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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a hybrid TOF-
PET/CT tomograph, comprising a TOF-PET tomograph
and a CT tomograph.

BACKGROUND

[0002] Images of the interiors of bodies may be ac-
quired using various types of tomographic techniques,
which involve recording and measuring radiation from
tissues and processing acquired data into images.
[0003] One of these tomographic technigues is posi-
tron emission tomography (PET), which involves deter-
mining spatial distribution of a selected substance
throughout the body and facilitates detection of changes
in the concentration of that substance over time, thus
allowing to determine the metabolic rates in tissue cells.
[0004] The selected substance is a radiopharmaceu-
tical administered to the examined object (e.g. a patient)
before the PET scan. The radiopharmaceutical, also re-
ferred to as an isotopic tracer, is a chemical substance
having at least one atom replaced by a radioactive iso-
tope, e.g. 11C, 150, 13N, 18F, selected sothat itundergoes
radioactive decay including the emission of a positron
(antielectron). The positron is emitted from the atom nu-
cleus and penetrates into the object’s tissue, where itis
annihilated in reaction with an electron present within the
object’s body.

[0005] The phenomenon of positron and electron an-
nihilation, constituting the principle of PET imaging, con-
sists in converting the masses of both particles into en-
ergy emitted as annihilation photons, each having the
energy of 511 keV. A single annihilation event usually
leads to formation of two photons that diverge in opposite
directions at the angle of 180° in accordance with the law
of conservation of the momentum within the electron-
positron pair’s rest frame, with the straight line of photon
emission being referred to as the line of response (LOR).
The stream of photons generated in the above process
is referred to as gamma radiation and each photon is
referred to as gamma quantum to highlight the nuclear
origin of this radiation. The gamma quanta are capable
of penetrating matter, including tissues of living organ-
isms, facilitating their detection at certain distance from
object’s body. The process of annihilation of the paositron-
electron pair usually occurs at a distance of several mil-
limetres from the place of the radioactive decay of the
isotopic tracer. This distance constitutes a natural limita-
tion of the spatial resolution of PET images to a few mil-
limetres.

[0006] A PET scanner comprises detection devices
used to detect gamma radiation as well as electronic
hardware and software allowing to determine the position
of the positron-electron pair annihilation event on the ba-
sis of the position and time of detection of a particular
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pair of the gamma quanta. The radiation detectors are
usually arranged in layers forming a ring around object’s
body and are mainly made of an inorganic scintillation
material. Agamma quantum enters the scintillator, which
absorbs its energy to re-emit it in the form of light (a
stream of photons). The mechanism of gamma quantum
energy absorption within the scintillator may be of dual
nature, occurring either by means ofthe Compton’s effect
or by means of the photoelectric phenomenon, with only
the photoelectric phenomenon being taken into account
in calculations carried out by current PET scanners.
Thus, itis assumed thatthe number of photons generated
in the scintillator material is proportional to the energy of
gamma quanta deposited within the scintillator.

[0007] When two annihilation gamma quanta are de-
tected by a pair of detectors at a time interval not larger
than several nanoseconds, i.e. in coincidence, the posi-
tion of annihilation position along the line of response
may be determined, i.e. along the line connecting the
detector centres or the positions within the scintillator
strips where the energy of the gamma quanta was de-
posited. The coordinates of annihilation place are ob-
tained from the difference intimes of arrival of twogamma
quanta to the detectors located at both ends of the LOR.
In the prior art literature, this technique is referred to as
the time of flight (TOF) technique, and the PET scanners
utilizing time measurements are referred to as TOF-PET
scanners. This technique requires that the scintillator has
time resolution of a few hundred picoseconds.

[0008] CT (Computed Tomography)isone ofthetrans-
mission methods used for imaging. This technique in-
volves a measurement of X-ray radiation that penetrates
through the object’s body. Examination with the use of
computer tomography involves multiple irradiation of the
object with a suitably formed, i.e. collimated x-ray beam,
and CT detectors measure the final intensity of the radi-
ation beam, which, after penetration through the object’s
body, is weakened to various degrees - depending on
the type oftissue through which radiation penetrates. The
obtained signals provide the object’s anatomical image
on the basis of information concerning the distribution of
electron density in tissues.

[0009] Superimposing of a functional image (PET)
over an anatomical image (CT) considerably increases
the capabilities of imaging techniques: a PET image en-
ables precise positioning of metabolic changes in indi-
vidual organs and the determination of the degree of
these changes, whereas the obtainment of a CT image
at the same time allows a precise allocation of these
changes to respective organs. Obtained hybrid PET/CT
images may be useful in scientific research on physio-
logical processes and in testing the action of new medi-
cines, where itis especially important to precisely assign
to respective tissues metabolic changes of tested radi-
opharmaceuticals, during imaging.

[0010] Incurrently used PET/CT tomographs, the PET
detector ring is spatially separated from the CT detector
ring by ca. 60 cm. Therefore, imaging: PET and CT are
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actually carried out at various positions of the examined
object and at different times. During the first examination
stage, a CT scan is done in such a way that the object
is continuously shifted along the tomograph, and then a
PET tomograph examination is carried out, in which, in
order to generate an image larger that the width of the
PET tomograph detection ring, the object is shifted be-
tween individual imaging events inincrements, ca. at2/3
of the tomograph detection field width. Therefore, body
imaging within an area larger than the longitudinal PET
field of view requires that the object should be putin mo-
tion and stopped between individualimaging events. This
procedure involves a threat that image distortions, so-
called artefacts, may occur, especially in abdominal cav-
ity organs, which may move between individual scanning
events due to accelerations to which the object is sub-
jected during shifting. Moreover, the superimposing of
PET and CT images, taken in different times, requires
that additional corrections should be introduced due to
the weakening activity of the radiopharmaceutical and
metabolic processes; what also needs to be remembered
is that each of these corrections is additionally exposed
to systemic errors that occur when the images are su-
perimposed.

