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(7) ABSTRACT

The present disclosure relates to various methods for deter-
mining a neuromuscular blockade status and systems suit-
able for performing such methods. The present disclosure
further relates to electro-stimulation electrodes for stimulat-
ing a muscle of a patient, optionally in the context of at least
some of the mentioned methods. The present disclosure still
further relates to hybrid air-signal connectors for use in an
electro-stimulation cuff which can be used in the context of
at least some of the cited methods. The present disclosure
also relates to electro-stimulation circuits comprising an
electrode portion and a track portion suitable for pressure
cuffs for electro-stimulation, and to pressure cuffs config-
ured to be arranged around a limb of a patient and compris-
ing an active electro-stimulation electrode and a passive
electro-stimulation electrode. These electro-stimulation cir-
cuits and pressure cuffs may also be used in the context of
at least some of the mentioned methods.
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MONITORING A NEUROMUSCULAR
BLOCKADE STATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application relates to and claims the benefit
and priority to U.S. application Ser. No. 15/190,630 filed
Jun. 23, 2016, which claims the benefit and priority to
International Application PCT/EP2014/079041 filed Dec.
22, 2014, which claims the benefit and priority to Spanish
Patent Application Nos. U201331489 filed Dec. 24, 2013
and U201430202 filed Feb. 13, 2014.

TECHNICAL FIELD

[0002] The present disclosure relates to various methods
for determining a neuromuscular blockade status and sys-
tems suitable for performing such methods.

[0003] The present disclosure further relates to electro-
stimulation electrodes for stimulating a muscle of a patient,
optionally in the context of at least some of the above
methods.

[0004] The present disclosure still further relates to hybrid
air-signal connectors for use in an electro-stimulation cuff
which can be used in the context of at least some of the
above methods.

[0005] The present disclosure also relates to electro-stimu-
lation circuits comprising an electrode portion and a track
portion suitable for pressure cuffs for electro-stimulation,
and to pressure cuffs configured to be arranged around a
limb of a patient and comprising an active electro-stimula-
tion electrode and a passive electro-stimulation electrode.
[0006] Throughout the present disclosure, reference is
made to “neuromuscular blockade”. In the technical field,
neuromuscular blockade may also be called “neuromuscular
block™ or “neuromuscular blockage”. The term “neuromus-
cular blockade” as used herein therefore covers these terms
as well.

BACKGROUND

[0007] Neuromuscular transmission may be defined as the
transfer of a motor impulse between a nerve and a muscle in
the neuromuscular junction. This transmission may be
blocked through the use of muscle relaxants. Muscle relax-
ation may be used during surgery under general anaesthesia
to allow e.g. endotracheal intubation and, in general, to
provide the surgeon with the optimum working conditions
depending on the type of intervention.

[0008] When muscle relaxants during surgery are used, it
is very important to monitor the patient’s neuromuscular
blockade status. For such a monitoring, a peripheral motor
nerve may be electrically stimulated and muscle response(s)
to said stimulation may be processed to infer the neuromus-
cular blockade status. In clinical practice, various stimula-
tion patterns may be used for different purposes and in
different phases of the operation.

[0009] Systems and methods are known based on the
above principles. These systems may comprise electrodes
for electro stimulating the patient and sensors for detecting
a response to the electro-stimulation.

[0010] The electrodes may be connected to a provider of
electro-stimulation signals for receiving suitable signals
from the provider. The electrodes may be attached to the skin

Oct. 13,2016

of the patient at a body part suitable for stimulating a
particular motor nerve, such as e.g. ulnar nerve.

[0011] The sensors may comprise e.g. an accelerometer
attached to e.g. a fingertip of the patient for sensing the
movement of the finger as a reaction to the electro-stimu-
lation. The sensors may be connected to a sensing unit in
such a way that signals from the sensor(s) are received by
the sensing unit and processed to generate data representing
a response to the electro-stimulation.

[0012] The electrodes and sensors may therefore be
arranged separately on different parts of the body. This
dispersion of the electrodes and sensors may make the set-up
of the system time-consuming and the subsequent use of the
system cumbersome, which may generate discomfort to the
surgical team during surgery. It can even lead to surgeons
and/or anaesthesiologists disregarding these systems during
surgery.

[0013] The provider of electro-stimulation signals and the
sensing unit may be integrated in a single monitor. The
electrodes may be connected to the monitor through cables,
and the sensors may be connected to the monitor through
further cables. Therefore, various cables may be present
between the patient and the monitor when the electrodes and
sensors are attached to the patient.

[0014] Having such a plurality of cables between the
monitor and the patient may be annoying for the surgical
staff and may be a source of problems during surgery. For
example, somebody may accidentally stumble into/over a
cable and/or a tangle of cables may occur. This may cause
detachment of an electrode/sensor from the patient and/or
disconnection of the cable from the monitor.

[0015] U.S. Pat. No. 5,957,860A discloses an apparatus
comprising means for stimulating a nerve (e.g. electrodes)
and means for detecting a response to the stimulation. The
apparatus is characterized in that said means are provided in
a single body, which is a pressure cuff of the type generally
used for measuring arterial pressure, provided with or con-
nected to means for pressure detection. With this apparatus,
the previously discussed problem about dispersion of elec-
trodes and sensors is avoided, since they are provided in a
single body.

[0016] U.S. Pat. No. 5,957,860A further discloses that the
pressure cuff and integrated electrodes may be connected to
a monitor through a tube configured to conduct both air and
electricity. The monitor may send suitable electro-stimula-
tion signals to the electrodes for muscle stimulation through
said single tube. The monitor may also receive pressure
variations in the cuff (representing a response to the muscle
stimulation) also through said single tube. Hence, the pre-
viously discussed problem related to the presence of a
plurality of cables between the patient and the monitor is
avoided with this configuration.

[0017] The monitor may be adapted to receive instructions
or parameters provided by an anaesthesiologist (or similar
profile) for the monitor to transmit suitable stimulation
signals to the electrodes according to said instructions or
parameters. For instance, data on stimulation pattern(s) to be
used at each time, periodicity of the signals, intensity of the
signals, etc. may be provided by the anaesthesiologist to the
monitor through suitable data entry means (e.g. a keyboard).
[0018] The monitor may also be adapted to receive signals
from the sensors (accelerometer, cuff, etc.) and to process
them in such a way that a representation of them may be
provided to a display. This representation of the sensor
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signals may be displayed in the form of numerical values
(e.g. percentages), graphics, etc. in such a way that the
anaesthesiologist may derive a muscle response to the
performed electro-stimulation.

[0019] It is known that the anaesthesiologist can test (or
monitor) a neuromuscular blockade status for a patient by
paying attention to the display and manually acting on the
monitor depending on the muscle responses derived from
the displayed data. Manually acting on the monitor may
comprise providing new instructions/parameters to the
monitor in order to cause the transmission of new stimula-
tions signals with e.g. different intensity, or frequency or
stimulation patterns depending on the new circumstances.
[0020] Several iterations of deriving muscle responses
(from displayed data) and optionally acting on the monitor
may be performed by the anaesthesiologist for finally
achieving a target neuromuscular blockade status for the
patient. This may be labour-intensive, time-consuming and
cumbersome for the anaesthesiologist and may generate
inefficiencies and/or deficiencies in the process of relaxation
(i.e. the initial induction, subsequent maintenance, and even-
tual reversal of a drug-induced neuromuscular blockade
status) of the patient.

[0021] Since the above method of monitoring (or testing)
a neuromuscular blockade status highly depends on the
attention paid by the anaesthesiologist, a delay between
achievement of a neuromuscular status and corresponding
actions on the monitor may occur. Delayed actuations may
generate inefficiencies in terms of e.g. extending the occu-
pation of an operating room, using greater amounts of
muscle relaxant than really needed, etc.

[0022] Furthermore, in an Operating Room, momentary
situations of high stress may exist so that an anaesthesiolo-
gist may miss the result of a precise electro-stimulation or
may lose track of how many stimulations have been per-
formed and previous results.

[0023] Said dependence on the anaesthesiologist’s atten-
tion may also cause the anaesthesiologist to act erroneously
on the monitor as a consequence of e.g, a wrong derivation
of a muscle response from the displayed data. Wrong
actuations by the anaesthesiologist may e.g. generate dam-
age or risk of damage to the patient, which have to be
attenuated during surgery. In this case, more surgical
resources may be finally used than initially required.
[0024] In apparatuses based on obtaining or deriving
muscle responses depending on how pressure varies in a
pressure cuff (such as e.g. the one disclosed in U.S. Pat. No.
5,957,860A), patient’s heartbeats may create interferences
that may distort the muscle response. Hence, subsequent
actions and/or assessments based on said distorted responses
may generate errors in e.g. monitoring (or testing) a neuro-
muscular blockade status for a patient.

[0025] Electro-stimulation electrodes are known for their
application on the skin of a patient. These electrodes, which
may be suitable for applications as the ones described
before, may comprise a support layer and an electrically
conductive material (or medium). The support layer may be
made of an electrically insulating material and may be
configured in such a way that, in use, a surface of the support
layer contacts the skin of the patient.

[0026] The support layer may comprise at least one region
having one or more holes. The electrically conductive
medium may be adhered to a surface of the support layer
which may be the opposite to the surface of contact with the
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skin of the patient. The electrically conductive medium
generally extends over the holes and a conductive layer is
interposed in between for conveying current to the skin.
[0027] A risk of this structure may be that the conductive
layer may be torn or damaged at the level of the region of
contact with the patient’s skin and, therefore, the electrically
conductive medium may come into direct contact with the
skin. In these circumstances, a concentrated and relatively
high current may be transmitted to the patient’s skin.
[0028] Such a concentration of electrical energy may
cause e.g. a burn on the skin of the patient, who may be
under general anaesthesia if the patient is being subjected to
a surgical operation. In this situation, the patient may thus
not be able to alert the medical team about the damage
he/she is suffering.

[0029] Connectors for electro-stimulation cuffs, or com-
pressive armbands, are known configured to connect a tube
for the conveyance of pressurized air to the cuff. These
connectors may comprise a body comprising a base and a
tubular portion arranged on one face of the base for the
coupling of the tube.

[0030] These connectors may further comprise two con-
nection electrodes having external terminals for connection
with external cables, and internal terminals for connection to
conductive tracks internal to the cuff. Such a special type of
connectors which feature the ability of simultaneously con-
veying both pressurized air and electrical signals are referred
herein as Hybrid Connectors.

[0031] Hybrid Connectors for electro-stimulation cuffs
should ideally fulfil at least some of the following require-
ments:

[0032] a) transmission of electrical stimuli emitted from a
monitor and conveyed through conductive wires electrically
connecting the monitor to the pressure cuff, for finally
discharging the electrical stimuli onto the patient’s skin
through corresponding electrodes.

[0033] b) entry of pressurized air into the bag of the
compressive armband during the inflation phase thereof, and
subsequent free evacuation of the air to e.g. the monitor and,
from there, to the atmosphere.

[0034] c¢) pneumatic air tightness of the connection
between the inflatable bag and the hybrid connector, without
requiring the application of glues, adhesives, or any other
type of sealant of chemical nature. A risk associated with
such sealants may be that they can deteriorate over time and,
therefore, air leakages may occur. Moreover, UNE-EN ISO
10.993 standards about “Bio-Compatibility of Medical
Devices” may not be suitably fulfilled with the use of such
sealants.

[0035] d) protection against intrusions (of liquids and/or
dust) in the junction between the tube and the hybrid
connector. Such intrusions can short-circuit the conveyance
of electrical stimuli which may put at risk the physical
integrity of the patient and/or surgery staff.

[0036] e) mechanical resistance of the junction between
the tube and the hybrid connector without requiring the
application of glues, adhesives, or any other type of sealant
of chemical nature. This requirement is aimed at preventing
that an excessive pulling of the tube (e.g. accidentally
performed by its unnoticed dragging because of the busy
circulation of the operation room’s staff around the surgical
table) could pull out the tube from its receptacle in the
hybrid connector.
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[0037] ) skin friendly nature since the hybrid connector
may test during surgery on a delicate skin covering the
internal crook of the patient’s arm. With this requirement,
e.g. skin lacerations or irritations thereto may therefore be
prevented.

[0038] U.S. Pat. No. 5,957,860A discloses a pressure cuff
with two integrated electrodes for electro-stimulating a
peripheral motor nerve of a patient. The electro-stimulation
of the nerve may cause an evoked muscle response which
may be evaluated in terms of a steep change in the air
pressure inside an inflatable bag of the cuff. The magnitude
of this air pressure change may determine, by using an
appropriate computing algorithm, an indicator about the
neuromuscular blockade status of the patient.

[0039] The electrodes include an active electrode (cathode
or negative lead, through which current is supplied) and a
passive electrode (anode or positive lead, through which
current is collected). In between the electrodes, the current
passes through a patient’s limb, in particular a patient’s arm.
[0040] FIG. 27a schematically shows a prior art pressure
cuff 270 which comprises a first electro-stimulation elec-
trode 273 and a second electro-stimulation electrode 274.
The pressure cuff is shown further comprising an inflatable
bag 275, and a flexible tube 276 for conducting air and
electrical current between the cuff and a monitor or similar
device configured to operate the cuff.

[0041] FIG. 27a also illustrates a theoretical line 271
representing a path of a nerve to be electro-stimulated
through the electrodes 273, 274. The pressure cuff 270 is
configured in such a way that, in use, the electrodes 273, 274
are arranged on a region of the limb which is at least partially
on or “over” the nerve (theoretically represented by the line
271).

[0042] FIG. 275 offers an enlarged view of a region 272
indicated in FIG. 27a and from a point of view 277 also
indicated in FIG. 27a.

[0043] As shown in FIG. 27¢, the pressure cuff 270 is
configured to be preferentially arranged around a patient’s
right limb (either arm or leg) with the first and second
electrodes 273, 274 and the inflatable bag 275 being suitable
arranged according to the following requirements:

[0044] The first electrode 273 functions as the anode (or
positive lead) and is arranged in a proximal position on an
ulnar nerve 278, and the second electrode 274 functions as
the cathode (or negative lead) and is arranged in a distal
position on the ulnar nerve 278. The particular requirements
further comprise the inflatable bag 275 arranged on or over
a brachial artery 279.

[0045] Pfliiger’s Law defines the conditions under which
an active electrode 274 and a passive electrode 273 arranged
on a path of a motor nerve 278 ensure that an evoked muscle
response induced by a current transmitted by the active
electrode 274 to the nerve 278 is reliable.

[0046] As shown in Table 1, this Law concludes that only
when the active electrode 274 is in a distal position and the
passive electrode 273 is in a proximal position, the evoked
muscle response will reliably occur irrespective of the
magnitude of the intensity of the current transmitted by the
active electrode 274.

[0047] Herein, distal position refers to a distal position in
the corresponding patient’s limb with respect to the patient’s
trunk, and proximal position refers to a proximal position in
the corresponding patient’s limb with respect to the patient’s
trunk.
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[0048] According to Pfliiger’s Law, an electro-stimulation
performed by two electrodes 273, 274 placed on a motor
nerve 278 can cause an evoked muscular response (de-
scribed as “twitch” in Table 1) depending on two param-
eters. A first parameter refers to the intensity of the current
generated to electro-stimulate the motor nerve 278, and a
second parameter refers to the relative position of the
electrodes 273, 274 on the path of the nerve 278. This
second parameter is technically called “polarity”.

[0049] Table 1 provides detailed data about this phenom-
enon. The term ON refers to the moment at which the
electrical stimulus is actually applied to the nerve (closed
circuit condition) and the term OFF refers to the moment at
which the electrical stimulus is withdrawn (open circuit
condition).

TABLE 1
POLARITY
ACTIVE ON
ELECTRIC PROXIMAL ACTIVE ON DISTAL
CURRENT ON OFF ON OFF
WEAK Twitch No twitch Twitch No twitch
MEDIUM Twitch Twitch Twitch Twitch
STRONG No twitch Twitch Twitch No twitch

[0050] In Table 1, three different intensities for the elec-
trical current applied for electro-stimulation are considered:
WEAK, MEDIUM and STRONG. The content of Table 1
permits deriving that a reliable muscle response can be
obtained, irrespective of whether the intensity of the stimu-
lating current is WEAK, MEDIUM or STRONG, only when
the active electrode 274 is arranged in a distal position with
respect to the passive electrode 273, as shown in FIG. 27¢.
[0051] However, when the same pressure cuff is changed
to a patient’s left arm, the practitioner is now forced to rotate
the pressure cuff 180° in order to—as shown in FIG.
27d-match the position of both the stimulating electrodes
273, 274 and the inflatable bag 275 with—respectively—the
course of the peripheral motor nerve 278 and the brachial
artery 279 on the patient’s left arm. By doing so, neverthe-
less, the passive and active electrodes 273, 274 of the
pressure cuff 270 will then unavoidably be laid out on the
motor nerve 278 according to the “ACTIVE ON PROXI-
MAL” arrangement (as identified in Table 1).

[0052] As shown in Table 1, such an “ACTIVE ON
PROXIMAL” arrangement suffers from the important limi-
tation of not being able to warrant an effective evoked
muscle response (TWITCH) after applying (ON) a stimu-
lating current of STRONG intensity on the motor nerve.
[0053] This electro-physiological phenomenon is techni-
cally known as “Anodal Block of Conduction”, which refers
to the lack of evoked muscular response featured on a
patient’s muscle, when the motor nerve innervating said
muscle is stimulated with a high electrical current intensity
using a particular layout of electrodes.

[0054] This particular layout comprises the passive elec-
trode (anode, positive lead) of the stimulating circuit placed
further distal on the path of the motor nerve than the active
electrode (cathode, negative lead). Such a scenario is
referred to as “No Twitch” in Table 1, “ACTIVE ON
PROXIMAL” Polarity, “ON” column, and “STRONG”
EBlectric Current’s row.
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[0055] Said “Anodal Block of Conduction” has its root in
the appearance of a positively charged electrical field under
the passive electrode of the stimulating circuit, when said
circuit is closed (ON in terms of Table 1). The existence of
such a positively charged electric field leads to the so-called
hyperpolarization of the nerve’s trunk outer membrane. The
magnitude of such a hyperpolarization is directly propor-
tional to the strength of the positively charged electrical
field, which is, in turn, directly proportional to the intensity
of the electrical current applied for stimulating the nerve.

[0056] The propagation of a nervous impulse along a
nerve’s trunk could be assumed as being a propagation of a
negatively charged electrical wave along the nerve. There-
fore, a positively charged electrical field anywhere on the
nerve’s trunk between the active electrode and the inner-
vated muscle may act as an electrical barrier for the propa-
gation of the cited negatively charged electrical wave.
Hence, the positively charged electrical field may block,
below the passive electrode or anode (this explains the term
“Anodal Block”™), the eventual arrival of the electrical nerve
impulse to the muscle of interest.

[0057] The unnoticed appearance of the “Anodal Block of
Conduction” phenomenon may constitute a potential source
of medical errors during the assessment of the neuromus-
cular blockade condition of a patient, primarily when stimu-
lating a patient’s peripheral motor nerve according to an
“ACTIVE ON PROXIMAL” electrodes’ set-up with a
STRONG electrical current stimulation intensity. If no
muscle response is obtained, the anesthetist may incorrectly
diagnose that the patient is in a deep blockade condition
whereas the patient might actually be in a non-blocked
condition.

[0058] Such an observed lack of motor response may
actually be caused by the undesired blockade of the nervous
signal’s propagation at the strongly hyperpolarized nerve’s
section under the passive electrode, which may be placed
further distal on the path of the motor nerve which has been
stimulated upstream.

[0059] At the current day, the only way to prevent the
occurrence of the “Anodal Block of Conduction” phenom-
enon is to actively invert, through corresponding software,
the Polarity of the electrodes when the pressure cuff is
arranged around a left limb. However, as such a reversal
operation has to be manually carried out by the practitioner
on e.g. a console, monitor or similar, this solution is not
failure proof.

[0060] Pressure cuffs incorporating electro-stimulation
circuits are known from U.S. Pat. No. 5,957,860A. Such
electro-stimulation circuits may comprise electrodes and
related connections which are made with conventional elec-
tric components such as e.g. metallic plates for the elec-
trodes and metallic wires for the connection of the electrodes
to a corresponding electricity source.

[0061] This kind of electro-stimulation circuits incorpo-
rated in a pressure cuff may be relatively stiff, voluminous,
and non-ergonomic, so that they may be annoying to the
patient to whom the circuit is applied for electro-stimulation.
Moreover, the fabrication of said circuits may be compli-
cated and time-consuming because a relative large number
of manual actions may be required.

[0062] The attachment of these electro-stimulation circuits
to the pressure cuff may comprise adhesives or similar
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substances which may cause alterations, such as e.g. irrita-
tion, of the skin of the patient to which the circuit is applied
for electro-stimulation.

[0063] The present disclosure aims at improving upon the
prior art methods of monitoring a neuromuscular blockade
status and systems suitable for such methods.

SUMMARY OF THE DISCLOSURE

[0064] In a first aspect, a method is provided for auto-
mated determination of a neuromuscular blockade status in
a patient to whom a muscle relaxant has been delivered. The
method is based on a plurality of predefined neuromuscular
blockade status, each of them having predefined one or more
stimulation cycles with a cycle petiodicity and one or more
criterions for changing from the neuromuscular blockade
status to another neuromuscular blockade status. The one or
more criterions comprise a first criterion or first set of
criterions for changing the neuromuscular blockade status to
a first other neuromuscular blockade status.

[0065] The method comprises automatically performing
one or more stimulation cycles predefined for the neuro-
muscular blockade status, and automatically determining
one or more muscle responses to at least some of the
performed stimulation cycles. The method further comprises
automatically comparing the muscle responses with the
predefined criterions for changing the neuromuscular block-
ade status, and, if the muscle responses fulfil the predefined
first criterion or first set of criterions, then automatically
performing one or more stimulation cycles predefined for
the first other neuromuscular blockade status.

[0066] The proposed method may be implemented in the
form of e.g. a computer program which may executable by
a suitable system. The aforementioned drawbacks of the
prior art methods may be thus overcome with such an
approach. Derivation of muscle responses and consequent
(re)configuration of subsequent stimulation signals may be
automatically performed by the method/system without
requiring an anaesthesiologist (or similar profile) to pay
attention continuously or periodically.

[0067] The proposed method may be continuously
repeated in such a way that transitions between different
predefined neuromuscular statuses may automatically occur
until a target predefined neuromuscular status is achieved.
Given a current status for the patient, a stimulation cycle
predefined for said current status may be repeated under a
periodicity predefined for said stimulation cycle. Each pet-
formed stimulation cycle may produce a muscle response to
said stimulation.

[0068] One or more of the last muscle responses may be
compared to one criterion or a set of criterions predefined for
the current status. If one of the criterions or the set of
criterions is fulfilled, the neuromuscular blockade status can
be changed from the current status to a new status predefined
for the fulfilled criterion. Hence, the current status becomes
a previous status whereas the new status becomes the current
status. Then, new iterations of the method may be performed
for the “new” current status. And so on until a target
neuromuscular status (e.g. unblocked status) is achieved.
[0069] The method may further comprise, however, dis-
playing representations of the determined muscle responses,
such that the anaesthesiologist may take them into account
if desired. The method may also be adapted to receive
manual instructions from the anaesthesiologist aimed at



US 2016/0296141 Al

replacing (possibly temporary) at least some of the “auto-
matic” predefined stimulation cycles, periodicities, criteri-
ons, etc.

