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Abstract:
The techniques of fuzzy logic and expert system have been used in the medical area since middle 1970. for example the MYCIN that has been used to diagnoze And consult of antibiotic treatment is well known in AI and medicine worlds.

This project describes an example of intelligent control in medicine, a fuzzy logic controller which controls mean arterial pressure (MAP) that was taken as parameter for the depth of anesthesia.  The fuzzy membership functions and the linguistic rules using fuzzy logic toolbox in Matlab, the adaptive neuro fuzzy inference system (ANFIS) have been applied to the implementation and simulation of the controller. The performance of a the fuzzy logic controller with a PID controller in computer simulations with regard to noise tolerance and tracking ability with a fixed setpoint and changing process gain. Simulation experiments showed that excellent regulation of blood pressure around set-point targets is achieved with Fuzzy logic controller.
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Chapter-1

THE ANESTHESIA MODEL RELATING TO ISOFLURAN
1-1 INTRODUCTION
In a modern operating theater, the depth of anesthesia is the responsibility of the anesthetist. The anesthetists control important control variables such as blood pressure, heart rate, temperature, blood oxygenation and exhaled CO2 within the acceptable bounds. In ensuring the patient safety, adequate anesthesia must be maintained during the entire surgical procedure. Any assistance that the anesthetist can obtain automatically will increase the safety margins by freeing the anesthetist to attend to other functions not easily automated. The goal is to develop automated control systems to regulate the depth of anesthesia. In fact, this is in routine use in clinical applications.
In measuring the depth of anesthesia, most anesthetists regard the mean arterial pressure (MAP) as the most reliable measurement. The level of MAP serves as a guide for the delivery of inhaled anesthesia. The control goal is to regulate MAP to any desired set-point and maintained the prescribed set-point in the presence of unwanted disturbances (noise), and the control variable is MAP.
The model structure which was first introduced by Zwart [1] and his co-workers and later exploited by Derighetti   [2] . It consists of two parts; one part for the uptake and distribution of drugs, and the other part for the circulation of the blood-flows. The overall nonlinear model associated with the anesthetic describes such harmacokinetics (uptake and distribution) of the drug, the circulation model (blood flow), as well as pharmacodynamics

(effects of the drugs on the patient’s body) as follows: The state vector p(t) describes the partial pressure of the anesthetic gas in every compartment. The input to the system being the concentration of the anesthetic gas in the inspired air (pAir ) , v refers to ‘venous’, A  refers to “Artery”, and L refers to “Lungs”, gj,o  ,  bi ,  ki , COo , and λi  are all terms which can be inferred from the partial pressures or are constants which are either patient or drug dependent (Derighetti) [2]. The Mean Arterial Pressure (MAP) is given by the final following equation:
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   (1)
where COo is the total cardiac output prior to any anesthetic being given. Because giving 100% O2  can cause the patient to have lung problems, a mixture of 70%  N2 O and 30% O2 is preferred during anesthesia which is generally seen as a good compromise between a fast reaction to the anesthetic and pollution of the operating theatre with gas.

Because N2O has a mild anesthetic affect it acts as a carrier for isoflurane and lowers the drug equilibrium-time. Hence, its effect was modeled by increasing the effective air-flow qAir in equation (2) to take into account the partial pressures in relation to this gas (Derighetti) [2]. Hence, the following modified expression for air-flow q   is used: 

 QAir new  = qAir (1 + KqAir )

 (2)

    with     KqAir =  0.235




1-1 ANESTHESIA CONTROL: A PID CONTROLLER 
Many real-time embedded systems make control decisions. These decisions are usually made by software and based on feedback from the hardware under its control (termed the plant). Such feedback commonly takes the form of an analog sensor that can be read via an A/D converter. A sample from the sensor may represent position, voltage, temperature, or any other appropriate parameter. Each sample provides the software with additional information upon which to base its control decisions.

a- Closing the loop:

Systems that utilize feedback are called closed-loop control systems. The feedback is used to make decisions about changes to the control signal that drives the plant. An open-loop control system doesn't have or doesn't use feedback.
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Figure 1: A closed-loop control system
A basic closed-loop control system is shown in Figure 1. This figure can describe a variety of control systems, including those driving elevators, thermostats, and cruise control.
After reading each new sample from the sensor, the software reacts to the plant's changed state by recalculating and adjusting the drive signal. The plant responds to this change, another sample is taken, and the cycle repeats. Eventually, the plant should reach the desired state and the software will cease making changes. 

If feedback indicates that the temperature in your home is below your desired setpoint, the thermostat will turn the heater on until the room is at least that temperature. Similarly, if your car is going too quickly, the cruise control system can temporarily reduce the amount of fuel fed to the engine.
a- Proportional

If the difference between the current plant output and its desired value (the current error) is large, the software should probably change the drive signal a lot. If the error is small, it should change it only a little. In other words, we always want a change like: 

P * (desired - current) 
where P is a constant proportional gain set by the system's designer.

If the proportional gain is well chosen, the time the plant takes to reach a new set point will be as short as possible, with overshoot (or undershoot) and oscillation minimized. 

Unfortunately, proportional control alone is not sufficient in all control applications. One or more of the requirements for response time, overshoot, and oscillation may be impossible to fulfill at any proportional gain setting.

b- Differentiation

The biggest problem with proportional control alone is that you want to reach new desired outputs quickly and avoid overshoot and minimize ripple once you get there. Responding quickly suggests a high proportional gain; minimizing overshoot and oscillation suggests a small proportional gain. Achieving both at the same time may not be possible in all systems.

Fortunately, we do generally have (or can derive) information about the rate of change of the plant's output. If the output is changing rapidly, overshoot or undershoot may lie ahead. In that case, we can reduce the size of the change suggested by the proportional controller.