[0011] Patent literature lists solution methods with re-
spect to the described difficulties, and tomographs ena-
bling PET and CT scanning.

[0012] An American patent description, US7170972,
presents a tomograph in which scanning with CT and
SPECT detectors can be done at the same time (i.e. de-
tectors used in single photon emission computed tom-
ography). Detectors are placed on the tomograph arm
that has two angular degrees of freedom, and addition-
ally, also three translation degrees of freedom, within a
specific range. The solution allows a sequential imaging,
applying various methods. Also, imaging with the use of
two different methods is possible at the same time; what
must be borne in mind is that due to a small solid angle
that can be covered by detectors in the described con-
figuration, this method does not enable a simultaneous
imaging of the entire body or larger body parts. The de-
scribed device is optimised so that it can carry out imag-
ing of individual organs, such as the heart, while the CT
tomograph used in this solution is a second-generation
tomograph combined with a conical x-ray radiation beam.
Such a solution would be impractical in hybrid PET/CT
tomographs.

[0013] A solution is known from an American patent
application US20020090050, which enables the use of
the same detectors to carry out PET and CT tomography
within a specific area on the object’'s body, which allows
areduction of size and mass of the tomograph arm. Elec-
tronic circuits are connected to PET and CT detectors,
processing discrete signals as well as integrating sys-
tems. PET and CT imaging is done sequentially: the to-
mograph arm rotates and a CT image is collected; then,
the detector configurationis changed, the tomograph arm
rotates and a PET image is collected. During scanning,
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the objectis shifted against the detectors. The tomograph
works in three data collection modes: discrete for PET,
and integrating for CT, and it can collect discrete signals
during CT acquisition. The configuration of detectors in
the presented solution does not, however, permit the
scanning of a full perimeter around the object. Moreover,
the detector configuration must be changed in such a
manner thatin one setting, two detector blocks are shifted
to one side for CT imaging, whereas in the other, detector
blocks are positioned opposite each other, for PET im-
aging. On the basis of the presented solution, a detector
can be built, which would cover the entire perimeter
around the object, with a tube generating x-ray radiation,
rotating outside the detectors’ axis. However, the solution
with the tube rotating outside the detector will not allow
the obtainment of good CT image resolutions in a full
object’s volume, as far as a tomograph with a large lon-
gitudinal field of view is concerned.

[0014] In article "A Modular VME Or IBM PC Based
Data Acquisition System For Multi-Modality PET/CT
Scanners Of Different Sizes And Detector Types" (D.B.
Crosetto et al., The Internet Journal of Medical Technol-
ogy 2003 Val. 1. No. 1), a device was described, which
enabled simultaneous PET and CT imaging of the entire
object’s body. This solution contained detectors present-
ed in US20020090050 patent application. The solution
eliminates the formation of potential artefacts caused by
the object movement between subsequent imaging ses-
sions. According to the solution presented, each detec-
tion module is built of three types of crystals: Csl(Tl),
LSO, GSO. Out of the discussed crystals, LSO has the
besttime properties, enabling the use of information con-
cerning differences during the registration of annihilation
quanta: TOF-PET. However, the signal decay time, even
for LSO crystal, being 40 ns (nanoseconds), is such large
that allow data collection in CT tomography, in a signal
counting mode at a maximum of 107 signals per convert-
er. Moreover, the operation of signals in an integration
mode, as described in the CT detector solution, is dis-
torted by fluorescent effects.

[0015] Currently, intensive research is carried out con-
cerning the design of such CT and PET detectors that
would successfully satisfy stringent requirements with re-
spect to PET and CT tomographs. In a doctoral thesis,
entitled: "Combined detector in positron and x-ray tom-
ography" (A.T. Nassalski, The Andrzej Soltan Institute
for Nuclear Studies, Swierk 2010), results of research on
PET and CT tomographs are presented.

[0016] The currently used PET technology is costly,
mostly due to the prices of scintillators and electronics;
also, it must be remembered that the cost of a conven-
tional PET detector and electronics increases in propor-
tion with the length of the longitudinal field of view in PET
detectors. Therefore, one of the factors limiting mass pro-
duction of hybrid PET/CT tomographs is high production
cost of the PET tomographs with a large longitudinal field
of view.

[0017] Patent application W0O2011008119 describes
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an invention concerning the strip device and the method
used in the determination of position and time of gamma
quanta reaction, and the application of this device in PET
tomography. The TOF-PET tomograph, described in the
application, allows simultaneous imaging of whole ob-
ject, while the material used to register gamma quanta
is polymers doped with elements of high atomic numbers.
The device described in this application reduces PET
costs; however, the application does notdescribe a meth-
od of simultaneous PET & CT imaging with the use of
polymer strip scintillators. An hybrid TOF-PET/CT tom-
ograph comprising strips of polymer scintillators is dis-
closed in a paper of P. Moskal et al.: "Strip-PET: a novel
detector concept for the TOF-PET scanner", Nuclear
Medicine Review 2012, 15, Suppl. C: C68-C69.

