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DESCRIPTION

Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No. 62/628,676, which
was filed on February 9, 2018.

FIELD

[0002] The present disclosure provides methods and apparatus for detecting tissue damage
through measurement of Sub-Epidermal Moisture (SEM) and evaluation of those
measurements.

BACKGROUND

[0003] The skin is the largest organ in the human body. It is readily exposed to different kinds
of damages and injuries. When the skin and its surrounding tissues are unable to redistribute
external pressure and mechanical forces, ulcers may be formed. Prolonged continuous
exposure to even modest pressure, such as the pressure created by the body weight of a
supine patient on their posterior skin surfaces, may lead to a pressure ulcer.

[0004] Patients may be required to use a medical device for an extended period of time to
treat a particular condition. Some devices are in contact with portions of the patient's body, for
example a tube feeding air to a nasal cannula. Patients who are lying prone in a bed may have
devices laying on their body, in some cases taped to the skin to hold the device in place. The
long-term pressure applied by these devices may be low but the extended period of application
may lead to tissue damage that, left untreated, may progress to an open ulcer.
US2016/015962 A1 relates to a flexible patch that is capable of emitting light in the UV, visible,
and/or infrared electromagnetic spectrums. The patch contains a feedback process and
system using one or more sensors and a controller on the patch to (1) accelerate the wound
healing process by providing adaptable, controlled light exposure and electrical stimulation, (2)
monitor the healing process for signs of infection (3) eliminate bacterial infections by sanitizing
the infected site and (4) relaying the information wirelessly to a central location for storage and
interpretation by a physician as well as by providing the ability to receive feedback and
operating instructions from the physician from a remote location. Another prior art device for
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measuring sub-epidermal moisture in patients to determine damaged tissue is known from US
2017/014044.

SUMMARY

[0005] The subject matter relates to an apparatus for detecting tissue damage due to contact
between a medical device and a patient's skin as defined in claim 1. Preferred embodiments of
the subject matter are defined in the dependent claims.

[0006] In an aspect, the present disclosure provides for, and includes, an apparatus for
detecting tissue damage proximate to a point of contact between a medical device and a
patient's skin, comprising: a first electrode and a second electrode configured to measure a
level of sub-epidermal moisture (SEM) in tissue proximate to the point of contact, an
electronics package individually connected to the first and second electrodes and configured to
measure a capacitance between the first and second electrodes.

[0007] In an aspect, the present disclosure provides for, and includes, an unclaimed method
for detecting tissue damage proximate to a point of contact between a medical device and a
patient's skin, comprising the steps of: measuring a plurality of sub-epidermal moisture (SEM)
values of tissue proximate to the point of contact at incremental times, comparing the plurality
of SEM values, and determining if there is a significant increase in the SEM that indicates that
there is tissue damage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Aspects of the disclosure are herein described, by way of example only, with reference
to the accompanying drawings. With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example and are for purposes of illustrative
discussion of aspects of the disclosure. In this regard, the description and the drawings,
considered alone and together, make apparent to those skilled in the art how aspects of the
disclosure may be practiced.

Figure 1 depicts a patient wearing a Continuous Positive Airway Pressure (CPAP) mask.
Figure 2 depicts a patient being treated with a ventilator.

Figure 3A illustrates the pressure-induced damage associated with a diagnosis of a stage-1
pressure ulcer.

Figure 3B depicts a patient who has developed a pressure ulcer from a medical device taped
to his chest.

Figures 3C and 3D depict patients who developed pressure ulcers from urinary catheters.
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Figure 4A depicts a patient wearing a medical device with a Sub-Epidermal Moisture (SEM)
sensor, in accordance with the present disclosure.

Figure 4B depicts a SEM sensing system, in accordance with the present disclosure.
Figure 5A illustrates how a medical device may contact a patient.
Figure 5B depicts a SEM sensing device, in accordance with the present disclosure.

Figure 5C is an enlarged view of a portion of the device of Figure 5B, in accordance with the
present disclosure.

Figure 6A depicts a patient wearing a medical device that incorporates an elastic retention
strap, in accordance with the present disclosure.

Figure 6B is an enlarged view of a portion of the retention strap of Figure 6A, in accordance
with the present disclosure.

