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(57) ABSTRACT

A ventilation system for providing patient-triggered support
ventilation to a spontaneously breathing patient during ongo-
ing HFV ventilation has a pneumatic unit for delivery of
breathing gas to the patient in response to an effort to breathe
by the patient, a control computer for controlling the delivery
of breathing gas by said pneumatic unit, and an oscillator for
superimposing high frequency oscillation onto the breathing
gas. The system further includes a bioelectric sensor that
measures abioelectric signal indicative of the patient’s efforts
to breathe, and the control computer is configured to control
the delivery of breathing gas in response to the patient’s effort
to breathe, based on this bioelectric signal. The ventilation
system is hence designed for neurally triggered support ven-
tilation during ongoing high frequency ventilation, HFV,
which makes the trigger mechanism of the ventilation system
more precise and robust compared to trigger mechanisms of
known ventilation systems capable of providing support ven-
tilation during ongoing HFV ventilation.
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NEURALLY TRIGGERED SUPPORT
VENTILATION DURING HFO VENTILATION

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a ventilation system
for providing patient-triggered ventilatory support to a spon-
taneously breathing patient during ongoing high frequency
ventilation (HFV) of the patient.

[0003] 2. Description of the Prior Art

[0004] HFV ventilators supply breathing gas to the airways
of a patient via a patient circuit from a frequency of approxi-
mately 150 breaths per minute up to 900 breaths per minute or
more, and with tidal volumes significantly less than required
during spontaneous breathing, typically at or below anatomi-
cal dead-space volumes. This is in marked contrast to a con-
ventional mechanical ventilator which typically supplies
breathing gas to the patient circuit at a frequency and with a
tidal volume close to the values during spontaneous breath-
ing.

[0005] An HFV ventilator generally comprises an oscilla-
tor which is connectable in gas communication with one end
of the gas tubing of a patient circuit. The circuit terminates in
an opposite end, such as in an endotracheal tube, for connec-
tion to a patient’s airways. The oscillator is then driven to
vibrate a column of gas within the circuit to actively supply
gas to and sometimes also to extract gas from the airways of
the patient. Typically, the HFV ventilator comprises a gas
supply for providing a constant, continuous so called “bias’
flow to the patient. This bias flow intersects the oscillatory
pathway and serves to maintain (bias) a mean positive airway
pressure about which the high frequency oscillations gener-
ated by the HFV ventilator occurs and also to wash exhaled
gasses from the circuit. Gas leaves the circuit through an
expiratory limb, which may be designed as a low pass filter.
The bias supply of such systems is usually insufficient to
supply sufficient gas to a patient if the patient should attempt
a spontaneous breath.

[0006] Oneknown patient ventilator system, which reduces
this problem, is disclosed in U.S. Pat. No. 5,165,398. The
system comprises an HFV ventilator and a conventional
mechanical ventilator connected to a patient breathing circuit
and cooperable to provide, in one mode of operation, a con-
ventional low frequency, large tidal, volume time cycled
mechanical ventilator supply having superimposed thereon
high frequency oscillations from the HFV ventilator. In
another mode of operation this system can act as an HFV
ventilator with the conventional mechanical ventilator pro-
viding the continuous bias flow at a level to maintain a con-
stant pressure. A mechanical pressure regulator is provided in
the patient circuit proximal the patient end which operates to
increase this continuous bias flow and maintain the pressure
as a patient attempts to breathe spontaneously. A non-assisted
spontaneous breathing support mode of operation is thereby
provided.

[0007] EP 1106197 discloses an HFV ventilation system
capable of providing assisted support of a spontaneous
breathing effort detected during high frequency oscillation
ventilation. This is achieved by monitoring changes in one or
both of the gas pressure and gas flow during the operation of
an HFV ventilator, which changes are unrelated to the high
frequency oscillations produced by that ventilator. Thereby, a
spontaneous breathing effort can be detected and a gas supply,
preferably a conventional mechanical ventilator, can be oper-
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ated to supply breathing gas at a level to assist the detected
spontaneous breathing effort. When a spontaneous breathing
effort by a patient is detected the high frequency oscillations
are reduced or removed from the gas in the patient circuit,
which switches the operating mode of the ventilation system
from an operation mode of an HFV ventilator to an operation
mode of a conventional mechanical ventilator.