[0018] A Japanese patent application JP2004350942
discloses a tomographic device and a radiographic test-
ing device simplifying a procedure in simultaneous im-
aging of a plurality of modalities and advancing the cor-
rection processing. An X-ray which is emitted from a cir-
cumferentially moving X-ray source and transmitted
through a subject is detected using multiple radiation de-
tectors disposed annularly and a plurality of pairs of gam-
ma-ray emitted from the subject are detected. A compu-
ter selects an interest area inside the subject from an X-
ray CT image and performs an image processing of func-
tion information on the subject using sectional or volume
information on the selected interest area. The PET and
CT detectors are arranged in a single detection layer.
The detectors are made of an inorganic material (CdTe)
and have a cubical shape.

[0019] Itwould be expedient to provide animaging de-
vice with the use of economical polymer scintillators,
which would enable simultaneous registration of gamma
quanta and x-ray radiation quanta with a broad field of
view, enabling the elimination of artefacts that could dis-
tort the image due to the movement of the object, and
systematic errors formed during superimposure of imag-
es made at various positions and times. This will allow
effective, simultaneous functional and anatomical imag-

ing.
SUMMARY

[0020] There is presented a hybrid TOF-PET/CT tom-
ograph, as defined in claim 1, comprising a detection
chamber having a longitudinal axis, gamma radiation de-
tectors, X-ray detectors and a movable X-ray source,
wherein the gamma radiation detectors and the X-ray
detectors surround the detection chamber around the
whole perimeter of the detection chamber, and wherein
the gamma radiation detectors comprise polymer strips
made of a scintillation material having a density lower
than the density of a scintillation material of the X-ray
radiation detectors, said hybrid TOF-PET/CT tomograph
being characterized in that the gamma radiation detec-
tors are located closer to the longitudinal axis of the de-
tection chamber than the X-ray detectors.

15

20

25

30

40

45

50

55

[0021] Preferably, the scintillation material of the pol-
ymer scintillation strips has a density below 1,2g/cm3.

[0022] Preferably, the X-ray detectors have a density
over 6g/cms3,
[0023] Preferably, the polymer scintillation strips are

penetrable for at least 60% of the X-rays.

[0024] Preferably, the scintillation strips are arranged
circumferentially such that the longest edges of the strips
are parallel to the longitudinal axis of the detection cham-
ber of the hybrid tomograph.

[0025] Preferably, the scintillation strips are adjacent
to each other.
[0026] Preferably, the scintillation strips are spaced

with respect to their longest edges.

[0027] Preferably, the X-ray detectors form a ring
which is coaxial with the longitudinal axis of the detection
chamber of the hybrid tomograph and covering a TOF-
PET detection layer.

[0028] Preferably, a layer of X-ray detectors has a
cross-section, perpendicular to the longitudinal axis of
the detection chamber of the hybrid tomograph, in aform
of an arc.

[0029] Preferably, an X-ray source is positioned be-
tween the layer of a gamma radiation detectors and a
layer of X-ray detectors.

[0030] Preferably, the X-ray detectors are adapted to
change their position relative to the gamma radiation de-
tectors.

[0031] Preferably, the collimated X-ray beam does not
pass through any scintillation strip.

[0032] Preferably, the collimated X-ray beam passes
through two scintillation strips.

[0033] Preferably, electronic devices connected to the
PET tomograph detectors and to the CT tomograph de-
tectors, as well as the PET photomultipliers are located
outside the detection chamber.

[0034] Preferably, the gamma radiation detectors and
the X-ray detectors are connected to a common clock
signal.

[0035] Preferably, the tomograph is configured for si-

multaneous TOF-PET imaging and CT imaging.
[0036] Preferably, the tomograph is configured for se-
quential TOF-PET imaging and CT imaging.

BRIEF DESCRIPTION OF FIGURES

[0037] Example embodiments are presented on a
drawing wherein:

Fig. 1 presents a diagram of TOF-PET/CT hybrid
tomograph in the first exemplary embodiment, in a
cross-section; the x-ray beam in the form of afan, in
a plane perpendicular to the tomograph longitudinal
axis;

Fig. 2 presents a diagram of TOF-PET/CT hybrid
tomograph in the first exemplary embodiment, in a
longitudinal section; the x-ray beam in the form of a
fan, in a plane perpendicular to the tomograph lon-
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gitudinal axis;

Fig. 3 presents a diagram of TOF-PET/CT hybrid
tomograph in the second exemplary embodiment, in
a cross-section; the x-ray beam in the form of a fan,
in a plane containing the tomograph longitudinal ax-
is;

Fig. 4 presents a diagram of TOF-PET/CT hybrid
tomograph in the second exemplary embodiment, in
a longitudinal section; the x-ray beam in the form of
a fan, in a plane containing the tomograph longitu-
dinal axis;

Fig. 5 presents a diagram of TOF-PET/CT hybrid
tomograph in the third exemplary embodiment, in a
cross-section, with gamma radiation detectors in an
expanded arrangement;

Fig. 6 presents a diagram of TOF-PET/CT hybrid
tomograph in a version that can be used in combi-
nation with the first, second and third exemplary em-
bodiment, in a cross-section, with a mobile layer of
x-ray radiation detectors;

Fig. 7 presents a diagram of TOF-PET/CT hybrid
tomograph in the fourth exemplary embodiment, in
a cross-section, with x-ray beam generated as a re-
sult of a reaction of the rotating electron beam with
a target; the tomograph having polymer strips
spaced apart from each other.