[0070] In some implementations, the one or more criteri-
ons for changing from the neuromuscular blockade status to
another neuromuscular blockade status may further com-
prise a second criterion or second set of criterions for one or
more of the neuromuscular blockade status. The second
criterion or second set of criterions may be predefined for
changing the neuromuscular blockade status to a second
other neuromuscular blockade status. Then, if the muscle
responses fulfil said predefined second criterion or second
set of criterions, one or more stimulation cycles predefined
for the second other neuromuscular blockade status may be
automatically performed.

[0071] Each of the predefined neuromuscular statuses may
have associated one or more stimulation cycles, each of
them being predefined according to a stimulation pattern,
such as e.g. a Single Twitch (ST) pattern, or Train of Four
(TOF) pattern, or Post-tetanic count (PTC) pattern, etc.
More detailed explanations about these patterns may be
provided in other parts of the description.

[0072] Each predefined neuromuscular blockade status
may have predefined one or more stimulation cycles each
having predefined a corresponding criterion or set of crite-
rions for changing to another neuromuscular blockade sta-
tus. In an example, an induction status (which means that
blockade is being induced in the patient) may have pre-
defined a single TOF stimulation cycle and a single (first)
criterion or (first) set of criterions depending on one or more
responses to said TOF stimulation(s).

[0073] In another example, a deep status (which means
that the patient is considered deeply blocked) may have
predefined a first stimulation cycle according to a TOF
pattern, and a second stimulation cycle according to a PTC
pattern which is more sensitive than the TOF pattern. In
other words, the PTC pattern may permit detecting neuro-
muscular transmissions that the TOF pattern cannot detect.
[0074] Taking the above into account, a first criterion or
first set of criterions may be predefined for the TOF stimu-
lation cycle for changing to less deep statuses (e.g. moderate
status), and a second criterion or second set of criterions may
be predefined for the PTC stimulation cycle for changing to
more deep statuses (e.g. intense status). After performing
one or more TOF stimulation cycles, if no neuromuscular
transmission is detected (or inferred), then the PTC stimu-
lation cycle and the second criterion or second set of
criterions may be applied to infer weaker neuromuscular
transmissions and accordingly changing to a new status as
predefined in said second criterion or second set of criteri-
ons.

[0075] According to examples, the one or more muscle
responses may be determined through a pressure cuff
applied to a limb of the patient, such that any muscle
response has a form of a pressure wave representative of
how pressure varies over time in the cuff as a result of said
limb’s muscle reaction to corresponding performed stimu-
lation cycle(s).

[0076] In alternative examples, the one or more muscle
responses may be determined through other types of sensors.
For example, an accelerometer (arranged on e.g. a fingertip
of the patient) can be used in the context of accelerometry
methods, and/or force sensors may be used in the context of
mechanomyography methods.
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[0077] In a second aspect, a method is provided for
determining a muscle response to an electro-stimulation of
the muscle in a patient, by analysing the pressure wave in the
cuff and filtering the interferences from pressure pulses
generated by the heartbeats of the patient. In particular, the
method comprises determining the end of a heartbeat of the
patient, and performing the electro-stimulation of the muscle
by causing generation of a first electro-stimulation pulse
and, subsequently, one or more further electro-stimulation
pulses. The first electro-stimulation pulse is generated sub-
stantially at the end of the heartbeat.

[0078] The method further comprises determining the
muscle response in the form of a pressure wave representing
how pressure varies over time in a pressure cuff as a muscle
reaction to the electro-stimulation. The pressure wave com-
prises first and further pressure pulses induced by the first
and further electro-stimulation pulses respectively. The
method also comprises determining a first characteristic
indicative of the shape of the upward slope of the first
pressure pulse.

[0079] The first characteristic of the upward slope of a
pressure pulse may be e.g. the result of dividing the ampli-
tude of the pressure pulse by the maximum derivative of the
upward slope.

[0080] The method furthermore comprises, for at least
some of the further pressure pulses, determining the first
characteristic of the further pressure pulse, determining a
deviation between the first characteristic of the further
pressure pulse and the first characteristic of the first pressure
pulse, and verifying if the deviation exceeds a deviation
threshold.

[0081] The end of the patient’s heartbeat may be deter-
mined by using any known system/method aimed at infer-
ring a curve representing the heartbeat. This curve may have
an upward slope, a peak, and a downward slope. The end of
the heartbeat may be determined when the downward slope
of the heartbeat curve substantially ends.

[0082] Diverse experiments have revealed that all the
pressure pulses (in the muscle response) with amplitude
greater than zero have, in the absence of interferences due to
patient’s heartbeat, an upward slope with a similar shape.
Generating the first electro-stimulation pulse at the end of a
heartbeat may permit assuming that the first pressure pulse
(induced by said first electro-stimulation pulse) is free of
interferences due to patient’s heartbeat.

[0083] Hence, a deviation between the first characteristic
of a further pressure pulse and the first characteristic of the
first pressure pulse (free of heartbeat interferences) may
indicate that the further pressure pulse has been distorted by
a heartbeat of the patient. If the deviation is below a
deviation threshold, which may indicate that the distortion is
substantially small, a correction based on the first charac-
teristic of the first pressure pulse may be applied to the
further pressure pulse in order to at least partially eliminate
(or attenuate) said distortion.

[0084] In case of a negative result of verifying if the
deviation exceeds a deviation threshold, an adjustment of
the further pressure pulse is performed. This adjustment is
carried out by assuming that the time until peak (or rising
time) of the further pressure pulse is measured correctly and
that the shape of its upward slope can be described by the
first characteristic of the first pressure pulse.

[0085] In some implementations, in case of a positive
result of verifving if the deviation exceeds a deviation
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threshold, an adjustment of the further pressure pulse may be
performed either based on a first assumption or on a second
assumption. The first assumption may presume that the time
until peak (or rising time) of the further pressure pulse is
measured correctly and that the shape of its upward slope
can be described by the first characteristic of the first
pressure pulse.

[0086] The second assumption may presume that the time
until peak (or rising time) of the further pressure pulse is
measured correctly and that the shape of its upward slope
can be described by substantially subtracting a heartbeat
pulse of reference from the measured further pressure pulse.

[0087] If the deviation between the first characteristic of
the further pressure pulse and the first characteristic of the
first pressure pulse is above the deviation threshold, which
may indicate that the distortion is substantially significant,
either a first correction or a second correction may be
applied to the further pressure pulse in order to at least
partially eliminate (or attenuate) said distortion.

[0088] The first correction may be based on the first
characteristic of the first pressure pulse, and the second
correction may be based on substantially subtracting a
heartbeat pulse of reference from the measured further
pressure pulse. Either the first or the second correction may
be selected depending on the magnitude of the correction.
For example, the correction with smaller magnitude may be
selected in order to avoid applying an excessive correction
to the further pressure pulse.

[0089] The proposed methods may therefore permit deter-
mining a “filtered” muscle response without or with smaller
distortion(s) due to patient’s heartbeat. These methods may
be used in methods based on using an electro-stimulation
cuff as the ones described in other parts of the description.
These methods may produce more reliable results when
using said methods.

[0090] In yet a further aspect, an electro-stimulation elec-
trode is provided which is configured to be applied dryly (i.e.
suitable for its dry application) on the skin, preferably intact
skin, of a patient. The concept of dry application may refer
to the application of the electro-stimulation electrode with-
out the need of applying any electrically conductive gel
under it.

[0091] The electro-stinulation electrode comprises a sup-
port layer, an electrically conductive medium, and a first
conductive layer. The support layer is made of an electrically
insulating material and has at least one region with one or
more holes. The support layer is arranged in such a way that,
in use, a first surface (or outer surface) of the support layer
contacts the patient’s skin. This outer surface of the support
layer is therefore aimed at coming into contact with the
patient’s skin.

[0092] The electrically conductive medium is adhered to a
second (or inner) surface of the support layer, opposite to the
first surface, and arranged completely or partially surround-
ing the region with holes in such a way that the electrically
conductive medium does not cover said region with holes. In
other words, the electrically conductive medium is arranged
around the region with holes, such that the electrically
conductive medium completely or partially surrounds said
region (with holes) in such a way that the electrically
conductive medium does not overlap with said region (with
holes).
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[0093] The first conductive layer contacts the electrically
conductive medium in such a way that the first conductive
layer covers (or overlaps with) the region with holes.

[0094] The suggested electro-stimulation electrode sub-
stantially eliminates the risk of causing burns on the
patient’s skin. This effect is achieved because the electrical
current is transmitted to the patient’s skin through the one or
more holes (of the support layer) from surrounding posi-
tions, since the electrically conductive medium (completely
or partially) surrounds said region with holes. Therefore, the
electrical current conveyed by the electrically conductive
medium cannot reach the skin of the patient directly from the
electrically conductive medium itself.

[0095] In yet another aspect, a hybrid air-signal connector
is provided for connecting an air-signal tube to an electro-
stimulation cuff. The hybrid air-signal connector is therefore
aimed at connecting the electro-stimulation cuff with a tube
of introduction of pressurized air and electrical pulse. The
electro-stimulation cuff’ may have inner conductive tracks
and a connection bore, and the air-signal tube may have an
air conduit and electrically conductive cables.

[0096] The hybrid air-signal connector comprises a main
body and two connection electrodes. The main body has a
base with a first tubular portion arranged on a first face of the
base in such a way that, in use, the first tubular portion is
fitted into the air conduit of the air-signal tube such that air
can flow between the air conduit and the inside of the cuff
through the first tubular portion. In other words, the main
body comprises a base from whose centre a tubular portion
extends on one side, so-called outer side, the tubular portion
being for coupling of the tube.

[0097] The two connection electrodes may be either
L-shaped or substantially flat.

[0098] The connection electrodes have external terminals
(for connection with external cables) and internal terminals
(for connection with conductive tracks internal to the cuff).

[0099] In the case of the L-shaped electrodes, the external
terminals extend from the base parallel (and optionally
contiguously) to the first tubular portion in such a way that,
in use, each external terminal contacts one of the electrically
conductive cables of the air-signal tube.

[0100] In the case of the substantially flat electrodes, the
external terminals are embedded in the base with an end
portion arranged on the first face of the base in such a way
that, in use, this end portion contacts an electrically con-
ductive cable of the air-signal tube.

[0101] The internal terminals (of either L-shaped or sub-
stantially flat electrodes) are embedded in the base with an
end portion arranged on the first face of the base in such a
way that, in use, the end portion contacts one of the inner
conductive tracks of the cuff when the hybrid air-signal
connector is introduced into the connection bore of the cuff.
In other words, the internal terminals are embedded in the
base with their ends exposed on the outer side of the base,
so that said ends come into contact with the tracks when the
hybrid air-signal connector is introduced into a connection
bore of the cuff.

[0102] The proposed hybrid air-signal connectors permit a
relatively effective connection of an air-signal tube to an
electro-stimulation cuff. A relatively effective connection of
the wires comprised in the air-signal tube to the imner
conductive tracks of the cuff can be effectively implemented
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through said hybrid air-signal connector as a result of the
particular configuration and arrangement of its connection
electrodes.

[0103] The hybrid air-signal connector may also permit an
effective air flow between the tube and the cuff when the first
tubular region of the connector is fitted into the air conduit
of the tube. Suitable pneumatic air tightness, protection
against intrusions of liquids and/or dust, mechanical resis-
tance against sudden pulling efforts and a skin friendly
nature may also be provided by the said hybrid air-signal
connector if e.g. a proper material is chosen for its manu-
facturing.

[0104] In a yet further aspect, a pressure cuff is provided
configured to be arranged around a limb of a patient and
comprising an active electro-stimulation electrode and a
passive electro-stimulation electrode.

[0105] The active electro-stimulation electrode (cathode
or negative lead) is configured to transmit an electrical
current and is arranged in the pressure cuff in such a way
that, in use, a contact surface of the active electro-stimula-
tion electrode is arranged on a first region of the limb, which
is at least partially on a peripheral motor nerve of the limb
such that the nerve receives at least part of the transmitted
electrical current.

[0106] The passive electro-stimulation electrode (anode or
positive lead) is configured to collect an electrical current
and is arranged in the pressure cuff in such a way that, in use,
a contact surface of the passive electro-stimulation electrode
is arranged on a second region of the limb, such that the
transmitted electrical current is collected by the passive
electro-stimulation electrode.

[0107] The second region of the limb is not on the periph-
eral motor nerve, and/or the contact surface of the passive
electro-stimulation electrode is substantially larger in size
than the contact surface of the active electro-stimulation
electrode.

[0108] The proposed pressure cufl may be used for assess-
ing the drug-induced neuromuscular blockade condition of
an anesthetized patient, by measuring the strength of an
evoked muscular response obtained from the cuff as a result
of electro stimulating the peripheral motor nerve.

[0109] This strength of the evoked muscular response may
be determined by measuring, with the use of an appropriate
computing algorithm, the magnitude of the air pressure peak
that occur inside an inflatable bag of the cuff on each
muscular motor response.

[0110] As described in other parts of the description, a
phenomenon known as “Anodal Block of Conduction” may
block the propagation of a nerve impulse induced by the
electro-stimulation, which may cause the absence of evoked
muscular response. The unnoticed appearance of the
“Anodal Block of Conduction” phenomenon may constitute
a potential source of medical errors during the assessment of
the neuromuscular blockade condition of a patient.

[0111] With the proposed pressure cuff, the potential risk
of incorrectly assessing the neuromuscular blockade condi-
tion of a patient because of the unnoticed event of the
“Anodal Block of Conduction” phenomenon is substantially
reduced or even eliminated.

[0112] If the proposed pressure cuff is arranged on either
the right or left arm of the patient with the passive electrode
in a proximal position with respect to the active electrode, a
reliable evoked muscle response will always occur accord-
ing to Pfliiger’s Law. This principle is irrespective of
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whether the passive electrode is arranged on the motor
nerve’s course or not, and of whether the passive electrode
is larger in size than the active electrode or not.

[0113] With the proposed pressure cuff, regardless of
whether it is arranged on either the right or left arm of the
patient, and even with the passive electrode in a distal
position with respect to the active electrode, a reliably
evoked muscle response will also occur:

[0114] If the passive electrode (even if in the distal posi-
tion) is not arranged on the motor nerve’s course, the risk of
blockade of the normal propagation of nerve impulses along
said nerve’s trunk due to the unnoticed appearance of the
“Anodal Block of Conduction” phenomenon may be non-
existent. This is because the passive electrode (in the distal
position) is placed outside the area of influence of the motor
nerve, so that no hyperpolarization of the outer membrane of
the nerve may be induced by the passive electrode. Such an
avoidance of the risk of unnoticed blockade of the propa-
gation of nerve impulses is irrespective of the size of the
contact surface of the passive electrode (in the distal posi-
tion) with the patient’s skin.

[0115] If the passive electrode (in the distal position) is
arranged on the motor nerve’s course and its contact surface
with the patient’s skin has a size larger than the contact
surface of the active electrode, the risk of blocking the
normal propagation of nerve impulses along the nerve’s
trunk due to the unnoticed appearance of the “Anodal Block
of Conduction” phenomenon, may also be relatively low or
even non-existent. This is because the larger size of the
passive electrode acts as a diffuser which effectively reduces
the density of electrical current existing at any point of the
said contact surface of the passive electrode with the
patient’s skin. As a consequence, this low density of elec-
trical current also creates a relatively weak positively
charged electrical field under said contact surface which in
turn, induces a relatively low hyperpolarization level on the
outer membrane of the motor nerve’s trunk. Hence the risk
of appearance of the “Anodal Block of Conduction” phe-
nomenon is significantly reduced or even eliminated.
[0116] In some examples, the second region of the limb
may be at least partially on the peripheral motor nerve of the
limb, and the contact surface of the passive electro-stimu-
lation electrode may be substantially larger in size than the
contact surface of the active electro-stimulation electrode. In
some particular examples, the contact surface of the passive
electro-stimulation electrode may substantially completely
surround the contact surface of the active electro-stimulation
electrode in a, for example, substantially coaxial manner.
[0117] An advantageous aspect of having the active elec-
trode completely surrounded by the larger passive electrode
may be that the electrical protection of the patient’s heart
may be improved. This is based on that the larger contact
surface of the passive electrode constitutes an effective and
preferential exit for the electro-stimulation current, so that
said current does not flow towards the patient’s heart. This
conclusion may be further based on that such a preferential
exit for the electro-stimulation current covers the entire 360
degrees around the active electrode.

[0118] In some examples wherein the passive electrode is
larger than the active electrode. the contact surface of the
passive electro-stimulation electrode may partially surround
the contact surface of the active electro-stimulation elec-
trode. For example, the passive electro-stimulation electrode
may be substantially C-shaped. In other examples, the
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passive electro-stimulation electrode may be formed as two
annular segments, each having a first end and a second end,
the first ends facing each other with a first gap in between
and the second ends facing each other with a second gap in
between.

[0119] An aspect of these last configurations (C-shaped
and those based on annular segments) may be that they also
benefit from the diffusing effect of the electrical current
density explained before. Hence, the risk of appearance of
the “Anodal Block of Conduction” phenomenon is signifi-
cantly reduced or even eliminated. Moreover, the passive
electrode may also constitute an effective and preferential
exit for the electro-stimulation current, covering the almost
entire 360 degrees around the active electrode, which may
improve the electrical protection of the patient’s heart.
[0120] Any of the previous configurations of active and
passive electrodes described in the context of pressure cuffs
may be implemented based on the features and principles
described in other parts of the description with respect to
electro-stimulation circuits formed as a single multilayer
film.

[0121] In a yet another aspect, electro-stimulation circuits
are provided comprising an electrode portion and a track
portion. The electrode portion is configured to either trans-
mit or collect an electrical current to/from a region of a
patient’s skin for electro-stimulating a peripheral motor
nerve of the patient. The track portion is configured to
conduct the electrical current to/from the electrode portion.
The electrode and track portions are integrally formed as a
single multilayer film having a plurality of layers.

[0122] The plurality of layers comprises a first layer and a
second layer attached to each other. The first layer may be
made of thermoplastic polymer, such as e.g. Thermoplastic
polyurethane (TPU) and/or Polyvinyl chloride (PVC), doped
with electrically conductive particles, such as e.g. graphite
particles. The second layer may be made of electrically
conductive material, such as e.g. an electrically conductive
fabric which may comprise carbon fibre and/or a metallic
mesh.

[0123] The proposed electro-stimulation circuits may be
fabricated in ways which can be easily scaled up. They may
be manufactured in single-step manufacturing processes
such as thermal continuous lamination. Besides, these elec-
tro-stimulation circuits may subsequently be easily adhered
to a pressure cuff cover without the need of using adhesives
or similar substances, thanks to the welding properties of the
thermoplastic polymer of the first layer.

[0124] The first layer may permit skin friendly transmis-
sions of electricity between the electrode portion and a target
region of the patient’s skin for stimulating a nerve. The
second layer may provide efficient electrical conductivity
properties to the track portion for conducting electricity
to/from the electrode portion of the circuit.

[0125] In some examples, the plurality of layers may
further comprise a third layer of thermoplastic polymer
attached to the second layer in such a way that the second
layer is sandwiched between the first layer and the third
layer. This third layer may be made of thermoplastic poly-
mer doped with electrically conductive particles.

[0126] According to examples, the layers of the plurality
of layers may be attached together with a heated lamination
process. This process may be a single step process, which
may therefore make the fabrication of the electro-stimula-
tion circuits less complicated and less time-consuming in
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comparison with other manufacturing processes such as e.g.
layer-by-layer deposition of thin films (used e.g. in Printed
Electronics and/or Phase-Vapour Deposition technologies).
[0127] In addition, since the abovementioned lamination
process is a continuous manufacturing process, it also pro-
vides benefits in terms of cost savings derived from the
economies of scale. More detailed argumentation is pro-
vided in other parts of the description.

[0128] In examples, a pressure cuff may be provided
which may be configured to be arranged around a limb of a
patient and may comprise at least one of the previous
electro-stimulation circuits. The electro-stimulation circuit
may be attached to the pressure cuff in such a way that, in
use, a contact surface of the electrode portion of the electro-
stimulation circuit is arranged on a region of the limb such
that an electrical current can be either transmitted or col-
lected by the electrode portion to/from said region of the
limb for electro-stimulating a peripheral motor nerve.
[0129] The attachment of the electro-stimulation circuit to
the pressure cuff may comprise an attachment of a layer of
the electro-stimulation circuit made of thermoplastic poly-
mer to a region of the pressure cuff also made of thermo-
plastic polymer. For example, the pressure cuff may com-
prise a fabric cover having a layer made of thermoplastic
polymer to which the layer of thermoplastic polymer of the
electro-stimulation circuit may be attached. This fabric
cover may comprise a further layer made of nylon, paper or
nonwoven fabric attached to the layer of thermoplastic
polymer through e.g. a heated lamination process.

[0130] Such a layer of nylon, paper or nonwoven fabric
may be an outer layer of the fabric cover and the layer of
thermoplastic polymer may be an inner layer of the fabric
cover, such that a relatively compact and resistant pressure
cuff may be obtained. The outer layer of nylon, paper or
nonwoven fabric may generally attribute enough strength to
the cuff, whereas the inner layer of thermoplastic polymer
may permit a relatively strong attachment of the electro-
stimulation circuit(s) to the cuff. This may also contribute to
make the inflatable bag of the pressure cuff leak-proof.
[0131] The attachment between the thermoplastic polymer
layer of the circuit(s) and the thermoplastic polymer layer of
the fabric cover may be implemented with a welding pro-
cess. This welding process may be e.g. a hot plate welding
process or an ultrasound welding process or a radio fre-
quency welding process. An advantageous aspect of using a
radio frequency welding process may be that it may effec-
tively avoid the appearance of creases, fissures and/or defor-
mations on the outer surface of the materials to be welded.
This advantage is due to that the radio frequency welding
process only applies heat at the specific contact interface
between the two layers to be welded, while keeping the rest
of said layers at room temperature.

