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(54) PORTABLE ULTRASOUND DEVICE FOR GUIDING TRANSCUTANEOUS PUNCTURES

(57) The invention relates to a portable ultrasound
device for guiding transcutaneous punctures, which com-
prises a casing (8); a main screen (4), an ultrasound
transducer (1) oriented with the ultrasound beam (9)
thereof parallel to the main screen (4); an image process-
ing unit (2) that shows the signal of the ultrasound trans-
ducer (1) on the main screen (4); means for selecting the
scale of amplification of the ultrasound image shown on
the main screen (4); a width reference system (12) locat-

ed in the front lower part of the casing (8), which includes
vertical reference lines (15); and a scale adjustment zone
(5) located above the width reference system (12) and
wherein the image processing unit (2) shows scale ad-
aptation lines (16) with an inclination that varies depend-
ing on the scale selected. The reference system can be
printed on the casing (8) itself, on the main screen (4) or
on a specific display.
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Description

Field of the invention

[0001] The invention falls within the sector of medical
devices for diagnostic imaging, and more specifically ul-
trasound-based imaging devices for assistance in pro-
cedures involving transcutaneous puncturing.

Background of the invention

[0002] The first devices for ultrasound-based medical
imaging arose around the middle of the 20th century [1].
The absence of relevant side effects related to the use
thereof and, above all, its growing accuracy and speed
have exponentially expanded the applications of these
devices in the medical and veterinary fields.
[0003] The ability to have ultrasonic transducers small
enough to fit in one hand, with good spatial resolution
and a high image refresh speed have made them a very
useful technique for guiding certain invasive procedures
with great accuracy. This is the case of procedures for
punctures through the skin (or transcutaneous puncture),
having an image in almost real time which enables the
different soft tissues, blood vessels and nerves to be dis-
tinguished, besides being able to discern the trajectory
of the needle through them [2] which increases the ac-
curacy with which the punctures are performed and in-
creases safety for the patients.
[0004] To do so, the procedures for transcutaneous
puncture wherein the use of an ultrasound is recom-
mended to guide the needle have become more numer-
ous in the past few years, including among others the
following:

• Cannulation of peripheral veins and arteries [3].
• Cannulation of central veins and arteries [4, 5].
• Muscular/joint infiltration and peripheral nerve block

[6].
• Puncture and aspiration and biopsies of subcutane-

ous injuries, extraction of foreign bodies and guiding
in dermatological surgery [7]. (i.e.: cysts, lipomas
and nodes).

• Sclerosis of varicose veins.
• Alcoholisation of thyroid lymphadenopathy and other

structures.
• Lumbar puncture

[0005] One of the puncture procedures with the most
consensus regarding the suitability of the use of ultra-
sound is the cannulation of central venous lines. This
technique consists of performing a puncture for introduc-
ing catheters into large-calibre veins (mainly internal jug-
ular, axillary, subclavian and femoral veins) and is used
to quickly administer a large volume of fluids or medi-
cines, administer parenteral nutrition, monitor haemody-
namic parameters and perform a wide variety of diag-
nostic or therapeutic techniques.