Fig. 8 presents a diagram of TOF-PET/CT hybrid
tomograph in the fifth exemplary embodiment, in a
cross-section, with x-ray beam generated as a result
of a reaction of the rotating electron beam with a
target; the tomograph having polymer strips adjoin-
ing each other.

DETAILED DESCRIPTION
Specific indications in the figures mean respectively:

[0038] 101, 201, 301, 401, 501 - hybrid TOF-PET/CT
tomograph; 102, 202, 302, 402, 502 - detection chamber;
103, 203, 303, 403, 503 - platform; 104, 204, 304, 404,
504 - imaged object (patient); 150, 250, 350, 450, 550 -
layer of detectors registering gammaradiation; 151, 251,
351, 451, 551 - low density polymer scintillator strip reg-
istering gamma quanta; 160, 260, 360 - tube emitting X-
rays; 161, 261, 361 - arrows indicating components of
direction of movement of the tube which emits X-rays;
170, 270, 370, 470, 570 - layer of detectors registering
X-rays; 171,271,371,471,571 - high density scintillation
crystals registering X-rays; 372 - direction of movement
of gamma radiation detection layer; 108, 408, 508 - col-
limated X-ray beaminafanform, ina plane perpendicular
to the longitudinal axis of the tomograph; 208, 308 - col-
limated X-ray beam in a fan form, in a plane comprising
longitudinal axis of the tomograph; 462, 562 - rotating
electron beam; 460, 560 - target of rotating electron
beam; 461, 561 - movement direction arrows for rotating
electronbeam; 115,215, 315, 415, 515 - longitudinal axis
of the detection chamber.
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[0039] Figs. 1 -2 show an overview of a hybrid TOF-
PET/CT tomograph 101 in the first embodiment. The hy-
brid tomograph 101 comprises a detection chamber 102,
aplatform 103, an inner layer of detectors 150 registering
gamma radiation, comprising polymer scintillators 151 of
low density, a moving source of X-ray 160 and an outer
layer of detectors 170 registering X-rays, and comprising
scintillation crystals 171 of high density.

[0040] In the first stage, an object 104 - upon admin-
istration of a radiopharmaceutical - is introduced into the
chamber 102 via the platform 103, which remains sta-
tionary during the second stage - scanning of the object
104. During a scan of the object 104, gamma quanta
produced by decay of the radioactive tracer are recorded
by the inner layer of gamma detectors 150, which may
be made of thin polymer scintillator 151 strips of low den-
sity, for example, of size: 5 mm wide, 20 mm thick, and
of length depending on the desired longitudinal field of
view of the hybrid tomograph 101. Strips 151 may be
arranged circumferentially in hybrid tomograph 101 -
forming an inner layer of gamma radiation detectors im-
mediately surrounding the object 104, or may be covered
by the housing, preferably made of plastic material - hav-
ing an aesthetic function, wherein the housing material
should be selected to pass gamma radiation and X-rays.
Strips 151 in layer 150 can be spaced apart at predeter-
mined distance or may adjoin each other along their long-
est edges to form an elongated, cylindrical ring (or an-
other shape) coaxial with the longitudinal axis 115 of the
detection chamber of the hybrid tomograph 101.

[0041] Atthe time of PET scanning, CT scanning may
also be carried out. Fig. 1 - 6, with black arrows 161, 261,
361 indicate two components of direction of movement
of an X-ray tube 160, 260, 360, which rotates around the
object 104, 204, 304 and around the inner layer of gamma
radiation detectors 150, 250, 350 along a helical path
(same as in the case of conventional fourth generation
CT tomographs), wherein the path of movement of the
tube 160, 260, 360 may extend through the entire length
of the hybrid tomograph 101, 201, 301, whereas the
length of the hybrid tomograph 101, 201, 301 may pref-
erably be from a few centimetres to several meters. The
tube 160, 260, 360 can emit a beam of X-rays in the form
of a fan, for example, by means of collimators (not
shown), wherein Figures 1-2 depict schematically a col-
limated beam of X-rays 108 in the form of a fan and lo-
cated in a plane extending perpendicular to the longitu-
dinal axis 115 of the detection chamber of the tomograph.
The tube, from the outer side, may be surrounded by a
layer of X-ray detectors 170.

[0042] Fig. 3-4 illustrate schematically a hybrid TOF-
PET/CT tomograph 201 in the second embodiment with
the collimated beam of X-rays 208 formed into a fan, and
extending in a plane parallel to the longitudinal axis of
the detection chamber of the tomograph.

The trajectory of movement of the tube 260 can be sur-
rounded from the outside by a ring of the CT detectors
271, forming the outer detection layer 270, wherein the
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X-ray detectors 271 may form a cylindrical ring around
the object extending coaxially with the longitudinal axis
215 of the detection chamber of the hybrid tomograph at
any length, depending on the desired longitudinal field
of view of the tomograph 201. Each detector 271 may be
made of inorganic scintillation crystals, semiconductive
scintillators, or any other conventional scintillators capa-
ble of registering X-rays. Tube 260 moving around the
object 204 emits X-ray beam in the direction of longitu-
dinal axis of the tomograph, part of which penetrates the
body and is detected by opposed detectors 270, which
allows obtaining a CT image of the whole body without
the necessity of moving the object 204 during scanning.
[0043] Imaging using PET detectors (gamma radiation
detectors), and CT detectors (X-ray detectors) using a
hybrid TOF-PET/CT tomograph 101, 201, 301, 401, 501
(Fig. 1 - 8) can be performed simultaneously or sequen-
tially, wherein the sequential imaging can be made ac-
cording to the desired sequence or, depending on the
needs of imaging, it can also be performed only with PET
detectors or using only CT detectors.

