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Radio module, respirator, monitoring device therefor; therapeutic device for carrying 
out CPAP treatment, monitoring device therefor; systems and methods 
 
The invention relates to a radio module for a sensor family, a respirator and a therapeutic 5 

device, wherein the respirator and therapeutic device are intended and suitable for wireless 

communication with sensor units of the sensor family, monitoring devices for the respirator 

and the therapeutic device, as well as systems and methods. 

 

Ventilators or respirators for mechanical, artificial ventilation for all forms of oxygen deficiency 10 

are known. They are used, among other things, for long-term ventilation, with three basic types 

being distinguished depending on the switching mechanism, from inspiration to expiration. In 

the case of the pressure-controlled respirator, the inspiration phase ends, when a pre-set 

ventilation pressure has been attained in the device. Expiration is passive. In the volume-

controlled respirator, inspiration ends when a pre-set set gas volume has left the respirator. 15 

Expiration is also passive in this case. A spirometer is built into the expiration segment of these 

devices, which measures the patient’s respiratory volume. In addition, these devices usually 

have acoustic or optical alarm signals. Finally, there are time-controlled ventilators, in which 

the gas mixture is delivered within a predefined time. The newer ventilators are equipped with 

technical devices, mostly electronically controlled, which allow a patient-specific type of 20 

ventilation. For example, the time for inspiration can be increased up to three times the time 

for expiration, pressure ventilation is possible, and the respirator can be “triggered” by the 

patient, with even weak breaths providing the impulse for machine support (Roche Lexikon 

Medizin, 4th edition, published by Hoffmann-La Roche AG and Urban & Fischer, Urban & 

Fischer, Munich, Stuttgart, Jena, Lübeck, Ulm). 25 

 

In addition, devices for CPAP (continuous positive airway pressure) treatment are known. 

CPAP treatment is described in Chest. Volume No. 110, pages 1077-1088, October 1996 and 

Sleep, Volume No. 19, pages 184-188. A CPAP treatment device applies positive airway 

pressure of up to about 30 mbar in the patient’s airways, by means of a compressor, preferably 30 

via 
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a humidifier, a tube and a nasal mask. This positive pressure is intended to ensure that the 

upper airways remain fully open throughout the night, thus preventing obstructive respiratory 

disorders (apneas) (DE 198 49 571 A1). 5 

 

Various measuring methods for determining parameters of a patient’s body are known in 

medicine. The first of these is electroencephalography (EEG). This measures bioelectric 

potential fluctuations of the brain, i.e., the brain’s electrical activity. Routinely, the 

measurement is made using surface electrodes, but it can also be taken from the scalp of 10 

unconscious patients, for example, using fine needle electrodes. Recording is performed 

simultaneously by means of 12, 16 or 20 differential amplifiers (“channels”). 

 

By means of an electrocardiogram (ECG), the bioelectrical potentials or potential differences 

that occur during the depolarization and repolarization of the heart are recorded. Potentials 15 

are measured bipolar or unipolar by electrodes from the surface of the body, or directly from 

the heart, for example, during cardiac surgery. 

 

Electromyography (EMG) refers to the recording of the bioelectrical activity of the muscles. In 

this method, potentials are taken by inserting needle electrodes. 20 

 

Electrooculography (EOG) records the resting potential of the eye, based on changes in the 

bioelectric potential difference between the anterior and posterior poles of the eye. The eye 

forms an electrical dipole with the cornea positively charged and the retina negatively charged. 

The potential changes are reflected in the voltage changes of the environment, which in turn 25 

can be measured by means of periocular electrodes (Roche Lexikon Medizin ibid.). 

 

Various digital radio transmission methods are known in the state of the art. 
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The DECT standard (DECT: digital European codeless telecommunications) operates in the 

frequency band 1,880 to 1,900 MHz. In this frequency band, 10 carrier frequencies are defined 

with a spacing of 1,728 KHz. Each carrier is divided into time frames of 10 ms. Each frame is 5 

in turn divided into 24 time slots, the first 12 of which are used for transmission from the base 

to the mobile device (downlink) and the second 12 for transmission from the mobile device to 

the base (uplink) (time division duplex, TDD). This means that a total of 120 channels are 

available for each connection direction. The DECT standard uses an average transmitting 

power of 10 mW, which results in a range of max. 200 m in the open and approx. 30 m in 10 

buildings. 

 

There is also the GSM standard (global system for mobile communications). For GSM 

communication, the frequency range 890 to 915 MHz is used for uplink communication, and 

the frequency range 935 to 960 MHz for downlink communication. Uplink communication 15 

means transmission from the mobile station to the base, and downlink communication means 

the opposite direction of communication. In each frequency band there are 124 channels with 

a channel spacing of 200 KHz. The carrier frequencies are divided into time frames of 

60/13 ms. Each time frame includes 8 time slots. In each time slot, 116 bits of user information 

such as compressed voice data, can be transmitted. The GSM standard provides for a power 20 

control of at least 20 mW in 2 decibel increments. The upper limit is defined by the power class 

for mobile stations or by the manufacturer’s specification for the base stations. The power 

classes for mobile devices from 1 to 5 provide for maximum power of 20, 8, 5, 2 and 0.8 W. 