Figures 7A and 7B depict example medical devices with controllable pressure management
elements, in accordance with the present disclosure.

DETAILED DESCRIPTION

[0009] This description is not intended to be a detailed catalog of all the different ways in which
the disclosure may be implemented, or all the features that may be added to the instant
disclosure. For example, features illustrated with respect to one embodiment may be
incorporated into other embodiments, and features illustrated with respect to a particular
embodiment may be deleted from that embodiment. Thus, the disclosure contemplates that in
some embodiments of the disclosure, any feature or combination of features set forth herein
can be excluded or omitted. In addition, numerous variations and additions to the various
embodiments suggested herein will be apparent to those skilled in the art in light of the instant
disclosure, which do not depart from the instant disclosure. In other instances, well-known
structures, interfaces, and processes have not been shown in detail in order not to
unnecessarily obscure the invention. It is intended that no part of this specification be
construed to effect a disavowal of any part of the full scope of the invention. Hence, the
following descriptions are intended to illustrate some particular embodiments of the disclosure,
and not to exhaustively specify all permutations, combinations, and variations thereof.

[0010] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. The terminology used in the description of the disclosure herein is for the purpose of
describing particular aspects or embodiments only and is not intended to be limiting of the
disclosure.
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[0011] References to techniques employed herein are intended to refer to the techniques as
commonly understood in the art, including variations on those techniques or substitutions of
equivalent techniques that would be apparent to one of skill in the art.

[0012] U.S. Patent Application Serial No. 14/827,375 discloses an apparatus that measures
the sub-epidermal capacitance using a bipolar sensor, where the sub-epidermal capacitance
corresponds to the moisture content of the target region of skin of a patient. The '375
application also discloses an array of these bipolar sensors of various sizes.

[0013] U.S. Patent Application Serial No. 15/134,110 discloses an apparatus for measuring
sub-epidermal moisture (SEM) similar to the device shown in Figure 3, where the device emits
and receives an RF signal at a frequency of 32 kHz through a single coaxial sensor and
generates a bioimpedance signal, then converts this signal to a SEM value.

[0014] Unless the context indicates otherwise, it is specifically intended that the various
features of the disclosure described herein can be used in any combination. Moreover, the
present disclosure also contemplates that in some embodiments of the disclosure, any feature
or combination of features set forth herein can be excluded or omitted.

[0015] The methods disclosed herein include and comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged with
one another without departing from the scope of the present disclosure. In other words, unless
a specific order of steps or actions is required for proper operation of the embodiment, the
order and/or use of specific steps and/or actions may be modified without departing from the
scope of the present disclosure.

[0016] As used in the description of the disclosure and the appended claims, the singular
forms "a," "an," and "the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise.

[0017] As used herein, "and/or" refers to and encompasses any and all possible combinations
of one or more of the associated listed items, as well as the lack of combinations when
interpreted in the alternative ("or").

[0018] The terms "about" and "approximately” as used herein when referring to a measurable
value such as a length, a frequency, or a SEM value and the like, is meant to encompass
variations of £ 20%, + 10%, £ 5%, £ 1%, £ 0.5%, or even £ 0.1% of the specified amount.

[0019] As used herein, phrases such as "between X and Y" and "between about X and Y"
should be interpreted to include X and Y. As used herein, phrases such as "between about X
and Y" mean "between about X and about Y" and phrases such as "from about X to Y" mean
"from about X to about Y."
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[0020] As used herein, the term "sub-epidermal moisture" or "SEM" refers to the increase in
tissue fluid and local edema caused by vascular leakiness and other changes that modify the
underlying structure of the damaged tissue in the presence of continued pressure on tissue,
apoptosis, necrosis, and the inflammatory process.

[0021] As used herein, a "patient” may be a human or animal subject.
[0022] As used herein, "delta" refers to a calculated difference between two SEM values.

[0023] Figure 1 depicts a patient 100 wearing a CPAP mask 110. A CPAP system is used by
individuals having difficulty in breathing while sleeping, among others. The mask 110 is worn
every night for the entire time that the person is asleep, typically 7-9 hours. This repeated
exposure of sensitive facial tissue, where the skin is close to bone, to long-duration low-
pressure contact by the nosepiece 112 or straps 114 poses a risk of developing a pressure
ulcer.