[0132] Any of the previous electro-stimulation circuits
formed as a single multilayer film and related principles may
be used for fabricating any of the pressure cuffs with an
active electro-stimulation electrode and a passive electro-
stimulation electrode described in other parts of the descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0133] Non-limiting examples of the present disclosure
will be described in the following, with reference to the
appended drawings, in which:

[0134] FIG. 1 is a flow chart schematically illustrating
automatic changes from induction status to other statuses in
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a method for automated determination of a neuromuscular
blockade status in a patient according to a first example;
[0135] FIG. 2 is a flow chart schematically illustrating
automatic changes from moderate status to other statuses in
the context of a method according to the same or similar
example;

[0136] FIG. 3 is a flow chart schematically illustrating
automatic changes from deep status to other statuses in the
context of a method according to the same or similar
example;

[0137] FIG. 4 is a flow chart schematically illustrating
automatic changes from intense status to other statuses in the
context of a method according to the same or similar
example;

[0138] FIG. 5 is a flow chart schematically illustrating
automatic changes from reversion status to other statuses in
the context of a method according to the same or similar
example;

[0139] FIG. 6 is a flow chart schematically illustrating
automatic changes from end-of-reversion status to other
statuses in the context of a method according to the same or
similar example;

[0140] FIG. 7 is a flow chart schematically illustrating
initial and calibration phases in the context of a method
according to the same or similar example;

[0141] FIG. 8 is a flow chart schematically illustrating a
sub-method of a method according to another example
assuming that a “faster reversion” drug has been delivered to
the patient;

[0142] FIG. 9 schematically shows a pressure pulse due to
a patient’s heartbeat and related parameters, the pressure
pulse being obtained through a pressure cuff;

[0143] FIG. 10 schematically shows a muscle response
pulse due to an electro stimulation pulse and related param-
eters, the muscle response pulse being obtained through a
pressure cuff;

[0144] FIGS. 11 and 12 schematically shows respective
views of a muscle response pulse due to an electro stimu-
lation pulse and a heartbeat pulse interfering with the muscle
response pulse, both pulses being obtained through a pres-
sure cuff;

[0145] FIG. 13 schematically shows a sequence of heart-
beat pulses and a muscle response to a TOF stimulation, both
the heartbeat pulses and muscle response pulses being
obtained through a pressure cuff;

[0146] FIG. 14 is a flow chart schematically illustrating a
method of determining a muscle response to an electro-
stimulation, according to exam pies;

[0147] FIG. 15 is a flow chart schematically illustrating an
implementation of a block comprised in the flow chart of
FIG. 14, according to examples;

[0148] FIG. 16a is an exploded perspective view of an
electro-stimulation electrode according to a first example;
[0149] FIGS. 164 to 16¢ are cross-sectional views of the
electro-stimulation electrode according to the first example;
[0150] FIG. 17a is an exploded perspective view of an
electro-stimulation electrode according to a second
example;

[0151] FIGS. 175 to 17g are cross-sectional views show-
ing the steps of assembling the electro-stimulation electrode
according to a second example;

Oct. 13,2016

[0152] FIG. 18 is a perspective cross-sectional view of a
hybrid air-signal connector according to an example;
[0153] FIG. 19 is a top perspective view of the air-signal
hybrid connector;

[0154] FIG. 20 is a bottom perspective view of the hybrid
air-signal connector;

[0155] FIG. 21 is a cross-sectional view of the hybrid
air-signal connector;

[0156] FIG. 22 is a plan view of the hybrid air-signal
connector;
[0157] FIG. 23 is a perspective view of a cuff and a hybrid

air-signal tube connected to the cuff through the hybrid
air-signal connector;

[0158] FIG. 24 is a bottom perspective view of the hybrid
air-signal connector which is being fitted into a connection
bore of the cuff at an inner side of the cuff’s fabric cover;
[0159] FIG. 25 is a top perspective view of a hybrid
air-signal connector according to a further example;
[0160] FIG. 26 is a cross-sectional view of the hybrid
air-signal connector of FIG. 25;

[0161] FIG. 27a schematically illustrates a perspective
view of an example of prior art pressure cuff with electro-
stimulation electrodes;

[0162] FIG. 275 schematically illustrates a region of the
pressure cuff of

[0163] FIG. 27a taken from a point of view indicated in
FIG. 27a;
[0164] FIG. 27¢ schematically illustrates a prior art pres-

sure cuff positioned in accordance with its correct arrange-
ment around a patient’s right arm;

[0165] FIG. 27d schematically illustrates the pressure cuff
of FIG. 27¢ positioned in accordance with its correct
arrangement around a patient’s left arm;

[0166] FIG. 28a-28¢ schematically illustrate respective
views similar to the one shown in FIG. 275 but with different
configurations of electrodes according to respective
examples;

[0167] FIG. 29a-295 schematically illustrate respective
views similar to the ones shown in FIGS. 284-28¢ but with
different configurations of electrodes according to respective
other examples;

[0168] FIG. 30a schematically illustrates a sectional view
of a portion of a laminated base material suitable for
constructing electro-stimulation circuits according to an
example;

[0169] FIG. 305 schematically illustrates a sectional view
of a portion of another laminated base material suitable for
constructing  electro-stimulation circuits according to
another example;

[0170] FIG. 30c schematically illustrates a process of
fabricating a laminated base material similar to the ones
shown in FIGS. 30a and 305;

[0171] FIG. 31a schematically illustrates a pressure cuff
comprising electro-stimulation ~circuits according to
examples;

[0172] FIG. 315 schematically illustrates an enlarged view
of a region of a pressure cuff similar to the one depicted in
FIG. 31a, wherein configuration details about the electro-
stimulation circuits are shown; and

[0173] FIG. 32 schematically illustrates a cross sectional
view of a pressure cuff region similar to the one shown in
FIG. 31b, said view having been taken according to a plane
indicated in FIG. 315.
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DETAILED DESCRIPTION

[0174] FIGS. 1 to 8 are flow charts schematically illus-
trating automatic transitions between statuses in the context
of methods for automated determination of a neuromuscular
blockade status for a patient. During surgery, depending on
the circumstances, the neuromuscular transmission may be
blocked by delivering a muscle relaxant to the patient and
said blockade may be reverted by delivering to the patient a
drug aimed at that end.

[0175] Methods are based on having predefined a plurality
of neuromuscular blockade statuses, each having predefined
one or more stimulation cycles with a cycle periodicity and
one or more criterions for changing the neuromuscular
blockade status to another neuromuscular blockade status.
[0176] Examples of predefined neuromuscular statuses
may be e.g. induction status, moderate status, deep status,
intense status, reversion status, and end-of-reversion status.
Unblocked status may be a “fictitious” status indicating that
some ending condition has arisen, which may cause ending
of the method.

[0177] Induction status may refer to that a muscle relaxant
has been delivered to the patient and affectation of the
muscle relaxant is in progress towards a desired neuromus-
cular blockade.

[0178] Moderate status may refer to that a neuromuscular
blockade has been achieved which is not very high, so that
some response(s) to TOF (train-of-four) stimulation(s) may
occur, such as e.g. TOF-count between 1 and 3.

[0179] Deep status may refer to that a neuromuscular
blockade has been achieved which is higher, so that no
response(s) to TOF stimulation(s) can be obtained but some
response(s) to PTC (post-tetanic count) stimulation(s) may
occur.

[0180] Intense status may refer to that a neuromuscular
blockade has been achieved which is very intense, so that no
response(s) to any type of stimulation(s), either TOF or PTC
stimulation(s), can be obtained.

[0181] Reversion status may refer to that the neuromus-
cular blockade is being reverted by e.g. delivering to the
patient a drug aimed at that purpose. This drug may be a
“standard reversion” drug or a “faster reversion” drug. More
details about said types of drugs are provided in other parts
of the description.

[0182] These statuses are well defined in medical litera-
ture.
[0183] End-of-reversion status may refer to that reversion

of the neuromuscular blockade is close to its end, so that the
method may be ended when a predefined ending condition
(based on e.g. TOF stimulation(s)) is finally satisfied.
[0184] The one or more predefined stimulation cycles may
comprise one or more stimulation cycles according to a
Single Twitch (ST) pattern based on generating a single ST
stimulation pulse. In this case, a muscle response to a
performed ST stimulation cycle may comprise a single ST
response pulse induced by the ST stimulation pulse.
[0185] A ST-ratio parameter may be inferred from a ST
muscle response, said ST-ratio corresponding to the percent-
age of the ST response pulse with respect to a ST response
pulse of reference determined before delivering the muscle
relaxant to the patient. Since ST patterns are well known in
monitoring neuromuscular blockade, no further details will
be provided to this respect.

[0186] The one or more predefined stimulation cycles may
comprise one or more stimulation cycles according to a
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Train of four (TOF) pattern. A TOF pattern may be based on
generating first, second, third and fourth TOF stimulation
pulses with a frequency of 2 Hz. A muscle response to a
performed TOF stimulation cycle may thus have first, sec-
ond, third and fourth TOF response pulses induced by the
first, second, third and fourth TOF stimulation pulses respec-
tively.

[0187] A TOF-count parameter and a TOF-ratio parameter
may be inferred from a TOF muscle response. The TOF-
count parameter may correspond to the number of TOF
response pulses with amplitude greater than zero in the TOF
muscle response. The TOF-ratio parameter may correspond
to the percentage of the fourth TOF response pulse with
respect to the first TOF response pulse.

[0188] Since TOF patterns are well known in monitoring
neuromuscular blockade, no further details will be provided
to this respect.

[0189] The one or more predefined stimulation cycles may
comprise one or more stimulation cycles according to a
Post-tetanic count (PTC) pattern based on a tetanus stimu-
lation during between 2 and 8 seconds (e.g. 5 seconds),
followed by a period of single twitch (ST) pulses of between
10 and 20 seconds (e.g. 15 seconds).

[0190] A muscle response to a performed PTC stimulation
cycle may have PTC response pulses induced by the ST
pulses of the PTC stimulation cycle.

[0191] A PTC-count parameter may be derived from a
PTC muscle response, said PTC-count parameter corre-
sponding to the number of PTC response pulses with ampli-
tude greater than zero in the PTC muscle response. Since
PTC patterns are well known in monitoring neuromuscular
blockade, no further details will be provided to this respect.

[0192] FIG. 1 is a flow chart schematically illustrating
automatic changes from a predefined induction status 100a
to other statuses 1005, 1004 in a method being performed for
a patient to whom a muscle relaxant has been delivered.
Induction status 100¢ may be initially attributed to the
patient by default (e.g. after delivery of the muscle relaxant)
or depending on a previous phase 1PREV.

[0193] This previous phase 1PREV may be e.g. an initial
or calibration phase, examples of which may be provided in
other parts of the description.

[0194] The induction status 100a may have predefined a
TOF stimulation cycle with a cycle periodicity of e.g. 12
seconds. At block 1a, the method may therefore comprise
waiting for 12 seconds and then, once the 12 seconds have
elapsed, proceeding to block 15. At block 15, performance
of the predefined TOF stimulation cycle may be caused
along with derivation of corresponding TOF-count and
TOF-ratio parameters.

[0195] The induction status 100a may also have pre-
defined a first criterion or first set of criterions for changing
the neuromuscular status. This first criterion or first set of
criterions is described below with reference to blocks 1¢-1f
of FIG. 1.

[0196] At block 1c, a verification of whether TOF-count is
less than 4 may be performed. In case of a positive result of
said verification, the neuromuscular status may be changed
to moderate status 1005. In case of a negative result of said
verification, the method may continue to block 1d.

[0197] At block 14, a verification of whether TOF-ratio is
less than 30% may be performed. In case of a positive result
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of said verification, the method may proceed to block 1e. In
case of a negative result of said verification, the method may
continue to block 1f.

[0198] At block le, the method may comprise verifying
whether TOF-ratio has been less than 30% during 5 minutes.
In case of a positive result of said verification, the neuro-
muscular status may be changed to moderate status 1005. In
case of a negative result of said verification, the method may
loop back to block 1a for initiating a new iteration of the
TOF stimulation cycle (block 15) and verification of the first
criterion or first set of criterions (blocks 1c-1f).

[0199] In certain surgical procedures, a relatively low
level of neuromuscular blockade (or partial neuromuscular
blockade) may be required, such that fourth TOF response
pulses may have amplitude greater than zero permanently. In
such circumstances, TOF-count would be equal to 4 and
TOF-ratio would be greater than 0% always.

[0200] The above transition, at block le, from induction
status 100a to moderate status 1005 when TOF-ratio has
been less than 30% during 5 minutes is aimed at properly
monitoring said partial neuromuscular blockade. More
details about partial neuromuscular blockade in the context
of methods are provided in other parts of the description.
[0201] At block 1f, the method may comprise verifying
whether TOF-ratio has been greater than or equal to 30%
during 15 minutes. In case of a positive result of said
verification, the neuromuscular status may be changed to
unblocked status 100d. In case of a negative result of said
verification, the method may loop back to block 1a for
initiating a new iteration of the TOF stimulation cycle (block
15) and verification of the first criterion or first set of
criterions (blocks 1¢-1f).

[0202] When unblocked status 1004 is attributed to the
patient, the method may end its execution as it may be
considered that the patient’s muscles are not blocked any-
more.

[0203] Alternatively to the previously described TOF
stimulation cycle and first criterion or first set of criterions,
the transition from induction status 1004 to moderate status
100> may be based on a ST stimulation cycle and a
corresponding first criterion (or first set of criterions). The
periodicity of said ST stimulation cycle may be of approxi-
mately 1 second, and the first criterion (or first set of
criterions) may be based on the following rule.

[0204] A first counter may be increased by a single unit
when ST-ratio is less than or equal to 15%. This first counter
may be increased by an additional unit when ST-ratio is less
than or equal to 8%. A second counter may be increased by
a single unit when ST-ratio is less than or equal to 4%.
[0205] The first and second counters may be set to zero
when three consecutive ST stimulations with ST-ratio
greater than 15% occur. The neuromuscular blockade status
may be changed to moderate status 1005 when the first
counter is greater than or equal to 20 and the second counter
is greater than or equal to 3.

[0206] FIG. 2 is a flow chart schematically illustrating
automatic changes from moderate status 1005 to other
statuses in the same or in a similar method. Moderate status
1005 may be attributed to the patient depending on a
previous phase 2PREV.

[0207] This previous phase 2PREV may be the “induction
phase” 100a described in relation to FIG. 1, for example.
Other possible transitions to moderate status 1005 are
described in other parts of the description.
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[0208] The moderate status 1005 may have a predefined
TOF stimulation cycle with a cycle periodicity of e.g. 1
minute. At block 2a, the method may therefore comprise
waiting for 1 minute and then proceeding to block 25. At
block 25, performance of the predefined TOF stimulation
cycle may be caused along with derivation of corresponding
TOF-count and TOF-ratio parameters.

[0209] The moderate status 1005 may also have pre-
defined a first criterion or first set of criterions for changing
the neuromuscular status. This first criterion or first set of
criterions is described below with reference to blocks 2¢-2g
of FIG. 2.

[0210] At block 2¢, a verification of whether the TOF-
count is equal to zero and the TOF-ratio is equal to 0% may
be performed. In case of a positive result of said verification,
the method may proceed to block 2d. In case of a negative
result of said verification, the method may continue to block
P

[0211] At block 2d, a counter of consecutive TOF stimu-
lations with a TOF-count equal to zero and a TOF-ratio
equal to 0% may be increased and, afterwards, the method
may continue to block 2e.

[0212] At block 2e, the method may comprise verifying
whether the counter of consecutive TOF stimulations with
TOF-count equal to zero and TOF-ratio equal to 0% is equal
to 2. In case of a positive result of said verification, the
neuromuscular status may be changed to deep status 100e.
In case of a negative result of said verification, the method
may loop back to block 2a.

[0213] At block 2f, a verification of whether TOF-ratio is
greater than or equal to 80% may be performed. In case of
a positive result of said verification, the neuromuscular
status may be changed to end-of-reversion status 100%. In
case of a negative result of said verification, the method may
continue to block 2g.

[0214] At block 2g, a verification of whether TOF-ratio is
greater than or equal to 4% may be performed. In case of a
positive result of said verification, the neuromuscular status
may be changed to reversion status 100g. In case of a
negative result of said verification, the method may loop
back to block 2a.

[0215] At blocks 2/ and 2g, the determination is made
whether the patient’s muscles are becoming unblocked or
have already become significantly unblocked.

[0216] FIG. 3 is a flow chart schematically illustrating
automatic changes from deep status 100e to other statuses in
the same or in a similar method. Deep status 100e may be
attributed to the patient depending on a previous phase
3PREV.

[0217] This previous phase 3PREV may be the “moderate
phase” 1005 described in relation to FIG. 2.

[0218] The deep status 100e may have predefined a TOF
stimulation cycle with a cycle periodicity of e.g. approxi-
mately 2 minutes. At block 3a, the method may therefore
comprise waiting for 2 minutes and then proceeding to block
3b. At block 35, performance of the predefined TOF stimu-
lation cycle may be caused along with derivation of corre-
sponding TOF-count and TOF-ratio parameters.

[0219] The deep status 100e may also have a predefined
first criterion or first set of criterions for changing the
neuromuscular status. This first criterion or first set of
criterions is described below with reference to blocks 3¢-3e
and 3%-3j of FIG. 3.
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[0220] At block 3¢, a verification of whether a TOF-count
is equal to zero and a TOF-ratio is equal to 0% may be
performed. In case of a positive result of said verification,
the method may proceed to block 3d. In case of a negative
result of said verification, the method may continue to block
3h.

[0221] At block 34, a verification of whether TOF-ratio is
greater than or equal to 80% may be performed. In case of
a positive result of said verification, the neuromuscular
status may be changed to end-of-reversion status 100%. In
case of a negative result of said verification, the method may
continue to block 3i.

[0222] At block 3i, a verification of whether TOF-ratio is
greater than or equal to 7% may be performed. In case of a
positive result of said verification, the neuromuscular status
may be changed to reversion status 100g. In this sense, the
blocks 3% and 3i are generally comparable to blocks 2/ and
2g for a different neuromuscular blockade status.

[0223] In case of a negative result of the verification in
block 3i, the method may continue to block 3;.

[0224] At block 3j, a verification of whether a TOF-count
is greater than zero may be performed. In case of a positive
result of said verification, the neuromuscular status may be
changed to moderate status 1004. In case of a negative result
of said verification, the method may loop back to block 3a.
[0225] At block 34, a counter of consecutive TOF stimu-
lations with TOF-count equal to zero and TOF-ratio equal to
0% may be increased and, afterwards, the method may
continue to block 3e.

[0226] At block 3e, the method may comprise verifying
whether the counter of consecutive TOF stimulations with
TOF-count equal to zero and TOF-ratio equal to 0% is equal
to 3. In case of a positive result of said verification, the
method may continue to block 3/ In case of a negative result
of said verification, the method may loop back to block 3a.
[0227] The deep status 100e may further have predefined
a PTC stimulation cycle with a cycle periodicity of e.g.
approximately 6 minutes. At block 3f, the method may
comprise waiting for 12 seconds after TOF stimulation and
then causing performance of the predefined PTC stimulation
cycle along with derivation of corresponding PTC-count
parameter.

[0228] The deep status 100e may also have predefined a
second criterion or second set of criterions for changing the
neuromuscular status. This second criterion (or second set of
criterions) is described below with reference to block 3g of
FIG. 3.

[0229] At block 3g, a verification of whether PTC-count is
less than or equal to 4 may be performed. In case of a
positive result of said verification, the neuromuscular status
may be changed to intense status 100/ In case of a negative
result of said verification, the method may loop back to
block 3a.

[0230] FIG. 4 is a flow chart schematically illustrating
automatic changes from intense status 100f'to other statuses
in the same or in a similar method. Intense status 100f may
be attributed to the patient depending on a previous phase
4PREV.

[0231] This previous phase 4PREV may be the “deep
phase” 100e described in relation to FIG. 3, for example.
[0232] The intense status 100/ may have a predefined TOF
stimulation cycle with a cycle periodicity of e.g. approxi-
mately 2 minutes. At block 4a, the method may therefore
comprise waiting for 2 minutes and then proceeding to block

Oct. 13,2016

4b. At block 4b, performance of the predefined TOF stimu-
lation cycle may be caused along with derivation of corre-
sponding TOF-count and TOF-ratio parameters.

[0233] The intense status 100/ may also have predefined a
first criterion or first set of criterions for changing the
neuromuscular status. This first criterion (or first set of
criterions) is described below with reference to blocks 4¢-de
and 4k-4j of FIG. 4.

[0234] At block 4e¢, a verification of whether a TOF-count
is equal to zero and a TOF-ratio is equal to 0% may be
performed. In case of a positive result of said verification,
the method may proceed to block 4d. In case of a negative
result of said verification, the method may continue to block
4h.

[0235] At block 44, a verification of whether TOF-ratio is
greater than or equal to 80% may be performed. In case of
a positive result of said verification, the neuromuscular
status may be changed to end-of-reversion status 100%. In
case of a negative result of said verification, the method may
continue to block 4. This block is thus comparable to blocks
3k and 2f

[0236] At block 4i, a verification of whether TOF-ratio is
greater than or equal to 10% may be performed. In case of
a positive result of said verification, the neuromuscular
status may be changed to reversion status 100g. In case of
a negative result of said verification, the method may
continue to block 45. This block is thus generally comparable
to block 3i.

[0237] At block 4/, a verification of whether TOF-count is
greater than zero may be performed. In case of a positive
result of said verification, the neuromuscular status may be
changed to moderate status 1004. In case of a negative result
of said verification, the method may loop back to block 4a.
This block is thus comparable to block 3;.

[0238] At block 4d, a counter of consecutive TOF stimu-
lations with TOF-count equal to zero and TOF-ratio equal to
0% may be increased and, afterwards, the method may
continue to block 4e.

[0239] At block 4e, the method may comprise verifying
whether the counter of consecutive TOF stimulations with a
TOF-count equal to zero and a TOF-ratio equal to 0% is
equal to 3. In case of a positive result of said verification, the
method may continue to block 4f. In case of a negative result
of said verification, the method may loop back to block 4a.
[0240] The intense status 100/ may further have pre-
defined a PTC stimulation cycle with a cycle periodicity of
e.g. approximately 6 minutes. At block 4f, the method may
comprise waiting for 12 seconds after TOF stimulation and
then causing performance of the predefined PTC stimulation
cycle along with derivation of corresponding PTC-count
parameter.

[0241] The intense status 100/ may also have predefined a
second criterion or second set of criterions for changing the
neuromuscular status. This second criterion (or second set of
criterions) is described below with reference to block 4¢g of
FIG. 4.

[0242] At block 4g, a verification of whether FTC-count is
greater than or equal to 8 may be performed. In case of a
positive result of said verification, the neuromuscular status
may be changed to deep status 100e. In case of a negative
result of said verification, the method may loop back to
block 4a.

[0243] FIG. 5 is a flow chart schematically illustrating
automatic changes from reversion status 100g to other
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statuses in the same or in a similar method. Reversion status
100g may be attributed to the patient depending on a
previous phase SPREV.

[0244] This previous phase SPREV may be, for example,
the “intense phase” 100f described in relation to FIG. 4.
Other possible transitions to reversion status 100g may be
described in other parts of the description.

[0245] The reversion status 100g may have a predefined
TOF stimulation cycle with e.g. a cycle periodicity of e.g. 1
minute. At block 5a, the method may therefore comprise
waiting for 1 minute and then, proceeding to block 5b. At
block 554, performance of the predefined TOF stimulation
cycle may be caused along with derivation of corresponding
TOF-count and TOF-ratio parameters.

[0246] The reversion status 100g may also have pre-
defined first criterion(s) for changing the neuromuscular
status. This first criterion(s) is described below with refer-
ence to blocks 5¢-5/ of FIG. 5.

[0247] At block 5e¢, a verification of whether a TOF-count
is less than 4 may be performed. In case of a positive result
of said verification, the method may proceed to block 54. In
case of a negative result of said verification, the method may
continue to block 5/

[0248] At block 54, a counter of consecutive TOF stimu-
lations with TOF-count less than 4 may be increased and,
afterwards, the method may continue to block Se.