 

Closely related to the GSM system is the DCS 1800 system. This system uses the frequency 25 

bands 1710 to 1785 MHz and 1805 to 1880 MHz. For DCS 1800, two power classes, 1 and 

0.25 W, are defined. 

 

In addition, the Bluetooth standard has been established, which can be downloaded from the 

Bluetooth website https://www.bluetooth.com, among others.   30 
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The Bluetooth standard operates in the frequency band 2.400 to 2.4835 GHz in most 

countries, except Spain and France. The Bluetooth system therefore operates in the ISM band 

(ISM = Industrial Scientific Medicine). In this frequency band, 79 channels are defined at 5 

frequencies of 2.402 k MHz (k=0, 1, 2, ..., 78). The transmission is digital. GSSK (Gaussian 

Frequency Shift Keying) is used as modulation scheme. There are three power classes, which 

are defined depending on the maximum transmission power. The maximum output power for 

Classes 1, 2 and 3 is 100 mW, 2.5 mW and 1 mW. Devices of Power Class 1 have power 

control to limit the transmission power above 1 mW. The step size for power control shall be 10 

between 8 and 2 dB. To ensure user security and confidentiality, the Bluetooth system 

provides an application layer and a link layer. Four different parameters are used to maintain 

link layer security: A public address (referred to as BD_ADDR), which is different for each 

Bluetooth device, two secret keys, and a random number, which is different for each new 

transaction. The public address is 48 bits long. The private key used for authentication is 128 15 

bits long, the private key used for encryption has a configurable length of 8-128 bits, and the 

random number (RAND) also has a length of 128 bits. 

 

It is the purpose of the present invention to provide a radio module, a respirator, a therapeutic 

device for carrying out CPAP treatment and monitoring devices therefor, systems and 20 

methods for making medical devices more user-friendly. 

 

This purpose is achieved by a radio module according to Claim 1, a respirator according to 

Claims 9 or 10, a monitoring device according to Claim 17, a treatment device according to 

Claim 21, a monitoring device according to Claim 26, systems according to Claims 31 and 32, 25 

and methods according to Claims 35 and 36. 

 

The advantage of the wireless transmission of sensor signals, via radio modules, is that 

tangling of cables can be eliminated, in particular in operating theaters or treatment  

 30 
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rooms in hospitals, but also at home in the homecare sector. 

 

The advantage of the Bluetooth standard is the low transmission power, which, as explained 5 

above, is reduced above 1 mW, to the power required to maintain the connection. In addition, 

the measures taken to ensure the confidentiality of the transmitted data are to be welcomed, 

especially in the medical field. 

 

Equipping a radio module with a battery eliminates the need to supply power to the radio 10 

module via cables, and thus also contributes to reducing messy cables. In addition, the 

integration of a battery allows the outer surfaces of the radio module to be kept as smooth as 

possible, so that the radio module can be sterilized by wiping it with sterilizing chemicals. 

 

The advantage of standardizing the electrical interface and making it detachable – is that the 15 

radio module can work with an entire family of sensors, and it is thus possible to produce it 

cheaper and in larger quantities (economies of scale). 

 

The advantage of having a unique number for each radio module is that it simplifies the 

management of a large number of radio modules, for example in a hospital. The number of 20 

radio modules, to be considered, is further increased by the fact that, preferably, devices 

provided to patients for use at home also receive radio modules, and these devices return to 

the hospital for monitoring of the treatment from time to time. Furthermore, it must be taken 

into account that the mobility of society is increasing, so that a patient can also be cared for in 

other hospitals, for example, when on vacation. 25 

 

An advantage of dividing a sensor unit into a radio module and the actual sensor is that, on 

the one hand, sterile disposable radio modules can be used together with sensors that are 

always cleaned and sterilized after use. Electronic modules, especially those containing 

electrolytic capacitors, cannot be heated to the temperatures required  30 
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for thermal sterilization, that is at least 120 °C (Roche Lexikon Medizin ibid.), whereas the 

sensors do not need to use sensitive electronic components. On the other hand, the expensive 

radio modules can be chemically sterilized and relatively cheap needle electrodes, 5 

contaminated with blood, can be disposed of. 

 

The advantage of a respirator with a remote control and display unit and a control and display 

unit connected via cable or a radio link is that the control and display unit can be set up in the 

adjacent room. In this way, an intensive care unit, where the respirator is used, feels less 10 

technical and thus more friendly. 

 

The advantage of wireless data communication between a respirator and a monitoring device 

is that the tasks can be divided between the respirator and the monitoring device, so that, for 

example, the respirator takes the short-term measures that are necessary for life support, 15 

while the monitoring device provides a physician with processed data, thus making it easier 

for them to make a diagnosis and select suitable steps for treatment. 

 

The advantage of equipping a respirator with a modem is that the respirator can also be used 

in a patient’s domestic environment. Through the modem, the respirator can relay trend data 20 

or alarms to a medical and health care supplier or hospital. In this way, the care of the severely 

disabled can be reduced from 24 hours to as little as 2 to 3 hours per day. 

 

Connecting some sensors via cables to the respirator has the advantage that it is not 

necessary to change or charge the batteries in the radio modules of the corresponding sensor 25 

units. Preferably, the sensors, that are essential for ventilation, are connected via cable. 

Sensor signals, desirable for diagnosis or treatment, can then be supplemented by the use of 

wireless sensor units. 