[0024] Figure 2 depicts a patient 120 being treated with a ventilator, which includes
mouthpiece 130 having, in this example, an endotracheal tube 132 held in place by a strap
134. Patients that are unable to breathe satisfactorily on their own are "put on" a respirator to
ensure that their body is receiving sufficient oxygen to heal. A patient may be on a ventilator for
a few hours or a few weeks, depending on the injury. Patients who are on a ventilator for
extended periods of time may be put in a medically induced coma because of the discomfort of
the ventilator, further reducing their mobility and increasing the risk of a pressure ulcer. In Fig.
2, a pad 140 has been placed on the cheek of the patient 120 and under the strap 134 in order
to distribute pressure and protect the skin.

[0025] Figure 3A illustrates the pressure-induced damage associated with a diagnosis of a
stage-1 pressure ulcer. This cutaway view of a section of skin tissue 150 shows the top layer
stratum corneum, the dermis 154, a layer of fat 156 over a layer of muscle 158, and a bone
160. The darkened region 170 indicates damage to the skin penetrating from the stratum
corneum 152 down into the dermis 154. The surface of the skin over region 170 may show a
redness and a difference in firmness that can be identified by a trained clinician as a symptom
of the damage.

[0026] Figure 3B depicts a patient 180 who has developed a pressure ulcer 184 from a
medical device 182 taped to his chest. Figure 3C depicts a patient 180 who has developed a
pressure ulcer 184 in the pubic area from a medical device 182, which is a urinary tube. Figure
3D depicts a patient 180 who has developed a pressure ulcer 184 in the lower abdomen area
from a medical device 182, which is also a urinary tube. Development of this type of injury
depends on many factors, including the amount of local pressure on the skin, whether
additional pressure was created by other items laying over the device 182, and the duration of
the pressure. Development of an ulcer is also affected by the condition of the patient's skin,
which depends on the age of the patient and their health.
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[0027] Figure 4A depicts a patient 200 wearing a medical device 210 with a Sub-Epidermal
Moisture (SEM) sensor (not visible in Fig. 4A), in accordance with the present disclosure.
There is contact between the device 210 and the patient 200 in multiple locations, such as
behind the ear, along the tube 212 over the cheek, at the location of retention device 220, and
at the fitting 214 where the tube 212 connects to a nasal cannula (not visible in Fig. 4A). In
general, tension on the tube 212 creates pressure in many if not all of these locations.

[0028] Figure 4B depicts an example SEM sensing system 250, in accordance with the present
disclosure. The system 250 includes a molded plastic clip 222 configured to attach to the tube
212, a layer of foam 224 to distribute pressure, a SEM sensor 230. In an aspect, there is a
layer of adhesive 226 to attach the retention device 220 to the skin of the patient 200. The
sensor 230 has electrodes 232, 234 that are connected via wires 236, 238 to electronics
package 240, which is configured to make a measurement of the capacitance between the two
electrodes 232, 234 and calculate a "delta” value that is, in one aspect, the difference between
the highest SEM value and the lowest SEM value in a set of measurements. In an aspect, a set
of measurements is taken during a single clinical evaluation. In one aspect, a set of
measurements is taken over time, with the first measurement taken at the time of the first use
of the medical device.

[0029] In an aspect, a calculated delta value is compared to a threshold. When the delta value
exceeds the threshold, this indicates a degree of damage. There may be multiple thresholds
used to evaluate multiple levels of tissue damage. In one aspect, the maximum SEM value is
compared to a threshold. When the maximum value exceeds the threshold, this indicates a
degree of damage.