[0008] The proposed combination of HFV ventilation and
pneumatically (flow or pressure) triggered ventilation sup-
port may, in certain circumstances and in certain types of
ventilation systems, have the disadvantage of being imprecise
due to the difficulty of accurately identifying and measuring
the changes in flow or pressure caused by the patient’s effort
to breathe within the high frequency pressure oscillations
caused by the HFV ventilator. Furthermore, it requires time
trend analysis of the monitored pressure or flow in order to
minimize the risk of mistaking gas leakage or hyperinflation
for spontaneous breathing attempts by the patient.

SUMMARY OF THE INVENTION

[0009] It is an object of the invention to provide an
improved or at least alternative way of providing patient-
triggered support ventilation to a spontaneously breathing
patient during ongoing high frequency ventilation (HFV).
[0010] According to a first aspect of the invention there is
hence provided a ventilation system for providing patient-
triggered support ventilation to a spontaneously breathing
patient during ongoing HFV ventilation, comprising:

[0011] a pneumatic unit for delivery of breathing gas to
the patient in response to an effort to breathe by the
patient;

[0012] a control unit for controlling the delivery of
breathing gas by said pneumatic unit;

[0013] anoscillator arrangement for superimposing high
frequency oscillation onto said breathing gas;

[0014] a bioelectric sensor arrangement configured to
measure a bioelectric signal indicative of the patient’s
efforts to breathe,

[0015] the control unit being configured to control the
delivery of breathing gas in response to the patient’s effort to
breathe, based on said bioelectric signal.

[0016] That the delivery of breathing gas to the patient
during ongoing HFV ventilation is controlled based on a
bioelectric signal indicative of the patient’s effort to breathe
means that the ventilation system according to the invention is
configured to provide a novel type of ventilation mode com-
bining HFV and neurally triggered support ventilation, here-
inafter referred to as HFNAVA. This is in contrast to known
ventilation systems for providing patient-triggered support
ventilation during ongoing HFV ventilation, all of which are
pneumatically triggered based on changes in a monitored
pressure or flow.

[0017] Using neural triggering of gas delivery during ongo-
ing HFV ventilation is advantageous compared to using pneu-
matic triggering since it is sometimes hard to distinguish flow
or pressure changes caused by the patient’s effort to breathe
from flow or pressure changes caused by the ongoing HFV
ventilation. Since the bioelectric signal used for triggering
gas delivery in the ventilation system according to the inven-
tion is independent of the high frequency pressure oscilla-
tions induced by the HFV ventilation, a more precise and
robust way of providing accurate support ventilation during
ongoing HFV ventilation is provided.
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[0018] Preferably, the bioelectric signal is an electromyo-
graphic (EMG) signal and the bioelectric sensor arrangement
is an EMG detector, such as an oesophageal catheter well
known in the art, configured to measure an EMG signal from
the diaphragm of the patient.

[0019] In one embodiment of the invention, the ventilation
system comprises a ventilator configured to provide neurally
adjusted ventilatory assist (NAVA) by controlling the delivery
of breathing gas to the patient based on EMG signals detected
by said EMG detector. The oscillator arrangement for super-
imposing high frequency oscillation onto the breathing gas
may be integrated in the NAVA-enabled ventilator or be an
external oscillation unit that is connected in gaseous commu-
nication with an inspiration line or a common line of a patient
circuit connecting the ventilator with the patient.