 

Another advantage of using a monitoring device, for a respirator or a CPAP treatment device, 30 

is that the monitoring device can be a PC 
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(personal computer), and in particular, a laptop. In this way, a compromise can be found 

between the high safety requirements placed on respirators and, to a lesser extent, on CPAP 

treatment devices, and the desirable rapid progress in PCs. High safety requirements increase 5 

the development effort and thus slow down progress. Today, PCs are manufactured in large 

quantities and are therefore inexpensive. Smaller devices, such as palmtops or organizers, 

are also increasingly being used, also with integrated cell phones. In the PC world, however, 

reliability is not the primary development goal. The advantage for the patient is that the 

respirator may be able to maintain vital functions at the medical level of fifteen years ago  -10 

100% of the time, while a version of the software in the monitoring device that is updated at 

short intervals may be able to bring the respirator up to the current state of medical knowledge 

98% of the time. 

 

It is also advantageous that the number of respirators or CPAP treatment devices should be 15 

matched to the number of patients, while the number of monitoring devices can be correlated 

to the number of physicians and/or nurses on a ward or in a hospital. In this way, senior 

physician, physician and intern - each on his or her laptop - can look at the data of a respirator 

at the same time, and together make the diagnosis and determine the steps for treatment. On 

the other hand, one physician on duty can also monitor several respirators. 20 

 

This collaboration is made possible by a unique number for each radio module, and thus for 

each device equipped with a radio module, as provided for example in the Bluetooth standard. 

 

Direct radio communication between a monitoring device and wireless sensor units - i.e., 25 

without indirect route via a respirator or a CPAP treatment device - makes it possible to flexibly 

record previously unconsidered parameters of the patient’s body and, based on these, to use 

the monitoring device to amend, for example, a control program for the respirator, without 

changing the software of the respirator. 

  30 
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The advantage of a CPAP treatment device with a radio module - is that every patient can 

bring their CPAP treatment device to the hospital for initial set-up or monitoring of the 

treatment. This reduces the need for disinfection of a hospital-owned CPAP treatment device. 5 

The wireless module enables wireless communication between the hospital infrastructure and 

the CPAP treatment device, which eliminates the need to sterilize plugs and prevents 

contamination of the CPAP treatment device by non-sterile plugs. 

 

The advantages of adding wireless sensor units to a CPAP treatment device are: more reliable 10 

diagnosis and easy collection of diagnostic data or anonymized research data. 

 

The advantage of equipping a CPAP treatment device with a modem is increased patient 

safety through the ability to automatically send alarms and the ability to perform remote 

monitoring of the treatment, by forwarding trend data. 15 

 

The advantage of assigning a unique number to each treatment device, such as is warranted 

by Bluetooth standard, is that the treatment device can be recognized reliably in the hospital, 

making it easier to carry out the initial setup and subsequent monitoring treatment using the 

patient’s own CPAP treatment device. In addition, the patient is not forced to always visit the 20 

same hospital. Rather, he or she can also be cared for at a vacation destination, for example. 

 

The advantage of using monitoring devices, in conjunction with CPAP treatment devices, is 

that, through suitable programming, the monitoring device can be designed to monitor several 

CPAP treatment devices, and thus several places in a sleep laboratory. In this way, personnel 25 

deployment in the sleep laboratory can be optimized and thus reduced. 

 

The advantage of designing the monitoring device in the form of a laptop, with suitable 

software, is that the software can be updated at short intervals. 

  30 
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Thus, it is possible to participate in medical progress, despite an initial investment in the 

hardware and, over time, to increase, for example, the CPAP equipment monitored by a 

monitoring device. 5 

 

The advantage of networking one or more respirators, a server that manages a database, and 

multiple clients is further automation of hospital operations. This way trend data from previous 

examinations or treatment sessions can be stored in an electronic medical record, and 

subsequent diagnoses can be made on the basis of a more comprehensive database, making 10 

them more reliable. 

 

The connection of a CPAP treatment device serves the same purpose. Anonymization of data 

has the purpose of providing medical research with the required extensive database, 

especially for statistical evaluations. 15 

 

The advantage of analyzing trend data in a server is that a large number of patients can be 

treated, cared for and monitored with relatively simple devices, in their domestic environment. 

 

In the following, preferred embodiments of the invention are explained with reference to the 20 

accompanying drawings: 

 

Fig. 1 shows two CPAP set-up stations and a monitoring device, 

 

Fig. 2 shows a CPAP treatment device connected to the public telephone network via a 25 

modem, 

 

Fig. 3 shows a sensor unit consisting of a radio module and a sensor module with connected 

electrodes, 

 30 

Fig. 4 shows a flow sensor unit with a radio module with integrated power supply, 
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Fig. 5 shows an electrical connection between radio module and sensor module, via plugs and 

sockets, 

 5 

Fig. 6 shows an electrical connection between radio module and sensor module, via spring 

pins and flat contacts, 

 

Fig. 7 shows a ventilation station with a respirator and two monitoring computers, 

 10 

Fig. 8 shows a network between hospital, health insurance, medical and health care supplier 

and private homes of patients. 

 

Fig. 1 shows a first CPAP set-up station 1, a second CPAP set-up station 2, and a monitoring 

device 3, which is a laptop computer. Each CPAP set-up station comprises a CPAP treatment 15 

device and a patient 19. The CPAP treatment device in turn comprises a compressor 4, a tube 

9, a ventilation mask 18, and multiple sensors. As an example, a pressure sensor 11 is shown, 

which is connected to the compressor 4 via a measuring line 10. To generate a positive 

pressure, the compressor contains a turbine 8. Furthermore, an air humidifier may be 

provided, which is either integrated into the compressor or arranged as an external device 20 

between the compressor outlet and the ventilation mask 18. 