[0030] In an aspect, a threshold may be about 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7,
0.75,0.8,0.85,0.9,095,1.0,1.1,12,13,14,15,16,17,18,1.9,2.0,2.1,22,23, 24,
25,26,27,2.8,29,3.0,3.1,32,33,34,35,36,3.7,3.8,3.9,40,4.1,42,43,44,45,
46,47,48,49,50,51,52,53,54,55,56,57,58,59,6.0,6.1,6.2,6.3,6.4,6.5, 6.6,
6.7,6.8,6.9,70,71,7.2,7.3, 7.4, or 7.5. In one aspect, a threshold may range from 0.1 to
8.0, such as from 0.1 to 1.0, from 1.1 to 2.0, from 2.1 to 3.0, from 3.1 to 4.0, from 4.1 to 5.0,
from 5.1 to 6.0, from 6.1 to 7.0, from 7.1 to 8.0, from 0.1 to 7.5, from 0.5 to 8.0, from 1.0 to
7.0, from 1.5 t0 6.5, from 2.0 to 6.0, from 3.0 to 5.5, from 3.5 to 5.0, or from 4.0 to0 4.5. In an
aspect, a threshold can be scaled by a factor or a multiple based on the values provided
herein. It will be understood that a threshold is not limited by design, but rather, one of ordinary
skill in the art would be capable of choosing a predetermined value based on a given unit of
SEM. In one aspect, thresholds of the present disclosure are varied according to the specific
portion of a patient's body on which measurements are being made, or one or more
characteristics of the patient such as age, height, weight, family history, ethnic group, and other
physical characteristics or medical conditions.

[0031] In an aspect, the electronics package 240 includes devices to communicate over link
242 to computer 252, which may be a PC, a mobile tablet, a mobile phone, a server using
cloud-based data storage and analysis, or other data systems. Link 242 may include a wired or
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wireless communication element, optical communication elements, a network that may have
one or more switches and routers, and other standard data transfer devices and protocols.
Link 242 may also be implemented as hardware with nonvolatile storage, for example a "thumb
drive," that is loaded with data by the electronics package 240 and in turn is physically
relocated and connected to the computer 252 whereupon it delivers the data. In an aspect,
Link 242 provides real-time communication of recorded SEM measurements and/or calculated
delta values from electronic package 240 to computer 252 to allow for real-time monitoring of
ulcer development in a patient.

[0032] In one aspect, a molded plastic clip 222 of SEM sensing system 250 of the present
disclosure is configured to attach to a medical device selected from the group consisting of a
nasogastric tube, a feeding tube, an endotracheal tube, a tracheostomy tube, a tracheostomy
collar, a nasal cannula, an IV/PICC line, a central line, a catheter, and a fecal management
tube. In an aspect, adhesive 226 has a shape selected from the group consisting of
substantially a square, substantially a rectangle, substantially a circle, and a polygon. In one

aspect, a face of adhesive 226 has a surface area less than 25 cm?, such as less than 20 cm?2,

less than 15 cm?, less than 10 cm?, or less than 5 cm?. In an aspect, SEM sensing system 250
has a mass of less than 5 grams, such as less than 4 grams, less than 3 grams, less than 2
grams, less than 1 gram, or less than 0.5 gram.

[0033] Figure 5A illustrates how a medical device may contact a patient. The tube 212 from
Fig. 4A runs over the crease 204 between a patient's ear 202 and their skull. Pressure can
develop at the point of contact between tube 212 and the crease 204 due to tension in tube
212.

[0034] Figure 5B depicts a SEM sensing device 300, in accordance with the present
disclosure. In an aspect, the device 300 is added to a basic medical device, for example tube
212. Electrodes 304 on the external surface of the device body 302 are connected by wires
306 of cable 308 to an external electronics package (not shown in Fig. 5B). In an aspect, the
device 300 comprises a processor (not visible in Fig. 5B) that does one or more of switching,
sensing, and measurement. In an aspect, the processor provides wireless communication to
the electronics package. In one aspect, the wireless communication to the electronics package
from the electrodes occurs in real-time. In an aspect, the wireless communication to the
electronics package is delayed.

