
ure 8a), the "opaque pointer" is now placed between
the left-hand source and the camera, preventing its
image from forming, as can be seen in the compu-
ter’'s acquisition window.

Figure 9: Photograph of a laser pointer based on that
disclosed herein and coupled to a gamma camera
such as the one also disclosed herein. It can be seen
that the crossing of the laser emissions indicates the
centre of the camera’s field of view. This character-
istic is valid regardless of the distance at which the
systemis fromthe surface "observed" by the camera.

EXAMPLES OF EMBODIMENT

Example 1: Embodiment of a compact stand-alone
mini gamma camera with localisation system for in-
tra-surgical use.

[0125] The mini gamma camera that is shown (figures
3 and 4) consists only of the sensor head, a USB cable
and a standard computer. It has an irregular, ergonomic,
rectangular prismatic shape with the following dimen-
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sions: 70 mm high, 90mm wide and 140 mm long. It
weighs just under 1 kg, including the collimator. The sys-
tem’s small dimensions, ergonomic shape and light
weight make this a portable, hand-held device. This mini
gamma camera is used to view small organs such as the
sentinel lymph node in an intra-operative situation with
a positional resolution of less than 2mm.

[0126] This portable minigamma camera can "see" an
energy range from 15 keV to 250 keV, although its design
has been optimised for the 50keV to 200 keV region, in
which the most widely used radioactive sources in med-
ical imaging are found (e.g. Tc-99m, which emits 140
KeV gamma rays). This camera has a single position
sensitive photomultiplier tube of the multi-anode type
coupled to a Csl(Na) scintillation crystal. Different colli-
mators can easily be coupled thereto and it includes a
complete electronic system with the high-voltage power
supply of the photomultiplier and analogical and digital
signal processing, therefore not requiring any card to be
inserted into the computer, or any other additional elec-
tronic circuit. The equipment can be hot-swapped, i.e.
with the computer switched on, and it does not require
an additional power supply cable, only the USB cable.
[0127] The maximum electricity consumption is 5V
470mA. It consumes less than 100mA at start-up, with a
gradual start-up system and the possibility of going into
low energy modes (23mA) and suspension (10nA), for
complete compatibility with the USB specification.
[0128] Figure 9 shows how the mini camera that is the
object of this invention is connected to alaser localisation
system, which is also disclosed herein. It generates an
"X" shape in the central position of the mini camera’s field
of view. This allows the surgeon to locate "hotspots" such
as the sentinel lymph nodes, which will be marked with
said "X" when the image thereof appears in the centre
of the scintigraphic image.

Example 2: Use of a compact stand-alone mini gam-
ma camera with gamma navigation system for intra-
surgical use.

[0129] Figures 7 and 8 show the mini gamma camera
that is the object of the present invention being used with
radioactive navigation systems.

[0130] Figures 7a and 7b show two images captured
by the mini gamma camera, at the moments when a 125]
pointer was positioned above and below one of two cobalt
sources that were used as sentinel lymph node phan-
toms.

[0131] Figures 8a, 8b and 8c show three photos of the
mini camera gamma and the computer connected there-
to, at the three moments when the opaque pointer (lead
screen) was a) absent, b) positioned over the right-hand
source and c) positioned over the left-hand source, whilst
the computer shows the shadow effect left by said pointer
on the scintigraphic image, showing how the method can
be used to locate "hotspots" such as sentinel lymph
nodes.
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Claims

1. A mini gamma camera based on scintillation crystal
technology and essentially characterised in that it
is a stand-alone device, i.e. all the necessary phys-
ical and electronic systems have been integrated to-
gether with the sensor head, forming a compact
piece of stand-alone equipment without the need for
any other additional electronic system, and which
can be connected to any standard computer or com-
patible device using a hot-swappable interface. The
structural elements of the mini gamma camera are
as follows: interchangeable gamma ray collimation
system; gamma ray detector system comprising
scintillation crystal and one or more position sensi-
tive photodetectors; anti-radiation screen, low-ener-
gy electronics that include a standard computer in-
terface and electromagnetic screen.