 

Furthermore, the compressor is equipped with a radio module 6, which preferably operates to 

Bluetooth standard. Furthermore, a modem 7 may be provided in the compressor for 

connecting the compressor to the public switched telephone network (PSTN) (see Fig. 2). 25 

Both treatment devices are supplemented by a wireless flow sensor unit as an example. 

Instead of or in addition to the flow sensor unit 12, the CPAP treatment device may be 

equipped with sensor units for EEG, EMG, ECG, EOG signals (see Fig. 7). Furthermore, 

wireless sensor units may be provided for recording the respiration volume, the air pressure 

with which the patient is ventilated, or the patient’s blood oxygen content. 30 
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The sensor units are preferably divided into a radio module 13 and a sensor module 16. The 

radio module includes an antenna 14, the sensor module includes the actual sensor, which is 

shown in Fig. 1 as heating wire 17, as an example. The monitoring device 3 is also equipped 5 

with a radio module that can send and receive data via the antenna 20. All radio modules 

operate to the same standard, preferably the Bluetooth standard. The sensor units send their 

data both to the radio modules 6 in the compressors, and to the radio module in the monitoring 

device. In addition, the monitoring device is able to exchange data with the compressors via 

radio. A controller in the compressor is able, on request or of its own accord, to output the 10 

readings of all the sensors connected to it by cable, and of the sensor units connected to it 

wirelessly, via radio contact to the monitoring device. Thus, the monitoring device is able to 

access directly or indirectly the data measured by the sensor units, via the radio module 6 of 

the compressor. 

 15 

On the other hand, the monitoring device 3 is able to control the actuators of the compressors 

via radio. This is essentially the turbine 8 in each compressor, but can also be the temperature 

of the water bath of a humidifier integrated in a compressor or an external humidifier also 

connected via radio. 

 20 

Fig. 1 shows an example of the situation in a hospital sleep laboratory. Here, the adaptation 

of as many patients as possible to their CPAP devices takes place with as little personnel as 

possible. Each physician monitors, as many CPAP set-up stations as possible, with his 

monitoring device. 

 25 

On the other hand, several monitoring devices may also be provided, for example, for the 

training or continuing education of physicians. At the beginning of a training course, the trainer 

and trainee can set up a patient from two monitoring units. Later, the trainee can monitor a 

small group of patients, and the trainer can monitor several small groups overall, by looking at 

the data of different 30 
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patients, also from different small groups, on their monitoring device, one after the other. 
 
Preferably, each radio module has a unique number as provided in the Bluetooth standard. 5 

This simplifies establishing communication between the patients’ CPAP devices and the 

hospital’s monitoring equipment. Each patient being treated or undergoing treatment 

monitoring in the hospital with their own CPAP device saves the hospital from having to 

disinfect a hospital-owned CPAP treatment device. Similarly, assigning a unique number to 

each wireless module of the sensor units and monitoring devices, simplifies the simultaneous 10 

operation of multiple wireless sensor units and multiple monitoring devices in a small space. 

 

Antennas 5, 14 and 20 are shown as protruding rods for illustration purposes only. A half-wave 

dipole has a length of about 6 centimeters at 2.4 GHz. For this reason, the antennas are 

preferably installed concealed in the devices, so that the radio modules, of the sensor units in 15 

particular, have surfaces that are as smooth as possible and easy to clean. 

 

Fig. 2 shows the use of a CPAP treatment device in a domestic environment. Here, preferably, 

no radio-connected sensor units are used, to avoid changing or recharging the batteries in the 

radio modules. A controller in the compressor controls the operation of the CPAP treatment 20 

device; in particular, the speed of the turbine, and optionally, the temperature of an air 

humidifier. Optionally, the controller determines trend data from the sensor signals, which it 

transmits via modem 7 and the PSTN public telephone network to a server 94 in the hospital, 

or to a server 96 of a national organization, for example a health insurance company or also 

to a medical and health care supplier 101 (cf. Fig. 8). 25 

 

Trend data refer to data obtained from the measurement data by the sensors, but the amount 

of data is significantly reduced, for example, by averaging. For example, the sensor signal is 

digitized at a sampling rate of 1 KHz. One cycle of respiration lasts approx. 4 seconds and 

thus comprises 4000  30 
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measured values. For example, the average respiratory rate from 100 to 1000 respiratory 

cycles is calculated as trend data. Alternatively, the oxygen saturation may be averaged over 

a certain time or the number of apneas in a predetermined period may be determined as trend 5 

data. 

 

Furthermore, the controller in the compressor is able to determine alarms if, for example, the 

number of apneas increases sharply. The alarms can also be forwarded via the modem 7 and 

the public switched telephone network (PSTN), to a relevant unit. 10 

 

The modem may be designed for an analog telephone connection, an ISDN connection or a 

DSL connection. Furthermore, the modem may be a cell phone unit, so that the trend data 

and/or alarms are transmitted via D or E network to the appropriate server. 

 15 

Fig. 3 shows a sensor unit 32 for measuring EEG, EMG, ECG or EOG signals. The sensor 

unit 32 consists of a radio module 33 with an antenna 34 and a sensor module 35 with the 

corresponding electrodes. The electrodes may be adhesive electrodes 36 or needle 

electrodes 37. Instead of adhesive electrodes 36, flat electrodes can also be fixed to the skin 

by means other than adhesive. WO 00/66209 describes, for example, how flat electrodes are 20 

fixed to the patient’s forehead by means of a suitably shaped face mask. The cutout 38 refers 

to the electrical interface between radio module 33 and sensor module 35, and is explained in 

more detail in Figs. 5 and 6. 