[0035] Figure 5C is an enlarged view of a portion of the device 300 of Fig. 5B, in accordance
with the present disclosure. In this example, there are three electrodes 304A, 304B, and 304C
that are aligned in a row on the surface of body 302, but this array of electrodes may utilize two
or more electrodes that are disposed in any two-dimensional pattern. In an aspect, device 300
may comprise three or more electrodes, such as four or more electrodes, five or more
electrodes, ten or more electrodes, fifteen or more electrodes, twenty or more electrodes,
twenty-five or more electrodes, thirty or more electrodes, forty or more electrodes, or fifty or
more electrodes.
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[0036] In Figure 5C, electrodes 304A, 304B, 304C are elongated rectangles with rounded
ends, but these electrodes may be provided in any shape and size. In an aspect, electrodes
304A, 304B, and 304C may be any shape or configuration, such as point electrodes, plate
electrodes, ring electrodes, hexagonal electrodes, or interdigitated finger electrodes. In this
example, the long, thin aspect ratio of the electrodes over the curved body 302 provides for
complete contact between each electrode 304A, 304B, 304C and the patient's skin. In one
aspect, electrodes of device 300 are approximately evenly spaced apart by from about 0.1 cm
to about 5 cm, such as from about 0.2 cm to about 5 cm, from about 0.3 cm to about 5 cm,
from about 0.4 cm to about 5 cm, from about 0.5 cm to about 5 cm, from about 1 cm to about
5 cm, from about 1.5 cm to about 5 cm, from about 2 cm to about 5 cm, from about 2.5 cm to
about 5 cm, from about 3 cm to about 5 cm, from about 3.5 cm to about 5 cm, from about 4 cm
to about 5 cm, from about 4.5 cm to about 5 cm, from about 0.1 cm to about 4.5 cm, from
about 0.1 cm to about 4 cm, from about 0.1 cm to about 3.5 cm, from about 0.1 cm to about 3
cm, from about 0.1 cm to about 2.5 cm, from about 0.1 ¢cm to about 2 cm, from about 0.1 cm to
about 1.5 cm, from about 0.1 cm to about 1 cm, from about 0.1 cm to about 0.9 cm, from
about 0.1 cm to about 0.8 cm, from about 0.1 cm to about 0.7 cm, from about 0.1 cm to about
0.6 cm, from about 0.1 cm to about 0.5 cm, from about 0.1 cm to about 0.4 cm, from about 0.1
cm to about 0.3 cm, from about 0.1 cm to about 0.2 cm, from about 0.5 cm to about 4.5 cm,
from about 1 cm to about 4 cm, from about 1.5 cm to about 3.5 cm, or from about 2 cm to
about 3 cm. In an aspect, there is an insulating cover layer over each of the electrodes 304A,
304B, 304C.

[0037] Still referring to Figure 5C, the electrodes 304A, 304B, 304C are individually coupled to
the electronics package or other controlling processor such that pairs of any two electrodes
may be selected to form a two-electrode sensor. With an array of electrodes, a plurality of
sensors may be formed to measure capacitance over a region without moving the device 300.
For example, electrodes 304A, 304B can be paired to measure the SEM in the tissue between
the electrodes 304A, 304B, then electrodes 304B, 304C can be paired to measure the SEM in
the tissue between the electrodes 304B, 304C.

[0038] In an aspect, device 300 of the present disclosure is configured to attach to a medical
device selected from the group consisting of a nasogastric tube, a feeding tube, an
endotracheal tube, a tracheostomy tube, a nasal cannula, an IV/PICC line, a central line, a
catheter, and a fecal management tube. In one aspect, device 300 has a mass of less than 5
grams, such as less than 4 grams, less than 3 grams, less than 2 grams, less than 1 gram, or
less than 0.5 gram.

[0039] Figure 6A depicts a patient 400 wearing a medical device 410 that incorporates a
retention strap 414 to hold nosepiece 412 in place, in accordance with the present disclosure.
In order to function, there must be tension in the elastic strap 414 and along the contact edges
of nosepiece 412.

[0040] Figure 6B is an enlarged view of a portion of the retention strap 414 of Fig. 6A, in
accordance with the present disclosure. In this example, electrodes 418 are attached to the
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elastic 416 such that the electrodes 418 are in contact with the patient's skin while the device
410 is worn. In one aspect, electrodes 418 are elongated-shaped electrodes. In an aspect,
similar electrodes (not shown in Fig. 6B) are located on the contact surface of the nosepiece.
As described with respect to Fig. 5C, the individual electrodes of an array of electrodes 418
can be connected in various pairs to form sensors. In an aspect, the retention strap 414
includes one or more of a battery, a processor, data storage, and a communication element.

[0041] In an aspect, retention strap 414 may comprise two or more electrodes, such as three
or more electrodes, four or more electrodes, five or more electrodes, ten or more electrodes,
fifteen or more electrodes, twenty or more electrodes, twenty-five or more electrodes, thirty or
more electrodes, forty or more electrodes, fifty or more electrodes or a hundred or more
electrodes.

