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Fig. 3
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Fig. 4
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Fig. 4A
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Fig. 5
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Fig. 6
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Fig. 8
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SYSTEM FOR THE EARLY DETECTION OF
POSTOPERATIVE BLEEDING

[0001] The invention relates to a system for the early
detection of invalidating states of persons, such as for the
early detection of postoperative bleedings, especially of
secondary bleedings in the case of organ surgeries such as
e.g. a thyroid surgery.

[0002] Monitoring systems are well-known in various
configurations which are preferably used in hospitals for
patient monitoring. Accordingly, frequently merely relevant
vital parameters such as e.g. pulse, heart rate etc. are
monitored, with an alarm being triggered when the respec-
tive static limits of the vital parameters are exceeded.
Examples of said monitoring systems are described in the
documents US2011/0160549 A1, US 2005/0187796 Al or
US 2004/0143174 Al.

[0003] There are also systems by which predictions of
critical states may be made. For this purpose, in the system
according to US 2011/0282169 Al inter alia the brain
pressure is monitored. In US 2008/0287753 Al a system is
described in which different parameters are detected and
analyzed, wherein particular states of the patient are con-
cluded from the parameter constellation.

[0004] However, in the postoperative course various com-
plications such as e.g. shock, heart attack, pulmonary embo-
lism as well as bleedings may occur which do not show by
trivial exceeding of limits of individual vital parameters.
Such secondary bleedings, especially secondary bleedings
after thyroid surgeries, are extremely dangerous, as they
may result in sudden breathing arrest.

[0005] A generic system is known, for example, from the
document EP 2 377 460 B1, the content of disclosure of
which concerning the parameter evaluation is herewith fully
incorporated in the present application. By said system
insignificant hematomas can be reliably distinguished from
the internal secondary bleeding so as to detect as early as
possible the risk of bleeding to death and, resp., of the
compression of vital organs.

[0006] For finding the known system use is made of the
realization that the automatically operating system easily
succeeds, with appropriate selection of the vital parameters
to be monitored and with appropriate classification of the
measured parameters into the states to be inquired, in
establishing a probability about the state of the person to be
monitored, wherein definite delimitation between life-
threatening states. on the one hand, and rather non-critical
states, on the other hand, is possible.

[0007] It is the object of the present invention to further
improve the system in such manner that with a simplified
structure it is capable of safely and reliably protecting the
patient against the consequences of postoperative secondary
bleeding.

[0008] This object is achieved by the system according to
claim 1. According to the invention, it was found that the
salient parameter for detecting and predicting postoperative
bleeding is the pressure in the body compartment in the field
of operation. Comprehensive examinations resulted in the
finding that in the case of thyroid surgeries complete loss of
deliberate breathing occurred when the compartment pres-
sure had increased above a particular threshold. The selec-
tion of parameters according to the invention protects the
patient with reliability not reached so far and with a sim-
plified structure of the system against the consequences of
postoperative bleeding, for example after thyroid surgery,
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wherein already continuous monitoring of one parameter is
sufficient for this purpose. The second parameter then fulfils
an additional control function.

[0009] Advantageous developments are the subject matter
of the subclaims.

[0010] When, according to claim 2, data about breathing
are included, the system obtains additional options for
designing the analysis logic. In this way, monitoring may be
further refined by including the data of breathing in the
operating mode of parameter monitoring and in the analysis.
[0011] By the number of parameters monitored and/or the
number of the states, such as e.g. very low, low, medium,
high, very high, which can be assigned to the parameters
measured, the operating mode of the system cannot only be
further refined at will but also adapted to the respective
individual reaction patterns of the persons to be monitored.
The display device by which the evaluation is displayed is
advantageous, because, on the one hand, it may be utilized
to signal to the person to be monitored a state which is
critical to said person, and it can simultaneously be used to
communicate the result of evaluation to a hospital or to an
attending physician, for example, in such a way that life-
saving measures can be taken as quickly as possible.
[0012] Basically—as in the known system according to EP
2 377 460 B1 already—any unit which is capable of detect-
ing the selected parameters may act as detector unit. As the
detector unit includes measuring probes, a computing unit as
well as an interface, the system is configured in such manner
that it may be carried on the body of the person to be
monitored as a body-related compact system. The comput-
ing unit converts the input signal of the measuring probe so
that it becomes visible, for example, on an external device
via an interface. The advantage of the interface resides in the
fact that, on the one hand, in a case of emergency the vital
parameters of the person to be monitored can be quickly
rendered visible to a person skilled in the art, such as a
physician, and that, on the other hand, the system may be
read out with minimum effort in routine checks.

