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(54) INCUBATOR FOR NON-IONISING RADIATION IMAGING

(57) An incubator for imaging with non-ionising
radiation adapted for the care of newborn babies, which
integrates a system projective or tomographic imaging
system, or both simultaneously, which makes use of non-

ionising radiation in the band of the electromagnetic
spectrum included between ultraviolet light and far infra-
red, a system which can be used to view a subject (11)
located in the incubator (19) such that this projective or
tomographic image can be morphological or functional.
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Description

[0001] This invention refers, in general, to a life support
system, to wit an incubator for intensive care for newborn
babies, which includes a plane and a tomographic imag-
ing system which makes use of non-ionising radiation.

STATE OF THE ART

[0002] The study of images of the lungs in newborn
and prematurely-born babies is a very important indica-
tion using radiology, but it is not the only one. Extensive
use is also made of this technique in the study of soft
tissues for the diagnosis of congenital masses, in the
study of bones when malformations or fractures are
sought, to display the heart and the arrangement of blood
vessels in the thorax, the distribution of abdominal gas,
digestive tract and thoracic malformations, etc.
[0003] The individuals who have these pathologies are
precisely those who run the greatest risk of developing
complications due to the use of high doses of ionising
radiation, such as X-rays for example, basically due to
their immaturity, and this risk increases as the dose rises.
The paradox is that the more immature the newborn ba-
by, the higher the X-ray dose they usually receive.
[0004] The improvement in care during gestation, in
the management of birth and of newborn premature ba-
bies means that these babies have survival rates which
were unthinkable only 10 years ago. Survival rates for
newborn babies with 25 weeks gestation now exceed
50% and reach 85% for those who are born at 29 weeks
or more.
[0005] However, when a premature baby is born, if its
immaturity is such that it has respiratory problems, radi-
ology of their thorax is a common practice. The greater
the degree of immaturity, the greater the respiratory prob-
lems and, therefore, the greater the need to use conven-
tional portable radiology in intensive care units to view
respiratory tracts and lungs.
[0006] In these cases it is necessary to aid newborn
babies with systems which administer oxygen and in-
crease the pressure in the lungs. This is normally
achieved by means of different gas mixtures through
small plastic cannulas in the nose or endotracheal tubes
located in the lung. The diagnosis of the respiratory prob-
lem and the prevention of complications, the response
to different treatments or the confirmation of the correct
location of the tubes and catheters require conventional
radiological studies which are carried out at the incubator.
Even with awareness of the risk their use involves, there
is currently no alternative to the use of conventional X-
rays.
[0007] Therefore, the problem to be resolved is to
avoid the use of X-rays in incubators as these make use
of ionising electromagnetic radiation to pass through the
human body and produce an image on a photographic
plate or an electronic detector. The use of X-rays involves
subjecting the individual under study, as well as the

health care personnel who provide the service, to a dose
of ionising radiation. This is why the requirement exists
to have a suitable conditioned place for an apparatus to
produce X-rays, which is sufficiently isolated by struc-
tures to prevent the dispersion of the X-rays outside of
the area under study, such as lead-lined walls or screens.
Obviously, the use of an incubator and the need to be
close to the patient mean that these requirements are
not met.

CHARACTERISATION OF THE INVENTION

[0008] This invention seeks to resolve or reduce one
or more of the aforementioned disadvantages by means
of an incubator as claimed in claim 1. Embodiments of
the invention are established in the dependent claims.
[0009] One objective of the invention is to provide an
incubator which incorporates an imaging system to dis-
play the position of different types of probes which are
inserted into newborn babies, such as systems for as-
sisted breathing, drainage of liquids or for feeding.
[0010] Another objective of the invention is to provide
a means of covering these probes in order to increase
the contrast between the biological tissue and the probes
inserted into it.
[0011] A further objective of the invention is to provide
the incubator with a device which enables a projective or
tomographic, anatomical or functional, image to be made
in any part of the body of a newborn baby.
[0012] Another objective of the invention is to permit
the study of any desired subject who has respiratory prob-
lems, cardiac, digestive tract, bone, soft tissue or similar
malformations.
[0013] A further objective still of the invention is to pro-
vide an imaging technique that, simply and safely, dis-
plays the lungs, heart structures, blood vessels, soft tis-
sues, bones and the intraluminal gas in the digestive
tract.
[0014] Another objective of the invention is to provide
an incubator comprising a system for generating images
based on low energy photons such as light, which con-
sequently has no harmful effects on the biological tissue
which is considered a turbid medium for this purpose.
[0015] A further objective of the invention is to use the
system for generating images repeatedly without moving
the subject under study in the incubator itself.
[0016] Still another objective of the invention is to pro-
vide the imaging system with a synchronisation mecha-
nism such that it enables images to be acquired under
the control of this synchronisation system which will be
generated by a monitoring signal for a physiological con-
stant, such as respiration or the heartbeat, in order to be
able to eliminate the movement caused by the displace-
ment of certain organs, in the case of the example the
lungs and heart, so that the image obtained has the great-
est clarity on having eliminated the movement as a
source of blurring.
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BRIEF DESCRIPTION OF THE FIGURES