 

As already mentioned in connection with Fig. 1, the antenna. 34 is drawn as protruding from 25 

the radio module only by way of example. In the preferred frequency range, the length of a 

half-wave dipole is around six centimeters, so that the antenna is preferably integrated into 

the radio module, thus avoiding sharp edges between the antenna and radio module that are 

difficult to clean. 

 30 

In the case of EEG, EMG, ECG or EOG sensor units, the sensor module 35 preferably does 

not contain any electronic components, but only serves to mechanically combine the various 

electrodes 36 and 37. In this  
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way, it is possible to use heat-resistant materials, so that the sensor module, with the 

electrodes, can be thermally sterilized. In another preferred embodiment, the sensor module 

contains only resistors and ICs, for example operational amplifiers, with MIL specifications that 5 

can operate at up to 200 °C. The electrolytic capacitors, required for the circuitry, are built into 

the corresponding radio module. A sensor module constructed in this way can also be 

thermally sterilized. 

 

Fig. 4 again shows the flow sensor unit 12 described in connection with Fig. 1. It is particularly 10 

indicated in Fig. 4 that the radio module has its own power supply, preferably in the form of a 

battery 40. ln particular, the lithium-ion batteries known from laptops and cell phones permit 

long operating times. To avoid opening the radio module for as long as possible, the radio 

module may also be equipped with a coil 41 to recharge the battery 40 “wirelessly”. The 

rectification of the alternating current supplied by the coil is preferably performed by a bridge 15 

rectifier. However, in Fig. 4 only one-way rectification, via diode 42, is shown as an example. 

 

Figs. 5 and 6 illustrate two embodiments of the electrical connection between the sensor 

module and the radio module. This electrical connection can be realized in the conventional 

way, using plugs 51 and sockets 52, as shown in Fig. 5. The advantage of this embodiment is 20 

the relatively large surfaces on which the plugs and sockets make contact, even in very small 

designs. This guarantees secure contact. 

 

In another embodiment shown in Fig. 6, contact pins 62 are pressed by springs 61 on flat 

contacts 63. The advantage of this embodiment is that by lowering the contacts 63, a flat 25 

surface 64 is obtained, which can be easily disinfected by chemical means. To avoid contact 

problems, the flat contacts 63 and the contact pins 62 are preferably gold-plated. Plugs 51 

and sockets 52 may also be gold-plated. 

 

Fig. 7 shows a ventilation station 70 as used in intensive care units. The ventilation station 30 

consists of a respirator 74, an inspiration 
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tube 86, an expiration tube 87, a ventilation mask 83, several sensor units 78, 80 and 81, and 

one or more monitoring devices 71 or 72. The respirator 74 contains as essential components 

a turbine 75 for generating positive pressure and an inspiration and expiration valve 76 and 5 

77, respectively, for controlling the inhalation and exhalation of the patient 85. 

 

Sensor 78 measures the pressure in the inspiration tube and is connected to the respirator via 

measuring line 79. The flow sensor unit 80 sends the signals it measures to the radio module 

86 of the respirator 74, via its radio module. The EEG sensor unit 81 measures EEG signals 10 

on the patient’s forehead, via electrodes 82, and also transmits these wirelessly to the 

respirator 74. Since the patient 85 is more severely ill than the patient 19 shown in Fig. 1, one 

more sensor module is drawn in Fig. 7 as an example. 

 

The advantage of transmitting data by radio from the sensor modules to the respirator - is that 15 

sensor modules can be flexibly added or omitted, depending on the clinical condition of patient 

85. In particular, the sensor modules 80 and 81 can be omitted and/or supplemented by 

additional sensor units for EEG, EMG, ECG, EOG signals for respiration volume or for blood 

oxygen content. The sensor modules shown in Fig. 7 are also preferably designed as 

described in Figs. 3 to 6. 20 

 

In addition, two monitoring devices 71 and 72 are shown as examples. The same applies to 

the monitoring devices, as was stated in connection with monitoring device 3 in Fig. 1. They 

are also equipped with a radio module, as indicated by the antennas 84. In contrast to 

monitoring device 3, monitoring devices 71 or 72 are equipped with software for controlling 25 

one or more respirators. However, a monitoring device may have software for controlling 

respirators, as well as software for controlling CPAP treatment devices. Since the focus in 

intensive care units and the respirators used there, it is not so much on the cost-effective 

handling of a large number of patients, but rather on the rapid establishment of a reliable 

diagnosis and the closely related taking of suitable treatment  30 
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steps, two monitoring devices are shown in Fig. 7, which can, however, be flexibly 

supplemented by further monitoring devices. This means that several physicians are able to 

look after the patient at the same time, especially shortly after the patient is admitted. It should 5 

also be mentioned that, especially in the case of stroke patients, taking the right treatment 

steps quickly can make later rehabilitation measures partly superfluous, so that costs can be 

saved by providing intensive care for the patient in the first few hours. By flexibly adding sensor 

units to ventilation stations, fewer sensor units need to be kept available for multiple ventilation 

stations in the hospital, than would be the case if the sensors were connected via cables. 10 

 

As explained in connection with Fig. 1, a unique number is preferably assigned to each 

wireless module, whether it is included in a sensor unit, the respirator or the monitoring device, 

and the Bluetooth standard is preferably used. 

