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A CLOSED LOOP SYSTEM FOR AUTOMATICALLY CONTROLLING A
PHYSIOLOGICAL VARIABLE OF A PATIENT

FIELD OF THE INVENTION

The invention relates to the field of controlling a physiological variable of

a patient, especially using a closed loop system.

BACKGROUND OF THE INVENTION

In a physiological closed loop system the transfer functions of an actuator

with which a patient is treated, the patient itself and sometimes also the measurement of

the patient variable are not constant and influenced by several external factors. In

principle, an automatic closed loop system shall reduce the work load of the care givers

by partially replacing their actions with regard to the adjustments of the delivery of

oxygen, medication or other treatment of the patient.

In US 5,365,922, for example, a closed loop non-invasive oxygen

saturation control system is described. There, it is proposed to provide an adaptive

controller for delivering a fractional amount of oxygen to a patient. The controller

utilizes an oximeter coupled by a non-invasive sensor to the patient for measuring the

blood hemoglobin saturation of the patient. The oximeter generates a blood saturation

output signal which is representative of the patient's blood hemoglobin saturation. A

processing means evaluates the oximeter output signal and, based on the evaluation,

provides a pseudo blood saturation signal. A feedback control means responsive to the

pseudo output signal sets the fractional amount of oxygen to be delivered to the patient.

When deviations of the oximeter output signal are excessive, the pseudo output signal

causes a gradual increase in the fractional amount of oxygen for the patient. Further, the

feedback control means is periodically disconnected, and the response of the patient to

random changes in the fractional amount of oxygen delivered to the patient is used to

adapt the response characteristics of the feedback control means in a manner tailored to



the needs of the patient. This way, it is intended to avoid situations in which

automatically controlling the variable of the patient, i.e. the patient's blood hemoglobin

saturation breaks down due to a change in the other parameters of the patient.

Accordingly, physiological closed loop systems use a patient variable for

the control algorithm to calculate the actuator signal. This often has the limitation that

any disturbance on that specific patient signal results in either the inability to perform a

control adjustment with the activator or, even worse, the control adjustment made is in

the false direction. Further, measures as described above which are intended for

improving this situation, i.e. regularly checking the patient's reactions to changes in the

treatment of the patient, are laborious and can be annoying for the patient. For this and

other reasons, the acceptance of the physiological closed loop systems is still low.

SUMMARY OF THE INVENTION

It is the object of the invention to provide such a system and method for

automatically controlling a physiological variable of a patient in a closed loop which are

more efficient and reliable.

This object is achieved by a closed loop system for automatically

controlling a physiological variable of a patient, with

a measuring unit for measuring a direct or an indirect value for the

physiological variable of the patient, and

an actuator for treating the patient in order to affect the physiological

variable, wherein

the actuator is adapted for being controlled by the value measured by the

measuring unit and an additional value.

In this context, the term "patient" does not only apply to human beings

but also to animals. Further, the term "patient" does not mean that the respective

person/animal is disease-ridden and, thus, also healthy persons who make part of a

medical system which is controlled by a closed loop will be referred to as "patients".

Further, the term "physiological variable" refers to a specific variable

describing the patient's condition with respect to a specific physiological state, i.e. the

patient's blood hemoglobin saturation, while the term "value" or "value for the



physiological variable" refers to a specific measure or indicator which is characteristic for

the "physiological variable" and, thus, can also be an indirect measure, i.e. the varying

part of the absorption spectrum of a pulse oximeter measurement in case of blood

hemoglobin saturation.

According to the invention, it is an essential idea that - additionally to the

physiological variable measured with the measuring unit - at least one more value is used

to control the treatment of the patient. This way, a more reliable feedback loop is

established since feedback on one value can be balanced by the feedback on the other

value.

For that, different additional values can be used. However, according to a

preferred embodiment of the invention, the additional value is a value of a variable of the

patient. This means that the additional value also reflects one or the other physiological

variable of the patient.

According to a preferred embodiment of the invention, an additional

measuring unit for measuring the additional value is provided. Thus, the additional value

is a measurable value. According to an alternative preferred embodiment of the

invention, an input unit for manually inputting the additional value is provided. This way,

also non-measurable values, like values being characteristic for the medication of the

patient, can be considered.