[0006] Traditionally, the insertion site of the central ve-
nous lines has been determined by means of locating by
visualisation and palpation of anatomical structures
which have a known spatial relationship with the vein to
be cannulated. However, there is evidence that the tech-
nique of anatomical references is associated with signif-
icant complications, which include arterial puncture, hae-
matoma, pneumothorax, haemothorax, chylothorax,
nerve damage or incorrect placement of the catheter
among others and which can potentially be lethal [8-11].
[0007] There is substantial evidence that the use of
ultrasound devices for guiding this type of punctures is
able to reduce these complications by 71 %, including
the most severe ones such as arterial puncture. Further-
more, it enables the amount of successful procedures to
be increased and the number of punctures and the time
necessary to conclude the procedure to be reduced [4],
which decreases stress for the patient.
[0008] These important advantages have caused its
indication for use to be accepted by recognised organi-
sations such as the Agency for Healthcare Research and
Quality (AHRQ) from the U.S. and the National Institute
for Clinical Excellence (NICE) of the British government
[12,13], which recommend the routine use thereof in both
elective and urgent situations.
[0009] However, despite the advantages implied by
the use of ultrasound devices for performing these tech-
niques, the use thereof is far from being universal. Some
surveys have demonstrated that the adoption of this prac-
tice has been low (15-39 %) among pediatric anaesthe-
siologists, cardiovascular anaesthesiologists and anaes-
thesiologists of other subspecialities in the United States
and Great Britain [14-17], despite the current recommen-
dations from the ARHQ and NICE.
[0010] This low use of ultrasound for performing punc-
ture procedures therefore constitutes a public health
problem. The causes thereof are explained in part by the
features of the ultrasound devices existing on the market.
Despite the fact that progressively smaller devices have
appeared which improve portability (i.e. General Electric
VScan, Philips Lumify, Bard Site-Rite Prevue), until not
long ago all the devices had in common an independent
transducer which emits and receives the ultrasound, ei-
ther joined by means of a cable or with wireless connec-
tion (for example, Siemens Acuson Freestyle) to a con-
sole or another device including the electronic means
necessary for reconstructing the image, the screen and
the controls, which makes it very difficult to look at the
screen and at the surface to be punctured at the same
time, complicating the procedure.
[0011] In order to solve this problem patent
ES2458290-B1, from the same authors as the present
invention, discloses a compact, portable ultrasound de-
vice locating the screen parallel to the transducer right
above the puncture site. However, while this configura-
tion implies advantages with respect to the previous mod-
els, the first prototypes of the product have demonstrated
significant drawbacks in this arrangement:
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• First of all, as mentioned previously, there are mul-
tiple uses for ultrasound-guided transcutaneous
puncture. Some of these require locating structures
with a diameter of just a few millimetres such as
veins, nodes or cysts which for the correct visualisa-
tion thereof require the image to be amplified. Al-
though locating the screen right above the surface
to be punctured improves the visual reference, this
is at real scale (without zoom), which is confusing
when the image is amplified due to the absence of
references with respect to which part of the screen
coincides vertically with the anatomical structures re-
flected thereon.

• Furthermore, it is necessary to highlight that due to
ultrasonic physics these are subjected to significant
reflection phenomena when they cross interfaces
between mediums with different densities and sound
transmission speeds. Since there is a large differ-
ence in these parameters between air, the transduc-
er itself and the soft tissues of the patient, the use
thereof would not be possible if a coupling substance
which excludes the air between the ultrasound emit-
ter and the skin of the patient is not used. For this
task, a viscous gel with a density similar to that of
the soft tissues is usually used which, when applied
generously on the lower part of the device, tends to
protrude over the front portion of the device which,
together with the folds that tend to form in this area
of the sterile plastic cover wherein it must be
wrapped,can blur the lower part of the screen im-
peding the correct display of this part of it.

[0012] Therefore, despite the evidence of greater ef-
fectiveness and safety implied by the use of ultrasound
for multiple transcutaneous puncture procedures, the
use thereof continues to not be universal due to the dif-
ficulty implied by locating the structures to punctured by
means of an image on a screen far from the entry point
and the difficulty of maintaining sterility in the puncture
site with wiring outside of the transducer.
[0013] Although a device has been recently proposed
which partially resolves these drawbacks, the position of
the screen is not optimal since by being at the same level
as the ultrasound transducer it creates problems with re-
spect to the visual reference when the ultrasound image
is amplified. Furthermore, the display on the lower part
of the screen can worsen when the ultrasound gel and
the folds in the sterile plastic cover which tend to form in
this area get in the way.
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Description of the invention