[0044] Data obtained from scanning of both scanners
(TOF-PET and CT) can be saved along with the time
stamp synchronized with respect to a common clock,
which enables superimposition of PET and CT images
performed at the same intervals. Data acquisition and
subsequent PET and CT images reconstruction proce-
dures are based on solutions known in the art.

[0045] In the solution according to the second embod-
iment (Fig. 3-4) it is possible to collimate an X-ray beam
208 so that the beam width does not exceed the width
of a single detection strip 251 of the PET tomograph,
which allows simultaneous TOF-PET and CT imaging for
unlimitedly large X-ray beams and operation of the CT
tomograph in the current integration mode. Taking into
consideration the fact that the decay time of light signals
in the polymer scintillators is less than 2 ns (nanosec-
onds), and that the probability of reaction of the X-ray
quanta of known energy of about 100 keV in a polymer
of thickness of 2 cm is about 0,2, TOF-PET detectors
250 operating in the signal counting mode offer the pos-
sibility to distinguish between a signal from X-ray radia-
tion and a signal from annihilation quanta of the gamma
radiation at a frequency of X-ray beam of even 108 X-ray
quanta per second.

[0046] Design of tomograph 201 allows simultaneous
TOF-PET and CT imaging even for higher values of in-
tensity of X-ray beam, wherein during the image recon-
struction it is possible not to take into account the signal
that originated in the scintillation strip 251 when the strip
251 was passed through by the X-ray beam.

[0047] Fig. 5 - 6 shows schematically a hybrid TOF-
PET/CT tomograph in the third embodiment. The tomo-
graph 301 allows simultaneous TOF-PET and CT imag-
ing without the X-ray beam attenuation in the polymer
strips of PET detectors 351.

[0048] In order to perform CT scanning using X-ray
beam of high intensity, for example greater than 108 of
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X-ray quanta per second, it is possible to use gamma
radiation detection layer 350 with scintillation strips
spaced as shown in Fig. 6. For such a structure of a
hybrid tomograph 301, the X-ray beam 308 emitted by
rotating tube 360 may be registered by CT detectors 371
for the range of angles for which the beam 308 passes
only through the object’s body 304. For example, for a
ring of a diameter of 100 cm formed by scintillation PET
strips 351, each having a thickness of 5 mm and with a
gap between adjacent strips of thickness of 3 mm, 392
CT projections can be obtained.

[0049] The design of the tomograph according to the
third embodiment not only enables moving the lamp 360,
but also layer of CT detectors 370, wherein the CT de-
tectors 371 forming a ring around the object (Fig. 6) are
movable in a plane parallel to the longitudinal axis of the
detection chamber of the hybrid tomograph 301, and the
speed of the ring 370 can be chosen independently of
the movement of the tube 360 or in such a way that at
any time the range of the X-ray beam 308 will coincide
with the CT detectors layer 370. The direction of move-
ment of detectors 370 is schematically shown by arrow
372 in Figure 6.

[0050] Solutionsaccording to the first, second and third
embodiment make it possible to produce a less expen-
sive version of a hybrid TOF-PET/CT tomograph with a
narrow ring of CT detectors 370 (Fig. 6). In the case of
application of polymer strip scintillators as gamma radi-
ation detectors 351 for which the cost of the detection
material and electronics generally does not depend on
the length of the field of view provided by the detectors
351, and using a CT tomograph with a narrow ring of
detectors 370, one can getarelatively inexpensive hybrid
tomograph with a wide field of view, compared to con-
ventional TOF-PET/CT tomographs.

[0051] The hybrid tomograph 101, 201, 301 as pre-
sented herein, shown in the embodiments in Fig. 1-6,
comprises a hollow space between the layer of gamma
radiation detectors 150, 250, 350, and the layer of X-ray
detectors 170, 270, 370; the hollow space can be used
to install a structure to move the mechanism with a ro-
tating tube 160, 260, 360. For example, such a structure
may be based on a number of rigid rods arranged parallel
to the main axis of the tomograph (not shown).

[0052] Fig. 7 is a cross section of TOF-PET/CT hybrid
tomograph 401 in the fourth embodiment, and Figure 8
shows a PET/CT hybrid tomograph 501 in the fifth em-
bodiment. In tomographs 401 and 501, to produce the x-
ray beam, electron beam 462, 562 was used, which ro-
tates along with the circle indicated by arrows 461, 561,
wherein the electron beam 462, 562 by reaction with the
target 460, 569 will produce X-ray beam 408, 508 which
- after appropriate collimation - is used as X-ray source
during a CT scan. Gamma radiation scintillation strips
forming the inner detection layer 451 may be spaced
apart as shown in Figure 7. Gamma radiation scintillation
strips forming the inner detection layer 551 may adjoin
each other as shown in Figure 8. The layer of X-ray de-
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tectors 470, 570 may form an arc.