[0020] Inanotherembodiment, the ventilation system com-
prises a ventilator particularly adapted to provide HFV ven-
tilation (i.e. high frequency, small tidal breaths) to a patient,
the HF V-enabled ventilator being modified so as to also be
able to supply low frequency, large tidal breaths to the patient
in response to a monitored bioelectric signal indicative of the
patient’s effort to inhale, wherein the high frequency oscilla-
tion of the HFV ventilation is superimposed onto the low
frequency, large tidal breaths,

[0021] The ventilation system according to the invention
may hence be configured to combine HFV and NAVA (Neu-
rally Adjusted Ventilatory Assist) in a ventilation mode that is
herein referred to as HFNAVA. In this mode, breathing gas is
supplied to the patient according to a pressure profile that is
determined based on EMG-signals indicative of the patient’s
own breathing efforts, and high frequency pressure oscilla-
tions are superimposed onto that pressure profile.

[0022] Preferably, the control unit of the ventilation system
is configured to control both the pneumatic unit delivering the
normal breaths to the patient in response to the patient’s effort
to breathe, and the oscillator arrangement that superimposes
the high frequency oscillation onto the normal breaths. In this
context, “normal breaths” are breaths that are provided at
much lower frequency and with much larger tidal volumes
than the high frequency, small tidal breaths delivered by the
oscillator arrangement. The delivery frequency (i.e. the res-
piratory rate) and the tidal volume of said normal breaths are
controlled by the control unit to fulfil the respiratory needs of
the patient, as indicated by the measured bioelectric signals
(EMG signals), meaning that the pneumatic unit delivers
breaths that are in synchrony with and proportionate to the
patient’s efforts to breathe.

[0023] The effect of the control unit being able to control
both the delivery of normal breaths and the high frequency
oscillation is that they can be controlled in relation to each
other in a manner making the overall ventilation of the patient
fulfil the respiratory needs of the patient, as indicated by the
bioelectric signals. Yet another effect is that the control unit
can control the ventilation system to switch between different
modes of ventilation, including but not limited to NAVA
(EMG controlled ventilation), HFV, and HFNAVA.

[0024] Further advantageous aspects of the invention will
be described in the detailed description following hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present invention will become more fully
understood from the detailed description provided hereinafter
and the accompanying drawings which are given by way of
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illustration only. In the different drawings, same reference
numerals correspond to the same element.

[0026] FIG. 1 illustrates a ventilation system for providing
combined patient-triggered support ventilation and HFO ven-
tilation to a patient, according to an exemplary embodiment
of the invention.

[0027] FIG. 2 illustrates an alternative location of a high
frequency oscillation arrangement of the ventilation system
illustrated in FIG. 1.

[0028] FIG. 3 illustrates yet an alternative location and
design of the high frequency oscillation arrangement of the
ventilation systems illustrated in FIGS. 1 and 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] The present invention strives to solve the problem of
how to provide patient-triggered support ventilation to a
spontaneously breathing patient during ongoing high fre-
quency ventilation (HFV). As described above, HFV is a
ventilation mode in which very small tidal volumes are deliv-
ered at high frequency, typically in the frequency range of 5 to
20 Hz. The rapidly fluctuating pressure in HFV systems
makes it difficult to implement precise and robust pneumatic
triggering of the support ventilation.

[0030] Relevant parameters defining the characteristics of
the HFO ventilation include MAP (mean airway pressure),
the oscillation frequency and the amplitudes of the oscillating
pressure profile. As well known in the art, there are several
subcategories of HFV. One subcategory of HFV is high fre-
quency oscillatory ventilation (HFOV), sometimes also
referred to as active high frequency ventilation (HFV-A). In
HFOV, the oscillating pressure profile applied to the patient
oscillates between a positive and a negative pressure in rela-
tion to surrounding pressure (atmospheric pressure), which
makes both inspiration and expiration “active” and so mini-
mizes the risk of gas trapping in the patient. It should be
appreciated that HFV in the context of this application is not
limited to any particular type of HFV, and so includes also
HFOV.