[0015] In order to facilitate the ultrasound-assisted
transcutaneous puncture procedures, the present inven-
tion attempts to solve the problems described with the
ultrasound imaging devices already existing for this pur-
pose.
[0016] The present invention relates to a portable ul-
trasound device for guiding transcutaneous punctures
which includes, inside of a casing, an electric battery, a
main screen in the front part of the casing, an ultrasound
transducer oriented with the ultrasound beam thereof
parallel to the main screen, and an image processing unit
which adapts the signal of the ultrasound transducer in
order to show an ultrasound image on the main screen.
[0017] Additionally, the portable ultrasound device
comprises means for selecting the scale of amplification
of the ultrasound image shown on the main screen; a
width reference system located in the front lower part of
the casing and which includes vertical reference lines;
and a scale adjustment zone located above the width
reference system and wherein the image processing unit
shows scale adaptation lines with an inclination that var-
ies depending on the scale selected. The portable ultra-
sound device can also comprise a wireless charging
mechanism system.
[0018] In one embodiment, the lower ends of the scale
adaptation lines are connected to the upper ends of the
vertical reference lines. The image processing unit pref-
erably shows vertical lines on the main screen superim-
posed over the ultrasound image and which continue the
scale adaptation lines, such that the width between con-
secutive vertical lines depends on the scale selected.
The vertical reference lines can represent between the
ends thereof the width of the ultrasound beam.
[0019] In one possible embodiment, the means for se-
lecting the scale comprise at least one push button lo-
cated on the outer portion of the device. In another alter-
native embodiment, the main screen is a touch screen
and the means for selecting the scale are implemented
by means of said touch screen.
[0020] The lower edge of the ultrasound transducer is
preferably located in the internal lower part of the casing.
The lower edge of the main screen can be located above
the lower surface of the ultrasound transducer.
[0021] According to a possible embodiment, the scale
adjustment zone is implemented by means of a second
screen, independent of the main screen, and which is
located between the width reference system and the
main screen. The second screen can be implemented,
for example, by means of an LCD display, an LED display
or an e-ink display.
[0022] In another possible embodiment, the scale ad-
justment zone is a lower region of the main screen itself.

The width reference system is represented on the end
lower region of the main screen itself. Alternatively, the
width reference system can be printed on the casing it-
self.
[0023] The portable ultrasound device of the present
invention eliminates all external wiring, including the ul-
trasonic transducer, the image processing system, the
battery and the screen inside of a single casing. The po-
sition of the screen is very close to the lower surface of
the device (preferably between 5 and 50 millimetres
above it), which coincides with that of the ultrasound
transducer, which enables the image to be displayed bet-
ter than if it were at the same level. Furthermore, on the
lower front surface, just above the surface of the trans-
ducer, there is a reference marked with centimetres in
the form of vertical marks and between it and the screen
wherein the image is shown, there is a "scale zone" or
"scale changing zone" able to show lines with different
inclination based on the increase selected in order to
show the anatomical image. This "scaling zone" is either
an independent LCD, LED or e-ink display, or a zone
distinguished exclusively for this purpose of the same
screen which shows the image reconstructed starting
from the ultrasound emitted by the device. In an alterna-
tive arrangement, this "scaling zone" can include the ver-
tical lines described on the lower part of the device.
[0024] This arrangement enables a clear reference to
be obtained of the actual location of the anatomical struc-
tures located immediately below the device, even includ-
ing when zoom is applied to the image. With these mod-
ifications, the usefulness of the device is able to be in-
creased and the learning curve necessary to use it is
decreased.

Brief description of the drawings

[0025] What follows is a very brief description of a se-
ries of drawings that aid in better understanding the in-
vention, and which are expressly related to one embod-
iment of said invention which is presented by way of non-
limiting examples of the same.