[0053] Thankstothe use of X-ray scintillation detectors
of a high density and gamma radiation polymer detectors
of a low density, a device was constructed, in which, dur-
ing scanning, neither PET and CT detection layers nor
the object require movement. The PET detectors of a low
density used in the device, forming the inner layer, may
weaken the X-ray radiation beam arriving at CT detectors
by not more than 40%, which is equivalent to absorption
in about four-centimetre thick soft tissue layer, wherein
the absaorption can be accurately taken into account by
earlier adjustment of TOF-PET/CT hybrid tomograph.
[0054] Generally, the density of the polymer strips of
scintillation material should be lower than the density of
scintillation material of X-ray radiation detectors, as it al-
lows passing X-ray through PET detectors forming the
inner detection layer, which may then be registered by
the X-ray detectors forming the outer detection layer. It
is preferred that the polymer scintillation strips have a
density below 1,2 g/cm3 as it allows penetration of X-rays
in an amount necessary to obtain the CT projection. Itis
preferred that scintillation material of X-ray radiation de-
tectors has a density above 6g/cm3 since it effectively
absorbs X-rays. In particular, polymer scintillator strips
can transmit at least 60% of X-rays, making it possible
to build a layer of PET detectors surrounding the scintil-
lation chamber around the entire circumference, and to
locate X-ray detectors in the outer layer of the hybrid
tomograph presented herein.

[0055] In addition, the hybrid tomograph presented
herein can be designed in such a way that the PET pho-
toelectric converters, combined with detectors and
means for changing light impulses into electrical impuls-
es, and all other electronics items designed to convert
received signals into the image, can be located outside
the field of view of the CT tomograph. Thanks to such a
solution, even during simultaneous PET and CT imaging,
electronics of PET detectors is not subjected to X-rays,
which could distort the PET signals, and the beam emit-
ted by the X-ray tube is not distorted by PET scanner
electronics.

[0056] Thus, the resulting device enables detection of
X-rays and gamma rays at the same time, wherein, de-
pending on the length of the polymer scintillator strips,
the device can be used to perform, at the same time,
scanning of the whole body of an object without moving
detectors, and without moving the object. This gives the
possibility of producing hybrid TOF-PET/CT images free
of any artefacts and systematic errors.

[0057] While the technical solutions presented herein
have been depicted, described, and defined with refer-
ence to particular preferred embodiment(s), such refer-
ences and examples of implementation in the foregoing
specification do not imply any limitation on the invention.
Various modifications and changes may be made thereto
without departing from the scope of the technical solu-
tions presented. The presented embodiments are given
as example only, and are not exhaustive of the scope of
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the technical solutions presented herein. Accordingly,
the scope of protection is not limited to the preferred em-
bodiments described in the specification, but is only lim-
ited by the claims that follow.

Claims

1. A hybrid TOF-PET/CT tomograph comprising a de-
tection chamber having a longitudinal axis, gamma
radiation detectors, X-ray detectors and a movable
X-ray source, wherein the gamma radiation detec-
tors (150, 250, 350, 450, 550) and the X-ray detec-
tors (170, 270,370, 470, 570) surround the detection
chamber (102,202, 302,402, 502) around the whole
perimeter of the detection chamber (102, 202, 302,
402, 502), and wherein the gamma radiation detec-
tors (150, 250, 350, 450, 550) comprise polymer
strips (151,251, 351,451, 551) made of a scintillation
material having a density lower than the density of
a scintillation material of the X-ray radiation detectors
(171, 271, 371, 471, 571), said hybrid TOF-PET/CT
tomograph being characterized in that the gamma
radiation detectors (150, 250, 350, 450, 550) are lo-
cated closer to the longitudinal axis (1 15, 215, 315,
415, 515) of the detection chamber (102, 202, 302,
402, 502) than the X-ray detectors (170, 270, 370,
470, 570).

2. The hybrid tomograph according to claim 1, wherein
the scintillation material of the polymer scintillation
strips (151, 251, 351, 451, 551) has a density below
1,2g/cm3.

3. The hybrid tomograph according to claim 1, wherein
the X-ray detectors (171, 271, 371, 471, 571) have
a density over 6g/cm3.

4. The hybrid tomograph according to claim 1, wherein
the polymer scintillation strips (151, 251, 351, 451,
551) are penetrable for at least 60% of the X-rays.

5. The hybrid tomograph according to claim 1, wherein
the scintillation strips (151, 251, 351, 451, 551) are
arranged circumferentially such that the longest edg-
es of the strips are parallel to the longitudinal axis
(115, 215, 315, 415, 515) of the detection chamber
(102, 202, 302, 402, 502) of the hybrid tomograph
(101, 201, 301, 401, 501).

6. The hybrid tomograph according to claim 1, wherein
X-ray detectors (171, 271, 371) form a ring which is
coaxial with the longitudinal axis (115, 215, 315) of
the detection chamber (102, 202, 302) of the hybrid
tomograph (101,201, 301) and coveringa TOF-PET
detection layer.

7. The hybrid tomograph according to claim 1, wherein
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a layer of X-ray detectors (470, 570) has a cross-
section, perpendicular to the longitudinal axis (415,
515) of the detection chamber (402, 502) of the hy-
brid tomograph (401, 501), in a form of an arc.

The hybrid tomograph according to claim 1, wherein
an X-ray source (160, 260, 360) is positioned be-
tween a layer of the gamma radiation detectors (150,
250, 350) and a layer of X-ray detectors (170, 270,
370).

The hybrid tomograph according to claim 1, wherein
the X-ray detectors (371) are adapted to change their
position relative to the gamma radiation detectors
(351).