[0013] The analysis logic is preferably programmed on the
basis of empirically obtained and medically established
anatomic contexts. In this way, parameter constellations
which occur—e.g. when coughing or in other spontaneous
body reactions—only briefly are removed from the evalua-
tion.

[0014] Preferably, the analysis logic includes a neural
network by means of which parameter patterns trained in
advance are recognized.

[0015] Advantageously, the early detection system is addi-
tionally capable, with the aid of the analysis logic, to
produce an instruction of the content, based on the vital
parameters and parameter states detected, especially with
consideration of the time course thereof, as to how the
person to be monitored has to be treated. Thus, it corre-
sponds to individual recommended actions adapted to the
given situation either for the person to be monitored him-/
herself or for third persons, e.g. for an attending physician
or a first aider who meets the person to be monitored in a
critical state. Since said recommended actions are automati-
cally generated in response to the parameter constellation
detected, they may be utilized even if the person to be
monitored is no longer able to provide any information.
Consequently, in a case of emergency, valuable time can be
gained between the diagnosis and the beginning of treat-
ment.
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[0016] Depending on the type of display device, the
instruction can be displayed at least partially. This enables
primarily the person to be monitored to evaluate his/her own
state and not to be unnecessarily worried in a state that is not
life-threatening. Otherwise, the instruction in a life-threat-
ening state may be, inter alia, to forthwith inform an
emergency physician. In parallel, concrete instructions may
be displayed as to how the person has to be treated. Thus, for
example the arriving physician can immediately start with
the correct treatment. This results in great saving of time as
said physician neither has to examine the person to be
monitored nor has to spend additional time for finding the
diagnosis. Moreover, as the early detection system knows
the medical history of the person to be monitored, the
instruction of the system corresponds to the instruction a
general practitioner who is familiar with the medical history
would give. Should specific apparatuses which are not part
of the apparatuses carried along as a standard by the emer-
gency physicians be required for the treatment of the person
to be monitored, again valuable time can be gained by an
instruction indicating said circumstance.

[0017] A neural network according to claim 7 is beneficial
when a plurality of parameters has to be monitored and
evaluated. Such analysis logic of the system further is
capable of quickly handling a quite large number of param-
eter constellations and of identifying possible life-threaten-
ing states without any delay. Moreover, further parameter
constellations defined by clinical research can be conveyed
to the neural network by training, for example. In this way,
even more precise delimitation of the parameter constella-
tions between an insignificant state and a life-threatening
state 1s possible.

[0018] When the parameters are detected being clocked at
predetermined time intervals (dt) which are preferably
adapted to the health state of the patient, the system can be
used in an especially energy-saving manner, thus allowing a
long service life to be achieved.

[0019] The system can be especially attractive when vari-
able time intervals (dt) are used for detecting the parameters.
Said feature enables the system to vary the intervals between
two measuring points in response to the circumstances so
that the time intervals can be adapted to the current health
state of the patient while the system is in use. In this way, the
time intervals become shorter, for example, when the state
deteriorates and become longer when the state improves.
The time intervals (dt) may thus become longer also in
non-critical phases such as when the patient is sleeping so as
to enable energy-saving operating mode again. It is also
possible to vary or adapt the time intervals on the basis of the
variation of further monitoring parameters.