Figure 1 shows a schematic diagram of a possible
embodiment of the ultrasound device of the present
invention.
Figure 2 shows an exploded view of the device with
the components thereof.
Figure 3 shows a possible embodiment of the port-
able ultrasound of the invention in the position of use.
Figures 4A-4C show an example of the usefulness
of the vertical lines on the lower part of the device
for the reference when performing a puncture there-
under.
Figure 5 shows an embodiment of the device where-
in the width of the ultrasound beam is fairly reduced
with respect to the width of the screen.
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Detailed description of the invention

[0026] Figure 1 schematically shows the different el-
ements of the portable ultrasound device 10 according
to a possible embodiment. The portable ultrasound de-
vice 10 includes, inside a casing (not shown in the figure),
an ultrasound transducer 1, an image processing unit 2,
en electric battery 3 and a main screen 4, without external
wiring. The image processing unit 2 can be implemented,
for example by means of a CPU, a GPU or a combination
of both.
[0027] For displaying the zone of interest with the port-
able ultrasound device 10, the image processing unit 2
adapts the signal of the ultrasound transducer 1 so that
the ultrasound image is shown on the main screen 4. The
device shown in Figure 1 includes a second screen or
scaling zone or scale adjustment zone 5 which helps to
maintain the region of interest located, although the scale
adjustment zone 5 could be integrated in the main screen
4 itself. Meaning, the image to be represented in the scale
adjustment zone 5 can be presented on the lower end of
the main screen 4, or on a second screen located under-
neath the main screen 4 (considering the orientation of
the main screen 4 in the vertical position of use).
[0028] For the operations thereof, the ultrasound trans-
ducer 1 and the two screens (4, 5) are connected to the
image processing unit 2. This connection makes the tran-
sit of energy and the flow of data possible. Furthermore,
the electric battery 3 makes the device 10 operate au-
tonomously. The device 10 can optionally have a wireless
charging system 6 which enables, for example by means
of Qi or PMA standards, recharging the battery 3 without
needing external wiring, which makes the outer casing
able to be more airtight. The presence of a switch 7 en-
ables the device 10 to be turned on and off.
[0029] Figure 2 shows an exploded view of the device
10 with the different components thereof and the relative
position between them. Besides the components shown
in Figure 1, the casing 8 of the device and the ultrasound
beam 9, with width AT, emitted by the ultrasound trans-
ducer 1 are also seen. The scale adjustment zone 5 is
implemented in a second screen located beneath the
main screen 4. The lower front face of the casing 8 in-
cludes a width reference system 12 by means of printed
vertical reference lines 15, the usefulness of which will
be explained further on. As seen in Figure 2, the lower
front edge of the casing 8 substantially coincides in height
(with the necessary differences due to the thickness of
the lower face of the casing 8) with the lower edge of the
ultrasound transducer 1.
[0030] As seen in Figure 3, the portable ultrasound
device 10 is designed to be held vertically over the cuta-
neous surface 11 of the patient, the ultrasound transduc-
er 1 staying in the lower part and the main screen 4 on
the front part thereof (facing towards the operator of the
device), with the lower edge thereof 14 close to the lower
surface of the transducer. The portable ultrasound device
10 shows on the main screen 4 the ultrasound image