2. Mini gamma camera according to claim 1, which

meets the medical grade electrical safety and elec-
tromagnetic compatibility specifications.

3. Mini gamma camera according to claims 1 and 2,
wherein the hot-swappable interface can be at least
one of the following: a) Full-speed (12Mb/s) or high-
speed (480Mb/s) universal serial interface; b) Wire-
less USB; c) Bluetooth; d) FireWire.

4. Mini gamma camera according to claim 1, charac-

terised in that it is self-powered, as it can use the
standard external data interface of the computer as
a power supply, or alternatively a battery, not requir-
ing the use of mains electricity or any other external
power supply.

5. Mini gamma camera according to claim 1, charac-
terised in that it can go into energy-saving modes,
as the software can define several levels of power
consumption according to the functional require-
ments at each moment.

6. Mini gamma camera according to claims 1, 2 and 3,
wherein the software can be updated from the Inter-
net and firmware (hardware controller) can be re-
charged from the software without having to open
the camera, which means that it is possible to alter
the hardware and/or add other features to it by
means of firmware updates.

7. Gamma camera according to claims 1 to 6, which
uses the same hardware and makes use of firmware
and software that are modified to offer limited infor-
mation just with the energy and activity of the radia-
tion, which can be considered a directional radiation
level detector or simply a gamma probe. As the en-
ergy from each interaction is digitalised, said probe
would have the advantage of notbeing very sensitive
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to temperature variations, as the software detects
the position of the energy peak after a few counts
and adjusts the value of the valid events window.

Mini gamma camera according to claim 1, also char-
acterised in that the scintillation crystal is of the
continuous type, which has undergone a special
treatment of its outer surfaces, and a specific algo-
rithm called "compensated affine transformation"
has been used to make it possible to achieve inho-
mogeneity in the detection area of less than 5% in
up to about 80% of said area.

Mini gamma camera according to claims 1 and 8,
wherein the gamma ray detection system based on
continuous scintillation crystals has been improved
by adding a system for focusing the scintillation light
that forms a layer over the front of the scintillation
crystal, thus reducing the width of light distribution
that reaches the photodetector. The focusers can be
converging lens or micro-lens systems.

Mini gamma camera according to claims 1 and 9,
wherein the improved detection system consists of
several layers of focusers and scintillators, posi-
tioned alternately in the direction in which the gamma
rays enter.

Use of a gamma ray detector system according to
claims 9 or 10, not only in a mini gamma camera
such as that of claim 1, but also in a PET or SPECT
camera, or a gamma camera based on scintillation
crystals in general.

Mini gamma camera according to claims 1 and 8,
characterised in that the main component of the
scintillation crystal is a chemical element belonging
to the rare earth type, such as LnBr3 or LnC13.

Mini gamma camera according to claims 1, 2, 8 and
12, characterised in that the photodetector is of
the position sensitive flat panel photomultiplier type.

Mini gamma camera according to claim 1, wherein
a scintigraphic image creating algorithm called
"probabilistic reconstruction” is used, which is based
on assigning each detected gamma ray of a distri-
bution the probability that the emission point has oc-
curred at each point of the possible radiation emis-
sion region, taking into account the point of impact
detected by the detection system, the intrinsic reso-
lution of the detector system, the uniformity of the
detector, the geometry thereof and the geometry of
the optical system that is used. The assignation
mainly consists of attributing a probability to the di-
rection of linear impact according to the value of uni-
formity at said point and attributing a probability to
its vicinity, taking into account this and the other
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16.

17.

18.

19.

26

aforementioned variables.

. Use of the "probabilistic reconstruction" algorithm

according to claim 14, and a gamma camera, includ-
ing but not limited to that of claim 1, for the formation
ofanimage in real time of a quality that is comparable
to that achieved using conventional methods, but us-
ing a considerably lower number of detected gamma
rays.