[0042] In one aspect, electrodes of retention strap 414 are approximately evenly spaced apart
by from about 0.1 cm to about 5 cm when the retention strap is in a relaxed state, such as from
about 0.2 cm to about 5 cm, from about 0.3 cm to about 5 cm, from about 0.4 cm to about 5
cm, from about 0.5 cm to about 5 cm, from about 1 cm to about 5 cm, from about 1.5 cm to
about 5 cm, from about 2 cm to about 5 cm, from about 2.5 cm to about 5 ¢cm, from about 3 cm
to about 5 cm, from about 3.5 cm to about 5 cm, from about 4 cm to about 5 cm, from about
4.5 cm to about 5 cm, from about 0.1 ¢cm to about 4.5 cm, from about 0.1 cm to about 4 cm,
from about 0.1 cm to about 3.5 cm, from about 0.1 ¢cm to about 3 cm, from about 0.1 cm to
about 2.5 cm, from about 0.1 cm to about 2 cm, from about 0.1 cm to about 1.5 ¢cm, from
about 0.1 cm to about 1 cm, from about 0.1 cm to about 0.9 cm, from about 0.1 cm to about
0.8 cm, from about 0.1 cm to about 0.7 cm, from about 0.1 cm to about 0.6 cm, from about 0.1
cm to about 0.5 cm, from about 0.1 cm to about 0.4 cm, from about 0.1 cm to about 0.3 cm,
from about 0.1 cm to about 0.2 cm, from about 0.5 cm to about 4.5 cm, from about 1 cm to
about 4 cm, from about 1.5 cm to about 3.5 cm, or from about 2 cm to about 3 cm.

[0043] In an aspect, retention strap 414 of the present disclosure is configured to function as a
tracheostomy strap. In one aspect, retention strap 414 of the present disclosure is configured
to function as an abdominal binder. In an aspect, retention strap 414 of the present disclosure
is configured to attach to an oxygen delivery mask. In one aspect, retention strap 414 of the
present disclosure is configured to attach to an identification band.

[0044] In one aspect, a face of retention strap 414 has a surface area less than 6000 cm?,
such as less than 5000 cm?, less than 4000 cm?, less than 3000 cm?, less than 2000 cm?, less
than 1000 cm?, less than 500 cm?, less than 100 cm?, less than 50 cmZ, less than 25 cm?, less

than 20 cm?, less than 15 cm?, less than 10 cm?, or less than 5 cm?2.

[0045] Fig. 7A depicts an example medical device 500 with controllable pressure management
elements, in accordance with the present disclosure. In this example, the medical device 500 is
a breathing mask that is representative of all devices where the application element is in long-
term contact with the skin of a patient. In an aspect, a medical device having an application
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element in long-term contact with the skin of a patient is a collar or a cast. In one aspect, a
medical device having an application element in long-term contact with the skin of a patient is a
cervical collar or a cervical cast. In this example, the pressure management elements are
inflatable pockets such as pocket 504, which is shown in an inactive, e.g., deflated, state.
Pocket 506, by way of comparison, is shown in an active, e.g., inflated, state. When pockets
504, 506 are configured as shown in Fig. 7A, pressure is higher in the region of pocket 506
and lower in the region of pocket 504. In an aspect, the pressure in the region of pocket 504 is
low enough to allow blood flow through the tissue of this region.

[0046] In an aspect, the pressure management elements are provided in sets such as pockets
510A, 501B, and 510C. These pockets may be manipulated in a coordinated fashion to shift
the levels of contact pressure between the device 500 and the skin of the patient in the regions
of the pockets 510A, 510B, 510C. For example, the pocket 510B is inflated while pockets
510A, 510C are deflated, creating a relatively high contact pressure area around pocket 510B
and a relatively low, e.g. lower than the nominal pressure that would be present in the absence
of a pressure management element, contact pressure in the regions of pockets 510A, 510C.
This relatively low contact pressure allows adequate blood flow to the tissue in that region so
as to avoid tissue damage. At a different time, one or both of pockets 510A, 510C are inflated
while pocket 510B is deflated, thus reducing the contact pressure in the region of pocket 510B.