[0017] A more detailed explanation of the invention is
given in the following description based on the attached
figures in which:
[0018] Figure 1 shows a block diagram of an incubator
as per the invention;
[0019] Figure 2 shows a system of articulated arms in
a C shape which comprises elements which detect and
emit non-ionising radiation as per the invention;
[0020] Figure 3 illustrates an alternative system for
supporting the illumination and capture elements, in the
form of a rotating disc, leaving space to house elements
belonging to another imaging mode as per the invention;
[0021] Figure 4 shows a form of making a first source
of illumination with means to control the wavelength of
the non-ionising radiation as well as the position at which
it points as per the invention;
[0022] Figure 5 shows a perspective view of what
would be the complete system integrated into a practical
embodiment, illustrating the location of the patient, the
emitting and detecting systems, the life support systems
for the subject under study and all the electronic and elec-
tromagnetic equipment necessary for the operation of
the incubator as per the invention;
[0023] Figure 6 shows a view in elevation of the incu-
bator as per the invention; and
[0024] Figure 7 shows a three-dimensional view of the
incubator as per the invention.

DESCRIPTION OF THE INVENTION

[0025] With reference to Figure 1, a block diagram of
an incubator 19 is illustrated, which comprises an imag-
ing system 12, 13, 17 which enables images to be ob-
tained of a subject 11 submitted to study located inside
an incubator, without using ionising radiation, which is
harmful to some young, immature subjects 11.
[0026] The incubator comprises a first detector of non-
ionising radiation 12, a first emitter of non-ionising radi-
ation 13, for example a coherent light laser, a support
bed 14 for the subject 11 under study, it being possible
to observe the subject through a window transparent to
radiation, a set of equipment for life support 15, compris-
ing at least control for temperature, gases, heart moni-
toring, respiration monitoring, extraction of liquids, feed-
ing, etc; a light screen 16 to prevent undesired external
illumination reaching the detectors or sampling, so con-
taminating the measurements; a second illuminator/de-
tector of non-ionising radiation 17 operating in reflection
mode, for example diffuse light; an anti-vibration support
18 for isolation from the outside.
[0027] The imaging system provides various modes of
operation, for example, the first emitter 13 emits and the
first receiver 12 and the second emitter/receiver 17 re-
ceive. Another operating option is for the first emitter 13
to emit and the second emitter/receiver 17 to receive.
The second emitter/receiver 17 can also both emit and