[0020] By the development of claim 8 in which the
analysis logic is based on a fuzzy logic approach instead of,
as usually, on a binary digital approach, the monitored
parameters do not necessarily have to be assigned to one out
of two possible contrary states but also to any intermediate
values, wherein the operating accuracy of the system can be
increased and the number of recognizable states of the
person to be monitored can be increased. The appropriate
logic is obtained, for example, by clinical studies with a
sufficient number of patients.

[0021] The better the system is adapted to the patient, the
more efficiently and accurately it can operate. Therefore, it
is of advantage when the system is trained with individual
medical data of the person to be monitored. For example, the
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critical thresholds for the organ compartment pressure are
higher in young patients than in elderly patients. In this way,
the system is capable of distinguishing even more precisely
between a critical health state and non-critical states such as
a resting phase or a short stress phase, especially when the
parameters measured are considerably different from person
to person. The distinction results in the fact that considerably
fewer false alarms are indicated and, resp., reported.

[0022] The development illustrated in claim 10 helps to
individually calibrate the fuzzy logic module of the analysis
logic in advance corresponding to the health state of the
person to be monitored. Thus, possible adaptation cycles at
the beginning of use are dropped and the patient is moni-
tored at the best from the very beginning.

[0023] Inorder to continuously improve the system during
use and to adapt it to the individual states of the patient
during the time of use thereof, the analysis logic may be
configured to be adaptive. This offers the advantage that the
system may adapt to habits and to the rhythm of the patient
during use. This helps to detect individual vital parameters
and the relation thereof relative to each other, which, in turn,
allows to make more exact statements concerning insignifi-
cant states such as e.g. sleeping phases or short-term efforts,
as compared to life-threatening states such as postoperative
bleedings, for example.

[0024] When an evaluation of the probability of the pres-
ence of a health anomaly according to claim 12 is displayed,
the result of monitoring can be very easily detected. The
display unit has the possibility of signaling different stages
of health hazards e.g. optically by means of signal lamps of
different colors. This serves for better assessment of the
alarm triggered, as a life-threatening state can be displayed
to be clearly differentiated from merely slightly increased
values. In turn, the patient is prevented from unnecessarily
worrying, which finally causes further deterioration of the
health state to be avoided. In addition, false alarms and
expenses unnecessarily incurred thereby can be avoided.

[0025] By the development of claim 13 at least one
selected result of evaluation and/or an instruction how to
handle the current state of the person to be monitored can be
forwarded to a central unit by a transmitter. For transmission
a Bluetooth or WLAN module can be used, for example. In
this way, appropriately skilled persons can directly analyze
the result of evaluation and can take actions, where neces-
sary.

[0026] In order to be able to determine the spatial and,
resp., geographic position of the person to be monitored, the
transmitter may include a position detector. Said position
detector is configured so that it is preferably adapted to
continuously determine the position of the person to be
monitored.

[0027] The transmitter may be configured so that it for-
wards the particular spatial and, resp., geographic position
of the person to be monitored to a central unit. Consequently,
the person to be monitored can be immediately found if a
life-threatening state has occurred, even if said person
cannot call attention to him-/herself. This allows to gain
valuable time both in finding the room of a stationary patient
as well as of outpatients, for example.

[0028] The system according to the invention may also be
equipped with an interface which enables connection to a
cell phone. On the one hand, a determination of position can
be carried out by the cell phone even at locations where
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conventional systems such as GPS do not work and, on the
other hand, the cell phone can be used to forward informa-
tion.

[0029] Particular practicability and simple taking into
operation are resulting when the system according to claim
15 is composed of plural functional modules which are
positioned at optimal points on the body and can be sepa-
rately handled. In this way the individual components are
light and can be conveniently carried. The system may easily
have a wireless design which especially facilitates carrying
the system on the user’s body, for example on the user’s
wrist, belt or the like.