[0047] In an aspect, the pockets are flexible membranes that comprise a portion of the walls of
a sealed compartment that is within or on the surface of device 500. In an aspect, at least one
of the walls of the pockets is stretchable. In one aspect, when the pockets are situated within
the surface of device 500, the wall of device 500 that is in contact with the skin of a patient is
also stretchable.

[0048] The words "force" and "pressure” are considered to be interchangeable within the
context of this disclosure. A higher pressure within a pocket will apply a greater pressure over
the area of the pocket, which produces a higher total force (pressure x area = force). A greater
amount of fluid in the pocket does not intrinsically apply a higher pressure or force; the raised
height of the pocket will cause the patient's skin to come in contact with the inflated pocket first
and thereby the inflated pocket will provide a greater portion of the total force applied by the
device 500 to the patient's skin and such is equivalent to providing a greater pressure and/or
force.

[0049] Pockets may be fully inflated, fully deflated, or partially inflated to an intermediate
pressure. In an aspect, the pockets may be inflated with a gas or a liquid or other fluid. The
word "inflation” is interpreted as an indication of pressure or, equivalently, of the amount of fluid
within the pocket, such that the phrase "higher inflation” includes the situation of a greater
amount of fluid in the compartment.

[0050] In an aspect, the pockets are connected to a source of pressurized fluid through
elements such as tubing, valves, pressure regulators (not shown in Figure 7A) that are coupled
to and controlled by a controller (not shown in Figure 7A). In an aspect, the source of
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pressurized fluid may be the same source of fluid being provided to the patient through the
medical device 500, for example pressurized oxygen-enriched air. In an aspect, the controller
of the pressure management element is a part of the electronics package 240 of Figure 4B.

[0051] In an aspect, the pressure management element is a mechanical element whose height
can be adjusted. In an aspect, the adjustment is provided with an electrical actuator. In an
aspect, the actuator comprises a piezoelectric element that causes a change in the height of
the element. In an aspect, the pressure management element is a fixed height element that
moves parallel to the skin of the patient such that the contact pressure is increased in the
region of contact between the element and the skin and reduced in other regions.

[0052] Figure 7B illustrates another medical device that is a strap 520 similar to the strap 414
shown in Figures 6A and 6B. In this example, the strap 520 comprises a band 522 with pockets
such as pockets 524, 526 spaced along the band 522. In this example, pocket 524 is inactive
and pocket 526 is active, causing the contact pressure under pocket 526 to be higher than the
contact pressure under pocket 524. In an aspect, the band 522 is overlaid with an array of
electrodes 418 (not visible in Figure 7B) such that strap 520 can both measure SEM and
manage the pressure applied by the strap 520 to the patient's skin.

[0053] In an aspect, the change in inflation of the pockets is driven by an SEM reading taken,
for example, by the electrodes 418 of Figure 6B. In one aspect, the change in inflation of the
pockets is driven by a delta value that is, in an aspect, the difference between the highest SEM
value and the lowest SEM value in a set of measurements. In an aspect, a set of
measurements includes measurements taken at a single location. In one aspect, a set of
measurements includes measurements taken at multiple locations. In one aspect, a set of
measurements is taken at approximately the same time, such as within 10 minutes, within 5
minutes, within 1 minute, within 30 seconds, within 10 seconds, within 5 seconds, or within 1
second. In an aspect, a delta value is calculated by the difference between the most recent
SEM value and the cumulative average SEM value over a period of time. In one aspect, a
cumulative average SEM value is derived from a set of SEM measurements taken since the
first use of the medical device. In an aspect, a cumulative average SEM value is derived from
SEM measurements taken within approximately a year, such as within 9 months, within 6
months, within 5 months, within 4 months, within 3 months, within 2 months, within 1 month,
within four weeks, within three weeks, within two weeks, within one week, within 6 days, within
5 days, within 4 days, within 3 days, within 2 days, within 1 day, within 16 hours, within 12
hours, within 8 hours, within 4 hours, within 3 hours, within 2 hours, within 1 hour, within 45
minutes, within 30 minutes, within 15 minutes, within 10 minutes, or within 5 minutes.