Use of the "probabilistic reconstruction" algorithm of
claim 14, and a gamma camera, including but not
limited to that of claim 1, to achieve Real Time Gam-
ma-ray Video (RTGV) images from radiant objects,
even low-activity objects, as the camera moves over
the observation area.

Device based on at least two mini gamma cameras,
including but not limited to that of claim 1, which are
mechanically correlated and operated simultane-
ously by the same control system, in order to achieve
stereoscopic vision, thereby making it possible to
view gamma ray emitting objects in three dimen-
sions.

A "new method of localisation and measurement" of
physical variables of radiation-emitting objects
based onthe use of atleast one "transparent pointer"
(i.e. that emits radiation that can be distinguished
from the radiation that is to be observed) and a gam-
ma ray detection system (including but not limited to
that of claim 1), which is capable of simultaneously
detecting the pointer and said sources of interest.
The method consists of the (three-dimensional) au-
tomatic spatial localisation of the pointer by the gam-
ma camera (without necessarily presenting the scin-
tigraphic image of the pointer) and the acquisition
and displaying of the image from the source of inter-
est. The apparent physical variables, e.g. apparent
activity of the object being observed, are determined
in the portion of the region of interest that is indicated
by the pointer. On the basis of said values of the
physical variables and the data obtained from the
pointer (such as its position, apparent activity and
apparent size, taking its real activity or its real size
as known factors), it is possible to determine the ab-
solute activity values and other parameters in the
indicated part of the region of interest.

An "improved method of localisation" for radiation-
emitting objects based on the use of at least one
"bright pointer" (radiation that cannot be distin-
guished from the radiation that is to be observed), a
gamma ray detection system (including but not lim-
ited to that of claim 1), which is capable of simulta-
neously detecting the pointer and said sources of
interest, even if it cannot distinguish between them,
and a sufficiently fast mechanism of generating im-
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ages with limited persistence such as that of claim
16, but not limited thereto. The method consists of
using a mode of acquisition with limited persistence
so that the pointer can be moved over the camera’s
observation area without leaving a (bright) trail be-
hind it, except in its current position.

A "new method of localisation" for radiation-emitting
objects based on the use of at least one "opaque
pointer" (it does not radiate or allow the radiation that
is to be observed to pass therethrough), a gamma
ray detection system (including but not limited to that
of claim 1), which is capable of detecting the radiant
sources of interest and a sufficiently fast mechanism
of generating images with limited persistence such
as that of claim 16, but not limited thereto. The meth-
od consists of using a mode of acquisition with limited
persistence, so that the pointer can be moved over
the camera’s observation area without leaving a
(shadow) trail behind it, except inits current position,
thus limiting the shadow that affects the image that
is captured at the moment it is observed.

Use of the method according to claims 18, 19 and/or
20, and any gamma camera for locating lymph
nodes, tumours and organs in human beings and
animals, and for measuring the physical variables
associated with them.

Use of the method according to claims 18, 19 and/or
20, and a mini gamma camera according to claim 1
for locating lymph nodes, tumours and organs in hu-
man beings and animals, and for measuring the
physical variables associated with them.

Use of the method according to claims 18, 19 and/or
20, and a SPECT and/or PET gamma camera for
locating lymph nodes, tumours and organs in human
beings and animals, and for measuring the physical
variables associated with them.

An accessory device for structural and functional im-
age equipment, including but not limited to that of
claim 1, which makes it possible, through the use of
light emitters, to generate a singular light form with
a fixed position on a surface, even though the dis-
tance from the emitters to the surface can vary along
an axis that runs from the device to the surface, with
the particularity that said axis does not cross the spa-
tial position of the light emitters, but can be aligned
or made to coincide with the characteristic planes of
emission of the light sources.

Device according to claim 24, wherein the light emit-
ters are laser emitters.

Device according to claims 24 and 25, the singular
form of which is an "X" or a cross (+) under any angle
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27.

28.

29.

30.

31.

32.

28
of vision.