[0030] Hereinafter, an example embodiment of the inven-
tion will be illustrated in detail by way of schematic draw-
ings, wherein:

[0031] FIG. 1 shows a schematic view of the system
carried by the patient for early detection of secondary
bleeding after thyroid surgery:;

[0032] FIG. 1A shows a block diagram of the analysis
logic;
[0033] FIG. 1B shows a detailed view of the sensor for

detecting the parameter depicting the skin expansion in the
vicinity of the operating field,;

[0034] FIGS. 2 and 3 show a schematic front view and a
side view of a patient including a pressure transmission tube
laid to an operating field;

[0035] FIG. 4 shows a perspective view of a pressure
transducer including a connecting signal cable to a signal
node;

[0036] FIG. 4A shows a perspective view of a connecting
piece by which a pressure signal tube can be connected to
the pressure transducer;

[0037] FIG. 5 shows a perspective view of a signal node
including a signal connecting cable to a basic device;

[0038] FIG. 6 shows a perspective view of the basic
device;
[0039] FIG. 7 shows a schematic perspective view of the

neck part of a patient to illustrate the position of a thyroid
compartment including an inserted pressure sensor;

[0040] FIGS. 8 to 10 shows schematic front views of an
area in which the thyroid of the human being is located, with
FIG. 8 showing the state before surgery, while

[0041] FIGS. 9 and 10 show the states after partial and
complete organ removal; and

[0042] FIGS. 11 to 13 shows exemplary signal diagrams
recorded by a system according to the invention.

[0043] In FIGS. 1 to 3, the reference numeral 10 sche-
matically denotes a person to be monitored (hereinafter
referred to as person). It is a person who has been subjected
to a thyroid surgery so that the schematically indicated
operating field 12 is located in the neck area.

[0044] For detecting the parameters required to predict
secondary bleeding in this embodiment three sensors and,
resp., measuring probes 14, 16 and 18 are used.

[0045] The sensor 14 is formed by a tension sensor by
which the expansion of the skin of the patient at a skin
section located in the vicinity of the organ compartment not
shown in detail, 1.e. close to the operating field 12, can be
detected. Alternatively, also a sensor for measuring the neck
circumference could be used. Both parameters have in
common that they form a measure for the swelling of a body
portion adjoining the operating field.

[0046] In the shown example embodiment, the neck
expansion sensor—as shown in FIG. 1A—is structured as
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follows: it consists of elastic support material to the surface
of which a constantan wire 141 has been applied. The ends
of the constantan wire are integrated—similarly to a strain
gauge measurement—in an evaluating circuit, for example a
bridge circuit, in a known way.

[0047] 1In order to render the expansion sensor capable of
optimally absorbing the forces, the sensor is cast in silicone
rubber having defined Shore hardness A, different materials
and a specific material thickness. The dimensions of the
example embodiment tested were 16.6x3 cm having a wire
length of [=1.681 m. The sensor is sufliciently tightly
fixed—as shown in FIG. 1—at the neck of the patient by
means of known techniques and, where necessary, additional
aids so that the constantan wire may adapt to the changes in
shape and/or length of the skin.

[0048] When the sensor is pulled in the longitudinal
direction, the total length of the constantan wire 141 varies/
is extended. This results in a thinner cross-section of the
constantan wire (e.g. instead of 50 um now only 49 pm),
which causes the total resistance to increase. The increase in
resistance thus is directly proportional to the force in the
longitudinal direction which in turn can be assigned to the
expansion.

[0049] In addition, in the central area there are provided
twisted meandering wire structures 142—as is evident from
FIG. 1A—which in the case of higher forces have a com-
pensating effect and to a smaller extent can also absorb
transverse forces.

[0050] The measuring result can be even further increased
by a layer model, in such case the bulging of the expansion
sensor acting on the longitudinal expansion. The expansion
sensor thus measures the change of resistance of the con-
stantan wire which corresponds to the expansion of the
sensor strip.

[0051] The sensor 16 is a pressure sensor by which the
pressure within the organ compartment can be detected. In
detail, a signal tube 20 leading to a balloon sewn in the organ
compartment and being filled with pressure-transferring
fluid, for example a liquid such as a saline solution (NaCl)
is connected to the pressure transducer 16 which is known
per se. Instead of a balloon, it is sufficient when the signal
tube 30 is equipped at its distal end in the organ compart-
ment with a thin-walled end cap via which the pressure in
the organ compartment can be picked up.