[0031] The problem of how to provide precise and robust
support ventilation to a spontaneously breathing patient
undergoing HFV ventilation is solved by the present inven-
tion by providing a ventilation system capable of providing
HFV ventilation in combination with neurally triggered sup-
port ventilation.

[0032] In one exemplary embodiment of the invention,
which will be described below, the ventilation system is con-
figured to be operated in a ventilation mode combining HFV
and neurally adjusted ventilatory assist (NAVA), the latter
sometimes being referred to as EMG controlled ventilation.

[0033] The act of taking a breath is controlled by the res-
piratory centre of the brain, which decides the characteristics
of each breath, timing and size. The respiratory centre sends
a signal along the phrenic nerve, excites the diaphragm
muscle cells, leading to muscle contraction and descent of the
diaphragm dome. As a result, the pressure in the airway drops,
causing an inflow of air into the lungs.

[0034] NAVA is a mode of mechanical ventilation in which
the electrical activity of the diaphragm (Edi) is captured, fed
to the NAVA-enabled ventilator and used to assist the
patient’s breathing in synchrony with and in proportion to the
patient’s own efforts. As the ventilator and the diaphragm
work with the same signal, mechanical coupling between the
diaphragm and the ventilator is practically instantaneous.
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[0035] In NAVA, the patient’s breathing efforts are typi-
cally sensed by measuring the electromyogram (EMG) of the
contracting diaphragm. EMG signals are typically measured
by means of an oesophageal catheter comprising an array of
electrodes. The EMG signals are then processed in various
ways and a signal representative of the Edi is calculated. The
supply of gas from the ventilator to the patient is then con-
trolled in a suitable manner in synchrony with and in propot-
tion to the Edi.

[0036] Various aspects of the NAVA technology are
described in e.g. WO 1998/48877, WO 1999/62580, WO
2006/131149, and WO 2008/131798.

[0037] FIG. 1 illustrates a ventilation system 1 for provid-
ing neurally triggered support ventilation to a patient 3 during
ongoing HFV ventilation, according to an exemplary
embodiment of the invention.

[0038] The ventilation system 1 comprises a ventilator 4
that can be connected to one or more gas sources SA, 5B
through one or more gas connections 7A, 7B. For example,
the breathing apparatus may be connected to a first gas source
for the supply of pressurised air and a second gas source for
the supply of pressurised oxygen. The flows of gases from the
gas sources 5A, 5B are mixed and regulated to a breathing gas
in a pneumatic unit 9 that is controlled by a control computer
11 of the ventilator 4. The pneumatic unit 9 may. among other
things, include valves that are controlled by the control com-
puter 11 in order to regulate the composition, pressure and
flow of the breathing gas delivered to the patient 3. To this
end, the control computer 11 may utilize feedback data from
various sensors (not shown), such as gas analyzers, flow
sensors and pressure gauges, arranged within the ventilator 4
or elsewhere in the ventilation system 1.

[0039] Thebreathing gas is then led from the ventilator 4 to
the patient 3 through a tubing system often referred to as
patient circuit. The patient circuit has an inspiratory line 13A
conveying breathing gas to the patient 3, an expiratory line
13B conveying exhaled gases away from the patient, a com-
mon line 17 connected to the inspiratory and expiratory lines
via a Y-piece, and a patient connector 17, e.g. in form of a
breathing mask or a tracheal tube, connecting the common
line 17 with the airways of the patient 3. Using an invasive
patient connector, such as a tracheal tube, is advantageous
compared to using a non-invasive patient connector, such as a
breathing mask, since leakage in non-invasive patient con-
nectors tends to reduce the pressure oscillations of the HFV
ventilation.