Device according to claims 24 and 25 for generating
asingular light form, including but not limited to those
of claim 26, wherein said form indicates on a body
a specific position of the image that is being "ob-
served" by a device that receives any structural or
functional image, such as (but not limited to) imaging
equipment based on X-ray, Gamma rays, ultra-
sound, infrared, ultraviolet and in general based on
detecting a visible and invisible electromagnetic
range.

Device according to claims 24 and 25 for generating
a singular light form, including but not limited to that
of claim 26, wherein said form indicates on a body
a specific position of the image that is being "ob-
served" by a mini gamma camera, including but not
limited to that of claim 1.

Device such as that of claims 24 and 25 with the
addition of a limitation or precise specification of an-
gles of emission and a particular positioning of the
light emitters in relation to the focus of vision of the
image receivers to indicate the field of view charac-
teristic of structural or functional image receiver de-
vices such as those disclosed in claims 1, 27 and 28.

System for the diagnosis, navigation, positioning, lo-
calisation and detection of radioactive organs in ra-
dio-guided surgery, which consists of a combination
of the following devices: Mini gamma camera such
as that of claim 1, but not limited thereto. Gamma
probe such as that of claim 7, but not limited thereto.
Navigation system that works with radioactive point-
ers or markers according to claims 18, 19 and 20.
Positioning system based on light pointers according
to claims 24 to 29.

System according to claim 30, wherein the organs
to be detected, located and examined are lymph
nodes, thyroid, parathyroid, kidneys, colon, breasts
and other organs, and wherein the patient has been
administered a radioactive dose of a radiopharma-
ceutical related to the organ and the function to be
observed.

System according to claims 30 and 31, wherein the
directional probe and/or the radioactive pointers are
used in laparoscopy, whilst the camera forms an im-
age of the organs from outside.






EP 1967 868 A2




EP 1967 868 A2

B g

TERBITY

,,,,,,, e e IS

POSITION : POSTION:

Figures 5 aj Figures 5 ).

Figuresba). Figures &),

Figures 6c). Figures 8d).

18



EP 1967 868 A2

Figure 7b).

AAAAA &\\\\

Figure 8a).

19



EP 1967 868 A2

i

Figure sby.

o

e

gure 8o

i

F

20






EP 1967 868 A2

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 20040262528 A [0008]

e US 20030081716 A1 [0009]

e ES 2202846, A. Soluri and R. Paiii [0010] [0071]
[0091]

e ES 2206924, A. Soluri [0011] [0071] [0091] [0091]

* WO 0019238 A, S. Majewski, A. Weisenberger, and
R. Wojcik [0012] [0091]

Non-patent literature cited in the description

e H.O. ANGER. Rev. Sci. Instrum., 1958, vol. 29, 27
[0003]

e Nucl. Instr. & Meth. A, 2002, vol. 486, 186-190 [0016]
[0055]

e Med. Phys., 2004, vol. 31 (6), 1384-1397 [0016]
[0072]

» M. GIMENEZ et al. Nucl. Instr. & Meth., 2004, vol.
A525, 298-302 [0017]

e Nucl. Instr. & Meth. A, 2004, vol. 527, 92-96 [0017]

*  Med. Phys., vol. 31 (6), 1384-1397 [0055]

e Nucl. Instr. & Meth., 2004, vol. A525, 298-302 [0055]

*  Nucl. Instr. & Meth., 2004, vol. A527, 92-96 [0055]

*  Nucl. Instr. and Meth., 2002, vol. A486, 186-190
[0072]

e Nucl. Instr. and Meth., 2004, vol. A525, 298-302
[0072]

*  Nucl. Instr. and Meth., 2004, vol. A527, 92-96 [0072]

e PORTABLE MINI GAMMA-CAMERA FOR MEDI-
CAL APPLICATIONS. E. PORRAS ; B. ESCAT ; J.
M. BENLLOCH ; D. KADI-HANIFI ; S. LOPEZ ; N.
PAVON ; J.A.RUIZ ; F. SANCHEZ ; A. SEBASTIA.
Nuclear Instruments & Methods in Physics Research
A. 2002, vol. 486, 186-190 [0075]