[0054] In an aspect, the change in inflation of the pockets is driven by how a calculated delta
value is compared to a threshold. When the delta value exceeds the threshold, inflation pattern
of the pockets changes to shift the pressure applied to the patients. There may be multiple
thresholds used to determine the inflation pattern of the pockets.

[0055] In an aspect, the change in inflation is caused by a timer that regularly shifts the
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pressure applied to the patient by changing the pattern of active pressure management
elements, for example by inflating and deflating different pockets.

[0056] In an aspect, a series of predetermined configurations of the pressure management
elements are defined and the timer configured to execute a programmed series of changes
between these configurations at predefined times. In an aspect, the changes between
predetermined configurations are based on SEM readings taken of the patient.

[0057] In an aspect, there is a configuration of which pockets are inflated and this default is
maintained until a SEM reading indicates a problem, whereupon certain pockets are deflated
or reduced in inflation height.

[0058] From the foregoing, it will be appreciated that the present invention can be embodied in
various ways.
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Patentkrav

1. Apparat til detektering af vaevsbeskadigelse pa grund af kontakt mellem en
medicinsk indretning (210; 410; 500) og en patients hud pa et sted neer kon-
taktpunktet, omfattende:

en farste elektrode og en anden elektrode (232, 234; 304A, 304B, 304C; 418),
der er konfigureret til at male et niveau af subepidermal fugt (SEM) i veev teet
pa kontaktpunktet,

en elektronikpakke (240), der er individuelt forbundet til den farste og anden
elektrode (232, 234; 304A, 304B, 304C; 418) og konfigureret til at male en
kapacitans mellem den farste og anden elektrode (232, 234; 304A, 304B,
304C; 418);

kendetegnet ved:

den farste og anden elektrode (232, 234; 304A, 304B, 304C; 418) er konfigu-
reret til at blive fastgjort til den medicinske indretning (210; 410; 500), og hvor
den forste og anden elektrode (232, 234; 304A, 304B, 304C; 418) er formet
saledes, at hele overfladen af hver elektrode (232, 234; 304A, 304B, 304C;
418) kan komme i kontakt med patientens hud, mens den medicinske indret-
ning er i brug; og

et legeme (302), der er koblet til den ferste og anden elektrode (232, 234;
304A, 304B, 304C; 418), hvor kroppen er konfigureret til at blive indskudt mel-
lem den medicinske indretning (210; 410; 500) og patientens hud, nér den me-
dicinske indretning (210; 410; 500) er i brug;

hvor apparatet er valgt fra en gruppe bestdende af en klemme, der er konfigu-
reret til at fastgeres til et rer i den medicinske anordning, og en strop konfigu-

reret til at fastgeres til den medicinske anordning.

2. Apparat ifglge krav 1, yderligere omfattende et kommunikationselement, der
er konfigureret til at tilvejebringe realtidsoverfarsel af SEM-malinger til en reg-

neindretning (252).
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2
3. Apparat ifalge krav 1, hvor reret (212) er valgt fra gruppen bestaende af en
nasogastrisk sonde, en erneeringssonde, en endotrakealsonde, en trakeosto-
misonde, en trakeostomikrave, en naesekanyle, en IV/PICC-ledning, en kateter

og et feekalbehandlingsrar.

4. Apparat ifglge krav 1, hvor apparatet er en rem, og den medicinske indret-

ning er en maske (500).

5. Apparat ifelge krav 1, hvor apparatet yderligere omfatter et eller flere tryk-

styringselementer.

6. Apparat ifelge krav 5, hvor ethvert af det ene eller flere trykstyringselemen-

ter er en oppustelig lomme (504).

7. Apparat ifelge krav 5, hvor ethvert af det ene eller flere trykstyringselemen-
ter er en oppustelig lomme (510A, 510B, 510C), der kan manipuleres pa en
koordineret made for at justere niveauerne af kontakttryk mellem den medicin-

ske indretning og huden pa patienten.

8. Apparat ifelge krav 5, hvor ethvert af det ene eller flere trykstyringselemen-

ter er et mekanisk element, hvis hgjde kan justeres med en elektrisk aktuator.

9. Apparat ifelge krav 5, hvor en aendring i hvert af det ene eller flere tryksty-
ringselementer er drevet af en eller flere SEM-malinger taget af den ferste og

anden elektrode.
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