[0040] The ventilation system 1 further has a bioelectric
sensor 19 connected to the control computer 11 of the venti-
lator 4 and configured to detect bioelectric signals indicative
of the patient’s efforts to breathe. In this embodiment, the
bioelectric sensor 19 is an EMG detector that is realized in
form of an oesophageal catheter configured to record a myo-
electrical signal (EMG signal) from the diaphragm of the
patient 3. The catheter comprises a number of electrodes, for
example nine electrodes placed equidistantly from each other
in an array along the catheter to produce eight subsignals,
each subsignal being a difference signal between two adja-
cent electrodes. The subsignals are processed by the control
computer 11 to calculate a signal, the Edi signal, representing
the electrical activity of the diaphragm and so indicative of the
patient’s efforts to breathe. The Edi signal is then used by the
control computer 11 to control the supply of breathing gas to
the patient 3 in synchrony and proportion to the patient’s own
efforts to breathe.

Aug. 11, 2016

[0041] Although exemplified in form of an oesophageal
catheter, the bioelectric sensor 19 could be any known detec-
tor arrangement for detecting EMG signals or other bioelec-
tric ventilation related signals. For example, the bioelectric
sensor could include surface electrodes placed on the ribcage,
the abdomen or in the vicinity of the phrenic nerve to sense
and filter out EMG signals. The bioelectric sensor 19 could
also have one or more electrodes for measuring muscular
activity related to the patient’s breathing other than the mus-
cular activity of the diaphragm.

[0042] Independence of the EMG signal received from the
oesophageal catheter, the control computer 11 generates a
control signal that is output as a control signal to the pneu-
matic unit 9. In this way, the pneumatic unit 9 is controlled in
dependence of EMG signals obtained from the patient. The
principles of such control are further described in e.g. WO
1998/48877 and WO 1999/62580.

[0043] As long as the ventilation system 1 uses the EMG
signals as control parameter for the supply of breathing gas,
the breathing will follow the natural breathing cycles that are
ultimately determined by the patient’s breathing centre,
which in turn constitutes a direct indicator of the patient’s
actual breathing needs.

[0044] The ventilation system 1 further has a high fre-
quency oscillator 23, hereinafter referred to as an oscillator,
for providing HFV ventilation to the patient 3. The oscillator
23 may form an integral part of the ventilator 4, or it may be
arranged external to the ventilator 4 to form a separate oscil-
lator unit arranged within or in gaseous communication with
the inspiration line 13A or the common line 15.

[0045] Inthe embodiment illustrated in FIG. 1, the oscilla-
tor 23 is integrated in the ventilator 4. As shown in FIG. 1, the
integrated oscillator 23 may be separated from the pneumatic
unit 9 that is responsible for the delivery of normal breaths to
the patient 3. However, in other embodiments, the compo-
nents of the pneumatic unit 9 may constitute the oscillator 23
and be configured to both supply the normal breaths to the
patient, and to superimpose the high frequency oscillation
onto the normal breaths. An example of a pneumatic umt
capable of providing this dual functionality is disclosed in the
co-pending application PCT/SE2012/051003, which was not
public at the effective date of filing of this application. In
PCT/SE2012/051003 there is disclosed a valve arrangement
capable of supplying normal breaths to a patient while super-
imposing thereon a high frequency oscillation.

[0046] FIG. 2 shows an alternative location of the oscillator
arrangement 23, wherein the oscillator arrangement is con-
nected to the Y-piece of the patient circuit. Both in FIG. 1 and
FIG. 2, the oscillator arrangement 23 may, for example, have
a piston that is reciprocally movable within an oscillator
housing by a bidirectional motor, similar to the oscillator
arrangement in EP 1106197.

[0047] FIG. 3 shows yet an alternative location and design
of the oscillator 23. Here, the oscillator 23 has a disc 23 A that
is arranged within the inspiratory line 13A and caused to
rotate by a motor 23B to which the disc is connected through
a shaft 23C, similar to the oscillator in US 2008/0245366.
[0048] The oscillator 23 of the ventilation system 1 may be
a piston oscillator, a pneumatic oscillator, an electromagnetic
oscillator (e.g. a loudspeaker), a so called jet or jet venturi
system or any other device known in the art for generating
high frequency pressure variations in a flow of breathing gas
supplied to a patient. More oscillator arrangements for pro-
viding HFV ventilation to a patient are disclosed in U.S. Pat.
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No. 4,719,910, U.S. Pat. No. 4,805,612, U.S. Pat. No. 6,085,
746, U.S. Pat. No. 7,770,580, WO 2011/031428, and EP
0512285.