The hybrid tomograph according to claim 1, wherein
the collimated X-ray beam (208, 308) does not pass
through any scintillation strip (251, 351).

The hybrid tomograph according to claim 1, wherein
the collimated X-ray beam (108, 208, 308, 408, 508)
passes throughtwo scintillation strips (151,251, 351,
451, 551).

The hybrid tomograph according to claim 1, wherein
electronic devices connected to the PET tomograph
detectors (151, 251, 351, 451, 551) and to the CT
tomograph detectors (171, 271, 371, 471, 571), as
well as the PET photomultipliers are located outside
the detection chamber (102, 202, 302, 402, 502).

The hybrid tomograph according to claim 1, wherein
the gamma radiation detectors (151, 251, 351, 451,
551) and the X-ray detectors (171, 271, 371, 471,
571) are connected to a common clock signal.

The hybrid tomograph according to claim 1, wherein
the tomograph is configured for simultaneous TOF-
PET imaging and CT imaging.

The hybrid tomograph according to claim 1, wherein
the tomograph is configured for sequential TOF-PET
imaging and CT imaging.

Patentanspriiche

1.

Hybrider TOF-PET/CT-Tomograf, aufweisend eine
Detektionskammer mit einer Langsachse, Gamma-
strahlungsdetektoren, R&ntgenstrahlendetektoren
und einer beweglichen Rdntgenstrahlenquelle, wo-
beidie Gammastrahlungsdetektoren (150, 250, 350,
450, 550) und die Réntgenstrahlendetektoren (170,
270, 370, 470, 570) die Detektionskammer (102,
202, 302, 402, 502) um den vollen Umfang der De-
tektionskammer (102, 202, 302,402, 502) umgeben,
und wobei die Gammastrahlungsdetektoren (150,
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250, 350, 450, 550) Polymerstreifen (151, 251, 351,
451, 551) aufweisen, die aus einem Szintillations-
material mit einer Dichte bestehen, die niedriger als
die Dichte eines Szintillationsmaterials der Réntgen-
strahlendetektoren (171, 271,371, 471,571) ist, wo-
bei der hybride TOF-PET/CT-Tomograf dadurch
gekennzeichnet ist, dass die Gammastrahlungs-
detektoren (150, 250, 350, 450, 550) sich néher an
der Langsachse (115, 215, 315, 415, 515) der De-
tektionskammer (102, 202, 302, 402, 502) befinden
als die Réntgenstrahlendetektoren (170, 270, 370,
470, 570).

Hybrider Tomograf nach Anspruch 1, wobei das
Szintillationsmaterial der Polymer-Szintillations-
streifen (151, 251, 351, 451, 551) eine Dichte unter
1,2 g/em3 aufweist.

Hybrider Tomograf nach Anspruch 1, wobei die
Réntgenstrahlendetektoren (171, 271, 371, 471,
571) eine Dichte von mehr als 6 g/cm3 aufweisen.

Hybrider Tomograf nach Anspruch 1, wobei die Po-
lymer-Szintillationsstreifen (151, 251, 351, 451, 551)
fur mindestens 60% der Rdntgenstrahlen durch-
dringbar sind.

Hybrider Tomograf nach Anspruch 1, wobeidie Szin-
tillationsstreifen (151,251, 351,451, 551) umlaufend
angeordnet sind, derart, dass die langsten Kanten
der Streifen parallel zu der LAngsachse (115, 215,
315, 415, 515) der Detektionskammer (102, 202,
302, 402, 502) des hybriden Tomografen (101, 201,
301, 401, 501) verlaufen.

Hybrider Tomograf nach Anspruch 1, wobei Rént-
genstrahlendetektoren (171, 271, 371) einen Ring
bilden, der koaxial zu der Langsachse (115, 215,
315) der Detektionskammer (102, 202, 302) des hy-
briden Tomografen (101,201, 301) ist und eine TOF-
PET-Detektionsschicht bedeckt.

Hybrider Tomograf nach Anspruch 1, wobei eine
Schicht von Rdntgenstrahlendetektoren (470, 570)
einen Querschnitt, senkrecht zu der Langsachse
(415, 515) der Detektionskammer (402, 502) des hy-
briden Tomografen (401, 501) in Form eines Bogens
hat.

Hybrider Tomograf nach Anspruch 1, wobei eine
Réntgenstrahlenquelle (160, 260, 360) zwischen ei-
ner Schicht der Gammastrahlungsdetektoren (150,
250, 350) und einer Schicht von Rdntgenstrahlen-
detektoren (170, 270, 370) positioniert ist.

Hybrider Tomograf nach Anspruch 1, wobei die
Réntgenstrahlendetektoren (371) daflr ausgelegt
sind, ihre Position relativ zu den Gammastrahlungs-
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detektoren (351) zu &ndern.

Hybrider Tomograf nach Anspruch 1, wobeider kol-
limierte Réntgenstrahl (208, 308) keinen Szintillati-
onsstreifen (251, 351) durchdringt.

Hybrider Tomograf nach Anspruch 1, wobei der kol-
limierte Réntgenstrahl (108, 208, 308, 408, 508) zwei
Szintillationsstreifen (151, 251, 351, 451, 551)
durchdringt.

Hybrider Tomograf nach Anspruch 1, wobei sich
elektronische Vorrichtungen, die mit den PET-To-
mograf-Detektoren (151, 251, 351, 451, 551) und
den CT-Tomograf-Detektoren (171, 271, 371, 471,
571) verbunden sind, sowie die PET-Fotovervielfa-
cher auRerhalb der Detektionskammer (102, 202,
302, 402, 502) befinden.