receive. A new mode of operation is for the second emit-
ter/receiver 17 to emit and the first receiver 12 to receive.
[0028] The imaging system 12, 13, 17 also enables
the positioning to be obtained of an instrument which may
be moved within the body of the subject 11 under study
and immobilised within the incubator. Therefore, it is pos-
sible to view the position of the different types of probes
which are capable of being inserted in the body of the
subject under study. These probes may belong to a sys-
tem for assisted breathing, for monitoring a physiological
signal, for draining liquids, for feeding or similar.
[0029] The imaging system 12, 13, 17 uses non-ionis-
ing radiation, such as ultrasound, electromagnetic ener-
gy in the visible light and infrared range and in the radi-
ofrequency range, which as a consequence of being ap-
plied to subjects such as newborn babies and subse-
quently detected by devices provided for the purpose 12,
17, produces an image with relevant information for their
diagnosis or treatment.
[0030] The type of subject 11 submitted to study seri-
ously limits the type of technology which can be used to
position a probe within their body. Imaging techniques
which use non-ionising radiation enable newborn babies
to be supervised and cared for in intensive care units or
rehabilitation units without their use being limited by the
dose of undesirable harmful radiation.
[0031] The imaging system 12, 13, 17 incorporated in
the incubator 19 generates photons of non-ionising radi-
ation by means of the first source 13, to wit an illuminating
medium in the range of light from the limit of the ultraviolet
to the far infrared, which is projected onto the subject 11
under study into whom at least one probe is inserted.
[0032] The photons projected onto the subject 11 are
received by the first receiver 12, to wit a detecting medium
which converts the energy of each photon reflected, re-
fracted or dispersed by the subject and the probe into an
electrical signal which is sent to a medium for processing
the output signal generated by the receiving medium 12,
17, which generates a projected or tomographic, ana-
tomical or functional image to be displayed on a first
screen, such as a computer screen.
[0033] The first illuminator 13 and the first detector 12
are located at opposite sides of the subject 11 under
study, for example, when working in transmission mode.
They may also both be on the same side of the subject
in similar positions, such as shown for example in Figure
1, in which the illuminator 13 is alongside the second
detector 17, while the first receiver 12 is on the other side,
symmetrically or not, of the subject 11 under study.
[0034] The subject 11 under study is supported on the
tray 14 included in the incubator 19, which, in the case
of working in transmission mode, will have the appropri-
ate optical properties of maximum transmission and min-
imum reflection as a function of the physical properties
of the first illuminator 13 used.
[0035] Obviously, the subject 11 is connected to the
life support system 15 included in the incubator 19. Nor-
mally, incubators have this support equipment for the
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maintenance of the subject’s vital signs.
[0036] Given the physical characteristics of the first il-
luminator 13 and the first detector 12, the incubator 19
includes a cover medium 16 to block a possible external
light source which would interfere with the light beam
emitted by the first illuminator 13, detracting from the de-
tection process.
[0037] A system of supervision incorporated by the in-
cubator enables the subject’s condition to be supervised
in real time using images such as video, infrared, stere-
oscopic or similar images. These may be varied depend-
ing on the specific need of the implementation. This sys-
tem may be a part of the detector itself or may be another
independent device.
[0038] An anatomical image needs to be understood
as one whose composition depends on the physical
structure or morphology of the subject under study, while
a functional image is understood as an image whose
composition obeys a given static or dynamic biological
process, the organisation and spatial distribution of which
does not need to correspond to a given anatomical or
organic form, and whose source of contrast may respond
to an endogenous phenomenon or a phenomenon pro-
duced by the presence of some type of tracer which was
previously injected into the subject under study.
[0039] The use of the imaging system based on pho-
tons of non-ionising radiation enables simplification of
the construction of the incubator 19 incorporating the
aforementioned imaging system 12, 13, 17, as the re-
quirements which it has to fulfil as regards shielding to
restrict scattered radiation are less demanding than
those which would derive from the use of X-ray equip-
ment incorporated in the incubator.
[0040] The display of the inside of the body of newborn
babies is limited by the dose of X-rays, ionising radiation,
to which the subject can be exposed, as well as by the
handling to which they can be submitted.
[0041] The use of non-ionising imaging equipment en-
ables the frequency of its use as applied to the subject
under study to be increased. Furthermore, it enables dif-
ferent applications to be used, such as anatomical imag-
ing, functional imaging and the application of different
examination conditions.
[0042] In relation to Figure 2, the subject 11 supported
by the bed 14 adapted to his or her size and geometry
and with a window transparent to the radiation used 21,
is suspended between the ends of a C-shaped arm 23,
in which the first source 13 of non-ionising radiation and
the first detector 12 are housed.
[0043] In turn, the C-shaped arc 23 can rotate on a first
articulation 22 of a ball type, while the arc 23 part can
move telescopically on its symmetrical part, enabling the
arc 23 to be opened or closed.
[0044] This whole assembly is supported in turn by a
second motorised ball-type articulation 24 which enables
rotation on the base made up of the assembly 25, 26,
18. This support assembly 25, 26, 18 comprises the solid
anti-vibration base 18 on which a support 26 houses a