[0049] The oscillator 23 is configured to apply high fre-
quency pressure oscillations to the breaths delivered to the
patient 3 by the ventilator 4 in response to the detected EMG
signals. Thereby, the present invention presents a novel ven-
tilation mode wherein HFV is combined with NAVA/EMG
controlled ventilation by providing high frequency pressure
oscillations that are superimposed onto an EMG controlled
flow of breathing gas. This combined ventilation mode of
NAVA/EMG controlled ventilation and HFV is herein
referred to as HFNAVA.

[0050] Preferably but not necessarily, the oscillator 23 is
controlled by the control computer 11 of the ventilator 4. In
this way, the control computer 11 can control both the deliv-
ery of normal (low frequency, large tidal) breaths to the
patient 3 based on the EMG signals from the EMG detector
19, and the characteristics of the HFV ventilation that is
superimposed onto the normal breaths. For example, the con-
trol computer 11 may in this instance be configured to control
the frequency, mean airway pressure (MAP), and the pressure
amplitude of the HFV ventilation based on input from an
operator of the ventilator 4. The control computer 11 may
further be configured to control the pneumatic unit 9 of the
ventilator 4 based on both the EMG signals detected by the
EMG detector 19 and input setting parameters for the HFV
ventilation in order to ensure that the effect of the combined
NAVA and HFV ventilation fulfils the respiratory needs of the
patient, as indicated by the detected EMG signals.

[0051] The main advantage with the ventilation system 1
and the proposed HFNAVA ventilation mode is the capability
of providing improved assisted support of a spontaneous
breathing effort during HFV ventilation. The control com-
puter 11 is configured to identify when and to what extent the
patient 3 wants to inhale and exhale based on the detected
EMG signals, and to control the pneumatic unit 9 so as to
deliver breathing gas to the patient in accordance therewith.
The general concept of delivering breathing gas to the patient
upon detection of a spontaneous breathing effort is often
referred to as patient-triggered support ventilation since the
patient’s spontaneous efforts to inhale triggers the ventilator
to support the efforts by delivering the breathing gas when
asked for. In contrast to prior art systems offering pneumatic
triggering of support ventilation during ongoing HFV, the
ventilation system 1 uses neural triggering of the support
ventilation. This is advantageous since the high frequency
pressure oscillations of the HFV ventilation makes pneumatic
triggering imprecise or even impossible.

[0052] Another advantage with the proposed ventilation
system 1 is that it can be operated in many different modes of
operation. The control computer 11 may, based on operator
input to the ventilator 4, control the pneumatic unit 9 and the
oscillator 23 such that the ventilation system 1 is operated in
any ventilation mode selected from NAVA mode (EMG con-
trolled mode), HFV mode or the above described HFNAVA
mode. Furthermore, in similarity with known NAVA ventila-
tors, the ventilation system 1 is preferably capable of operat-
ing also in conventional mechanical ventilation modes, such
as pressure-controlled ventilation (PCV), volume-controlled
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ventilation (VCV), pressure support ventilation (PSV) and
volume support ventilation (VSV). The ventilation system 1
may also be configured in accordance with the ventilator
system disclosed in EP 1106197 so as to be able to offer
pneumatic triggering during ongoing HFV ventilation should
the EMG signal be lost.

[0053] Although modifications and changes may be sug-
gested by those skilled in the art, it is the intention of the
inventors to embody within the patent warranted hereon all
changes and modifications as reasonably and properly come
within the scope of their contribution to the art.