[0052] In FIG. 4A a connecting piece 50 is shown by
which the signal tube 30 can be connected to the pressure
transducer 16. The connecting piece 50 includes a central
member 52 in which a pressure transfer chamber including
a pressure transfer membrane 54 is located which in the
mounted state of the connecting piece 50 is in tight surface
contact with the pressure sensor membrane 17 (cf. FIG. 4)
of the pressure sensor. Handle portions denoted with 56 are
provided for inserting and locking the connecting piece 50
in the rails denoted with 19 at the pressure transducer.

[0053] The signal tube 30 is connected to a coupling piece
58 of the connecting piece 50. When plural organ compart-
ments are intended to be monitored, the coupling piece 58 is
appropriately designed, for example as a Y coupling. On the
other side of the connecting piece 50, the central member 52
bears a filling piece 60 comprising a feed connection 62 and
a stop valve 64.

[0054] Reference numeral 70 denotes an end cap of the
signal tube 30. The end cap 70 is preferably formed by a
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thin-walled plastic material and seals the lumen in the signal
tube 30 in a pressure-tight manner.

[0055] In preparation of the parameter monitoring, a distal
end portion 72 of the signal tube 30 is sewn into the organ
compartment. For enabling pressure detection to take place,
the signal tube must be filled with liquid—preferably a NaCl
solution—in a bubble-free manner. Filling may be but need
not be carried out in such a way that in the signal tube a
particular preferably low preliminary pressure is reached.
For this purpose, the connecting piece 50 is attached to the
pressure sensor 16, the stop valve 64 is opened and the signal
tube 30 is filled by means of a syringe via the feed connec-
tion 62 and the coupling piece 58. When the signal tube is
filled, the stop valve 64 is closed and the syringe can be
removed.

[0056] The third sensor 18 is formed by a strain gauge
fixed e.g. to the chest or the belly of the patient 10 for
detecting the breathing rate.

[0057] In this context, it is to be emphasized that the
concept according to the invention already works reliably
with one of the sensors 14 and 16. The more additional
sensors are provided, the more possibilities of adapting the
functioning of the sensors to the states of the patient and of
optimizing the evaluation of the sensor signals—advanta-
geously with the aid of an analysis logic processing all
signals—are existing.

[0058] In the illustrated example configuration, the signals
of the sensors are guided via signal lines 22, 24 and 26 to a
signal node 28 which is separately fixed to the patient close
to the operating field 12. In the illustrated example configu-
ration, the data transmission from the signal node 28 to a
basic device 30 is carried out via a signal cable 32. However,
it is equally possible to carry out wireless data transmission,
for example via Bluetooth or any other transmission tech-
nology.

[0059] In the basic unit an interface not shown in detail
and an ECU or, resp., CPU are integrated. The interface
mainly has two functions. On the one hand, it serves as a
type of internal interface of the detector unit for the vital
parameters detected by the measuring probes 14, 16 and 18.
On the other hand, it may be an external interface for
connecting external devices such as a computer or a monitor,
for example.

[0060] The ECU/CPU of the basic unit 30 includes a clock
generator and carries out all computing processes. Depend-
ing on the parameter and the state of the person to be
monitored, the time intervals between two measuring times
may considerably deviate from each other.

[0061] Further, the ECU/CPU may be equipped so that it
can access a memory in which all relevant instructions as to
how the person to be monitored has to be treated on the basis
of the currently given parameters are stored. Accordingly,
the memory may be both an internal memory and an external
memory. In the same, the ECU/CPU can store both the
instructions for being read out when needed and the courses
or developments of the courses of parameters over rather
long periods. They can be read out and analyzed via the
interface during routine checks, for example.

[0062] The analysis logic of the ECU/CPU corresponds to
the block diagram according to FIG. 1A. The input variables
of the sensors are represented by P, to P, the analysis logic
is represented by F(P,), the return path for adaptability is
represented by the designation LF and the processing of the
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result for adapting the analysis logic for future evaluations
is represented by the designation P.