22

ES P200202220 [0029]

ES 0300497 W [0029] [0099]

US 20040075058 A, I. Blevis, L. Tsukerman and Y.
Hefetz [0030]

US 6723988 B, N. Wainer and Zichron-Yaakov
[0030]

F. SANCHEZ ; J. M. BENLLOCH ; B. ESCAT; N.
PAVON; E. PORRAS ; D. KADI-HANIFI; J.A.
RUIZ; F.J. MORA ; A. SEBASTIA. DESIGN AND
TESTS OF A PORTABLE MINI GAMMA CAMERA.
Medical Physics, 06 June 2004, vol. 31, 1384-1397
[0075]

D. P. MC ELROY ; S.C. HUANG ; E.J. HOFFMAN.
The Use of Retro-Reflective Tape for Improving Spa-
tial Resolution of Scintillation Detectors. IEEE Trans.
Nucl. Sci., 2002, vol. 49 (1), 165-171 [0076]

M. M. FERNANDEZ; J. M. BENLLOCH; J.
CERDA; B. ESCAT; E.N. GIMENEZ; M.
GIMENEZ ; CH.W. LERCHE ; J. MARTINEZ ; N.
PAVON ; F. SANCHEZ. A FLAT-PANEL-BASED
MINI GAMMA CAMERA FOR LYMPH NODES
STUDIES. Nuclear Instruments & Methods in Phys-
ics Research A, 2004, vol. 527, 92-96 [0079]



RiES

(57190 18 (% FAR) A (i)

RE(EFR)AGE)

HA R E(ZTRR)AGE)

FRI&BHA

EHA

£ 5B
H b2 FF 3R
H\EREERE

E()

FEASR AT FRAPNEHENHE VBN NEANRBIETH
AR ABSERUKE AL ENRECELERELRRKS

B, HETEBRHTRS, LMERTERENEDRFENAKRIE
ATEA , FILUARE RAE. RENTAEHE  TUTERE

B, ATUMEBRMEHRREME S , HENERE G, ETELNE
RN EMM DS L HRNERTLORER A TREBMD HLRFHNE
KNRG , WERSZR DR, REFELSRET I MBI RS

patsnap

WA EVRIRIN DA, SREATRAEANEMLRS

EP1967868A2
EP2006841806

MEMRSFNX
—MREQUIPEZ&

A TUN- S 2008-09-10

HiE A 2006-12-22

CONSEJO SUPERIOR#®}##8ZDE CIENTIFICAS ( CSIC)

KREEVALENCIA
EXEGBERLE

CONSEJO SUPERIORR}#i§2DE CIENTIFICAS ( CSIC )

REZEVALENCIA
EFXHBERRE

BENLLOCH BAVIERA JOSE MARIA
SANCHEZ MARTINEZ FILOMENO
LERCHE CHRISTOPH

PAVON HERNANDEZ NORIEL
MODIA LEIVA JESUS

BENLLOCH BAVIERA, JOSE MARIA
SANCHEZ MARTINEZ, FILOMENO
LERCHE, CHRISTOPH

PAVON HERNANDEZ, NORIEL
MODIA LEIVA, JESUS

G01T1/164 A61B6/03

A61B6/037 A61B6/4258 A61B34/20 A61B90/36 A61B90/361 A61B2034/2068 A61B2090/363
A61B2090/366 A61B2090/392 G01T1/161 GO1T1/1642 A61B6/03 G01T1/1644 GO1T1/1647

2005003198 2005-12-26 ES
EP1967868A4

Espacenet

EHEMRFEFODENNEYEETENH S .

2. Scugriflation
aysial 3. Phoeledatecior

aed poit

[Buiicetic]

Figure 4


https://share-analytics.zhihuiya.com/view/d9a2ecad-0286-4804-8f46-177555d4792b
https://worldwide.espacenet.com/patent/search/family/038218340/publication/EP1967868A2?q=EP1967868A2