[0249] At block 5e, the method may comprise verifying
whether the counter of consecutive TOF stimulations with
TOF-count less than 4 is equal to 2. In case of a positive
result of said verification, the neuromuscular status may be
changed to moderate status 1005. In case of a negative result
of said verification, the method may loop back to block 5a.
[0250] At block 5/, the method may comprise verifying
whether a TOF-ratio is greater than or equal to 80%. In case
of a positive result of said verification, the neuromuscular
status may be changed to end-of-reversion status 100%.
Again, it may thus be considered that the patient’s muscles
are not blocked anymore. In case of a negative result of said
verification, the method may loop back to block 5a.
[0251] FIG. 6 is a flow chart schematically illustrating
automatic changes from end-of-reversion status 1004 to
other statuses in the same or in a similar method. End-of-
reversion status 100~ may be attributed to the patient
depending on a previous phase 6PREV.

[0252] This previous phase 6PREV may be, for example,
the “reversion phase” 100g described in relation to FIG. 5.
Other possible transitions to end-of-reversion status 100g
may be described in other parts of the description.

[0253] The end-of-reversion status 100/ may have a pre-
defined TOF stimulation cycle with a cycle periodicity of
e.g. approximately 30 seconds. At block 64, the method may
therefore comprise waiting for 30 seconds and proceeding to
block 65. At block 65, performance of the predefined TOF
stimulation cycle may be caused along with derivation of
corresponding TOF-count and TOF-ratio parameters.
[0254] The end-of-reversion status 100~ may also have
predefined first criterion(s) for changing the neuromuscular
status. These first criterions are described below with refer-
ence to blocks 6¢-64 of FIG. 6.

[0255] At block 6c¢, a verification of whether a TOF-count
is less than 4 may be performed. In case of a positive result
of said verification, the method may proceed to block 6d. In
case of a negative result of said verification, the method may
continue to block 6f.
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[0256] At block 6d, a counter of consecutive TOF stimu-
lations with TOF-count less than 4 may be increased and,
afterwards, the method may continue to block 6e.

[0257] At block 6e, the method may comprise verifying
whether the counter of consecutive TOF stimulations with
TOF-count less than 4 is equal to 2. In case of a positive
result of said verification, the neuromuscular status may be
changed to moderate status 1005. In case of a negative result
of said verification, the method may loop back to block 6a.
[0258] At block 6f, a verification of whether TOF-ratio is
less than 60% may be performed. In case of a positive result
of said verification, the neuromuscular status may be
changed to reversion status 100g. In case of a negative result
of said verification, the method may continue to block 6g.
[0259] At block 6g, a weighted score may be applied by
using a weighted counter that has been set to zero at the
beginning of the “end-of-reversion phase” 1004, i.e. prior to
the first execution of block 6a. This weighted counter may
be increased by one if TOF-ratio 91% and TOF-ratio 94%,
or increased by two if TOF-ratio 95% and TOF-ratio 98%,
or increased by three if TOF-ratio 99%. Once the weighted
counter has been updated, the method may continue to block
6h.

[0260] At block 64, a verification of whether the weighted
counter is greater than or equal to 5 may be performed. In
case of a positive result of said verification, the neuromus-
cular status may be changed to unblocked status 1004. In
case of a negative result of said verification, the method may
loop back to block 6a. When unblocked status 1004 is
attributed to the patient, the method may end its execution.
[0261] FIG. 7 is a flow chart schematically illustrating an
initial phase 700a and a calibration phase 7005 which may
be employed prior to the methods for determining a neuro-
muscular blockade status as hereinbefore described.

[0262] The initial phase (or sub-method) 700a may start at
block 7a, wherein the initial sub-method 700a may comprise
verifying whether a muscle response of reference has been
determined for the patient. In case of a positive result of said
verification, a transition to block 76 may be performed.
[0263] In case of a negative result of said verification, the
calibration phase (or sub-method) 7005 may be started at
block 7d.

[0264] At block 75, performance of an initial TOF stimu-
lation cycle may be caused along with determination of
corresponding TOF-count parameter.

[0265] At block 7¢, a verification of whether TOF-count is
less than 4 may be carried out. In case of a positive result of
said verification, moderate status 1005 may be initially
attributed to the patient and, therefore, a sub-method iden-
tical or similar to the one illustrated by FIG. 2 may be
started. In case of a negative result of said verification,
induction status 100a may be attributed to the patient and,
therefore, a sub-method identical or similar to the one
illustrated by FIG. 1 may be started.

[0266] The calibration sub-method 7005 may have pre-
defined a TOF stimulation cycle with a cycle periodicity of
12 seconds. At block 7d, the calibration sub-method 7005
may therefore comprise waiting for 12 seconds and then,
once elapsed said 12 seconds, proceeding to block 7e.
[0267] At block 7e, performance of the predefined TOF
stimulation cycle may be caused along with derivation of
corresponding TOF-count parameter.

[0268] At block 7/, the calibration sub-method 7006 may
comprise verifying whether a muscle response of reference
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has been determined for the patient. In case of a positive
result of said verification, the calibration sub-method 70056
may continue to block 7i. In case of a negative result of said
verification, the calibration sub-method 7005 may proceed
to block 7g.

[0269] At block 7g, a counter of performed TOF stimu-
lations may be increased and, afterwards, the calibration
sub-method 7005 may continue to block 74.

[0270] At block 7k, a verification of whether the counter
of performed TOF stimulations is equal to 4 may be carried
out. In case of a positive result of said verification, the
calibration sub-method 7005 may continue to block 7i. In
case of a negative result of said verification, the calibration
sub-method 7005 may loop back to block 7d.

[0271] At block 7i, a verification of whether TOF-count is
less than 4 may be performed. In case of a positive result of
said verification, moderate status 1005 may be attributed to
the patient and, therefore, a sub-method identical or similar
to the one illustrated by FIG. 2 may be started. In case of a
negative result of said verification, induction status 100a
may be attributed to the patient and, therefore, a sub-method
identical or similar to the one illustrated by FIG. 1 may be
started.

[0272] The muscle response of reference may be deter-
mined either manually (i.e. outside the automatic initial and
calibration sub-methods 700a, 7005) or automatically (i.e.
by the calibration sub-method 7005).

[0273] The muscle response of reference may be deter-
mined manually by causing performance of a TOF stimu-
lation cycle and subsequently deriving the muscle response
of reference from the performed TOF stimulation.

[0274] FIG. 7 schematically shows that if the muscle
response of reference has not been determined before, it may
be automatically determined by the calibration sub-method
7005 based on causing performance of up to 4 TOF stimu-
lations with a periodicity of 12 seconds.

[0275] The muscle response of reference may be required
to be greater than a minimum amplitude and to have a
TOF-count parameter equal to 4. If this were not the case,
the patient would be relaxed (i.e. affected by muscle relaxant
(s)) and the muscle response of reference would be useless.
[0276] Determining the muscle response (either manually
or automatically) may further comprise determining an
optimum stimulation (TOF) current for the patient.

[0277] In clinical/surgical practice, the use of new drugs,
such as e.g. Sugammadex, allowing a faster reversion of
neuromuscular blockade is growing increasingly. These new
drugs typically also facilitate the use of intense blockades if
required.

[0278] FIGS. 1-7 illustrate sub-methods of methods for
determining a neuromuscular blockade status a patient
assuming that standard drugs are being used for causing
either neuromuscular blockade or reversion of the neuro-
muscular blockade. The expression “standard drugs” is used
herein to indicate drugs that are currently normally used, i.e.
drugs which are not of the type described above i.e. for
“faster reversion”.

[0279] FIG. 8 is a flow chart schematically illustrating a
sub-method of a method according to another example
assuming that a “faster reversion” drug has been delivered to
the patient.

[0280] This sub-method may be triggered when previous
conditions 8PREV are fulfilled. A previous condition may
comprise e.g. activation of an indicator representing that a
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“faster reversion” drug is being used. This activation may be
provided by e.g. an anaesthesiologist (or similar profile)
through suitable means for data entry. If this indicator is
activated, the method may trigger this “faster reversion”
sub-method from e.g. deep status 100e (FIG. 3) or intense
status 100/ (FIG. 4) depending on respective first and/or
second criterion(s) for changing the neuromuscular block-
ade status.

[0281] This “faster reversion” sub-method may have pre-
defined a TOF stimulation cycle with a cycle periodicity of
30 seconds. At block 8a, the sub-method may therefore
comprise waiting for 30 seconds and then, once elapsed said
30 seconds, proceeding to block 8b. At block 85, perfor-
mance of the predefined TOF stimulation cycle may be
caused along with derivation of corresponding TOF-count
and TOF-ratio parameters.

[0282] At block 8¢, a counter of performed TOF stimula-
tions may be increased and, afterwards, the sub-method may
continue to block 84.

[0283] At block 84, the sub-method may comprise veri-
fying whether the counter of performed TOF stimulations is
equal to 4. In case of a positive result of said verification, the
sub-method may proceed to block 8e. In case of a negative
result of said verification, the method may loop back to
block 8a.

[0284] At block 8¢, a verification of whether TOF-count is
equal to zero and TOF-ratio is equal to 0% may be per-
formed. In case of a positive result of said verification, the
sub-method may return to a standard method STD (assum-
ing that a standard drug is being used). In case of a negative
result of said verification, the method may continue to block
8

[0285] At block 8/, a verification of whether TOF-ratio is
greater than or equal to 80% may be performed. In case of
a positive result of said verification, the neuromuscular
status may be changed to end-of-reversion status 100%. In
case of a negative result of said verification, the method may
continue to block 8g.

[0286] At block 8¢, a verification of whether TOF-ratio is
greater than or equal to 7% may be performed. In case of a
positive result of said verification, the neuromuscular status
may be changed to reversion status 100g. In case of a
negative result of said verification, the method may continue
to block 84.

[0287] At block 84, a verification of whether TOF-count is
greater than zero may be performed. In case of a positive
result of said verification, the neuromuscular status may be
changed to moderate status 1004. In case of a negative result
of said verification, the method may return to the standard
method STD.

[0288] In relation to monitoring of partial neuromuscular
blockade (see FIG. 1 and descriptions about block 1e), some
particularities may be present in examples of the method for
carrying out said special monitoring of partial neuromuscu-
lar blockade.

[0289] For example, moderate status 1005 may have its
first criterion or first set of criterions adapted to store the
minimum TOF-ratio measured and to transition to other
statuses according to particular rules for monitoring partial
neuromuscular blockade.

[0290] For example, a particular rule for partial neuro-
muscular blockade may comprise transitioning to reversion
status when TOF-ratio is greater than or equal to 50%, or
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when TOF-ratio is greater than or equal to the result of
adding the (stored) minimum TOF-ratio and 25%.

[0291] A further particular rule for partial neuromuscular
blockade may comprise transitioning from reversion status
to moderate status when four consecutive TOF stimulations
produce TOF-ratio less than 30%.

[0292] A still further particular rule for partial neuromus-
cular blockade may comprise transitioning from end-of-
reversion status to moderate status when four consecutive
TOF stimulations produce TOF-ratio less than 30%.
[0293] FIG. 9 schematically shows a pressure pulse 9a due
to a patient’s heartbeat and some parameters related to said
pulse 9a. The pressure pulse 92 may have been obtained
through a pressure cuff applied around a patient’s limb (e.g.
arm). In particular, this pressure pulse 9a may represent how
pressure varies over time inside the cuff as a result of
patient’s heartbeat.

[0294] The heartbeat pulse 9a may have a start point 97, an
upward slope 97, a peak 9g, a downward slope 95, and an end
9g. F1G. 9 illustrates that a heartbeat pulse 9a may have an
amplitude 95, which may be defined as the pressure varia-
tion in the heartbeat pulse 9a between the pressure at start
point 9f'and the peak 9g.

[0295] The start 9f of the heartbeat pulse 9a may be
defined as the point at which the heartbeat pulse 9a sub-
stantially starts to rise from a pressure variation substantially
equal to zero. In other words, the start 9f of the heartbeat
pulse 9a may be defined as the point at which the upward
slope 97 of the heartbeat pulse 9a substantially starts.
[0296] The end 9¢ of the heartbeat pulse 9a may be
defined as the point at which the heartbeat pulse 9a sub-
stantially ends to drop to a pressure variation substantially
equal to zero, i.e. the point at which the downward slope 9s
of the heartbeat pulse 9a substantially ends.

[0297] FIG. 9 further shows that a heartbeat pulse 9a may
also have associated with it a rising time 9¢, a maximum
derivative 9e, and a time of the maximum derivative 9d. The
rising time 9¢ may be defined as the time elapsed between
the start 9/ and the peak 9¢ of the heartbeat pulse 9a.
[0298] The maximum derivative 9¢ may be defined as the
maximum inclination of a tangent line to the heartbeat pulse
9a at any point of the upward slope 97. The time of the
maximum derivative 9d may be defined as the time elapsed
between the start 9f of the pulse 9a and the point of the
maximum derivative 9e.

[0299] FIG. 10 schematically shows a muscle response
pulse 10/ induced by an electro stimulation pulse 10m, and
some parameters related to said pulse 10%. The muscle
response pulse 10/ may have been obtained through a
pressure cuff applied around a patient’s limb (e.g. arm). In
particular, this muscle response pulse 104 represents how
pressure varies over time inside the cuff as a muscle reaction
to the electro stimulation pulse 10m.

[0300] Similarly to the heartbeat pulse 9a (of FIG. 9), the
muscle response pulse 10/ (of FIG. 10) may be defined or
described by an amplitude 10/ (i.e. difference between
pressure at starting point 107 and peak 107), an upward slope
10#, the peak 10i, a downward slope 10v, an end point 10z,
a rising time 100, a maximum derivative 104, and time until
the maximum derivative 10p.

[0301] FIG. 10 shows a further parameter which is specific
for this type of pulses 10%2 and may be called herein
“stimulation-response” time 10x. This stimulation-response
time 10z may be defined as the time elapsed between the
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electro stimulation pulse 10m that induces the muscle
response pulse 10% and the start 107 of the muscle response
pulse 107 itself.

[0302] FIGS. 11 and 12 schematically show respective
views of a measured muscle response pulse 10% induced by
an electro stimulation pulse 10m, and a heartbeat pulse 9a
interfering with the muscle response pulse 104. Both pulses
10%, 9a may have been obtained through a pressure cuff as
explained in other parts of the description.

[0303] FIG. 12 further shows an adjusted muscle response
pulse 104" which may result from performing a method for
determining an “adjusted” or “filtered” muscle response
107'. The term “filtered” or “adjusted” is used herein to
indicate that the measured muscle response 104 is filtered or
adjusted (by the method) in such a way that interferences
due to heartbeat(s) 9a are at least partially eliminated
resulting in the adjusted muscle response pulse 10/".
[0304] FIG. 12 also shows an error 12¢ in the amplitude
of the measured muscle response pulse 102 due to its
coupling with the heartbeat pulse 9a. This error 12a may be
at least partially eliminated by performing a muscle-re-
sponse correction method, which may produce the adjusted
muscle response 104" without at least part of said error 12a.
Details about examples of correction methods are provided
in other parts of the description.

[0305] FIG. 13 schematically shows a sequence of heart-
beat pulses 9a, 13a and a muscle response 13/-13i to a TOF
stimulation 135-13e. Both the heartbeat pulses 9a, 13a and
the muscle response pulses 13/-13; may have been obtained
through a pressure cuff as explained in other parts of the
description.

[0306] FIG. 13 shows that muscle response pulses 13/-13;
are induced by TOF stimulation pulses 135-13¢ respectively.
This Figure also shows that some heartbeat pulses 9a
occurring before the electro-stimulation do not cause any
interference in muscle response pulses 13/~13i. However,
other heartbeat pulses 13a occurring substantially at the
same time as the electro-stimulation may interfere in muscle
response pulses 13/-13i.

[0307] FIG. 14 is a flow chart schematically illustrating a
method of determining a muscle response to an electro-
stimulation in a patient, according to examples. For the sake
of understanding, reference signs of FIGS. 9 to 13 may be
used in following descriptions about FIG. 14.

[0308] At block 14a, the end 9¢ of a heartbeat 9a of the
patient may be determined.

[0309] At block 144, a first electro-stimulation pulse 135
may be generated and, subsequently, one or more further
electro-stimulation pulses 13¢-13e. The first electro-stimu-
lation pulse 135 may be generated substantially at the end 9¢
of the heartbeat 9a.

[0310] At block 14¢, the muscle response may be deter-
mined in the form of a pressure wave representing how
pressure varies over time in a pressure cuff as a muscle
reaction to the electro-stimulation. The pressure wave may
comprise first and further pressure pulses 13/-13i caused by
the first and further electro-stimulation pulses 135-13e
respectively.

[0311] An aspect of causing generation of the first electro-
stimulation pulse 134 substantially at the end 9¢ of the
heartbeat 9a may be that the first pressure pulse 13/ may be
substantially free of interference(s) with patient’s heartbeat.
This may thus permit taking the first pressure pulse 13/
(induced by first electro-stimulation pulse 134) as a model
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(or reference) for adjusting the further pressure pulses
13g-13i (provoked by further electro-stimulation pulses 13c¢-
13e).

[0312] At block 144, a first characteristic indicative of the
shape of the upward slope 10u of the first pressure pulse 13/
may be determined.

[0313] At block 14e, the first characteristic may be deter-
mined for each of the further pressure pulses 13g-13i.
[0314] At block 14f, the method may comprise determin-
ing, for each of the further pressure pulses 13g-13i, a
deviation between the first characteristic of the further
pressure pulse 13g-137 and the first characteristic of the first
pressure pulse 13/

[0315] At block 14g, a verification of whether the devia-
tion exceeds a deviation threshold may be performed. In
case of a positive result of said verification, a transition to
block 14/ may be carried out. In case of a negative result of
said verification, a progression to block 14/ may be per-
formed. The deviation threshold may be in a range of
10%-20%, preferably equal to 15%.

[0316] At block 14/, each further pressure pulse 13g-13i
may be adjusted based on either a first assumption or a
second assumption.

[0317] The first assumption may presume that the time
100 until peak 10i of the further pressure pulse 13g-13/ is
measured correctly (i.e. not significantly influenced by a
coinciding heart pulse) and that the shape of its upward slope
10# can be described by the first characteristic of the first
pressure pulse 13/

[0318] The second assumption may presume that the time
100 until peak 10i of the further pressure pulse 13g-13/ is
measured correctly and that the shape of its upward slope
10u can be described by substantially subtracting a heartbeat
pulse of reference 9a from the measured further pressure
pulse 13g-13i. In this case, there is an implicit assumption
that the pressure pulse caused by heartbeat and the pressure
pulse caused by electro-stimulation are substantially simul-
taneous.

[0319] At block 14, each further pressure pulse 13g-13i
may be adjusted based on that the time 100 until peak 10 of
the further pressure pulse 13g-13 is measured correctly and
that the shape of its upward slope 10u can be described by
the first characteristic of the first pressure pulse 13/
[0320] The first characteristic of the pressure pulses 13/
13/ may be determined, at blocks 14d and 14e, depending on
the amplitude 10/ of the pressure pulse 13/-13; and the
maximum derivative 10k of the upward slope 10u of the
pressure pulse 13/~13i.

[0321] In particular, the first characteristic of the pressure
pulse 13/-13;/ may be determined, at blocks 144 and 14e,
based on the following formula:

Alpulse)

O

wherein: C(pulse) is the first characteristic of the pressure
pulse 13/-13i, A(pulse) is the amplitude 10/ of the pressure
pulse 13-13i, and d,,, (pulse) is the maximum derivative
10% of the upward slope 10« of the pressure pulse 13/-13i.
[0322] The result of dividing the amplitude 10/ by the
maximum derivative 10 of the pulse 13/~13/ conceptually
represents the time until peak if the pressure pulse had a
slope equal to the maximum derivative. Hence, the calcu-

Oct. 13,2016

lated first characteristic may be considered as a parameter
representative of the shape of the corresponding pulse
13/-13i. Alternatively, other parameters and/or other math-
ematical relations between them could be considered for this
aim.

[0323] Adjusting the further pressure pulse 13g-13/ may
comprise, at block 14i, adjusting the amplitude 10/ of the
further pressure pulse 13g-13; based on the following for-
mula:

A pgjusreafurther_pulse)=C(first_pulse)xd,,,. (further
pulse)

wherein: A, ... Afurther_pulse) is the adjusted amplitude
of the further pressure pulse 13g-13i, C(first_pulse) is the
first characteristic of the first pressure pulse 131, and d,
(further_pulse) is the maximum derivative 10k of the
upward slope 10« of the further pressure pulse 13g-13i.
[0324] The result of multiplying the maximum derivative
10% of the further pressure pulse 13g-13i by the result of
dividing the amplitude 10/ by the maximum derivative 10k
of the first pressure pulse 13/ conceptually represents that
the time until peak of a further pulse has been measured
correctly (because the pressure variation of a pulse caused
by a heartbeat is much smaller than the pressure variation
caused by electro-stimulation), but that the amplitude was
influenced by the presence of the heartbeat.

[0325] FIG. 15 is a flow chart illustrating an implemen-
tation of the block 14/ of FIG. 14, according to some
examples.

[0326] At block 15¢, a first adjusted amplitude of the
further pressure pulse 13g-13i may be determined based on
the first assumption. This first adjusted amplitude may be
calculated depending on the first characteristic of the further
pressure pulse 13g-13i in the same or similar way as done at
block 14i. Taking this into account, in some examples, the
result of blocks 14i and 15¢ may be the same.

[0327] At block 154, a second characteristic of the shape
of the upward slope 97 of the heartbeat pulse of reference 9a
may be determined.

[0328] This second characteristic may be calculated
depending on the amplitude 95 of the heartbeat pulse of
reference 9a and a time 9c¢ until peak 9g of the heartbeat
pulse of reference 9a. For example, this second character-
istic may be determined based on the following formula:

A(hb_pulse)

C(hb_pulse) = m

wherein: C(hb_pulse) is the second characteristic of the
heartbeat pulse of reference 9a, A(hb_pulse) is the amplitude
95 of the heartbeat pulse of reference 9a, and ¢,(hb_pulse)
is the time 9¢ until peak 9g of the heartbeat pulse of
reference 9a.

[0329] The above formula for determining the second
characteristic conceptually represents an average inclination
of the upward slope 97 of the heartbeat pulse of reference 9a.
Therefore, this second characteristic may be considered as
an indicator representing the shape of the heartbeat pulse of
reference 9a, which may be useful for adjusting the further
pressure pulses 13g-13i. Alternatively, other parameters
and/or other mathematical relations between them could be
considered for this aim.
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[0330] At block 155, a second adjusted amplitude of the
further pressure pulse 13g-13/ may be determined based on
the second characteristic (calculated at block 15a) of the
shape of the upward slope 97 of the heartbeat pulse of
reference 9a. This second adjusted amplitude of the further
pressure pulse 13g-13i may be determined further depending
on the amplitude 10/ of the further pressure pulse 13g-13i
and the time 100 until peak 10i of the further pressure pulse
13g-13i.

[0331] In particular, the second adjusted amplitude of the
further pressure pulse 13g-13i may be determined, at block
154, based on the following formula:

A yguseafurther_pulse)=A(further_pulse)-zg(further
pulse)xC(hb_pulse)

wherein: A, ., .. further_pulse) is the second adjusted
amplitude of the further pressure pulse 13g-13:, A(further_
pulse) is the amplitude 10/ of the further pressure pulse
13g-13i, t(further_pulse) is the time 100 until peak 10; of
the further pressure pulse 13g-13i, and C(hb_pulse) is the
second characteristic of the heartbeat pulse of reference 9a.
[0332] The above formula for obtaining the second
adjusted amplitude is based on the basic assumption that a
heartbeat pulse of the patient substantially completely coin-
cides (i.e. interferes) with the further pressure pulse 13g-13.
[0333] For this reason, the second adjusted amplitude can
be obtained by subtracting the result of multiplying the
rising time 100 of the further pressure pulse 13g-13i by the
average inclination of the upward slope 97 of the heartbeat
pulse of reference 94 from the measured amplitude 10/ of the
further pressure pulse 13g-13i. This may conceptually rep-
resent that the heartbeat pulse of reference 9a is subtracted
from the measured further pressure pulse 13g-13i.