[0063] For utilizing the system, for example in thyroid
surgery, it is processed as follows.

[0064] When—as schematically indicated in FIG. 7—the
thyroid has been removed, in the forming thyroid compart-
ment 80 the distal end of the signal tube 30 including the end
cap 70 enclosing the pressure-tapping chamber is posi-
tioned. This part of the signal tube 30 is sewn into the
patient, for example, or, in the case of minimal-invasive
operating technique, is fixed otherwise in the patient’s body
so that the end cap 70 including the pressure-tapping cham-
ber is fixed in the organ compartment 80.

[0065] The thyroid—denoted with 90 in FIG. 8—has two
lobes 90R and 90L which can be removed separately from
each other. When—as illustrated in FIG. 9—only the left
lobe 90L is removed, a compartment 80L is formed. When
the entire thyroid is removed, two compartments 80R and
80L are formed—as shown in FIG. 10.

[0066] Although the compartments 80R and 80L are
coherent, in the latter case it is advantageous when each
compartment is equipped with a pressure sensor. The signal
tubes 30 are then connected preferably jointly to the pressure
transducer 16 via a Y connector.

[0067] In the shown embodiment for monitoring second-
ary bleeding after thyroid surgery, basically at least one of
the two parameters, viz.

[0068] a) the pressure in the postoperative organ compart-
ment, and
[0069] b) a parameter depicting the expansion of the skin

section adjoining the organ compartment which usually also
depicts the swelling of a body portion adjoining the organ
compartment,

is continuously monitored.

[0070] In addition, further parameters such as the breath-
ing rate, the blood pressure RR and/or the heart rate and/or
the oxygen content in the blood can be taken into consid-
eration.

[0071] The detected parameters are evaluated by the ECU/
CPU, with the evaluation being performed in such way that
critical states are assigned to particular parameter constel-
lations. Accordingly, evaluations such as very low, low,
normal, high and very high can be assigned to said different
predetermined states, for example based on a fuzzy logic
approach.

[0072] The analysis logic evaluates the probability of the
presence of any health anomaly, i.e. the probability of
secondary bleeding in this case, on the basis of the present
parameter constellation. After receiving the evaluation, the
latter is displayed on the basic unit 30 by a display device,
if deemed to be necessary by the logic.

[0073] Together with the evaluations, instructions can be
output at the display device which can be read partially,
continuously or by means of symbols depending on the
display device. In the case of display devices which usually
are rather small, the instructions can be displayed only
partially, whereas a larger display device also permits
detailed instructions to be displayed.

[0074] For example, the basic unit 30—as is evident from
FIG. 6—in the top line shows the evaluation by a symbol
similar to traffic lights. In the lines below the values of the
monitored parameters are shown. For example, in one line
the compartment pressure is displayed in mmHg, in another
line the parameter depicting the expansion of the skin, for



US 2020/0022593 A1l

example the neck circumference is shown in mm (as illus-
trated), and in a third line the breathing rate is shown in
1/min. Instead of the expansion in mm, also a percentage
increase in the skin expansion close to the operating field,
such as the percentage increase in the neck circumference,
may be displayed. Also, one-dimensional or multi-dimen-
sional measurement of a swelling due to secondary bleeding
of a body section adjoining the operating field may be
carried out. For example, two-dimensional measurement of
expansion or measuring of the bulge of the skin may be
applied.

[0075] Instead of the measured values, also merely the
states of the measured parameters may be displayed in
different stages, such as NON-CRITICAL, TO BE
OBSERVED and CRITICAL, even using pictograms.
[0076] In further display fields, an indication that all
values are non-critical may be displayed, as long as there is
no risk for the person to be monitored. If a critical state is
established, in said text field an instruction may show, flash
or run down. Furthermore, alternately different vital param-
eters may be displayed in the columns, unless any critical
values are detected.

[0077] Moreover, the result of the analysis logic is
returned to the same again via the processing step P, as vital
parameters may considerably deviate from each other
depending on the current activity of the person. In this way,
the system learns to better distinguish possible non-critical
states, such as e.g. idle states, from critical states.