 15 

Also, in the case of the ventilation station 70, the respirator 74 sends the sensor signals, 

transmitted to it via cable or radio, to the monitoring devices 71 and 72, via its radio module, 

either on request or of its own accord. Conversely, the monitoring devices 71 and 72 control 

the actuators of the respirator 74, via radio via the radio module 86 of the respirator 74. These 

are mainly the turbine 75 and the valves 76 and 77. Preferably, the respirator 74 also contains 20 

a humidifier, so that, in addition, the temperature of the water bath of the humidifier is also 

controlled by the monitoring devices 71 and 72. However, the respirator checks the control 

signals given by the monitoring devices 71 and 72 and corrects them, if necessary, in order to 

maintain the patient’s vital functions in any case. The monitoring devices 71 and 72 are 

preferably laptops, which are less reliable than the components used in the respirator 74. The 25 

monitoring devices can also receive sensor signals directly from the wireless sensor units 80 

and 81, and use these signals in the control of the respirator. In addition, the respirator can 

determine trend data from the sensor signals that it evaluates, and send these data to the 

monitoring devices. 

 30 

  

ResMed
Exhibit 1005 - Page 18



17 
 

WO 02/078775         PCT/DE02/01185 
 
Fig. 8 shows the networking of treatment devices in the hospital, a hospital network, national 

organization, medical and health care suppliers and treatment devices in the patient’s 

domestic environment. As an example of a hospital treatment unit, the respirator 91 is shown 5 

in an intensive care unit 90, together with several sensors 93 connected via radio. Preferably, 

the control and display unit for the respirator 91 is connected to it by cable or by radio. In the 

case of connection via radio, preferably the Bluetooth standard is used. The control and 

display unit is not located in the patient’s room of the intensive care unit 90, but in an adjacent 

room, in order to give the intensive care unit a more human, less technical appearance. 10 

 

The ventilator 91 is connected to a hospital server 94. A hospital database is stored on the 

server 94, which can be accessed by a number of clients 95, via the hospital network. The 

connection between the server 94 and the respirator 91 may be, for example, via Bluetooth 

wireless connection. Alternatively, the respirator 91 may have an internet connection, so that 15 

it can be connected directly to the hospital network. The hospital server 94 is connected to the 

server 96 of a national organization, such as a health insurance company. 

 

In addition, there is the domestic environment 97 and 99, which is primarily intended for 

patients who traditionally require 24-hour care. By using more intelligent technology, it will be 20 

possible to reduce the number of care hours required per day for some of these patients. As 

an example, modem-equipped ventilators are drawn in areas 97 and 99, respectively, as 

shown by the inspiration and expiration tubing. The modems may be connected to the server 

96 via connection 98 or to the medical and health care supplier 101 via connection 100, via 

the conventional telephone network or via mobile phone networks, as explained above in 25 

connection with Fig. 2. 

 

One or more servers are provided at the medical and health care supplier 101 for receiving, 

processing and forwarding the data. The medical and health care supplier 101 is connected 

to the server 96, via connection 102. In addition, connections 103 may be provided between 30 

a domestic environment 97 and a hospital server 94, and 104 between the medical and health 

care supplier 101 and the server 94. The   
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connections 103 and 104 may be physical connections or virtual connections. In the latter 

case, the data from the medical and health care supplier 101 and the domestic environment 

97 are sent to the server 96, temporarily stored there if necessary, and passed on to the server 5 

94 via the connection 105. 

 

The ventilator 91 in the hospital and the devices in the domestic environments 97 and 99 are 

preferably equipped with embedded PCs, which pre-evaluate the sensor and control data, i.e., 

generate trend data, and forward these via the connections 106 to the hospital server 94, the 10 

connection 98 to the national server 96, or via the connection 100 to the medical and health 

care supplier. The trend data, stored on the server 94, may be forwarded to the national server 

96 via the connection 105, in order to make the patient data centrally available to other 

hospitals, for example at the vacation destination, or to physicians in different practices. To 

ensure the confidentiality of the data, connection 105 and the other connections 98, 100, 102, 15 

103 and 104 are secure connections. 

 

Although Fig. 8 depicts a ventilator 91 as an example, the measurement data of other 

treatment and diagnostic devices can also be made available on a national basis, in order to 

save money by avoiding duplicate examinations. In addition, the national provision of the 20 

patients’ X-Ray images is particularly advantageous, because the avoidance of X-Ray 

examinations can also reduce the radiation exposure for the patient. Finally, the data may be 

stored anonymously on the national server 96. This enables also smaller hospitals to access 

extensive (anonymized) patient data, and thus increases the attractiveness of small hospitals 

for young physicians. 25 

 

Trend data - transmitted from the domestic environment 97 or 99 to the hospital server 94, the 

national server 96, or the medical and health care supplier - can be further analyzed in the 

respective facilities, either automatically or with the assistance of a physician, nurse, or care 

worker. The result of this analysis may be an alarm, so that an ambulance is sent to the patient.  30 
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Alternatively, the trend data may be used for ongoing monitoring of the treatment without 

requiring the patient to leave their home. 

 5 

If the domestic environment 99 is initially connected to a medical and health care supplier 101, 

in a preferred embodiment, the medical and health care supplier analyzes the trend data, 

coming from the patient, to such an extent that only alarms are passed on via connections 102 

or 104. 

 10 

An advantage to medical and health care suppliers being, in this connection - is that less 

qualified personnel can be used in these facilities than in, for example, hospitals. Typically, 

care workers work at medical and health care suppliers, who consult a physician when a 

patient has an acute medical condition. 