[0334] At block 154, a verification may be performed of
whether the first adjusted amplitude is smaller than the
second adjusted amplitude. In case of a positive result of
said verification, a transition to block 15¢ may be performed.
[0335] In case of a negative result of said verification, a
transition to block 15/ may be performed.

[0336] At block 15e, the first adjusted amplitude may be
selected as the result of adjusting the further pressure pulse
13g-13i. At block 15f; the second adjusted amplitude may be
selected as the result of adjusting the further pressure pulse
13g-13i. In other words, the smaller of the first and second
adjusted amplitudes is selected as the result of adjusting the
further pressure pulse 13g-13i.

[0337] An aspect of selecting the smaller of the first and
second adjusted amplitudes may be that an excessive cor-
rection of the further pressure pulse 13g-13/ may be avoided.
The second adjustment can generally be more aggressive
(i.e. of larger magnitude) than the first adjustment, but this
selection of the smaller adjustment may be carried out as a
precautionary step for avoiding an excessive correction of
the further pressure pulse 13g-13i.

[0338] The electro-stimulation caused at block 145 may be
an electro-stimulation according to a Train of four (TOF)
pattern based on generating a first electro-stimulation pulse
135 and three further electro-stimulation pulses 13¢-13e.
Taking this into account, the muscle response may be
determined, at block 14¢, having a TOF-ratio parameter
corresponding to a relation between the amplitude of one of
the three further pressure pulses 13g-13/ and the amplitude
of the first pressure pulse 13/

[0339] The TOF-ratio parameter may be determined, at
block 14c, based on a first verification of that A(first_pulse)
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=A(second_pulse)=A(third_pulse)zA(fourth_pulse),
wherein A(first_pulse), A(second_pulse), A(third_pulse)
and A(fourth_pulse) are the adjusted amplitude of the first,
second, third and fourth pressure pulses 13/-13i respectively.
Physiologically speaking, it is inevitable that the muscle
response to the four pulses of the TOF decrease with each
pulse.

[0340] In case of a positive result of said first verification,
which may indicate that the first, second, third and fourth
pressure pulses 13/~13/ are not so influenced by heartbeats
so as to be at odds with the basic physiological truth
mentioned before, the TOF-ratio parameter may be calcu-
lated (as usual) as the percentage of the fourth pressure pulse
13/ with respect to the first pressure pulse 13/

[0341] In case of a negative result of said first verification,
the TOF-ratio parameter may be determined based on a
second verification of that A(first_pulse)=A(second_pulse)
zA(third_pulse)<A(fourth_pulse). In case of a positive
result of said second verification, which may indicate that
only the first, second and third pressure pulses 13/-13% are
sufficiently reliable, the TOF-ratio parameter may be deter-
mined based on the following formula:

Althird_pulse) )X

TOF, =|—
rario (A(first _pulse)

wherein: TOF -, is the TOF-ratio parameter, and X is a
value used to compensate that the TOF-ratio parameter is
calculated depending on the amplitude of the first and third
pulses rather than the fourth pulse.

[0342] In case of a negative result of said second verifi-
cation, the TOF-ratio parameter may be determined based on
a third verification of that A(first_pulse)=A(second_pulse)
<A(third_pulse)). In case of a positive result of said third
verification, which may indicate that only the first and
second pressure pulses 137, 13g are sufficiently reliable, the
TOF-ratio parameter may be determined based on the fol-
lowing formula:

A(second_pulse) ]Y

TOF, =
RaTIO ( Alfirst_pulse)

wherein Y is a value used to compensate that the TOF-ratio
parameter is calculated depending on the amplitude of the
first and second pulses rather than the third and fourth
pulses.

[0343] An aspect of the previous manner of determining
the TOF-ratio parameter may be that a relatively reliable
value may be obtained for said parameter even in the case of
estimating that some of the pressure pulses 13/-13i are very
unreliable. It is considered however that, in most cases, the
TOF-ratio parameter may be properly calculated from the
first and fourth pressure pulses 137, 13i.

[0344] FIGS. 16a-16e illustrates an electro-stimulation
electrode according to a first example, and FIGS. 17a-17¢
illustrates an electro-stimulation electrode according to a
second example. The electro-stimulation electrodes are
adapted to be applied dryly (or are suitable for dry applica-
tion 1.e. without the need of applying any electrically con-
ductive gel under them) on a portion of skin, preferably a
portion of intact skin of a patient.
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[0345] Both electro-stimulation electrodes comprise a
support layer 161, an electrically conductive medium 163,
and a first conductive layer 164.

[0346] The support layer 161 may be made of an electri-
cally insulating material and its outer surface is aimed at
coming into contact with the skin of the patient. In other
words, the support layer 161 is arranged in such a way that,
in use, its outer surface contacts the patient’s skin.

[0347] The support layer 161 is provided with at least one
region provided with one or more holes 162 in the surface
of contact with the patient.

[0348] The electrically conductive medium 163 is adhered
to the inner surface of the support layer 161. This inner
surface of the support layer 161 is the opposite surface to the
surface of contact with the skin of the patient.

[0349] The electrically conductive medium 163 is
arranged around the region 162 provided with one or more
holes, such that the electrically conductive medium 163
completely or partially surrounds said region 162 in such a
way that the electrically conductive medium 163 does not
overlap with or cover said region 162.

[0350] The first conductive layer 164 contacts the electri-
cally conductive medium 163 in such a way that the first
conductive layer 164 at least partially covers or overlaps
with the region with the at least one hole 162.

[0351] With respect to the first example, the following
particular features are noted.

[0352] As can be seen in FIG. 164, the electrically con-
ductive medium 163 is arranged between the support layer
161 and the first conductive layer 164. A second conductive
layer 165 is arranged on the surface of contact with the
patient’s skin, said second conductive layer 165 being in
contact with the first conductive layer 164 through the one
or more holes 162.

[0353] As can be seen in FIGS. 16d and 16e, the second
conductive layer 165 has a convex top surface or a top
surface provided with relief (or protruding portions) at the
level of the region with holes 162, so that the contact with
the skin of the patient is enlarged and ensured.

[0354] In this example, an arrangement as the one illus-
trated in FIG. 16a, i.e. with (micro) holes 162 in the support
layer 161, is preferred, so that vertical forces to be supported
by the thin conductive layers 164, 165 of the electrode are
minimized.

[0355] This is because the possible orthogonal forces that
may gravitate on the electrode are supported by the remain-
ing non-perforated part of the resistant support layer 161,
and not by the thin and delicate conductive layers 164, 165
themselves.

[0356] With respect to the second example, the following
particular features are noted.

[0357] As can be seen in FIG. 17g, the first conductive
layer 164 is arranged between the electrically conductive
medium 163 and the support layer 161. In this case, a second
conductive layer 165 is arranged between the first conduc-
tive layer 164 and the support layer 161, said second layer
covering the hole 162.

[0358] A third layer 176 is arranged between the first
conductive layer 164 and the second conductive layer 165,
the third layer 176 having an outline substantially comple-
mentary to the outline of the hole 162 and being arranged
coincident therewith (or fitted therein).
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[0359] In this second example, there is an inner covering
layer 177 whose outline exceeds the outline of the first and
second conductive layers 164, 165.

[0360] The support layer 161 may be made of Nylon,
paper or a nonwoven fabric and the electrode (when in use)
comes into contact with the skin of the patient through the
small window 162 existing thereon. The layer 163 is the
terminal end of a conductive track through which electricity
is conveyed to the electrode. Such a conductive track can be
manufactured e.g. either by depositing an electrically con-
ductive metallic fabric or by printing an electrically con-
ductive ink on the inner surface of the support layer 161.
[0361] The layers 164, 165 and 176 give shape to the body
of the Electrode, and can be manufactured by printing an ink
of conductive composite (e.g. a liquid silicone-based matrix
doped with electrically conductive particles) or intrinsically
conductive polymer (ICP).

[0362] The printing of the layer 164 should be enough for
obtaining a functional electrode. However, printing of the
other two layers 165, 176 is generally preferred.

[0363] The layer 176 has a main objective of levelling the
front surface of the layer 164, since said layer 164 has a
slight cavity in its centre, which is due to the step (or
protruding region) of the layer 164 which is introduced in
the central hole of the layer 163.

[0364] The layer 165 has the single objective of acting as
a closure (or cover) of the layer 176, thereby avoiding that
said layer 176 could detach from the layer 164 and leave the
electrode through the hole 162 existing in the fabric that
constitutes the layer 161.

[0365] As can be seen in FIGS. 164 and 174, the electri-
cally conductive medium 163 completely surrounds the
region of the support layer 161 provided with one or more
holes 162.

[0366] In both examples, the electrically conductive
medium 163 may be e.g. a conductive track, a cable, a
conductive metallic fabric or a printed conductive ink.
[0367] FIG. 18 shows a hybrid air-signal connector 18a
for a pressure cuff for electro-stimulation 237 (see FIG. 23),
which is adapted for implementing a connection with an
air-signal tube 23p (see FIG. 23) for the conveyance (or
introduction) of both pressurized air and electrical signals.
[0368] The hybrid air-signal connector 18a comprises a
main body and two substantially L-shaped electrodes 184,
18e. The main body has a base 186 from which a first tubular
portion 18¢ extends on a (outer) side at its centre, the first
tubular portion 18¢ being suitable for the coupling of the
tube 23p.

[0369] That is, the main body has a base 185 with a first
tubular portion 18¢ arranged on a first side (or outer side)
18g of the base 185 in such a way that, in use, the first
tubular portion 18¢ is fitted into an air conduit of the tube
23p.

[0370] The L-shaped connection electrodes 184, 18¢ have
external terminals 184, 18; for connection with external
wires (i.e. external to the pressure cufl), and internal termi-
nals 181, 184 for connection with conductive tracks 24¢ (see
FIG. 24) internal to the cuff 237, FIG. 24 schematically
partially shows an inner side of the outer envelope (or
inflatable bag) 230 of the cuff 237, which may also be
referred to as base-fabric 230 hereinafter.

[0371] The external terminals 18%, 18; extend from the
base 186 substantially parallel (and optionally substantially
contiguously) to the first tubular portion 18¢. The external
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terminals 187, 18; are therefore arranged in such a way that,
in use, each external terminal 18%, 18; contacts an electri-
cally conductive wire of the air-signal tube 23p.

[0372] The internal terminals 18i, 18k may be embedded
in the base 185 with their ends 19m, 19 exposed on the
outer side 18g of the base 185. In other words, the internal
terminals 18/, 184 may be embedded in the base 185 with an
end portion 19m, 19r arranged on the outer face of the base
184 in such a way that, in use, the end portions 19m, 19» can
contact an inner conductive track 24¢ of the cuff 237 when
the hybrid air-signal connector 18a is introduced into a
connection bore of the cuff 23~ (see FIG. 24).

[0373] The hybrid air-signal connector 18a comprises a
cylindrical enclosure 18/ for protecting the external termi-
nals 18%, 18; and guiding the coupling of the tube 23p which
serves to transmit air and electrical signals. This cylindrical
enclosure 18f may be described as a second tubular portion
18/ outwardly coaxially arranged with respect to the first
tubular portion 18¢.

[0374] The cylindrical enclosure 18f may also constitute a
barrier avoiding the intrusion of liquids and/or dust in the
connection between the tube 23p and the connector 18a.
[0375] The cylindrical enclosure (or second tubular por-
tion) 18/ 'has a lower height (or length) than the first tubular
portion 18¢. Once the tube 23p has been inserted into the
cylindrical enclosure 18f, the welding of both components
ensures both protection against intrusions and mechanical
resistance of the connection between the tube 23p and the
connector 18a.

[0376] As shown in the figures, the hybrid air-signal
connector 18a may preferably be made up of only three
single bodies: the main body and the two electrodes 184,
18e. This configuration or structure can be obtained through
injection on and around (i.e. overmolding) the metallic
electrodes 184, 18e placed inside a thermoplastic injection
mould.

[0377] Preferably, polyurethane is used as base material
for the injection of the body of the connector 18a, and
copper as base material for the stamping and die-cutting of
the metal electrodes 184, 18e. As can be seen in e.g. F1G. 18,
the external terminals 18/%, 18/ are substantially cylindrical
(i.e. have a substantially circular cross-section), and the
internal terminals 18/, 18k are substantially flat (i.e. have a
flat shape).

[0378] In FIG. 19, the base 185 can be seen comprising a
central ring 191 for (providing) pneumatic air tightness (to
the connector 18a). The central ring 191 protrudes with
respect to the rest of the base 185 at a first side (or outer side)
18g of the base 185. When suitably coupled to the cuff 23r,
this ring 191 will come into contact with an inner side of the
base-fabric 230 (or fabric constituting the envelope) of the
cuff 23x

[0379] This last feature provides a wide and uninterrupted
(i.e. 360 degrees of scope) contact surface through which
pneumatic air tightness of the connection between the con-
nector 18a and the cuff 23~ is ensured. Such pneumatic air
tightness will be definitely ensured by the subsequent weld-
ing of the base-fabric 230 against the central ring 191.
[0380] FIG. 20 is a bottom perspective view of the hybrid
air-signal connector 18a showing that the base 185 may
comprise holes 20s for accessing to the ends (or end por-
tions) 19m, 19n of the internal terminals 18/, 18« from the
bottom (or inner) side of the base 185.
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[0381] FIG. 21 is a front cross-sectional view of the hybrid
air-signal connector 18a, wherein previously described con-
figuration features can be seen from another point of view.
The central ring 191 for pneumatic air tightness can be seen
protruding with respect to the rest of the base 185 at a first
side (or outer side) of the base 185. An internal terminal end
portion 197 can also be seen arranged on the first side (or
outer side) of the base 185, in such a way that said end
portion 19z is exposed.

[0382] In FIG. 22, the electrodes 18d, 18e¢ are shown
arranged asymmetrically in order to ensure a proper polarity
in the connection. As can be seen also in FIG, 22, the base
185 may have a substantially elliptical shape.

[0383] FIG. 23 is a perspective view of a pressure cuff 23~
and a tube 23p connected to the cuff 237 through the hybrid
air-signal connector 18a.

[0384] FIG. 24 illustrates that, upon insertion of the hybrid
air-signal connector 18« into the opening of the cuff 23~
aimed at that purpose, the end portions 19m, 19% (not shown
in FIG. 24) of the metal electrodes 18i, 18% (inevitably)
come into contact with the corresponding conductive tracks
24q. These tracks 24¢ are printed on or adhered to an inner
surface of the base-fabric 230 of the cuff 23«

[0385] In any of the previous examples, the main body of
the connector 184 may be made e.g. of polyurethane.
[0386] FIG. 25 is a perspective view of a hybrid air-signal
connector, according to a further example, for connecting a
pressure cuff for electro-stimulation and an air-signal tube.
FIG. 26 is a cross-sectional view of said hybrid air-signal
connector. This hybrid air-signal connector is similar to the
ones shown in previous Figures. One difference is that, in
this particular case, the connector comprises first and second
connection electrodes 25, 256 with flat shape instead of the
L shape previously described in the context of other
examples.

[0387] The first flat electrode 254 is shown embedded in
a base 185 of the hybrid air-signal connector and having an
external terminal 265 and an internal terminal 26a. The
second flat electrode 255 is also shown embedded in the base
185 of the hybrid air-signal connector and having an external
terminal 26¢ and an internal terminal 26d.

[0388] Each of the external terminals 265, 26¢ is shown
arranged on the base 185 in such a way that, in use, the
external terminal 26b, 26¢ contacts an end of an electrically
conductive cable of the air-signal tube when a corresponding
tubular portion 18¢ (of the connector) is fitted into an air
conduit of the air-signal tube. Said tubular portion 18¢ is not
shown in FIG. 25 in order to not obscure the depiction of the
electrodes 25a, 256.

[0389] Each of the internal terminals 26a, 264 is shown
arranged on the base 185 in such a way that, in use, the
internal terminal contacts an inner conductive track 24¢ of
the pressure cuff 237 when the hybrid air-signal connector is
introduced into a connection bore of the pressure cuff.
[0390] An advantageous aspect of such a hybrid air-signal
connector with flat electrodes 254, 255 may be that said
connector yields a substantially lower risk of failure during
the splicing (or coupling) of the external terminals 265, 26¢
to corresponding electrically conductive cables of the air-
signal tube. This is a consequence of the substantially larger
contact surface offered by said external terminals 264, 26c¢.
[0391] Said splicing may simply be a collateral effect of
the coupling of the air-signal tube 23p with the air-signal
connector 18a, which is carried out by fitting the first tubular
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portion 18c¢ of the air-signal connector into the air conduit of
the hybrid air-signal tube. In this splicing operation, the
increased contact surface offered by the flat-shaped external
terminals 265, 26¢ may effectively relieve the operator from
e.g. the requirement of ensuring a substantially perfect
coaxial alignment between each of the external terminals of
the connector and corresponding electrically conductive
cable of the air-signal tube.

[0392] Most of the principles and features previously
commented with respect to hybrid air-signal connectors with
L-shaped electrodes may be compatible with this last hybrid
air-signal connector with flat electrodes. Any of said com-
patible principles and features may thus be equally or
similarly applied to obtain diverse configurations of hybrid
air-signal connectors with flat electrodes.

[0393] FIGS. 274-27d have been described before.
[0394] FIG. 28a schematically illustrates a view similar to
the one shown in FIG. 276 but with a new example of
configuration of electrodes. In particular, an active electrode
284a (or cathode or negative lead, through which current is
supplied) and a passive electrode 283a (or anode or positive
lead, through which current is collected) are shown arranged
on a pressure cuff region 282¢ in such a way that, in use,
both electrodes 283a, 284a are placed on the path 281a of
the peripheral motor nerve to be electro-stimulated. How-
ever, the passive electrode 283a has a contact surface larger
in size than the contact surface of the active electrode 284a.
[0395] This configuration may permit minimizing or
avoiding the risk of appearance of the “Anodal Block of
Conduction” phenomenon, irrespective of whether the cuff
is applied to the left or right arm (or leg) of the patient.
[0396] When the active electrode 284a is in a distal
position and the passive electrode 283a is in a proximal
position, the “Anodal Block of Conduction” phenomenon
cannot occur according to Pfliiger’s Law.

[0397] When the active electrode 284a is in a proximal
position and the passive electrode 2834 is in a distal posi-
tion, the larger size of the passive electrode 283a may induce
a relatively low hyperpolarization level in the underlying
peripheral motor nerve’s outer membrane. This may mini-
mize or eliminate the risk of appearance of the “Anodal
Block of Conduction” phenomenon, as argued in other parts
of the description. The same principle applies to configura-
tions shown in other Figures.

[0398] This configuration may also improve the electrical
protection of the patient’s heart, since the larger size of the
passive electrode 283« constitutes an effective and prefer-
ential exit for the electro-stimulation current transmitted by
the active electrode 2844, as argued in other parts of the
description. This principle will be equally used with refer-
ence to other Figures.

[0399] FIG. 285 schematically illustrates a view similar to
the one shown in FIG. 28a but with another example of
configuration of electrodes. An active electrode 2845 and a
passive electrode 2835 are shown arranged on a pressure
cuff region 282b in such a way that, in use, only the active
electrode 2845 is placed on the path 2815 of the peripheral
motor nerve to be electro-stimulated.

[0400] This arrangement of electrodes may permit avoid-
ing the risk of appearance of the “Anodal Block of Con-
duction” phenomenon, irrespective of whether the cuff is
applied to the left or right arm (or leg) of the patient.
[0401] When the cuff is applied to the right arm, the
passive electrode 2835 is placed outside the path 2815 of the
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nerve to be stimulated. When the cuff is applied to the left
arm, the passive electrode 2835 is equally placed outside the
nerve path 2815.

[0402] FIG. 28¢ schematically illustrates a view similar to
the ones shown in FIGS. 28a and 285 but with another
example of configuration of electrodes. An active electrode
284c¢ and a passive electrode 283¢ are shown arranged on a
pressure cuff region 282¢ in such a way that, in use, the
active electrode 284¢ is placed on the path 281c of the
peripheral motor nerve to be electro-stimulated and the
passive electrode 283¢ completely surrounds the active
electrode 284c¢ in a coaxial manner with respect to a central
axis 285¢. The passive electrode 283c is larger in size than
the active electrode 284c.

[0403] With this configuration, a portion of the passive
electrode 283¢ will always be laid out in a further distal
position on the path 281¢ of the peripheral motor nerve,
irrespective of whether the cuff is applied on the right or left
limb of the patient. However, the relative larger size of the
passive electrode 283¢ may minimize the risk of appearance
of the “Anodal Block of Conduction” phenomenon, accord-
ing to the principle described with respect to FI1G. 284, in
which case a reliable muscle response will always occur.
[0404] This configuration may also improve the electrical
protection of the patient’s heart according to the principle
described with respect to FIG. 28a.

[0405] FIG. 294 schematically illustrates a view similar to
the ones shown in FIGS. 28a-28¢ but with another example
of a configuration of electrodes. An active electrode 294a is
shown to be arranged, in use, on the peripheral motor nerve
path 291a. A passive electrode 293a is shown partially
surrounding the active electrode 294a and formed as two
annular segments 296a, 297a.

[0406] A first of the annular segments 296a has a first end
2910a and a second end 2984, and a second of the annular
segments 297a has a first end 2911a and a second end 299a.
The first ends 2910a, 2911 a are shown facing each other
with a first gap in between and the second ends 298a, 2994
are shown facing each other with a second gap in between,
such that, in use, the passive electrode 293« is not directly
arranged on/over the nerve path 291a.

[0407] This arrangement of electrodes may permit avoid-
ing the risk of appearance of the “Anodal Block of Con-
duction” phenomenon, since the passive electrode 293a is
placed, in use, outside the nerve path 291a, irrespective of
whether the cuff is applied to the right or left arm (or leg) of
the patient. Hence, a reliable muscle response will always
occur in this case.

[0408] This configuration may also improve the electrical
protection of the patient’s heart according to the principle
described with respect to FIG. 28a.

[0409] FIG. 295 schematically illustrates a view similar to
the ones shown in FIGS. 28a-294 but with another example
of configuration of electrodes. An active electrode 2946 is
shown to be arranged, in use, on the nerve path 2915. A
passive electrode 2935 is shown partially surrounding the
active electrode 2945 and substantially C-shaped. The pas-
sive electrode is shown having a first end 2985 and a second
end 2995 facing each other with a gap in between.

[0410] Such an arrangement of electrodes may permit
minimizing or avoiding the risk of appearance of the
“Anodal Block of Conduction” phenomenon, in which case
a reliable muscle response will always occur.