[0078] By way of FIGS. 7 to 10 it is evident in which way
in patients undergoing thyroid surgery the pressure in the
thyroid compartment is detected.

[0079] The system according to the invention operates as
follows after the patient has been connected, wherein ref-
erence is made to FIGS. 11 to 13 which reproduce concretely
taken measurements:

[0080] FIG. 11 illustrates the normal curve of the recorded
parameter values without any invalidating state occurring. In
FIG. 11, above the time intervals 1 to 10 (corresponding to
about 5 hours) the compartment pressure in mmHg (orange
zone), the percentage variation of the neck circumference
(blue curve) as a parameter depicting the swelling of a body
section and, resp., the expansion of the skin caused in this
way, and the breathing rate (grey curve) in 1/min are
displayed.

[0081] Although the compartment pressure is varying—
depending on the physical activity—within a particular
range, the permitted limits of variation set in the device—
individualized where necessary—are not exceeded and con-
sequently do not result in an alarm signal. This applies
mutatis mutandis to the parameter indicating the swelling of
the body region in the vicinity of the thyroid compartment
and, resp., the expansion of the respective skin section. Said
second parameter serves for additionally protecting the
patient. However, it is emphasized that the measurement of
only one of said parameters is sufficient to render the system
fully operable.

[0082] In the shown example embodiment, breathing is
additionally monitored. It is evident that this parameter
reflects a resting state of the patient. However, it is possible
by detecting this parameter to incorporate the state of
agitation of the patient (awake, relaxing, panicking, sleep-
ing) in the evaluation.

[0083] FIG. 12 illustrates the curve of the parameters in
the case of acute secondary bleeding. The evaluation shows
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that the parameters of compartment pressure and neck
swelling are increasing simultaneously and synchronously.
With a certain time delay the breathing rate starts to
decrease. The system can take the decrease of the breathing
rate as a reason to reduce the measuring intervals for the two
other parameters so that a closer-meshed monitoring takes
place to trigger early alarm and to prevent false alarm. In the
shown example, after reaching the critical value for either of
the parameters of compartment pressure and swelling, a
required surgical therapy is initiated and the compartment is
relieved. In this way, cessation of breathing could be pre-
vented.

[0084] FIG. 13 illustrates the course of the recorded
parameter values when secondary bleeding occurs without
any rescue measure being initiated. In contrast to the dia-
gram according to FIG. 12, the breathing ceases upon
reaching the limits for the parameters of compartment
pressure and swelling (asphyxia).

[0085] It is resulting from the foregoing description that
the subject matter of the invention also is a method which
enables early detection of invalidating states of persons such
as e.g. postoperative bleeding of a patient, especially sec-
ondary bleeding after organ operation. Accordingly, a pres-
sure sensor—for example in the form of a closed balloon
member—which is connected to a pressure sensor via a
signal tube, e.g. a reporting tube filled with liquid—for
example NaCl solution—is inserted into the compartment
forming during surgery. The signal tube is inserted by
sewing over a particular length, i.e. tightly fastened to the
patient. The pressure sensor is connected to a detector unit
for continuous detection of the compartment pressure. Alter-
natively or additionally, another probe for detecting the
swelling of a body section adjoining the compartment (neck
circumference) which is depicted e.g. by detecting the
expansion of the skin section adjoining the organ compart-
ment, may be attached to the patient. Also, further param-
eters can be simultaneously detected such as a parameter
depicting breathing or a parameter as stated in claim 3. The
method makes use of a detector unit including a computing
unit, an interface and an analysis logic which, on the basis
of the at least one present parameter state, displays an
evaluation of the probability of the presence of a health
anomaly such as the probability of postoperative bleeding.
Hence, the method makes use of the system as outlined in
the claims.

[0086] Of course, deviations from the afore-described
example embodiments are possible without leaving the basic
idea of the invention.

[0087] In this way, it is equally possible to use the system
for monitoring postoperative bleedings after different opera-
tions. Equally, the measuring probes are not subjected to any
restriction as to shape and size thereof.