 15 

The invention has been explained in more detail heretofore with reference to preferred 

embodiments. However, it is obvious to a person skilled in the art, that various variations and 

modifications can be made, without departing from the spirit of the invention. Therefore, the 

scope of protection is defined by the following claims and their equivalents.
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List of Reference numbers 
 

1 first CPAP set-up station 

2 second CPAP set-up station 

3 monitoring device 5 

4 compressor 

5 antenna 

6 radio module 

7 modem 

8 turbine 10 

9 tube 

10 measuring line 

11 pressure sensor 

12 flow sensor unit 

13 radio module 15 

14 antenna (flow sensor unit) 

15 battery 

16 sensor module 

17 heating wire 

18 ventilation mask 20 

19 sleeping person 

20 antenna 

21 connection to telephone network 

(PSTN) 

32 Sensor module (EEG, EMG, 25 

EOG, ECG) 

33 radio module 

34 antenna 

35 Sensor module 

36 adhesive electrodes 30 

37 needle electrodes 

38 electrical connection 

40 power supply (battery) 

 

 35 

 

 

 

41 coil 

42 diode 40 

51 plug 

52 sockets 

61 springs 

62 contact pins 

63 contacts 45 

64 flat surface 

70 ventilation station 

71 first monitoring device 

72 second monitoring device 

73 respirator 50 

74 turbine 

75 inspiration valve 

76 expiration valve 

77 valve 

78 pressure gauge 55 

79 measuring line 

80 flow sensor unit 

81 EEG sensor unit 

82 adhesive electrodes 

83 ventilation mask 60 

84 antennas 

85 patient 

86 radio module 

87 expiration tube 

88 inspiration tube 65 

90 intensive care unit hospital 

91 respirator 

92 control and display unit 

 

  70 
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93 sensor units connected via radio 

94 server with hospital database 

95 clients 

96 national server e.g., of the health 

insurance 5 

97 domestic environment  

98 telephone connection 

99 domestic environment 

 

 10 

 

100 telephone connection 

101 medical and health care supplier 

102 connection to health insurance 

(alarms) 15 

103 connection to hospital 

104 connection to hospital 

105 connection of hospital server 

to national server 96 

106 respirator connection to hospital20 

 server 

l
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Claims 
 

1. A radio module (13; 33) for a sensor (17; 36, 37), wherein the radio module comprises 5 

a detachable, electrical interface (38) to the sensor, wherein the sensor (17; 36, 37) measures 

parameters on the body of a patient (19; 85), wherein the radio module (13; 33) digitizes the 

output signal of the sensor, and the radio module transmits the digitized data. 

 

2.  A radio module (13; 33) according to claim 1, characterized in that the radio module 10 

operates to Bluetooth standard. 

 

3.  A radio module (13; 33) according to any of the above claims, characterized in that 
the radio module comprises a battery (40). 

 15 

4.  A radio module (13; 33) according to any of the above claims, characterized in that 
the measured parameters comprise EEG, EMG, ECG, EOG signals, the patient’s respiration 

volume, the air pressure with which the patient is ventilated, or the blood oxygen content. 

 

5.  A radio module (13; 33) according to any of the above claims, characterized in that 20 

the radio module is substantially smooth (64) on the exterior, and protected against splash 

water. 

 

6.  A radio module (13; 33) according to one of the above claims, characterized in that 
the electrical interface (38) is detachable and standardized, so that different types of sensors, 25 

for example, for measuring EEG, EMG, ECG, EOG signals, the patient’s respiration volume, 

the air pressure with which the patient is ventilated, or the blood oxygen content, can be 

connected to a radio module (13; 33). 

 

7.  A radio module (13; 33) according to any of the above claims, characterized in that 30 

the radio module has a unique number, by which it is distinguished from all other radio 

modules.  
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8.  A sensor unit, comprising a radio module according to any of Claims 1 to 7 and an 

EEG, EMG, ECG, EOG sensor, a respiration volume sensor, an air pressure sensor or a blood 

oxygen sensor. 5 

 

9.  A respirator (91), characterized in that a control and display unit (92) is connected to 

the respirator (91), via a cable or via radio. 

 

10.  A respirator (74; 91) for ventilating a patient with: 10 

a turbine (75); 

 a first valve (76); 

characterized in that the respirator (74; 91) further comprises: 

a radio module (86) via which the respirator (74; 91) receives the necessary data about 

the patient’s condition, to correctly control the turbine (75) and the first valve (76). 15 

 

11.  A respirator (74; 91) according to Claims 9 or 10, characterized in that the respirator 

(74; 91) exchanges data, in particular trend data, wirelessly with a monitoring device (71, 72) 

via its radio module (86), and comprises a second valve (77). 

 20 

12.  A respirator (74; 91) according to one of Claims 9 to 11, characterized in that the 

respirator (74; 91) is equipped with a modem, wherein the respirator extracts trend data from 

the data on the patient’s condition, and wherein the trend data is transmitted, via the modem, 

to a further monitoring facility, such as the server of a hospital (94), a health insurance 

company (96) or a medical and health care supplier (101). 25 

 

13.  A respirator (74; 91) according to any one of Claims 9 to 12, characterized in that the 

data on the patient’s condition are recorded by sensor units (12; 81; 93) equipped with radio 

modules according to any one of Claims 1 to 7. 

 30 

14.  A respirator (74; 91) according to any of Claims 9 to 13, characterized in that the 

radio module operates to Bluetooth standard.  
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15.  A respirator (74; 91) according to any of Claims 9 to 14, characterized in that the 

respirator (74; 91) is connected to a sensor (78) via cable. 