US 2016/0296141 Al

[0411] The cuff may be applied on a patient’s limb in such
a way that the furthest distal stretch of the nerve path 2915
substantially lies below the gap of the passive electrode
293b. In this case, the passive electrode 2935 would not
induce any hyperpolarisation on the outer membrane of the
nerve. Hence, the risk of appearance of the “Anodal Block
of Conduction” phenomenon is eliminated.

[0412] Alternatively, the cuff can be applied on a patient’s
limb in such a way that the furthest distal stretch of the nerve
path 2914 falls below a portion of the passive electrode
293b. In this case, the relative larger size of the passive
electrode 2935 may still minimize the risk of appearance of
the “Anodal Block of Conduction” phenomenon, according
to the principle described with respect to FIG. 2a.

[0413] This configuration may also improve the electrical
protection of the patient’s heart according to the principle
described with respect to FIG. 28a.

[0414] FIG. 30a schematically illustrates a sectional view
of a portion 306 of a laminated base material suitable for
constructing electro-stimulation circuits according to an
example. This particular laminated base material 306 is
shown formed as a multilayer film having a first layer 302
of thermoplastic polymer doped with electrically conductive
particles 307 and a second layer 303 of electrically conduc-
tive material. The first layer 302 and the second layer 303
may be attached to each other with a heated lamination
process as shown in FIG. 30c.

[0415] FIG. 305 schematically illustrates a sectional view
of a portion 306" of another laminated base material suitable
for constructing electro-stimulation circuits according to
another example. In this case, the laminated base material
306' is shown formed as a multilayer film having a first layer
302 of thermoplastic polymer doped with electrically con-
ductive particles 307, a second layer 303 of electrically
conductive material, and a third layer 304 of thermoplastic
polymer that may also be doped with electrically conductive
particles 307.

[0416] These three layers 302-304 may be attached
together in such a way that the second layer 303 is sand-
wiched between the first layer 302 and the third layer 304.
This attachment may be implemented through a heated
lamination process as the one illustrated in FIG. 30c.

[0417] FIG. 30c schematically illustrates a process of
fabricating a laminated base material similar to the ones
shown in FIGS. 30a and 305. This process may be a heated
lamination process based on introducing two corresponding
sheets 302, 303 (for obtaining the structure of FIG. 30a) or
three corresponding sheets 302-304 (for obtaining the struc-
ture of FIG. 305) into a lamination apparatus.

[0418] This lamination apparatus may comprise at least
two rollers 300, 301 configured to rotate while pressing the
input sheets 302, 303 or 302-304 in such a way that a desired
multilayer film 305 is generated. Suitable heating means
may provide a proper heating at the pressure region between
the rollers 300, 301 in such a way that a relatively strong
attachment between the layers or sheets 302, 303 or 302-304
may be implemented.

[0419] An aspect of using this heated lamination process
is that a relatively compact multilayer film 305 can be
obtained without the need of using adhesives or similar
substances. Since this multilayer film 305 is intended for
constructing electro-stimulation circuits to be applied on the
skin of a human being, the absence of such adhesives (or
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similar substances) may avoid causing undesired alterations,
such as e.g. irritation, of the skin.

[0420] Another aspect of using this heated lamination
process is that it may make the fabrication of the multilayer
film 305 easier and cheaper in comparison with other types
of manufacturing processes. For example, the layer-by-layer
deposition of thin films, which is typically used e.g. in the
Printed Electronics Industry and/or the Phase-Vapour Depo-
sition technology, may require several intermediate steps.
[0421] The effective deposition of each layer included in
the multilayer film may comprise e.g. the printing/deposi-
tion step itself, the subsequent curing step (often, this step is
compulsorily performed off-line of the main manufacturing
printing line), a subsequent registry step of the multilayer
stack already deposited with the silk-screen printing appa-
ratus when back into the printing line, etc.

[0422] Nevertheless, the proposed heated lamination pro-
cess may be just a single-step and single-machine process
which, as a result, can make the manufacturing process of
the base material 305 more easily scalable to mass produc-
tion.

[0423] A further aspect of using this heated lamination
process is that a relatively thin and efficient multilayer film
305 for constructing electro-stimulation circuit(s) may be
obtained.

[0424] Once generated, a laminated base material such as
the ones shown in FIGS. 30a and 306 may be properly cut
for obtaining different examples of electro-stimulation cir-
cuits, such as e.g. the ones shown in FIGS. 315 and 32.
These electro-stimulation circuits may comprise an elec-
trode portion and a track portion integrally formed as a
single multilayer film having a laminated structure such as
the ones described with reference to FIGS. 304 and 305.
[0425] The electrode portion may be configured to be
arranged on a skin region of a patient and to either transmit
or collect an electrical current to/from a region of a patient
which is at least partially on a nerve of the patient for
electro-stimulating a peripheral motor nerve. The track
portion may be configured to conduct the electrical current
to/from the electrode portion.

[0426] In a laminated base material such as the ones
shown in FIGS. 30a and 305, the thermoplastic polymer
may comprise Thermoplastic polyurethane (TPU), and/or
Polyvinyl chloride (PVC), and/or any other thermoplastic
polymer suitable for the intended aim(s). Furthermore, in
some examples, the electrically conductive particles 307
may be graphite particles or any other type of electrically
conductive particles suitable for the intended aim(s). The
thermoplastic polymer film may be obtained by extruding
pellets.

[0427] TIf the thermoplastic polymer and the electrically
conductive particles are combined under a suitable mixing
ratio, a desired electrical conductivity of the layers 302, 304
may be achieved while keeping good welding capabilities.
An aspect of the proposed electro-stimulation circuits is thus
that they may be easily welded to a region of the cuff, due
to the presence of the thermoplastic polymer, in such a way
that skin friendly current transmissions may occur due to the
presence of the electrically conductive particles.

[0428] According to examples, the second layer may com-
prise an electrically conductive fabric, which may be at least
partially made of carbon fibre and/or may be at least partially
made of metallic mesh. The layer made of thermoplastic
polymer doped with electrically conductive particles may
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still have a relatively low nominal value of electrical con-
ductivity which may be not enough for the track portion to
conduct electricity to/from the electrode portion efliciently.
[0429] The proposed second layer made of electrically
conductive fabric may provide a good electrical conductivity
for the track portion to conduct electricity to/from the
electrode portion in an efficient manner. Hence, a circuit
having an electrode portion and a track portion in the form
of such a multilayer single film is provided with suitable
properties for both the electrode portion and the track
portion at the same time. This may reduce complexity and
costs of fabrication of said circuits and its application to the
industrial manufacturing of electro-stimulation pressure
cuffs like the one disclosed in U.S. Pat. No. 5,957,860A.
[0430] FIG. 31a schematically illustrates a pressure cuff
310 comprising electro-stimulation circuits according to
examples. In particular, this pressure cuff 310 may be
configured to be arranged around a limb of a patient and is
shown comprising two electro-stimulation circuits. A first of
the electro-stimulation circuits may comprise an electrode
portion 313 and a track portion (not shown), and a second of
the electro-stimulation circuits may comprise an electrode
portion 314 and a track portion (not shown).

[0431] Each of the two electro-stimulation circuits may be
internally attached to the pressure cuff 310 in such a way
that, in use, a contact surface of the electrode portion 313,
314 of the electro-stimulation circuit is arranged on a region
of the limb, which is at least partially on a peripheral motor
nerve of the limb such that an electrical current can be either
transmitted or collected by the electrode portion 313, 314
to/from said region of the limb for electro-stimulating the
nerve.

[0432] The pressure cuff 310 is shown further comprising
a fabric cover 315 and a hybrid tube 316 configured to
conduct air and electricity between the cuff 310 and e.g. a
monitor configured to operate the pressure cuff 310. The
fabric cover 315 may comprise a hole for each of the
electrode portions 313, 314 of the electro-stimulation cir-
cuits in such a way that, in use, a contact surface of the
electrode portions 313, 314 are arranged on target regions of
the patient for stimulating a peripheral motor nerve.
[0433] FIG. 316 schematically illustrates an enlarged view
of a region of a pressure cuff similar to the one depicted in
FIG. 31a from the point of view 311 indicated in FIG. 31a.
A first of the circuits may comprise an electrode portion 319
and a track portion 318, and a second of the circuits may
comprise an electrode portion 3112 and a track portion 3111.
[0434] The track portion 318 may connect the electrode
portion 319 with a corresponding conductive wire of the
hybrid tube 316. The track portion 3111 may connect the
electrode portion 3112 with a corresponding conductive wire
of the hybrid tube 316. The hybrid tube 316 may connect the
cuff 310 with a monitor (not shown) for operating the cuff
310. The monitor may have an electricity source (for electro-
stimulation) which can thus be connected with the electrode
portions 319, 3112 through corresponding conductive wires
of the hybrid tube 316 and the track portions 318, 3111
respectively.

[0435] The track portions 318, 3111 and the electrode
portions 319, 3112 are depicted with dashed lines to indicate
that they are attached to an internal side of the fabric cover
315 and, therefore, they are not visible in the view provided
by FIG. 31b. The fabric cover is shown having an opening
310 through which current transmissions between the elec-
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trode portion 319 and the patient’s skin can occur. The fabric
cover is shown having another opening 3113 through which
current transmissions between the electrode portion 3112
and the patient’s skin can occur.

[0436] FIG. 32 schematically illustrates a cross sectional
view 323 of a pressure cuff region similar to the one shown
in FIG. 31b. This view 323 has been taken according to a
plane AA indicated in FIG. 315. FIG. 32 comprises a view
322 similar to the view of FIG. 315 and dashed lines of
reference for better understanding of the cross sectional
view 323.

[0437] The fabric cover 315 is shown formed as a multi-
layer fabric having an outer layer 320 made of e.g. nylon and
an inner layer 321 made of e.g. thermoplastic polymer. The
outer layer of nylon 320 may generally attribute enough
strength to the cuff 310 for supporting its normal manipu-
lation by medical operators.

[0438] The inner layer of thermoplastic polymer 321 may
permit a relatively strong attachment of the electro-stimu-
lation circuits 318, 319, 3111, 3112 to the cuff, and can
contribute to making the inflatable bag of the pressure cuff
leak-proof. Hence, a relatively compact and resistant pres-
sure cuff may be obtained with the proposed multilayer
fabric cover 315.

[0439] The multilayer fabric cover 315 may be obtained
with a heated lamination process similar to the one described
for fabricating the multilayer base material of the electro-
stimulation circuits. As commented with respect to the
multilayer base material for the electro-stimulation circuits,
the use of a heated lamination process for fabricating the
multilayer fabric cover 315 may be that adhesives or similar
substances may not be required, such that a skin friendly
multilayer fabric cover 315 may be obtained.

[0440] Another aspect of using this heated lamination
process for manufacturing the multilayer fabric cover 315
may be that the fabrication process may result easier and
cheaper in comparison with other types of processes, such as
e.g. a multi-material thin-film hot co-extrusion process. A
further aspect of using this heated lamination process may
be that a relatively thin, leak-tight, efficient, and cost-
effective multilayer fabric cover 315 may be obtained.

[0441] In the particular case of FIG. 32, the electro-
stimulation circuits 318, 319, 3111, 3112 are shown formed
as a single multilayer film with three layers 302-304 similar
to the layered structure of FIG. 305. FIG. 32 shows that the
electro-stimulation circuits may be attached to the fabric
cover 315 through the welding of the thermoplastic polymer
layer 302 of the electro-stimulation circuits and the thermo-
plastic polymer layer 321 of the fabric cover 315.

[0442] The welding of the thermoplastic polymer layer
302 of the electro-stimulation circuits and the thermoplastic
polymer layer 321 of the fabric cover 315 may be performed
through a hot plate welding process. Alternatively, this
welding may be performed through an ultrasound welding
process. In further alternative implementations, this welding
may be performed through a radio frequency welding pro-
cess.

[0443] A radio frequency welding process is based on
generating a high-frequency electric flux across the thermo-
plastic polymer layers to be welded while they are kept
together under pressure between an Electrode and a counter-
Electrode metallic plate. This electric flux may cause the
vibration of the inner molecules of both thermoplastic
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polymer layers, and said vibration may cause a local tem-
perature increase at the contact interface existing between
the two layers to be welded.

[0444] Therefore, an advantageous aspect of using a radio
frequency welding process may be that it may effectively
avoid the appearance of creases, fissures and/or deforma-
tions on the outer surface of the materials to be welded. This
may be due to that the radio frequency welding process only
applies heat at the specific contact interface between the two
layers to be welded, while the rest of the layers are kept at
room temperature.

[0445] The multilayer fabric cover 315 is shown compris-
ing corresponding holes 3110, 3113 through which skin
friendly current transmissions can occur between the elec-
trode portions 319, 3112 and the skin of the patient. As
commented before, the electrically conductive layer 303,
which may be made of carbon fibre, and/or metallic mesh,
and/or any other material suitable for the intended aim(s),
may be connected with corresponding conductive wires
comprised in the hybrid tube 316.

[0446] FIG. 32 further shows corresponding regions 318",
3111' of the track portions 318, 3111 respectively and their
attachment with the fabric cover 315 of the pressure cuff 310
through corresponding thermoplastic polymer layers 302,
321.

[0447] Any of the principles used for constructing electro-
stimulation circuits described in relation to FIGS. 30a-32
can be used for fabricating any of the pressure cuffs
described with reference to FIGS. 27a-295.

[0448] Although only a number of examples have been
disclosed herein, other alternatives, modifications, uses and/
or equivalents thereof are possible. Furthermore, all possible
combinations of the described examples are also covered.
Thus, the scope of the present disclosure should not be
limited by the particular examples.

[0449] Clause 1. A method is provided for automated
determination of a neuromuscular blockade status for a
patient to whom a muscle relaxant has been delivered,
wherein

[0450] a plurality of neuromuscular blockade statuses are
predefined, and for each of the neuromuscular blockade
statuses are predefined

[0451] one or more stimulation cycles with a cycle peri-
odicity and one or more criterions for changing from the
neuromuscular blockade status to another neuromuscular
blockade status, said criterions including a first criterion or
first set of criterions for changing the neuromuscular block-
ade status to a first other neuromuscular blockade status;
[0452] the method comprising:

[0453] automatically performing one or more stimulation
cycles predefined for the neuromuscular blockade status;

[0454] automatically determining one or more muscle
responses to at least some of the performed stimulation
cycles;

[0455] automatically comparing the muscle responses

with the predefined criterions for changing the neuromus-
cular blockade status; and

[0456] if the muscle responses fulfil the predefined first
criterion or first set of criterions, then

[0457] automatically performing one or more stimulation
cycles predefined for the first other neuromuscular blockade
status,

[0458] Clause 2. A method according to clause 1, wherein
for one or more of the neuromuscular blockade statuses, the
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one or more criterions for changing from the neuromuscular
blockade status to another neuromuscular blockade status
further comprise:

[0459] a second criterion or second set of critetions for
changing the neuromuscular blockade status to a second
other neuromuscular blockade status; wherein

[0460] if the muscle responses fulfil the predefined second
criterion or second set of criterions, then

[0461] automatically performing one or more stimulation
cycles predefined for the second other neuromuscular block-
ade status.

[0462] Clause 3. A method according to any of clauses 1
or 2, wherein the plurality of neuromuscular blockade sta-
tuses comprises an induction status, a moderate status, a
deep status, an intense status, and optionally a reversion
status and an end-of-reversion status.

[0463] Clause 4. A method according to clause 3, wherein
the one or more predefined stimulation cycles comprise a
predefined stimulation cycle according to a Single Twitch
(ST) pattern based on generating a single ST stimulation
pulse, such that

[0464] a muscle response to a performed ST stimulation
cycle has a single ST response pulse induced by the ST
stimulation pulse, and

[0465] a ST-ratio parameter corresponding to the percent-
age of the ST response pulse with respect to a ST response
pulse of reference determined before delivering the muscle
relaxant to the patient.

[0466] Clause 5. A method according to clause 4, wherein
the induction status has the ST stimulation cycle predefined
with a cycle periodicity in a range of 0.5-2 seconds, and
preferably equal to approximately 1 second.

[0467] Clause 6. A method according to clause 5, wherein
the first set of criterions of the induction status comprises an
ST-ratio of the ST stimulation cycle for changing the neu-
romuscular blockade status from the induction status to the
moderate status.

[0468] Clause 7. A method according to clause 3, wherein
the one or more predefined stimulation cycles comprise a
predefined stimulation cycle according to a Train of four
(TOF) pattern based on generating first, second, third and
fourth TOF stimulation pulses, such that

[0469] a muscle response to a performed TOF stimulation
cycle has first, second, third and fourth TOF response pulses
induced by the first, second, third and fourth TOF stimula-
tion pulses respectively,

[0470] a TOF-count parameter corresponding to the num-
ber of TOF response pulses with amplitude greater than zero
in the TOF muscle response, and

[0471] a TOF-ratio parameter corresponding to the per-
centage of the fourth TOF response pulse with respect to the
first TOF response pulse.

[0472] Clause 8. A method according to clause 7, wherein
the induction status has the TOF stimulation cycle pre-
defined with a cycle periodicity in a range of 8-20 seconds,
preferably equal to approximately 12 seconds.

[0473] Clause 9. A method according to clause 8, wherein
the first set of criterions of the induction status comprises a
TOF-count less than 4, in which case the neuromuscular
blockade status is changed from the induction status to the
moderate status.

[0474] Clause 10. A method according to any of clauses 8
or 9, wherein the first set of criterions of the induction status
comprises
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[0475] a TOF-ratio less than between 25% and 35%, and
preferably less than 30%, during between 3 and 7 minutes,
and preferably during 5 minutes,

[0476] in which case the neuromuscular blockade status is
changed from the induction status to the moderate status.
[0477] Clause 11. A method according to any of clauses 8
to 10, wherein the first set of criterions of the induction
status comprises

[0478] the neuromuscular blockade status having been the
induction status during between 12 and 18 minutes, and
preferably during approximately 15 minutes,

[0479] in which case the neuromuscular blockade status is
changed from the induction status to an unblocked status.
[0480] Clause 12. A method according to any of clauses 7
to 11, wherein the moderate status has the TOF stimulation
cycle predefined with a cycle periodicity in a range of 30
seconds-2 minutes, and preferably equal to approximately 1
minute.

[0481] Clause 13. A method according to clause 12,
wherein the first set of criterions of the moderate status
comprises

[0482] whether two consecutive TOF-counts are equal to
0,

[0483] in which case the neuromuscular blockade status is
changed from the moderate status to the deep status.
[0484] Clause 14. A method according to any of clauses 12
or 13, wherein the first set of criterions of the moderate
status comprises

[0485] a TOF-ratio greater than or equal to between 2%
and 6%, and preferably greater than or equal to approxi-
mately 4%,

[0486] in which case the neuromuscular blockade status is
changed from the moderate status to the reversion status.
[0487] Clause 15. A method according to any of clauses 12
to 14, wherein the first set of criterions of the moderate status
comprises

[0488] a TOF-ratio greater than or equal to between 75%
and 85%, and preferably greater than or equal to approxi-
mately 80%,

[0489] in which case the neuromuscular blockade status is
changed from the moderate status to the end-of-reversion
status.

[0490] Clause 16. A method according to any of clauses 12
to 15, wherein the first set of criterions of the moderate status
comprises

[0491] a TOF-ratio greater than or equal to between 40%
and 60%, and preferably greater than or equal to approxi-
mately 50%,

[0492] in which case the neuromuscular blockade status is
changed from the moderate status to the reversion status.
[0493] Clause 17. A method according to any of clauses 12
to 16, wherein the first set of criterions of the moderate status
comprises

[0494] a TOF-ratio greater than or equal to X %+MIN-
TOF-ratio,

[0495] in which case the neuromuscular blockade status is
changed from the moderate status to the reversion status;
[0496] wherein X % is in a range of 20%-30%, and
preferably equal to approximately 25%, and MIN-TOF-ratio
is the smallest TOF-ratio determined during the moderate
status.

[0497] Clause 18. A method according to any of clauses 7
to 17, wherein the reversion status has the TOF stimulation
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cycle predefined with a cycle periodicity in a range of 30
seconds-1 minute, and preferably equal to approximately 1
minute.

[0498] Clause 19. A method according to clause 18,
wherein the first set of criterions of the reversion status
comprises

[0499] a TOF-ratio greater than or equal to between 75%
and 85%, and preferably greater than or equal to approxi-
mately 80%,

[0500] in which case the neuromuscular blockade status is
changed from the reversion status to the end-of-reversion
status.

[0501] Clause 20. A method according to any of clauses 18
or 19, wherein the first set of criterions of the reversion
status comprises

[0502] two consecutive TOF-counts are less than 4,
[0503] in which case the neuromuscular blockade status is
changed from the reversion status to the moderate status.
[0504] Clause 21. A method according to any of clauses 18
to 20, wherein the first set of criterions of the reversion status
comprises

[0505] four TOF-counts less than between 25% and 35%,
and preferably less than approximately 30%,

[0506] in which case the neuromuscular blockade status is
changed from the reversion status to the moderate status.
[0507] Clause 22. A method according to any of clauses 7
to 21, wherein the end-of-reversion status has the TOF
stimulation cycle predefined with a cycle periodicity in a
range of 20-40 seconds, and preferably equal to approxi-
mately 30 seconds.

[0508] Clause 23. A method according to clause 22,
wherein the first set of criterions of the end-of-reversion
status comprises

[0509] a TOF-ratio less than between 55% and 65%, and
preferably less than approximately 60%,

[0510] in which case the neuromuscular blockade status is
changed from the end-of-reversion status to the reversion
status.

[0511] Clause 24. A method according to any of clauses 22
or 23, wherein the first set of criterions of the end-of-
reversion status comprises

[0512] two consecutive TOF-counts less than 4,

[0513] in which case the neuromuscular blockade status is
changed from the end-of-reversion status to the moderate
status.

[0514] Clause 25. A method according to any of clauses 22
to 24, wherein the first set of criterions of the end-of-
reversion status comprises

[0515] four TOF-ratios less than between 25% and 35%,
and preferably less than approximately 30%,

[0516] in which case the neuromuscular blockade status is
changed from the end-of-reversion status to the moderate
status.

[0517] Clause 26. A method according to any of clauses 22
to 25, wherein the first set of criterions of the end-of-
reversion status comprises

[0518] a TOF-ratio counter greater than or equal to 5,
[0519] in which case the neuromuscular blockade status is
changed from the end-of-reversion status to an unblocked
status;

[0520] wherein said TOF-ratio counter is calculated based
on the following rules:

[0521] initializing the counter=0;

[0522] if 91%=<TOF-ratio 94%, adding 1 to the counter;
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[0523] if 95%=<TOF-ratio 98%, adding 2 to the counter;
[0524] if TOF-ratio=99%, adding 3 to the counter.
[0525] Clause 27. A method according to any of clauses 7

to 26, wherein the deep status has the TOF stimulation cycle
predefined with a cycle periodicity in a range of 1-5 minutes,
and preferably equal to approximately 2 minutes.