Hybrider Tomograf nach Anspruch 1, wobei die
Gammastrahlungsdetektoren (151, 251, 351, 451,
551) und die Rontgenstrahlendetektoren (171, 271,
371, 471, 571) mit einem gemeinsamen Taktsignal
verbunden sind.

Hybrider Tomograf nach Anspruch 1, wobeider To-
maograf fir simultane TOF-PET-Bildgebung und CT-
Bildgebung konfiguriert ist.

Hybrider Tomograf nach Anspruch 1, wobeider To-
mograf fir sequenzielle TOF-PET-Bildgebung und
CT-Bildgebung konfiguriert ist.

Revendications

Tomographe TOF-PET/CT hybride comprenant une
chambre de détection ayant un axe longitudinal, des
détecteurs de rayonnement gamma, des détecteurs
de rayon X et une source de rayon X mobile, dans
lequel les détecteurs de rayonnement gamma (150,
250, 350, 450, 550) et les détecteurs de rayon X
(170, 270, 370, 470, 570) entourent la chambre de
détection (102, 202, 302, 402, 502) autour du péri-
métre complet de lachambre de détection (102, 202,
302, 402, 502), et dans lequel les détecteurs de
rayonnementgamma(150, 250, 350,450, 550) com-
prennent des bandes polymere (151, 251, 351, 451,
551) constituées d’'un matériau de scintillation ayant
une densité inférieure a la densité d’'un matériau de
scintillation des détecteurs de rayonnement de
rayon X (171, 271, 371, 471, 571), ledit tomographe
TOF-PET/CT hybride étant caractérisé en ce que
les détecteurs de rayonnement gamma (150, 250,
350, 450, 550) sont situés plus proches de I'axe lon-
gitudinal (115, 215, 315, 415, 515) de la chambre de
détection (102, 202, 302, 402, 502) que les détec-
teurs de rayon X (170, 270, 370, 470, 570).
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10.

1.

12.

Tomographe hybride selon la revendication 1, dans
lequel le matériau de scintillation des bandes de
scintillation polymére (151, 251, 351, 451, 551) a
une densité inférieure a 1,2 g/cm3,

Tomographe hybride selon la revendication 1, dans
lequel les détecteursderayon X (171,271, 371,471,
571) ont une densité supérieure a 6 g/cm3.

Tomographe hybride selon la revendication 1, dans
lequel les bandes de scintillation polymére (151, 251,
351, 451, 551) sont pénétrables pour au moins 60
% des rayons X.

Tomographe hybride selon la revendication 1, dans
lequel les bandes de scintillation (151, 251, 351,451,
551) sont disposées de maniére circonférentielle de
telle sorte que les bords les plus longs des bandes
soient paralleles a I'axe longitudinal (115, 215, 315,
415,515) de la chambre de détection (102, 202, 302,
402, 502) du tomographe hybride (101, 201, 301,
401, 501).

Tomographe hybride selon la revendication 1, dans
lequel les détecteurs de rayon X (171, 271, 371) for-
ment un anneau qui est coaxial avec I'axe longitudi-
nal (115,215, 315) de la chambre de détection (102,
202, 302) du tomographe hybride (101, 201, 301) et
couvrant une couche de détection TOF-PET.

Tomographe hybride selon la revendication 1, dans
lequel une couche de détecteurs de rayon X (470,
570) a une coupe transversale perpendiculaire a
I'axe longitudinal (415, 515) de la chambre de dé-
tection (402, 502) du tomographe hybride (401, 501),
en une forme d'arc.

Tomographe hybride selon la revendication 1, dans
lequel une source de rayon X (160, 260, 360) est
positionnée entre une couche des détecteurs de
rayonnement gamma (150, 250, 350) et une couche
des détecteurs de rayon X (170, 270, 370).

Tomographe hybride selon la revendication 1, dans
lequel les détecteurs de rayon X (371) sont adaptés
pour modifier leur position par rapportaux détecteurs
de rayonnement gamma (351).

Tomographe hybride selon la revendication 1, dans
lequel le faisceau de rayon X collimaté (208, 308)
ne traverse aucune bande de scintillation (251, 351).

Tomographe hybride selon la revendication 1, dans
lequel le faisceau de rayon X collimaté (108, 208,
308, 408, 508) traverse deux bandes de scintillation
(151, 251, 351, 451, 551).

Tomographe hybride selon la revendication 1, dans
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lequel des dispositifs électroniques connectés aux
détecteurs tomographe PET (151, 251, 351, 451,
551) et aux détecteurs tomographe CT (171, 271,
371, 471, 571), ainsi qu’aux photomultiplicateurs
PET se trouvent a I'extérieur de la chambre de dé-
tection (102, 202, 302, 402, 502).

Tomographe hybride selon la revendication 1, dans
lequel les détecteurs de rayonnement gamma (151,
251, 351, 451, 551) et les détecteurs de rayon X
(171,271,371,471,571) sont connectés a un signal
d’horloge commun.

Tomographe hybride selon la revendication 1, dans
lequel le tomographe est configuré pour une image-
rie TOF-PET et une imagerie CT simultanées.

Tomographe hybride selon la revendication 1, dans
lequel le tomographe est configuré pour une image-
rie TOF-PET et une imagerie CT séquentielles.
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