 5 

16.  A respirator (74; 91) according to any of Claims 11 to 15, as far as they refer indirectly 

or directly to Claim 11, characterized in that the respirator (74; 91) receives instructions from 

the monitoring device (71, 72), to control its turbine (75) and valve (76, 77). 

 

17.  A monitoring device (71, 72), characterized in that it comprises a radio module for 10 

exchanging data with a respirator (74; 91), according to Claims 11 to 16, as far as they refer 

back to Claim 11, whereby the monitoring device has indirect access to the data on the 

patient’s condition and is able to influence the control of the turbine (75) and the valve (76, 77) 

in the respirator (74; 91). 

 15 

18.  A monitoring device (71, 72) according to Claim 17, characterized in that the 

monitoring device (71, 72) directly receives the data transmitted by wireless sensor units ( 12; 

81; 93) equipped with radio modules according to any one of Claims 1 to 7, analyzes the data, 

and takes the data into account when generating control data for the respirator (74; 91 ). 

 20 

19.  A monitoring device (71, 72) according to Claims 17 or 18, characterized in that the 

monitoring device is realized by a laptop with suitable software. 

 

20.  A monitoring device (71, 72) according to any one of Claims 17 to 19, characterized 
in that the monitoring device is capable of monitoring multiple respirators (74; 91), according 25 

to any one of Claims 10 to 16, as far as they relate indirectly or directly to Claim 10, wherein 

the operator at the monitoring device selects the respirators (74; 91) to be monitored, from the 

multiple respirators (74; 91) that are accessible via radio.  
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21.  A treatment device for carrying out CPAP treatment, characterized in that the 

compressor (4) is equipped with a radio module (6), via which the treatment device can receive 

signals for controlling the turbine speed of the turbine (8), belonging to the compressor. 5 

 

22. A treatment device according to Claim 21, characterized in that the treatment device 

uses sensors (11) to determine measured values, which it can output via the radio module, 

the measured values may comprise the positive pressure generated by the turbine, the turbine 

speed, the power consumption of the turbine, and the respiration volume of the patient. 10 

 

23.  A treatment device, according to Claims 21 or 22, characterized in that the treatment 

device is supplemented during a set-up phase by wireless sensor units (12; 81; 93), according 

to Claim 8, which measure additional measured parameters of the body of the patient, and 

transmit the signals, measured by them, to the treatment device. 15 

 

24.  A treatment device according to any one of Claims 21 to 23, characterized in that the 

radio module (6) operates to Bluetooth standard. 

 

25. A treatment device according to one of Claims 21 to 24, characterized in that the 20 

treatment device comprises a modem (7), wherein the treatment device determines trend data 

and/or alarms from the patient’s data available to it, and transmits the trend data or alarms via 

the modem (7) and the public switched telephone network (PSTN) to a monitoring facility, such 

as a server of a hospital (94), a health insurance company (96) and/or a medical and health 

care supplier (101). 25 

 

26.  A monitoring device (3), characterized in that it has a radio module for exchanging 

data with a treatment device, according to Claims 21 to 25, whereby the monitoring device 

has indirect access to the data on the patient’s condition, and is able to influence the control 

of the turbine in the treatment device.  30 
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27.  A monitoring device (3) according to Claim 26, characterized in that the monitoring 

device (3) directly receives the data transmitted by wireless sensor units (12; 81; 93), 

according to Claim 8, analyzes them and takes them into account when generating control 5 

data for the treatment device. 

 

28. A monitoring device (3) according to Claims 26 or 27, characterized in that the 

monitoring device (3) is realized by a laptop with suitable software. 

 10 

29.  A monitoring device (3) according to one of Claims 26 to 28, characterized in that the 

monitoring device (3) is able to monitor multiple treatment devices, according to one of Claims 

21 to 25, wherein the operator at the monitoring device (3) selects the treatment devices to be 

monitored, from the multiple treatment devices that can be reached via radio. 

 15 

30.  A monitoring device according to any of Claims 17 to 20 and 26 to 29, characterized 
in that the radio module in the monitoring device operates to Bluetooth standard. 

 

31. A system comprising a respirator (91), a database stored on a server (96), and multiple 

clients (95), wherein trend data of the respirator (91) is transmitted to the server (96), stored 20 

in the database, and retrievable by the clients (95). 

 

32. A system comprising a CPAP treatment device, a database stored on a server (96), and 

multiple clients (95), wherein trend data from the CPAP treatment device is transmitted to the 

server (96), stored in the database, and retrievable by the clients (95). 25 

 

33. A system according to Claims 31 or 32, characterized in that the data stored in the 

database are anonymized. 

 

34.  A system according to Claims 31 or 32, characterized in that the server checks the 30 

trend data, transmitted to it, for critical situations 
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and, if a critical situation occurs, the server transmits an alarm to a server (94) at a hospital. 

 

35.  A method for measuring parameters on the body of a patient (19; 85), comprising the 5 

steps of: 

Removing a sterile radio module from a package;  

assembling a sterilized sensor with the sterile radio module;  

performing the measurement on, or treating of the patient;  

discarding the radio module; 10 

 sterilizing the sensor; and 

repeating the steps on the next patient. 

 

36.  A method of measuring parameters on a patient’s body (19; 85), comprising the steps 

of: 15 

 Removing a sterile sensor from a package;  

assembling the sterile sensor with a sterilized radio module; 

performing the measurement on the patient or treating the patient;  

discarding the sensor; 

sterilizing the radio module; and 20 

 repeating the steps on the next patient. 
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