It can be advantageous that the additional value reflects another

physiological variable of the patient. However, according to a preferred embodiment of

the invention, the additional value is another direct or an indirect value for the same

physiological variable of the patient which is measured with the measuring unit. In other

words, according to this preferred embodiment, a different measurement of the same

variable is performed. This means that the additional value reflects the same actual

physical variable of the patient as the variable measured with the measuring unit,

however, measured in a different way. Accordingly, this preferred embodiment of the

invention introduces redundancy in order to achieve an even more reliable feedback with

respect to the respective physiological variable of the patient.

Above mentioned object is also achieved by a method for automatically

controlling a physiological variable of a patient in a closed loop system, comprising the



following steps:

automatically measuring a direct or an indirect value for the physiological

variable of the patient, and

automatically treating the patient in order to affect the physiological

variable, wherein

the treatment is controlled by the value measured and an additional value.

Preferred embodiments of the method according to the invention result

from the preferred embodiments of the system according to the invention as described

above.

Especially, according to a preferred embodiment of the invention, the

additional value is a value of a variable of the patient.

Further, according to a preferred embodiment of the invention, the

additional value is automatically measured. Alternatively, according to a preferred

embodiment of the invention, it is automatically requested to input the additional value

manually.

According to another preferred embodiment of the invention, the

additional value is a different direct or an indirect value of the same physiological

variable of the patient.

In other words, it is an important idea of the invention to use more than

just a single signal input to the control algorithm to achieve a better and more adequate

feedback on the patient's condition. This feedback is preferably based on several of the

following inputs:

1. The main physiological variable to be controlled.

2 . Other (possibly indirect) patient variables that depend on the patient

variable which is to be controlled.

3 . Patient size and/or weight.

4 . General patient state based on history, known diseases etc.

5 . Current patient state like sleeping vs. awake, patient stress, fear etc.

6 . Procedures the patient is currently going through, like feeding,

physiotherapy,

patient washing etc.

7 . Patient medication that might have influence to how to adjust the



actuator.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 is a schematic depiction of a closed loop system for automatically

controlling a physiological variable of a patient according to a first

preferred embodiment of the invention, and

Fig. 2 is a schematic depiction of a closed loop system for automatically

controlling a physiological variable of a patient according to a second

preferred embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

For elucidation of the principles of the invention in the following

description a closed loop system is used as an example that controls the SaO2 value of a

neonatal patient by adjusting the FiO2 concentration of the gas mixture that is provided

to the patient.

The invention is a multi-input closed loop system that uses at least two of

the following inputs to control one or more physiological variables of a living body:

1. The physiological variable to be controlled, either direct or by a

physiological measurement that is intended to represent this physiological

variable. According to the present example, the SpO2 value of the patient is used

as representation of the patient's SaO2.

2 . Another, possibly indirect, physiological variable that depends on the

physiological variable that is to be controlled. According to the present example,

arterial oxygen partial pressure PaO2, measured as transcutaneous 0 2 (TcO2) is

used.



3 . Another physiological variables that provides general information about

the patient status. Examples are respiration rate, ECG heart rate, venous oxygen

saturation, and blood pressure.

4 . Patient size and/or weight as entered by the care giver.

5 . General patient state based on history, known diseases. A first example is

gestation age of the neonatal patient; a second example is manual entry of a

general classification of the airway function.

6 . Current patient state like sleeping vs. awake, level of patient motion,

patient stress, fear. Examples here are the following: Use of measurements to

determine the sleep state (respiration rate and HR), use of measurements to

determine the stress state (perfusion index or perfusion change index),

determination of the patient's motion state by the use of one or more

accelerometers, determination of the patient's motion state by using artifact level

evaluation of patient measurements, and manual input by the care giver, like

sedation information or patient status scores.

7 . Procedures the patient is currently going through like feeding,

physiotherapy, patient washing, patient transport etc. Examples for that are:

Manual input by the care giver if a certain procedure is started or completed. As

a safeguard the state could automatically return to "completed" after are pre-

defined period of time. Another example is the determination of the transport

state by the use of one or more accelerometers. Finally, another example is the

determination of the patient's position (sitting vs. laying) by the use of one or

more accelerometers.

8. Patient medication that might have influence on to how to adjust the

actuator. Examples are: Manual input by the care giver for medication and

automatic access of the system to the medical record of the patient.