1. A ventilation system for providing patient-triggered sup-
port ventilation to a spontaneously breathing patient during
ongoing high frequency ventilation, HFV, comprising:

apneumatic unit that delivers breathing gas to the patient in

response to an effort to breathe by the patient;

a control computer configured to control the delivery of

breathing gas by said pneumatic unit;

an oscillator that superimposes high frequency oscillation

onto said breathing gas; and

a bioelectric sensor that measures a bioelectric signal

indicative of the patient’s efforts to breathe, a and said
control is computer being configured to control the
delivery of breathing gas in response to the patient’s
effort to breathe, based on said bioelectric signal.

2. The ventilation system according to claim 1, wherein the
bioelectric signal is an electromyographic, EMG, signal and
the bioelectric sensor is an EMG detector, such as an oesoph-
ageal catheter.

3. The ventilation system according to claim 2, wherein the
EMG detector is an oesophageal catheter comprising a plu-
rality of electrodes for measuring EMG signals.

4. The ventilation system according to claim 1, wherein the
control computer is configured to control both the pneumatic
unit and the oscillator.

5. The ventilation system according to claim 4, wherein the
control computer is configured to control the delivery of
breathing gas by the pneumatic unit and the high frequency
oscillation provided by the oscillator in dependence of each
other, so as to provide an overall ventilation of the patient that
fulfils respiratory needs of the patient, as indicated by the
bioelectric signal.

6. The ventilation system according to claim 1, comprising
a ventilator configured to provide neurally adjusted ventila-
tory assist, NAVA, based on the bioelectric signal measured
by the bioelectric sensor.

7. The ventilation system according to claim 6, wherein the
oscillator is integrated in the ventilator.

8. The ventilation system according to claim 1, wherein the
control computer is configured to control the pneumatic unit
and the oscillator to selectively operate the ventilation system
in a ventilation mode selected from:

NAVA,

HEFV, and

a ventilation mode combining NAVA and HFV by super-

imposing high frequency oscillation onto neurally
adjusted ventilation that is provided to the patient based
on said bioelectric signal.

I S T



TRBR(F) HFOBSHRBAMA ZHES
K (BE)S US20160228661A1

RiES US15/024248
FRIFE(FFRRAGE) DERESFELNTF

BRiE (TR A(F) MAQUETS RAB

HETHFERI)AGE) MAQUETERAB

patsnap

2016-08-11

2014-09-24

A61B5/0488 A61M2205/3303 A61B5/4836 A61M16/12 A61M2202/0208 A61M2205/3331 A61M2210

/1014 A61M2210/1021 A61M2210/105 A61M2230/08 A61M2230/60 A61M16/0069 A61B5/0492 A61B5

[#R1& B8 A LARSSON AKE
LONCAR MARIO
CARDELIUS ERIK
KEBHA LARSSON, AKE
LONCAR, MARIO
CARDELIUS, ERIK
IPCH %5 A61M16/00 A61B5/00 A61B5/0492
CPCH¥ESH
/6852 A61M16/0096
£ 5 1351106 2013-09-25 SE
H N FF sk US10596336
S\EBEEE Espacenet USPTO
FEOF)

RATHEEEH#ITHHFVESHEED B XFREERHABEMENZITE
SHWBSRAGEAESHET , ATEAETEEFRE S 62 E AT
RS, BTEREREFRAEEITEN. Sz ETFRSE , 5
AT REHRBMEFRSELVIRS R, ZRELTEEDBE
Rz ANEETREEFRZ INENRES , FEEFUHENKEE
RETFIZEWEESEET BEE RS SRR SR SEEHE,
bt , BRRGWIRITA TEEERTHSMESHFVE AN LMK X
BES  XEFERRSGNME N EESE EERTHHFVESHE
REXZEBRBSNCNBEX RSN ARG LE NEBNRE,

e

>

5597

o



https://share-analytics.zhihuiya.com/view/85c0b43c-ef92-493f-a41f-d7b636e652e7
https://worldwide.espacenet.com/patent/search/family/051662293/publication/US2016228661A1?q=US2016228661A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160228661%22.PGNR.&OS=DN/20160228661&RS=DN/20160228661