[0526] Clause 28. A method according to any of clauses 7
to 26, wherein the deep status has the TOF stimulation cycle
predefined with a cycle periodicity in a range of 20-40
seconds, and preferably equal to approximately 30 seconds.
[0527] Clause 29. A method according to any of clauses 27
or 28, wherein the first set of criterions of the deep status
comprises

[0528] a TOF-count greater than zero,

[0529] in which case the neuromuscular blockade status is
changed from the deep status to the moderate status.
[0530] Clause 30. A method according to any of clauses 27
to 29, wherein the first set of criterions of the deep status
comprises

[0531] a TOF-ratio greater than or equal to between 5%
and 9%, and preferably equal to approximately 7%,
[0532] in which case the neuromuscular blockade status is
changed from the deep status to the reversion status.
[0533] Clause 31. A method according to any of clauses 27
to 30, wherein the first set of criterions of the deep status
comprises

[0534] a TOF-ratio greater than or equal to between 75%
and 85%, and preferably equal to approximately 80%,
[0535] in which case the neuromuscular blockade status is
changed from the deep status to the end-of-reversion status.
[0536] Clause 32. A method according to any of clauses 7
to 31, wherein the intense status has the TOF stimulation
cycle predefined with a cycle periodicity in a range of 2-5
minutes, and preferably equal to approximately 2 minutes.
[0537] Clause 33. A method according to any of clauses 7
to 31, wherein the intense status has the TOF stimulation
cycle predefined with a cycle periodicity in a range of 20-40
seconds, and preferably equal to approximately 30 seconds.
[0538] Clause 34. A method according to any of clauses 32
or 33, wherein the first set of criterions of the intense status
comprises

[0539] a TOF-count greater than zero,

[0540] in which case the neuromuscular blockade status is
changed from the intense status to the moderate status.
[0541] Clause 35. A method according to any of clauses 32
to 34, wherein the first set of criterions of the intense status
comprises

[0542] a TOF-ratio greater than or equal to between 5%
and 15%, and preferably greater than or equal to approxi-
mately 10%,

[0543] in which case the neuromuscular blockade status is
changed from the intense status to the reversion status.
[0544] Clause 36. A method according to any of clauses 32
to 35, wherein the first set of criterions of the intense status
comprises

[0545] a TOF-ratio greater than or equal to between 75%
and 85%, and preferably equal to approximately 80%,
[0546] in which case the neuromuscular blockade status is
changed from the intense status to the end-of-reversion
status,

[0547] Clause 37. A method according to any of clauses 7
to 36 and to clause 2, wherein the one or more predefined
stimulation cycles further comprise a predefined stimulation
cycle according to a Post-tetanic count (PTC) pattern based
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on a tetanus stimulation during between 2 and 8 seconds,
and preferably during approximately 5 seconds, followed by
a period of single twitch (ST) pulses of between 10 and 20
seconds, and preferably of approximately 15 seconds, such
that

[0548] a muscle response to a performed PTC stimulation
cycle has PTC response pulses induced by the ST pulses of
the PTC stimulation cycle, and

[0549] a FTC-count parameter corresponding to the num-
ber of PTC response pulses with amplitude greater than zero
in the PTC muscle response.

[0550] Clause 38. A method according to clause 37,
wherein each of the deep status and intense status has the
PTC stimulation cycle predefined with a cycle periodicity in
a range of 6-15 minutes, and preferably equal to approxi-
mately 6 minutes.

[0551] Clause 39. A method according to any of clauses 37
or 38, wherein the second set of criterions of the deep status
comprises

[0552] a FTC-count less than or equal to between 3 and 5,
and preferably less than or equal to approximately 4,
[0553] in which case the neuromuscular blockade status is
changed from the deep status to the intense status.

[0554] Clause 40. A method according to any of clauses 37
to 39, wherein the second set of criterions of the intense
status comprises

[0555] a PTC-count greater than or equal to between 6 and
10, and preferably greater than or equal to approximately §,
[0556] in which case the neuromuscular blockade status is
changed from the intense status to the deep status.

[0557] Clause 41. A method according to any of clauses 4
to 40, wherein:
[0558] the one or more muscle responses are determined

through a pressure cuff applied to the patient, such that any
muscle response has a form of a pressure wave representa-
tive of how pressure varies over time in the cuff as a result
of a muscle reaction to corresponding performed stimulation
cycle.

[0559] Clause 42. A method according to clause 41, fur-
ther comprising:

[0560] determining the end of a heartbeat of the patient;
and
[0561] wherein the first TOF stimulation pulse is gener-

ated substantially at the end of the heartbeat of the patient.
[0562] Clause 43. A method according to clause 42, fur-
ther comptising:

[0563] determining a first characteristic indicative of the
shape of the upward slope of the first TOF response pulse;
and

[0564] for at least some further TOF response pulse
included in the second, third and fourth TOF response
pulses:

[0565] determining the first characteristic of the further
TOF response pulse;

[0566] determining a deviation between the first charac-
teristic of the further TOF response pulse and the first
characteristic of the first TOF response pulse;

[0567] verifying if the deviation exceeds a deviation
threshold, and,
[0568] in case of a negative result of the verification,

adjusting the further TOF response pulse by assuming that
the time until peak of the further TOF response pulse is
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measured correctly and that the shape of its upward slope
can be described by the first characteristic of the first TOF
response pulse.

[0569] Clause 44. A method according to clause 43, fur-
ther comprising:

[0570] in case of a positive result of the verification,
adjusting the further TOF response pulse either based on a
first assumption that the time until peak of the further TOF
response pulse is measured correctly and that the shape of'its
upward slope can be described by the first characteristic of
the first TOF response pulse, or based on

[0571] a second assumption that the time until peak of the
further TOF response pulse is measured correctly and that
the shape of its upward slope can be described by substan-
tially subtracting a heartbeat pulse of reference from the
further TOF response pulse.

[0572] Clause 45. A method is provided for determining a
muscle response to an electro-stimulation of the muscle ina
patient, the method comprising:

[0573]

[0574] performing the electro-stimulation of the muscle
by causing generation of a first electro-stimulation pulse
and, subsequently, one or more further electro-stimulation
pulses, the first electro-stimulation pulse being generated
substantially at the end of the heartbeat;

[0575] determining the muscle response in the form of a
pressure wave representing how pressure varies over time in
a pressure cuff as a muscle reaction to the electro-stimula-
tion, the pressure wave comprising first and further pressure
pulses induced by the first and further electro-stimulation
pulses respectively;

[0576] determining a first characteristic indicative of the
shape of the upward slope of the first pressure pulse; and

[0577]

determining the end of a heartbeat of the patient;

for at least some of the further pressure pulses:

[0578] determining the first characteristic of the further
pressure pulse;
[0579] determining a deviation between the first charac-

teristic of the further pressure pulse and the first character-
istic of the first pressure pulse;

[0580] verifying if the deviation exceeds a deviation
threshold, and,
[0581] In case of a negative result of the verification,

adjusting the further pressure pulse by assuming that the
time until peak of the further pressure pulse is measured
correctly and that the shape of its upward slope can be
described by the first characteristic of the first pressure
pulse.

[0582] Clause 46. A method according to clause 45,
wherein the at least some of the further pressure pulses
comprises all the further pressure pulses of the pressure
wave.

[0583] Clause 47. A method according to any of clauses 45
or 46, wherein the first characteristic of a pressure pulse is
determined depending on an amplitude of the pressure pulse
and a maximum derivative of the upward slope of the
pressure pulse.
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[0584] Clause 48. A method according to clause 47,
wherein the first characteristic of the pressure pulse is
determined based on the following formula:

Cloulse) = Alpulse)
o) = e pulse)

[0585] wherein: C(pulse) is the first characteristic of the
pressure pulse, A(pulse) is the amplitude of the pressure
pulse, and d,,,.(pulse) is the maximum derivative of the
upward slope of the pressure pulse.

[0586] Clause 49. A method according to clause 48,
wherein adjusting the further pressure pulse comprises:
[0587] adjusting an amplitude of the further pressure pulse
based on the following formula:

4, gruswea(further_pulse)=C(first_pulse)xd,,
pulse

(further

ax!

[0588] wherein: A, . Afurther_pulse) is the adjusted
amplitude of the further pressure pulse, C(first_pulse) is the
first characteristic of the first pressure pulse, and d, .
(further_pulse) is the maximum derivative of the upward
slope of the further pressure pulse.

[0589] Clause 50. A method according to any of clauses 44
to 48, wherein the deviation threshold is in a range of
10%-20%, preferably equal to 15%.

[0590] Clause 51. A method according to any of clauses 45
to 50, further comprising:

[0591] in case of a positive result of the verification,
adjusting the further pressure pulse either based on a first
assumption that the time until peak of the further pressure
pulse is measured correctly and that the shape of its upward
slope can be described by the first characteristic of the first
pressure pulse, or based on

[0592] a second assumption that the time until peak of the
further pressure pulse is measured correctly and that the
shape of its upward slope can be described by substantially
subtracting a heartbeat pulse of reference from the measured
further pressure pulse.

[0593] Clause 52. A method according to clause 51,
wherein adjusting the further pressure pulse based on the
first assumption comprises:

[0594] determining a first adjusted amplitude of the further
pressure pulse based on the first assumption.

[0595] Clause 53. A method according to clause 52,
wherein the first adjusted amplitude of the further pressure
pulse is determined based on the following formula:

A gjusieadurther_pulse)=C(first_pulse)xd,, . (further
pulse)

[0596] wherein: A, . (further_pulse) is the first
adjusted amplitude of the further pressure pulse, C(first_
pulse) is the first characteristic of the first pressure pulse, and
d, . (further pulse) is the maximum derivative of the
upward slope of the further pressure pulse.

[0597] Clause 54. A method according to any of clauses 51
to 53, wherein adjusting the further pressure pulse based on
the second assumption comprises:

[0598] determining a second adjusted amplitude of the
further pressure pulse based on the second assumption.
[0599] Clause 55. A method according to clause 54,
wherein the second adjusted amplitude of the further pres-
sure pulse is determined depending on a second character-
istic of the shape of the upward slope of the heartbeat pulse
of reference.

[0600] Clause 56. A method according to clause 55,
wherein the second characteristic is determined depending
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on an amplitude of the heartbeat pulse of reference and a
time until peak of the heartbeat pulse of reference.

[0601] Clause 57. A method according to clause 56,
wherein the second characteristic is determined based on the
following formula:

Club oulse) = A(hb_pulse)
(bb_pulse) = :(hb_pulse)
[0602] wherein: C(hb_pulse) is the second characteristic

of the heartheat pulse of reference, A(hb_pulse) is the
amplitude of the heartbeat pulse of reference, and t (hb_
pulse) is the time until peak of the heartbeat pulse of
reference.

[0603] Clause 58. A method according to any of clauses 54
to 57, wherein the second adjusted amplitude of the further
pressure pulse is determined further depending on the ampli-
tude of the further pressure pulse and the time until peak of
the further pressure pulse.

[0604] Clause 59. A method according to clause 58,
wherein the second adjusted amplitude of the further pres-
sure pulse is determined based on the following formula:

4 gjusieafurther_pulse)=A(further_pulse)~zg(further
pulse)xC(hb_pulse)

[0605] wherein: A, ;. (further_pulse) is the second
adjusted amplitude of the further pressure pulse, A(further_
pulse) is the amplitude of the further pressure pulse, ty(fur-
ther_pulse) is the time until peak of the further pressure
pulse, and C(hb_pulse) is the second characteristic of the
heartbeat pulse of reference.

[0606] Clause 60. A method according to any of clauses 52
or 53 and to any of clauses 54 to 59, wherein adjusting the
further pressure pulse either based on the first assumption or
based on the second assumption comprises:

[0607] adjusting the amplitude of the further pressure
pulse by selecting the smaller of the first and second adjusted
amplitudes.

[0608] Clause 61. A method according to any of clauses 45
to 60, wherein:

[0609] the electro-stimulation is performed according to a
Train of four (TOF) pattern which is based on generating a
first electro-stimulation pulse and three further electro-
stimulation pulses; and wherein:

[0610] determining the muscle response further comprises
determining a TOF-ratio parameter corresponding to a rela-
tion between the amplitude of one of the three further
pressure pulses and the amplitude of the first pressure pulse.
[0611] Clause 62. A method according to clause 61,
wherein determining the TOF-ratio parameter comprises:
[0612] wverifying that A(first_pulse)zA(second_pulse)=A
(third_pulse)=A(fourth_pulse), in which case, the TOF-ratio
parameter is the percentage of the fourth_pulse with respect
to the first_pulse; wherein:

[0613] first_pulse is the first pulse in the pressure wave,
and A(first_pulse) is the amplitude of said first pulse;
[0614] fourth_pulse is the fourth pulse in the pressure
wave, and A(fourth_pulse) is the amplitude of said fourth
pulse;

[0615] A(second_pulse) is the amplitude of the second
pulse in the pressure wave; and

[0616] A(third_pulse) is the amplitude of the third pulse in
the pressure wave.
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[0617] Clause 63. A method according to any of clauses 61
or 62, wherein determining the TOF-ratio parameter com-
prises:

[0618] verifying that A(first_pulse)=A(second_pulse)=A

(third_pulse)<A(fourth_pulse), in which case, the TOF-ratio
parameter is determined based on the following formula:

A(third_pulse) X
TOFyario = ( Alfirst_pulse) )
[0619] wherein:
[0620] TOFg,, is the TOF-ratio parameter;
[0621] A(first_pulse) is the amplitude of the first pulse in

the pressure wave;

[0622] A(second_pulse) is the amplitude of the second
pulse in the pressure wave;

[0623] A(third_pulse) is the amplitude of the third pulse in
the pressure wave;

[0624] A(fourth_pulse) is the amplitude of the fourth pulse
in the pressure wave; and

[0625] X is a value used to compensate that the TOF-ratio
parameter is calculated depending on the amplitude of the
first and third pulses rather than on the amplitude of the first
and fourth pulse.

[0626] Clause 64. A method according to any of clauses 61
to 63, wherein determining the TOF-ratio parameter com-
prises:

[0627] wverifying that A(first_pulse)zA(second_pulse)<A

(third_pulse)<A(fourth_pulse), in which case, the TOF-ratio
parameter is determined based on the following formula:

A(second_pulse) ]y

TOF, =S|
RaTIO ( Alfirst_pulse)

[0628] wherein:
[0629] TOF, 7o is the TOF-ratio parameter;
[0630] A(first_pulse) is the amplitude of the first pulse in

the pressure wave;

[0631] A(second_pulse) is the amplitude of the second
pulse in the pressure wave;

[0632] A(third_pulse) is the amplitude of the third pulse in
the pressure wave;

[0633] A(fourth_pulse) is the amplitude of the fourth pulse
in the pressure wave; and

[0634] Y is a value used to compensate that the TOF-ratio
parameter is calculated depending on the amplitude of the
first and second pulses rather than the amplitude of the first
and fourth pulses.

[0635] Clause 65. An electro-stimulation electrode con-
figured to be applied dryly on the skin of a patient, com-
prising:

[0636] a support layer made of an electrically insulating
material and having at least one region with one or more
holes, wherein a first surface of the support layer is arranged
in such a way that, in use, it contacts the patient’s skin;
[0637] an electrically conductive medium adhered to a
second surface of the support layer, opposite to the first
surface, and arranged completely or partially surrounding
the region with holes in such a way that the electrically
conductive medium does not cover the region with holes;
and
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[0638] a first conductive layer contacting the electrically
conductive medium in such a way that the first conductive
layer covers the region with holes.

[0639] Clause 66. An electro-stimulation electrode
according to clause 65, wherein the first conductive layer is
made of a conductive composite or an intrinsically conduc-
tive polymer.

[0640] Clause 67. An electro-stimulation electrode
according to any of clauses 65 or 66, wherein the electrically
conductive medium is arranged between the support layer
and the first conductive layer.

[0641] Clause 68. An electro-stimulation electrode
according to clause 67, further comprising a second con-
ductive layer arranged on the first surface of the support
layer in such a way that the second conductive layer contacts
the first conductive layer through at least one of the holes.
[0642] Clause 69. An electro-stimulation electrode
according to clause 68, wherein the second conductive layer
is made of a conductive composite or an intrinsically con-
ductive polymer.

[0643] Clause 70. An electro-stimulation electrode
according to any of clauses 68 or 69, wherein the second
conductive layer has a flat shape, or a convex shape, or a
shape provided with relief at the level of the region with the
at least one hole.

[0644] Clause 71. An electro-stimulation electrode
according to any of clauses 65 or 66, wherein the first
conductive layer is arranged between the electrically con-
ductive medium and the support layer.

[0645] Clause 72. An electro-stimulation electrode
according to clause 71, further comprising a second con-
ductive layer arranged between the first conductive layer and
the support layer, said second layer covering at least one of
the holes of the support layer.

[0646] Clause 73. An electro-stimulation electrode
according to clause 72, wherein the second conductive layer
is made of a conductive composite or an intrinsically con-
ductive polymer.

[0647] Clause 74. An electro-stimulation electrode
according to any of clauses 72 or 73, wherein the second
conductive layer has a flat shape, or a convex shape, or a
shape provided with relief at the level of the region with
holes.

[0648] Clause 75. An electro-stimulation electrode
according to any of clauses 72 to 74, further comprising a
third conductive layer arranged between the first conductive
layer and the second conductive layer, wherein

[0649] the third conductive layer has an outline substan-
tially complementary to the outline of the holes, and the
third conductive layer is arranged coincident with the holes.
[0650] Clause 76. An electro-stimulation electrode
according to clause 75, wherein the third conductive layer is
made of a conductive composite or an intrinsically conduc-
tive polymer.

[0651] Clause 77. An electro-stimulation electrode
according to any of clauses 75 or 76, wherein the first,
second and third conductive layers have an aggregate thick-
ness in a range of 160-200 microns.

[0652] Clause 78. An electro-stimulation electrode
according to any of clauses 71 to 77, further comprising an
inner covering layer having an outline exceeding the first
and second conductive layers.
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[0653] Clause 79. An electro-stimulation electrode
according to any of clauses 65 to 78, wherein the support
layer is a nylon fabric or a paper fabric or a nonwoven fabric.
[0654] Clause 80. An electro-stimulation electrode
according to any of clauses 65 to 79, wherein the electrically
conductive medium is an electrically conductive track or
cable.

[0655] Clause 81. An electro-stimulation electrode
according to clause 80, wherein the electrically conductive
track is an electrically conductive metallic fabric or a printed
electrically conductive ink.

[0656] Clause 82. An electro-stimulation electrode
according to any of clauses 65 to 81, wherein the electrically
conductive medium completely surrounds the region with
holes.

[0657] Clause 83. A pressure cuff comprising at least an
electro-stimulation electrode according to any of clauses 65
to 82.

[0658] Clause 84. A hybrid air-signal connector is pro-
vided for connecting an air-signal tube to an electro-stimu-
lation cuff, the hybrid air-signal connector comprising
[0659] a main body having a base with a first tubular
portion arranged on a first face of the base in such a way that,
in use, the first tubular portion is fitted into an air conduit of
the air-signal tube such that air can flow between the air
conduit and the inside of the cuff through the first tubular
portion; and

[0660] two connection electrodes which are either
L-shaped or substantially flat, each having

[0661] an external terminal arranged in such a way that, in
use, the external terminal contacts an electrically conductive
cable of the air-signal tube, and

[0662] an internal terminal embedded in the base with an
end portion arranged on the first face of the base in such a
way that, in use, this end portion contacts an inner conduc-
tive track of the cuff when the hybrid air-signal connector is
introduced into a connection bore of the cuff; wherein
[0663] in the case of the L-shaped connection electrodes,
the external terminals extend from the base parallel to the
first tubular portion, or

[0664] in the case of the substantially flat connection
electrodes, the external terminals are embedded in the base.
[0665] Clause 85. A hybrid air-signal connector according
to clause 84, comprising a second tubular portion outwardly
coaxially arranged with respect to the first tubular portion in
such a way that, in use, the second tubular portion protects
the external terminals, acts as a guide for connecting the
air-signal tube to the air-signal connector, and avoids the
intrusion of liquids and/or dust in said connection.

[0666] Clause 86. A hybrid air-signal connector according
to clause 85, wherein the second tubular portion has a length
smaller than the length of the first tubular portion.

[0667] Clause 87. A hybrid air-signal connector according
to any of clauses 84 to 86, which is constituted by only three
single bodies: the main body and the two electrodes.
[0668] Clause 88. A hybrid air-signal connector according
to any of clauses 84 to 87, wherein, in the case of the
L-shaped electrodes, the external terminals have a cylindri-
cal shape and the internal terminals are substantially flat.
[0669] Clause 89. A hybrid air-signal connector according
to any of clauses 84 to 88, wherein the base comprises a
central ring configured to provide pneumatic air tightness,
and wherein the central ring protrudes with respect to the
first face of the base.
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[0670] Clause 90. A hybrid air-signal connector according
to any of clauses 84 to 89, comprising at the face of the base
opposite to the first face holes for accessing to the end
portions of the internal terminals.

[0671] Clause 91. A hybrid air-signal connector according
to any of clauses 84 to 90, wherein the electrodes are
asymmetrically arranged.

[0672] Clause 92. A hybrid air-signal connector according
to any of clauses 84 to 91, wherein the main body is made
of polyurethane.

[0673] Clause 93. A hybrid air-signal connector according
to any of clauses 84 to 92, wherein the base has a substan-
tially elliptical shape.

[0674] Clause 94. A hybrid air-signal connector according
to any of clauses 84 to 93, wherein:

[0675] the first tubular portion has a length of approxi-
mately 16 mm and a diameter of approximately 3 mm;
[0676] the external terminals have, in the case of the
L-shaped electrodes, a length of approximately 7 mm and a
diameter of approximately 1 mm;

[0677] the external terminals have, in the case of the flat
electrodes, a width of approximately 1.5 mm;

[0678] the internal terminals have a width of approxi-
mately 1.5 mm;

[0679] the second tubular portion has a length of approxi-
mately 12 mm;
[0680] the base is elliptical with an axis of approximately

23 mm and another axis of approximately 28 mm;

[0681] the ring for pneumatic air tightness has a diameter
of approximately 16 mm;

[0682] the end portions of the internal terminals have a
length of approximately 4 mm.

[0683] Clause 95. A pressure cuff comprising a hybrid
air-signal connector according to any of clauses 84 to 94.
[0684] Clause 96. A pressure cuff is provided that is
configured to be arranged around a limb of a patient, the
pressure cuff comprising an active electro-stimulation elec-
trode and a passive electro-stimulation electrode; wherein
[0685] the active electro-stimulation electrode is config-
ured to transmit an electrical current and arranged in the
pressure cuff in such a way that, in use, a contact surface of
the active electro-stimulation electrode is arranged on a first
region of the limb, which is at least partially on a peripheral
motor nerve of the limb such that the nerve receives at least
part of the transmitted electrical current; wherein

[0686] the passive electro-stimulation electrode is config-
ured to collect an electrical current and arranged in the
pressure cuff in such a way that, in use, a contact surface of
the passive electro-stimulation electrode is arranged on a
second region of the limb, such that the transmitted electrical
current is collected by the passive electro-stimulation elec-
trode; and wherein

[0687] the second region of the limb is not on the periph-
eral motor nerve of the limb, and/or

[0688] the contact surface of the passive electro-stimula-
tion electrode is substantially larger in size than the contact
surface of the active electro-stimulation electrode.

[0689] Clause 97. A pressure cuff according to clause 96,
wherein the second region of the limb is at least partially on
the peripheral motor nerve of the limb; and wherein
[0690] the contact surface of the passive electro-stimula-
tion electrode is substantially larger in size than the contact
surface of the active electro-stimulation electrode.
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[0691] Clause 98. A pressure cuff according to clause 97,
wherein the contact surface of the passive electro-stimula-
tion electrode substantially completely surrounds the contact
surface of the active electro-stimulation electrode.