telescopic assembly 25 which enables the regulation of
the height above the ground of the arc assembly 23, the
first illuminator 13 and the first detector 12, providing sev-
eral degrees of freedom, understood as degrees of
movement to locate the first illuminator 13 and detector
12 in a wide range of positions relative to each other and
with respect to the subject 11.
[0045] Figure 3 shows a rotating ring 31 in which the
first emitter 13 and the first detector 12 of non-ionising
radiation are located in positions diametrically opposed
such that the subject 11 and the transparent support 21
which holds him or her are at the centre of rotation of the
system 31, while on the axis orthogonal to that defined
by the first emitter 13 and the first detector 12 there is
another assembly made up of third and fourth 32, 33
detectors of other types of radiation or an emitter/receiver
assembly for another type of radiation different to that
used in the primary system, with it being possible for this
second type of radiation to be of any type such as ionising
radiation or not, or mechanical radiation.
[0046] Figure 4 shows an embodiment of the first
source of illumination 13 with means to control the wave-
length of the non-ionising radiation, as well as the position
at which it points.
[0047] The first source 13 comprises an assembly of
lasers of differing wavelengths, that is, a bank of different
lasers 13a, 13b,..., 13n with their respective shutters 41
x which are focused on a beam orientation device 44 by
means of an assembly of mirrors 42, such that the subject
under examination 11 can be examined by the beam 43
by means of the deflection of the device. In the transmis-
sion operating mode, the patient support 21 includes the
corresponding window.
[0048] A perspective view is shown in Figure 5, where
the subject 11 is supported by the bed 14 which has the
window 16 which is transparent to the radiation and which
can be moved by means of the guides 51. An assembly
of rotating rings 52 supports the first light emitter 13 and
the first receiver 12.
[0049] The system is supported on a surface 18 which
isolates it from the vibrations from the outside, under
which the electronic and electromechanical modules 55
for the imaging system are housed, along with those for
life support and monitoring of the subject.
[0050] On top of the surface 18 there is the screen 16
which isolates the subject from external light during the
time of the examination. This screen can be removed or
retracted by means of the corresponding mechanism so
as to permit access to the subject 11 by health care per-
sonnel.
[0051] The system is controlled using a touch screen
54, on which the results are also displayed for viewing.
This touch screen can be replaced by a combination of
a normal screen plus mouse and keyboard or other type
of user interface.
[0052] Figure 6 shows a side view of the assembly
represented in Figure 5. Figure 7 shows a three-dimen-
sional view of the subject 11 on the bed 14 in the internal
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space of the incubator 19.
[0053] A medical imaging system for newborn babies
and breast-feeding babies using photons, electromag-
netic radiation, of non-ionising radiation, coherent or non-
coherent, collimated or not, and its properties of trans-
mission and dispersion in biological tissue, turbid media,
fluorescence, luminescence or bioluminescence, applies
methods for the formation and reconstruction of images,
which may include but are not limited to projective or
tomographic imaging techniques, system modelling us-
ing any type of equations such as statistics, Maxwell’s
equations, Green’s functions, etc, inversion of the recon-
struction problem to obtain both projection and tomo-
graphic three-dimensional images, either static or dy-
namic, or contrast images, whatever the mechanism
used to achieve this contrast, whether endogenous, ex-
ogenous, using mathematical procedures for manipulat-
ing the data acquired under different conditions, at dif-
ferent times, etc.
[0054] The embodiment and example stated in this
record is presented as the best explanation of this inven-
tion and its practical application and to enable an expert
in the field to put the invention into practice and use it.
However, the expert in the field will recognise that the
description and example above have been presented
with the purpose of illustration and only as an example.

Claims

1. An incubator for imaging with non-ionising ra-
diation for the care of newborn babies; character-
ized in that it comprises at least a first detector of
non-ionising radiation (12), at least a first emitter or
non-ionising radiation (13), a bed (14) to support a
subject (11) under study, it being possible to observe
him or her through a window transparent to radiation,
a group of items of equipment for life support (15),
comprising at least a control for temperature, gases,
heart monitoring, respiratory monitoring, extraction
of liquids, feeding; a medium for screening (16) light
to prevent interference from illumination from outside
of the incubator (19); at least a second illuminator/
detector of non-ionising radiation (17) operating in
reflection mode which may or may not incorporate
its own additional light source; an anti-vibration sup-
port (18) to isolate it from the outside, which also
includes an imaging system such as projective, to-
mographic or both simultaneously, which makes use
of non-ionising radiation in the band of the electro-
magnetic spectrum comprising that between ultravi-
olet light and the far infrared, enabling the viewing
of the subject (11) located o the bed (14) such that
this projective and/or tomographic image is morpho-
logical and/or functional.

2. An incubator according to claim 1; characterized
in that the first detector of non-ionising radiation

(12), the first emitter of non-ionising radiation (13),
the screening medium (16), the second illuminator/
detector of non-ionising radiation (17) are adapted
to be movable with respect to the subject (11) under
study, with respect to each other, or both.

3. An incubator according to claim 2; characterized
in that the incubator (19) is adapted to prevent al-
terations in the vital signs of the subject (11) under
study.

4. An incubator according to claim 3; characterized
in that the incubator (19) comprises means of rota-
tion adapted so that an imaging assembly can reg-
ister a set of data in the form of projections which
are processed by means of a tomographic recon-
struction method adapted to the properties of the ra-
diation used.

5. An incubator according to claim 4; characterized
in that the contrast in the image obtained is deter-
mined by the distribution of a tracer previously in-
jected into the subject (11) under examination.

6. An incubator according to claim 5; characterized
in that the incubator (19) comprises a multispectral
source of radiation, coherent or non-coherent, colli-
mated or not, such that the response of the tissue
under study is different at different wavelengths, en-
abling images to be generated according to the dif-
ferent properties depending on the frequency.

7. An incubator according to claim 6; characterized
in that the incubator (19) uses a combination of im-
aging techniques by means of non-ionising electro-
magnetic radiation with another medical imaging
technique, including electromagnetic energy radia-
tion, ionising or not, or mechanical energy such as
sound, ultrasound or similar.
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