From Fig. 1, a schematic depiction of a first preferred embodiment of the

invention can be seen. This closed loop system is adapted for automatically controlling

the SpO2 value as a physiological variable of a patient 1. For that, an actuator 2 is

provided which is controlled by a controller unit 5 in which the control algorithm is

implemented. This controller unit 5 is fed with two values which are measured with a

first measuring unit 3 and a second measuring unit 4, respectively. In detail, the first



measuring unit 3 is adapted for directly measuring the SpO2 value of the patient 1, while

the second measuring unit 4 is adapted for measuring arterial oxygen partial pressure

PaO2, measured as transcutaneous 0 2 (TcO2). Thus, the second measuring unit 4

provides for another, in this case indirect, physiological variable that depends on the

physiological variable that is to be controlled. Both signals, i.e. SpO2 and PaO2 are

brought together in the controller unit 5 and, there, used for adequate feedback in order

to control the patient's SpO2.

According to an alternative preferred embodiment of the invention which

can be seen from Fig. 2, instead of the second measuring unit 4, a manual input device 6

is provided. This manual input device 6 is adapted for inputting information which are

more difficult or elaborate to measure like the procedures the patient is currently going

through. Such procedures might include: feeding, physiotherapy, patient washing, patient

transport etc. This means that according to this preferred embodiment of the invention,

the care giver manually inputs via manual input device 6 if a certain procedure is started

or completed.

The inventions can be used in various (closed loop) control systems. One

of ordinary skill in the art will recognize that the purpose of controlling is not limited to

a single type of control loop and includes several variations and different

implementations of control loops, e.g. closed loop controls, supervised controls and

open loop controls. Further, it is clear that more than two values can be used for

improved feedback. For example, the closed loop control systems according the first and

second preferred embodiment of the invention, respectively, could be combined, thus,

generating feedback based on two measured and one manually input value.

Examples for control loops which can be used with the invention are:

• FiO2 control (see detailed example above)

• Infusion pumps medication control (e.g. to control the blood pressure of

a patient)

• Control for depth of anaesthesia (e.g. control of intravenous - aesthetic

agents during non-volatile anaesthesia procedures)

• Glycemic control

One of ordinary skill in the art will appreciate many variations and

modifications within the scope of this invention. This method and system will be used



mainly for hospitalized patients, but there are also applications possible for mobile

patients in the hospital environment, during transport or at home. Also devices could

make use of this invention that are intended for healthy persons or even animals.

While the invention has been illustrated and described in detail in the

drawings and foregoing description, such illustration and description are to be

considered illustrative or exemplary and not restrictive; the invention is not limited to the

disclosed embodiments.

Other variations to the disclosed embodiments can be understood and

effected by those skilled in the art in practicing the claimed invention, from a study of the

drawings, the disclosure, and the appended claims. In the claims, the word "comprising"

does not exclude other elements or steps, and the indefinite article "a" or "an" does not

exclude a plurality. The mere fact that certain measures are recited in mutually different

dependent claims does not indicate that a combination of these measured cannot be used

to advantage. Any reference signs in the claims should not be construed as limiting the

scope.



CLAIMS:

1. A closed loop system for automatically controlling a physiological

variable of a patient (1), with

a measuring unit (3) for measuring a direct or an indirect value for the

physiological variable of the patient (1), and

an actuator (2) for treating the patient (1) in order to affect the

physiological variable, wherein

the actuator (2) is adapted for being controlled by the value measured by

the measuring unit (3) and an additional value.

2 . The closed loop system according to claim 1, wherein the additional value

is a value of a variable of the patient (1).

3 . The closed loop system according to claim 1 or 2, wherein an additional

measuring unit (4) for measuring the additional value is provided.

4 . The closed loop system according to claim 1 or 2, wherein an input unit

(6) for manually inputting the additional value is provided.

5 . The closed loop system according to any of claims 1 to 4, wherein the

additional value is a different direct or indirect value of the same physiological variable

measured with the measuring unit (3).

6 . A method for automatically controlling a physiological variable of a

patient in a closed loop system, comprising the following steps:

automatically measuring a direct or an indirect value for the physiological

variable of the patient, and



automatically treating the patient in order to affect the physiological

variable, wherein

the treatment is controlled by the value measured and an additional value.

7 . The method according to claim 6, wherein the additional value is a value

of a variable of the patient.

8. The method according to claim 5 or 6, wherein the additional value is

automatically measured.

9 . The method according to claim 5 or 6, wherein it is automatically

requested to input the additional value manually.

10. The method according to any of claims 6 to 9, wherein the additional

value is a different direct or an indirect value of the same physiological variable already

measured.
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