[0692] Clause 99. A pressure cuff according to clause 98,
wherein the contact surface of the passive electro-stimula-
tion electrode substantially completely surrounds the contact
surface of the active electro-stimulation electrode in a sub-
stantially coaxial manner.

[0693] Clause 100. A pressure cuff according to clause 97,
wherein the contact surface of the passive electro-stimula-
tion electrode partially surrounds the contact surface of the
active electro-stimulation electrode.

[0694] Clause 101. A pressure cuff according to clause
100, wherein the contact surface of the passive electro-
stimulation electrode partially surrounds the contact surface
of the active electro-stimulation electrode in a substantially
coaxial manner.

[0695] Clause 102. A pressure cuff according to any of
clauses 100 or 101, wherein the contact surface of the
passive electro-stimulation electrode is substantially
C-shaped.

[0696] Clause 103. A pressure cuff according to clause 96,
wherein the second region of the limb is not on the periph-
eral motor nerve; and wherein

[0697] the contact surface of the passive electro-stimula-
tion electrode is substantially larger in size than the contact
surface of the active electro-stimulation electrode.

[0698] Clause 104. A pressure cuff according to clause
103, wherein the contact surface of the passive electro-
stimulation electrode partially surrounds the contact surface
of the active electro-stimulation electrode.

[0699] Clause 105. A pressure cuff according to clause
104, wherein the contact surface of the passive electro-
stimulation electrode partially surrounds the contact surface
of the active electro-stimulation electrode in a substantially
coaxial manner.

[0700] Clause 106. A pressure cuff according to any of
clauses 104 or 105, wherein the contact surface of the
passive electro-stimulation electrode is formed as two annu-
lar segments each having a first end and a second end, the
first ends facing each other with a first gap in between and
the second ends facing each other with a second gap in
between.

[0701] Clause 107. A pressure cuff according to any of
clauses 96 to 106, wherein the active electro-stimulation
electrode is a first electrode portion of a first electro-
stimulation circuit, and the passive electro-stimulation elec-
trode is a second electrode portion of a second electro-
stimulation circuit; wherein

[0702] the first electro-stimulation circuit further com-
prises a first track portion for conducting the electrical
current to the first electrode portion, and the second electro-
stimulation circuit further comprises a second track portion
for conducting the electrical current from the second elec-
trode portion; wherein

[0703] the first electrode and track portions are integrally
formed as a single multilayer film comprising a layer of
thermoplastic polymer doped with electrically conductive
particles and a layer of electrically conductive material, said
layers being attached to each other; and wherein

[0704] the second electrode and track portions are inte-
grally formed as a single multilayer film comprising a layer
of thermoplastic polymer doped with electrically conductive
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particles and a layer of electrically conductive material, said
layers being attached to each other.

[0705] Clause 108. A pressure cuff according to clause
107, wherein each of the first and second electro-stimulation
circuits is attached to the pressure cuff by radio frequency
welding of a layer of the electro-stimulation circuit made of
thermoplastic polymer to a region of the pressure cuff made
of thermoplastic polymer.

[0706] Clause 109. An electro-stimulation circuit is pro-
vided that comprises

[0707] an electrode portion configured to either transmit or
collect an electrical current to/from a region of a patient for
electro-stimulating a nerve, and

[0708] a track portion for conducting the electrical current
to/from the electrode portion; wherein

[0709] the electrode and track portions are integrally
formed as a single multilayer film having a plurality of
layers; and wherein

[0710] the plurality of layers comprises a first layer of
thermoplastic polymer doped with electrically conductive
particles and a second layer of electrically conductive mate-
rial, the first layer and the second layer being attached to
each other.

[0711] Clause 110. An electro-stimulation circuit accord-
ing to clause 109, wherein

[0712] the plurality of layers further comprises a third
layer of thermoplastic polymer attached to the second layer
in such a way that the second layer is sandwiched between
the first layer and the third layer.

[0713] Clause 111. An electro-stimulation circuit accord-
ing to clause 110, wherein the third layer is made of
thermoplastic polymer doped with electrically conductive
particles.

[0714] Clause 112. An electro-stimulation circuit accord-
ing to any of clauses 109 to 111, wherein the layers of the
plurality of layers are attached together with a heated
lamination process.

[0715] Clause 113. An electro-stimulation circuit accord-
ing to any of clauses 109 to 112, wherein the thermoplastic
polymer comprises Thermoplastic polyurethane (TPU).
[0716] Clause 114. An electro-stimulation circuit accord-
ing to any of clauses 109 to 113, wherein the thermoplastic
polymer comprises Polyvinyl chloride (PVC).

[0717] Clause 115. An electro-stimulation circuit accord-
ing to any of clauses 109 to 114, wherein the electrically
conductive particles are graphite particles.

[0718] Clause 116. An electro-stimulation circuit accord-
ing to any of clauses 109 to 115, wherein the second layer
comprises an electrically conductive fabric.

[0719] Clause 117. An electro-stimulation circuit accord-
ing to clause 116, wherein the electrically conductive fabric
is at least partially made of carbon fibre.

[0720] Clause 118. An electro-stimulation circuit accord-
ing to any of clauses 116 or 117, wherein the electrically
conductive fabric is at least partially made of metallic mesh.
[0721] Clause 119. A pressure cuff configured to be
arranged around a limb of a patient, the pressure cuff
comprising at least one electro-stimulation circuit according
to any of clauses 109 to 118; wherein

[0722] the electro-stimulation circuit is attached to the
pressure cuff in such a way that, in use, a contact surface of
the electrode portion of the electro-stimulation circuit is
arranged on a region of the limb, such that an electrical
current can be either transmitted or collected by the elec-
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trode portion to/from said region of the limb for electro-
stimulating a peripheral motor nerve of the limb.

[0723] Clause 120. A pressure cuff according to clause
119, wherein the attachment of the electro-stimulation cir-
cuit to the pressure cuff comprises an attachment of a layer
of the electro-stimulation circuit made of thermoplastic
polymer to a region of the pressure cuff made of thermo-
plastic polymer.

[0724] Clause 121. A pressure cuff according to clause
120, wherein the pressure cuff comprises a fabric cover
having a layer made of thermoplastic polymer; and wherein
[0725] the region of the pressure cuff to which the electro-
stimulation circuit is attached is comprised in the layer of the
fabric cover made of thermoplastic polymer.

[0726] Clause 122. A pressure cuff according to clause
121, wherein the fabric cover further comprises a layer made
of nylon, paper or nonwoven fabric attached to the layer
made of thermoplastic polymer.

[0727] Clause 123. A pressure cuff according to clause
122, wherein the layers of the fabric cover are attached
together with a heated lamination process.

[0728] Clause 124. A pressure cuff according to any of
clauses 120 to 123, wherein the layer of the electro-stimu-
lation circuit made of thermoplastic polymer is attached to
the region of the pressure cuff made of thermoplastic poly-
mer with a welding process.

[0729] Clause 125. A pressure cuff according to clause
124, wherein the welding process is a hot plate welding
process.

[0730] Clause 126. A pressure cuff according to clause
124, wherein the welding process is an ultrasound welding
process.

[0731] Clause 127. A pressure cuff according to clause
124, wherein the welding process is a radio frequency
welding process.

[0732] Clause 128. A pressure cuff according to any of
clauses 119 to 127, wherein

[0733] the at least one electro-stimulation circuit com-
prises an active electro-stimulation circuit and a passive
electro-stimulation circuit; wherein

[0734] the electrode portion of the active electro-stimula-
tion circuit is an active electro-stimulation electrode, and the
electrode portion of the passive electro-stimulation circuit is
a passive electro-stimulation electrode; wherein

[0735] the active electro-stimulation electrode is config-
ured to transmit an electrical current and arranged in the
pressure cuff in such a way that, in use, a contact surface of
the active electro-stimulation electrode is arranged on a first
region of the limb, which is at least partially on a peripheral
motor nerve of the limb such that the nerve receives at least
part of the transmitted electrical current; wherein

[0736] the passive electro-stimulation electrode is config-
ured to collect an electrical current and arranged in the
pressure cuff in such a way that, in use, a contact surface of
the passive electro-stimulation electrode is arranged on a
second region of the limb, such that the transmitted electrical
current is collected by the passive electro-stimulation elec-
trode; and wherein

[0737] the second region of the limb is not on the periph-
eral motor nerve of the limb, and/or

[0738] the contact surface of the passive electro-stimula-
tion electrode is substantially larger in size than the contact
surface of the active electro-stimulation electrode.
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[0739] Clause 129. A pressure cuff according to clause
128, wherein the track portion of the active electro-stimu-
lation circuit is connected with the active electro-stimulation
electrode at one end and with an electricity source at the
other end; and wherein

[0740] the track portion of the passive electro-stimulation
circuit is connected with the passive electro-stimulation
electrode at one end and with the electricity source at the
other end.

[0741] Clause 130. An apparatus is provided for determin-
ing a muscle response to an electro-stimulation of the
muscle in a patient, the apparatus comprising:

[0742] a pressure cuff configured to be applied around a
limb of the patient, a controller, and a conducting tube
connecting the cuff and the controller;

[0743] wherein the cuff comprises one or more electrodes
for electro stimulating a peripheral motor nerve, the elec-
trodes being arranged on the cuff such that, in use, the
electrodes contact the patient’s skin when the cuff is applied,
[0744] wherein the conducting tube is configured to con-
duct air in such a way that, in use, the conducting tube
propagates air pressure in the cuff to the controller, and
configured to conduct electricity in such a way that, in use,
the conducting tube conveys electrical pulses from the
controller to the electrodes of the cuff; and

[0745] wherein the controller is configured to send one or
more electro-stimulation pulses to the electrodes, to obtain
pressure measurements from the cuff as a muscle reaction to
the electro-stimulation pulses, and to determine the muscle
response to the electro-stimulation of the muscle based on
the pressure measurements; and

[0746] wherein each of the electrodes is either an electro-
stimulation electrode according to any of clauses 65-82.
[0747] Clause 131. An apparatus according to clause 130,
wherein the conducting tube is connected to the pressure cuff
through a hybrid air-signal connector according to any of
clauses 84-94.

[0748] Clause 132. An apparatus according to any of
clauses 130 or 131, wherein the pressure cuff is a pressure
cuff according to any of clauses 96 to 106.

[0749] Clause 133. An apparatus is provided for determin-
ing a muscle response to an electro-stimulation of the
muscle in a patient, the apparatus comprising:

[0750] a pressure cuff configured to be applied around a
limb of the patient, a controller, and a conducting tube
connecting the cuff and the controller;

[0751] wherein the cuff comprises one or more electrodes
for electro stimulating a muscle nerve, the electrodes being
arranged on the cufl such that, in use, the electrodes contact
the patient’s skin when the cuff is applied;

[0752] wherein the conducting tube is configured to con-
duct air in such a way that, in use, the conducting tube
propagates air pressure in the cuff to the controller, and
configured to conduct electricity in such a way that, in use,
the conducting tube conveys electrical pulses from the
controller to the electrodes of the cuff; and

[0753] wherein the controller is configured to send one or
more electro-stimulation pulses to the electrodes, to obtain
pressure measurements from the cuff as a muscle reaction to
the electro-stimulation pulses, and to determine the muscle
response to the electro-stimulation of the muscle based on
the pressure measurements; and

[0754] wherein the pressure cuff is a pressure cuff accord-
ing to any of clauses 119 to 127.
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[0755] Clause 134. An apparatus according to clause 133,
wherein the conducting tube is connected to the pressure cuff
through a hybrid air-signal connector according to any of
clauses 84-94.

[0756] Clause 135. An apparatus according to any of
clauses 133 or 134, wherein the pressure cuff is further
according to any of clauses 96 to 108.

[0757] Clause 136. An apparatus is provided for determin-
ing a muscle response to an electro-stimulation of the
muscle in a patient, the apparatus comprising:

[0758] a pressure cuff configured to be applied around a
limb of the patient, a controller, and a conducting tube
connecting the cuff and the controller;

[0759] wherein the cuff comprises one or more electrodes
for electro stimulating a muscle nerve, the electrodes being
arranged on the cuff such that, in use, the electrodes contact
the patient’s skin when the cuff is applied;

[0760] wherein the conducting tube is configured to con-
duct air in such a way that, in use, the conducting tube
propagates air pressure in the cuff to the controller, and
configured to conduct electricity in such a way that, in use,
the conducting tube conveys electrical pulses from the
controller to the electrodes of the cuff; and

[0761] wherein the controller is configured to send one or
more electro-stimulation pulses to the electrodes, to obtain
pressure measurements from the cuff as a muscle reaction to
the electro-stimulation pulses, and to determine the muscle
response to the electro-stimulation of the muscle based on
the pressure measurements; and

[0762] wherein the conducting tube is connected to the
pressure cuff through a hybrid air-signal connector accord-
ing to any of clauses 84-94.

[0763] Clause 137. An apparatus according to 136,
wherein the pressure cuff is a pressure cuff according to any
of clauses 96 to 106.

[0764] Clause 138. An apparatus is provided for determin-
ing a muscle response to an electro-stimulation of the
muscle in a patient, the apparatus comprising:

[0765] a pressure cuff configured to be applied around a
limb of the patient, a controller, and a conducting tube
connecting the cuff and the controller;

[0766] wherein the cuff comprises one or more electrodes
for electro stimulating a muscle nerve, the electrodes being
arranged on the cuff such that, in use, the electrodes contact
the patient’s skin when the cuff is applied;

[0767] wherein the conducting tube is configured to con-
duct air in such a way that, in use, the conducting tube
propagates air pressure in the cuff to the controller, and
configured to conduct electricity in such a way that, in use,
the conducting tube conveys electrical pulses from the
controller to the electrodes of the cuff; and

[0768] wherein the controller is configured to send one or
more electro-stimulation pulses to the electrodes, to obtain
pressure measurements from the cuff as a muscle reaction to
the electro-stimulation pulses, and to determine the muscle
response to the electro-stimulation of the muscle based on
the pressure measurements; and

[0769] wherein the pressure cuff is a pressure cuff accord-
ing to any of clauses 96 to 106.
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What is claimed is:

1. A method of determining a muscle response to an
electro-stimulation of the muscle in a patient, the method
comprising:

determining the end of a heartbeat of the patient;

performing the electro-stimulation of the muscle by caus-

ing a generation of a first electro-stimulation pulse and,
subsequently, one or more further electro-stimulation
pulses, the first electro-stimulation pulse being gener-
ated substantially at the end of the heartbeat;
determining the muscle response in the form of a pressure
wave representing how pressure varies over time in a
pressure cuff as a muscle reaction to the electro-
stimulation, the pressure wave comprising first and
further pressure pulses induced by the first and further
electro-stimulation pulses respectively;

determining a first characteristic indicative of the shape of

the upward slope of the first pressure pulse; and

for at least some of the further pressure pulses:

determining the first characteristic of the further pressure

pulse;

determining a deviation between the first characteristic of

the further pressure pulse and the first characteristic of
the first pressure pulse;

determining if the deviation exceeds a deviation thresh-

old, and,

in the event the deviation does not exceed the deviation

threshold, adjusting the further pressure pulse by
assuming that the time until peak of the further pressure
pulse is measured correctly and that the shape of its
upward slope can be described by the first characteristic
of the first pressure pulse.

2. A method according to claim 1, wherein the first
characteristic of a pressure pulse is determined depending on
an amplitude of the pressure pulse and a maximum deriva-
tive of the upward slope of the pressure pulse.

3. A method according to claim 2, wherein the first
characteristic of the pressure pulse is determined based on
the following formula:

Alpulse)
e (pulse)

Clpulse) =

wherein: C(pulse) is the first characteristic of the pressure
pulse, A(pulse) is the amplitude of the pressure pulse,
and d,,,.(pulse) is the maximum derivative of the
upward slope of the pressure pulse.

4. A method according to claim 3, wherein adjusting the

further pressure pulse comprises:

adjusting an amplitude of the further pressure pulse based

on the following formula:

4, gruswea(further_pulse)=C(first_pulse)xd,

e further_
pulse)

wherein: A, .. (further_pulse) is the adjusted ampli-
tude of the further pressure pulse, C(first_pulse) is the
first characteristic of the first pressure pulse, and d, .
(further_pulse) is the maximum derivative of the
upward slope of the further pressure pulse.
5. A method according to claim 1, wherein the deviation
threshold is in a range of 10% to 20%.
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6. A method according to claim 1, further comprising:

In the event the deviation exceeds the deviation threshold,
adjusting the further pressure pulse either based on a
first assumption that the time until peak of the further
pressure pulse is measured correctly and that the shape
of its upward slope can be described by the first
characteristic of the first pressure pulse, or based on

a second assumption that the time until peak of the further

pressure pulse is measured correctly and that the shape
of its upward slope can be described by substantially
subtracting a heartbeat pulse of reference from the
measured further pressure pulse.

7. A method according to claim 6, wherein adjusting the
further pressure pulse based on the first assumption com-
prises:

determining a first adjusted amplitude of the further

pressure pulse based on the first assumption.

8. A method according to claim 7, wherein the first
adjusted amplitude of the further pressure pulse is deter-
mined based on the following formula:

A gyusieadurther_pulse)=C(first_pulse)xd,,
pulse)

(further

ax!

wherein: A, (further_pulse) is the first adjusted
amplitude of the further pressure pulse, C(first_pulse)
1s the first characteristic of the first pressure pulse, and
d,,,.(further_pulse) is the maximum derivative of the
upward slope of the further pressure pulse.

9. A method according to claim 7, wherein adjusting the
further pressure pulse based on the second assumption
comprises:

determining a second adjusted amplitude of the further

pressure pulse based on the second assumption.

10. A method according to claim 9, wherein the second
adjusted amplitude of the further pressure pulse is deter-
mined depending on a second characteristic of the shape of
the upward slope of the heartbeat pulse of reference.

11. A method according to claim 10, wherein the second
characteristic is determined depending on an amplitude of
the heartbeat pulse of reference and a time until peak of the
heartbeat pulse of reference.

12. A method according to claim 11, wherein the second
characteristic is determined based on the following formula:

A(hb_pulse)

C(hb_pulse) = m

wherein: C(hb_pulse) is the second characteristic of the
heartbeat pulse of reference, A(hb_pulse) is the ampli-
tude of the heartbeat pulse of reference, and ty(hb_
pulse) is the time until peak of the heartbeat pulse of
reference.

13. A method according to claim 9, wherein the second
adjusted amplitude of the further pressure pulse is deter-
mined further depending on the amplitude of the further
pressure pulse and the time until peak of the further pressure
pulse.

14. A method according to claim 13, wherein the second
adjusted amplitude of the further pressure pulse is deter-
mined based on the following formula:

4 giussea(further_pulse)=A(frther_pulse)-zs(further
pulse)xC(hb_pulse)
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wherein: A, ...(further_pulse) is the second adjusted
amplitude of the further pressure pulse, A(further
pulse) is the amplitude of the further pressure pulse,
ty(further_pulse) is the time until peak of the further
pressure pulse, and C(hb_pulse) is the second charac-
teristic of the heartbeat pulse of reference.

15. A method according to claim 9, wherein adjusting the
further pressure pulse either based on the first assumption or
based on the second assumption comprises:

adjusting the amplitude of the further pressure pulse by

selecting the smaller of the first and second adjusted
amplitudes.

16. A method according to claim 1, wherein:

the electro-stimulation is performed according to a Train

of Four (TOF) pattern which is based on generating a
first electro-stimulation pulse and three further electro-
stimulation pulses; and wherein:

determining the muscle response further comprises deter-

mining a TOF-ratio parameter corresponding to a rela-
tion between the amplitude of one of the three further
pressure pulses and the amplitude of the first pressure
pulse.

17. A method according to claim 16, wherein determining
the TOF-ratio parameter comprises:

verifying that A(first_pulse)=A(second_pulse)=A(third_

pulse)=A(fourth_pulse), in which case, the TOF-ratio
parameter is the percentage of the fourth_pulse with
respect to the first_pulse; wherein:

first_pulse is the first pulse in the pressure wave, and

A(first_pulse) is the amplitude of said first pulse;
fourth_pulse is the fourth pulse in the pressure wave, and
A(fourth_pulse) is the amplitude of said fourth pulse;

A(second_pulse) is the amplitude of the second pulse in

the pressure wave; and

A(third_pulse) is the amplitude of the third pulse in the

pressure wave.

18. A method according to claim 16, wherein determining
the TOF-ratio parameter comprises:

verifying that A(first_pulse)=A(second_pulse)=A(third_

pulse)<A(fourth_pulse), in which case, the TOF-ratio
parameter is determined based on the following for-

mula:
A(third_pulse)\*
TOFgario = ( A(first_pulse) ]
wherein:

TOF 710 18 the TOF-ratio parameter;

A(first_pulse) is the amplitude of the first pulse in the
pressure wave;

A(second_pulse) is the amplitude of the second pulse in
the pressure wave;

A(third_pulse) is the amplitude of the third pulse in the
pressure wave;

A(fourth_pulse) is the amplitude of the fourth pulse in the
pressure wave; and

X is a value used to compensate that the TOF-ratio
parameter is calculated depending on the amplitude of
the first and third pulses rather than on the amplitude of
the first and fourth pulse.
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19. A method according to claim 16, wherein determining
the TOF-ratio parameter comprises:
verifying that A(first_pulse)=A(second_pulse)<A(third
pulse)<A(fourth_pulse), in which case, the TOF-ratio
parameter is determined based on the following for-

mula:
TOF _ (A(secondfpulse)]y
Ratio = A(first_pulse)
wherein:

TOF,, ;70 18 the TOF-ratio parameter;

A(first_pulse) is the amplitude of the first pulse in the
pressure wave;

A(second_pulse) is the amplitude of the second pulse in
the pressure wave;

A(third_pulse) is the amplitude of the third pulse in the
pressure wave;

A(fourth_pulse) is the amplitude of the fourth pulse in the
pressure wave; and

Y is a value used to compensate that the TOF-ratio
parameter is calculated depending on the amplitude of
the first and second pulses rather than the amplitude of
the first and fourth pulses.

20. A system for determining a muscle response to an
electro-stimulation of the muscle in a patient, the system
being configured to:

determine the end of a heartbeat of the patient;

perform the electro-stimulation of the muscle by causing
generation of a first electro-stimulation pulse and,
subsequently, one or more further electro-stimulation
pulses, the first electro-stimulation pulse being gener-
ated substantially at the end of the heartbeat;

determine the muscle response in the form of a pressure
wave representing how pressure varies over time in a
pressure cuff as a muscle reaction to the electro-
stimulation, the pressure wave comprising first and
further pressure pulses induced by the first and further
electro-stimulation pulses respectively;

determine a first characteristic indicative of the shape of
the upward slope of the first pressure pulse; and

for at least some of the further pressure pulses:

determine the first characteristic of the further pressure
pulse;

determine a deviation between the first characteristic of
the further pressure pulse and the first characteristic of
the first pressure pulse;

determine if the deviation exceeds a deviation threshold,
and,

in the event the deviation does not exceed the deviation
threshold, adjust the further pressure pulse by assuming
that the time until peak of the further pressure pulse is
measured correctly and that the shape of its upward
slope can be described by the first characteristic of the
first pressure pulse.
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