captured by the ultrasound transducer 1 (in Figure 3 for
simplicity only vertical reference lines 17 are shown, not
the ultrasound image), wherein the needle 18 inserted in
the cutaneous surface 11 of the patient and the vein to
be cannulated can be seen.
[0031] On the front lower edge of the casing 8, right
above the surface of the transducer, reference lines 15
(shown with solid or dotted lines) corresponding to the
actual measurements of the transducer which is under-
neath them are printed, and between these reference
lines 15 and the main screen 4, there is a differentiated
scale adjustment zone 5 which can be implemented in a
second screen (i.e. LCD, LED or e-ink display), or even
a distinguished zone of the main screen 4 itself. The ref-
erence lines 15 are preferably represented with a plurality
of vertical lines, with a constant separation Ar between
them and a separation between the ends corresponding
to the width AT of the ultrasound beam 9.
[0032] In an alternative embodiment, the main screen
4 itself can be extended to the front lower edge of the
casing 8, such that the reference lines 15, instead of be-
ing engraved or printed on the casing 8, are shown on
the main screen 4, which would also encompass the
scale adjustment zone 5.
[0033] In the scale adjustment zone 5, scale adaptation
lines 16 are shown which improve the visual reference
of what stays vertical with respect to what is shown in
the image. To do so, the lower ends of the scale adap-
tation lines 16 connect to the upper ends of the vertical
reference lines 15 by way of reference, with the aim of
determining the vertical line of what is shown on the main
screen 4 in order to perform the puncture. The scale ad-
aptation lines 16 of the scale adjustment zone 5, which
are normally oblique lines when the image on the screen
is amplified, are continued with vertical lines 17 on the
main screen 4, shown as solid or dotted lines. This ar-
rangement enables an exact reference of the actual lo-
cation of the anatomical structures shown on the screen,
whether with an image with a 1:1 scale or with an ampli-
fication of the image.
[0034] Figures 4A, 4B and 4C illustrate the use of dif-
ferent zoom scales 19 to help better understand the use-
fulness of the scale adjustment zone 5. In the case shown
in these figures, the reference lines 15 are printed on the
lower part of the casing 8 of the device, and the scale
adjustment zone 5 is not implemented as a separate
screen, rather it is part of the main screen itself 4 (spe-
cifically, the scale adjustment zone 5 occupies a lower
region of the main screen 4). The width A of the ultra-
sound beam 9 corresponds to the width between the end
reference lines 15. The zoom scale 19 used in each case
can be shown on the main screen 4 for the knowledge
of the user of the device (in the example figures, the zoom
scales 19 are shown on the left upper edge of the main
screen 4).
[0035] Figure 4A shows the case of a 1x zoom (in other
words, real scale). The reference lines 15 serve to show
the actual width of the transducer or width AT of the ul-
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trasound beam 9, which coincides with the scanned zone
of the cutaneous surface 11 of the patient at real scale
and to be able to convert the dimensions of the actual
width of the transducer (width AT of the ultrasound beam
9) to the width of the images shown on the screen. Said
conversion is performed in the scale adjustment zone 5,
wherein the actual dimensions are converted to the vir-
tual dimensions shown on the screen. Thus, if the image
shown on the main screen 4 is not amplified, which is the
case of Figure 4A, the width Ar existing between consec-
utive reference lines 15 coincides with the width Av be-
tween consecutive vertical lines 17, and the width AT of
the ultrasound beam 9 coincides with the width AI of the
ultrasound image displayed on the main screen 4. Since
the width AP of the main screen 4 is greater than the
width AI of the ultrasound image, the side margins of the
main screen 4 which do not show the ultrasound image
are shown in black.
[0036] When an amplification is performed on the main
screen 4 for example 1.5x zoom as shown in Figure 4B,
the width Av between consecutive vertical lines 17 is larg-
er than the width Ar between reference lines 15, and the
width AI of the ultrasound image on the screen is larger
than the width AT of the ultrasound beam 9. Thus, the
ultrasound images of the transducer can be seen ampli-
fied and with more detail, and the user of the device re-
sponsible for performing the transcutaneous puncture
will be much more accurate when guiding the needle 18
or catheter, for example when they hit a vein or artery,
furthermore having clearly related the dimensions and
positions of the elements shown on the screen (needle,
vein, nodes, etc.) with respect to the actual position of
the needle 18, wherein the puncture is performed, by
being able to use the reference lines 15 on the lower
edge of the device 10 as a reference.
[0037] In the case shown in Figure 4C, wherein the
ultrasound image on the main screen 4 is even further
amplified (2x zoom), the width Av between vertical lines
17 is even greater, and the ultrasound image is shown
in all the width of the main screen 4 (in fact, in this case
the width AI of the ultrasound image corresponding to
the entire width AT of the ultrasound beam 9 does not fit
in the entire width Ap of the main screen 4). The zoom
control of the screen can be performed in different man-
ners, for example by means of one or several push but-
tons located on the outside of the casing 8 or even by
means of touch commands or instructions in the case of
the main screen 4 being a touch screen, as is the case
in the examples shown in Figures 4A-4C.
[0038] Figure 5 shows another additional advantage
of the present invention. The assembly formed by the
reference lines 15, the scale adjustment zone 5 and the
vertical lines 17 on the main screen, together with the
zoom scale 19 used, works as an adapter or converter
of the width AT of the ultrasound beam 9 to the width AI
of the ultrasound image shown on the main screen 4.
Thus, the portable ultrasound device 10 enables com-
mercial ultrasound transducers 1 with different widths to