[0088] The signal node may as well be directly integrated
in the basic unit.

[0089] As a matter of course, it is also possible to forward
the detected signals of the measuring probes to the system in
a different way. such as wirelessly by means of Bluetooth,
infrared or radio communication.

[0090] It is further imaginable that the person need not
carry the basic unit 30 at his/her hip, he/she may as well
carry the same hanging around his/her neck or at his/her arm
or leg.

[0091] Different modifications of the display device are
possible by which the states of health hazards can be
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displayed. A type of traffic light status lamp with the three
colors green, yellow and red is just as imaginable as a
display of bars or other elements of different size.

[0092] Apart from the fact that the persons to be moni-
tored carry the system with them, the system may just as
well be provided at a different location such as at the
attending physician, in a hospital or at a monitoring location
which is arranged exactly for this purpose.

[0093] Also, other parameters exceeding limits which
solely or by interaction allow to conclude an invalidating
state of a patient may result in the alarm being triggered.
[0094] Thus, the invention provides a system for early
detection of invalidating states of persons such as e.g.
postoperative bleeding of a patient, especially secondary
bleeding after organ surgery, comprising a detector unit for
continuous detection of plural selected parameters. The
detector unit includes sensors, a computing unit, an interface
and an analysis logic which, on the basis of the present
parameter states, evaluates the probability of the presence of
a health anomaly, e.g. the probability of postoperative bleed-
ing. The pressure in the postoperative organ compartment
and/or a parameter which represents the expansion of the
skin section adjoining the organ compartment is selected as
the selected parameter.

1. A system for early detection of invalidating states of
persons, comprising
a detector unit for continuously detecting multiple
selected parameters, wherein the detector unit has sen-
sors, a computing unit, an interface and an analysis
logic which evaluates the probability of the presence of
a health anomaly on the basis of the present parameter
states, and
a display device by means of which the evaluation is
displayed, wherein
a) the pressure in the postoperative organ compartment
and/or
b) a parameter which represents the expansion of the
section of the skin adjoining the organ compartment
is/are selected as the selected parameter.
2. The system according to claim 1, comprising a means
for recording breathing.
3. The system according to claim 1, wherein the blood
pressure RR and/or the heart rate and/or the oxygen content
in the blood is/are detectable as a further parameter.
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4. The system according to claim 1, wherein the analysis
logic can be programmed in such way that anatomic, sur-
gery-specific and patient-specific variables can be taken into
consideration.

5. The system according to claim 1, wherein, for detecting
the pressure in the organ compartment, a pressure sensor is
used which is connectable to a liquid column which can be
connected to the operating field.

6. The system according to claim 1, wherein the analysis
logic produces an instruction as to how the current state of
the person to be monitored has to be handled on the basis of
the detected parameters and parameter states.

7. The system according to claim 1, wherein the analysis
logic has a neural network.

8. The system according to claim 1, wherein the analysis
logic is based on a fuzzy logic approach.

9. The system according to claim 7, wherein the neural
network can be trained using the individual medical data
concerning the type of surgical intervention and concerning
the overall health state of the person to be monitored.

10. The system according to claim 8, wherein a fuzzy
logic module of the analysis logic is individually calibrated
corresponding to the health state of the person to be moni-
tored.

11. The system according to claim 1, wherein the analysis
logic is adaptive.

12. The system according to claim 1, wherein by means
of the display device various stages of health hazards can be
displayed.

13. The system according to claim 1, wherein a transmit-
ter by which at least one selected result of evaluation and/or
an instruction as to how the current state of the person to be
monitored has to be handled, can be forwarded to a central
unit.

14. The system according to claim 13, wherein a position
detector by which the spatial and geographic position of the
person to be monitored can be continuously determined and
can be forwarded to a central unit preferably by means of the
transmitter.

15. The system according to claim 1, wherein a multi-part
structure comprising a signal node in which the different
signal lines of the individual sensors converge, and a basic
unit which can be connected to the signal node via a central
signal line and in which the output signals of the signal node
are processed, evaluated and displayed.
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