be used, being independent from the width AT of the ul-
trasound beam 9 since the device 10 enables any width
AT of the ultrasound beam 9 to be converted to the width
AI of the suitable ultrasound image so that the user may
view it with the amplification and detail considered ap-
propriate, using the appropriate zoom scale 19.
[0039] In order to maintain the necessary asepsis in
the transcutaneous puncture procedure, the device can
be covered with a transparent sterile wrapping which en-
ables the screen to be viewed during the puncture. Fur-
thermore, in order to prevent the existence of charging
ports in the casing 8 which can hinder the disinfection of
the device 10, a wireless charging system 6 can be in-
cluded inside the casing 8, as shown in Figures 1 and 2.

Claims

1. A portable ultrasound device for guiding transcuta-
neous punctures which includes, inside of a casing
(8), an electric battery (3), a main screen (4) in the
front part of the casing (8), an ultrasound transducer
(1) oriented with the ultrasound beam (9) thereof par-
allel to the main screen (4), and an image processing
unit (2) which adapts the signal of the ultrasound
transducer (1) in order to show an ultrasound image
on the main screen (4), characterised in that the
portable ultrasound device (10) additionally compris-
es:

- means for selecting the scale of amplification
of the ultrasound image shown on the main
screen (4);
- a width reference system (12) located in the
front lower part of the casing (8) and which in-
cludes vertical reference lines (15);
- a scale adjustment zone (5) located above the
width reference system (12) and wherein the im-
age processing unit (2) shows scale adaptation
lines (16) with an inclination that varies depend-
ing on the scale selected.

2. The portable ultrasound device according to claim
1, characterised in that the lower ends of the scale
adaptation lines (16) are connected to the upper
ends of the vertical reference lines (15).

3. The portable ultrasound device according to any of
the preceding claims, characterised in that the im-
age processing unit (2) preferably shows vertical
lines (17) on the main screen (4) superimposed over
the ultrasound image and which continue the scale
adaptation lines (16), such that the width (Av) be-
tween consecutive vertical lines (17) depends on the
scale selected.

4. The portable ultrasound device according to any of
the preceding claims, characterised in that the ver-
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tical reference lines (15) represent between the ends
thereof the width (AT) of the ultrasound beam (9).

5. The portable ultrasound device according to any of
claims 1 to 4, characterised in that the means for
selecting the scale comprise at least one push button
located on the outer portion of the device (10).

6. The portable ultrasound device according to any of
claims 1 to 4, characterised in that the main screen
(4) is a touch screen and the means for selecting the
scale are implemented by means of said touch
screen.

7. The portable ultrasound device according to any of
the preceding claims, characterised in that the low-
er edge of the ultrasound transducer (1) is located
in the internal lower part of the casing (8).

8. The portable ultrasound device according to any of
the preceding claims, characterised in that the low-
er edge of the main screen (4) is located above the
lower surface of the ultrasound transducer (1).

9. The portable ultrasound device according to any of
claims 1 to 8, characterised in that the scale ad-
justment zone (5) is implemented by means of a sec-
ond screen, independent of the main screen (4), and
which is located between the width reference system
(12) and the main screen (4).

10. The portable ultrasound device according to claim
9, characterised in that the second screen (5) is
implemented by means of an LCD display, an LED
display or an e-ink display.

11. The portable ultrasound device according to any of
claims 1 to 8, characterised in that the scale ad-
justment zone (5) is a lower region of the main screen
(4) itself.

12. The portable ultrasound device according to claim
11, characterised in that the width reference sys-
tem (12) is represented on the end lower region of
the main screen (4) itself.

13. The portable ultrasound device according to any of
claims 1 to 11, characterised in that the width ref-
erence system (12) is printed on the casing (8).

14. The portable ultrasound device according to any of
the preceding claims, characterised in that it com-
prises a wireless charging mechanism (6).
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