The rate of change of a signal is also known as its derivative. The derivative at the current time is simply the change in value from the previous sample to the current one. This implies that we should subtract a change of:

D * (current -- previous)

where D is a constant derivative gain. The only other thing we need to do is to save the previous sample in memory.

In practice, proportional-derivative (PD) controllers work well. The net effect is a slower response time with far less overshoot and ripple than a proportional controller alone.

c- Integration
A remaining problem is that PD control alone will not always settle exactly to the desired output. In fact, depending on the proportional gain, it's altogether possible that a PD controller will ultimately settle to an output value that is far from that desired.

The problem occurs if each individual error remains below the threshold for action by the proportional term. (Say the error is 3, P = 1/8, and integer math is used.) The derivative term won't help anything unless the output is changing. Something else needs to drive the plant toward the set point. That something is an integral term. 

An integral is a sum over time, in this case the sum of all past errors in the plant output:

I = Σ ( desired – current )

Even though the integral gain factor, I, is typically small, a persistent error will eventually cause the sum to grow large and the integral term to force a change in the drive signal.

PID controllers and variations thereof work well in many control systems. But when the system to be controlled contains uncertainty or is highly complex, poorly understood, or nonlinear, as it is in our case a more complex control system is required. For such systems, one option is fuzzy control. 

A - PID with no disturbances
A PID controller is used to controller the anesthesia system. Figure 1 
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Figure 1: PID control system

Where the patient's transfer functions P(s) was cited in the following reference:

M.Mahfouf, D.A.Linkens, A.J.Asbury, W.M.Gary and J.E.Peacock. 1992. Generalized Predictive Control (GPC) in the Operating Theatre, Proc of IEE, PtD, Control Theory and Applications, 139, pp.  404-420.
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b- PID with disturbances

In this section a disturbance is added to the system. Figure 2 shows the effect of the disturbances.
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Figure 2: PID controller with and without disturbances

1-2 ANESTHESIA CONTROL: A FUZZY CONTROLLER 

The modeling of real world systems, however, often presents problems. As processes increase in complexity, they become less amenable to direct mathematical modeling based on physical laws since they may be distributed, stochastic, non-linear and time-varying, uncertain, etc. 

Many fuzzy modelling methods have been proposed in the literature. Most are based on collections of fuzzy IF-THEN rules of the following form:

If x1  is B1 and ….and xn is Bn THEN  y is C



Where X = (x1, …. xn )T  and y are the input and output linguistic variables respectively, and Bi  and C are linguistic values characterized using membership functions. It is considered that this fuzzy rule representation provides a convenient framework to incorporate human experts' knowledge. We used in our system nine rules derived from Mamdani fuzzy logic controller type.

The simulation is carried out using the graphical user interface from matlab simulink,  ANFIS adaptive model
Chapter-2
INTRODUCTION TO FUZZY LOGIC
Fuzzy logic is all about the relative importance of precision: How important is it to be exactly right when a rough answer will do? All books on fuzzy logic begin with a few good quotes on this very topic, and this is no exception. Here is what some clever people have said in the past ( Precision is not truth).
Henri Matisse

Sometimes the more measurable drives out the most important.

René Dubos

Vagueness is no more to be done away with in the world of logic than friction in mechanics.

Charles Sanders Peirce

I believe that nothing is unconditionally true, and hence I am opposed to every statement of positive truth and every man who makes it.

H. L. Mencken
So far as the laws of mathematics refer to reality, they are not certain. And so far as they are certain, they do not refer to reality.

Albert Einstein
As complexity rises, precise statements lose meaning and meaningful statements lose  precision.

Lotfi Zadeh

Some pearls of folk wisdom also echo these thoughts.

Don’t lose sight of the forest for the trees.

Don’t be penny wise and pound foolish.

Fuzzy logic is a fascinating area of research because it does a good job of trading off between significance and precision something that humans have been managing for a very long time.  
2-1 THE FUZZY LOGIC CONCEPT

    The way that people think is inherently fuzzy. The way that we perceive the world is continually changing and cannot always be defined in true or false statements. Take for example the set of all the apples and all the apple cores in the world. Now take one of those apples; it belongs to the set of all apples. Now take a bite out of that apple; it is still an apple right? If so, it still belongs to the set of apples, Figure 3 . After several more bites have been taken and you are left with an apple core and it belongs to the set of apple cores. At what point did the apple cross over from being an apple to being an apple core? What if you could get one more bite out of that apple core, does that move it into a different set? 
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Figure 3: set of apples 
The definition of the apple and apple core sets are too strictly defined when looking at the process of eating an apple. The area between the two sets is not clearly defined since the object cannot belong to the set of apples and apple cores because, by definition, an apple core is NOT an apple. The sets defining apples and apple cores need to be redefined as fuzzy sets.

    A fuzzy set allows for its members to have degrees of membership. If the value of 1 is assigned to objects entirely within the set and a 0 is assigned to objects outside of the set, then any object partially in the set will have a value between 0 and 1. The number assigned to the object is called its degree of membership in the set. So an apple with one bite out of it may have a degree of membership of 0.9 in the set of apples. This does not mean that it has to have a degree of membership of 0.1 in the set of apple cores though. However as the apple is eaten it looses its membership in the fuzzy set of apples and gains membership in the fuzzy set of apple cores. 
2-2 DEFINING FUZZY SETS 

    In mathematics a set, by definition, is a collection of things that belong to some definition. Any item either belongs to that set or does not belong to that set. Let us look at another example; the set of tall men. We shall say that people taller than or equal to 6 feet are tall. This set can be represented graphically as follows, Figure 4:
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Figure 4: sharp-edged membership of the 'tall' set

The function shown above describes the membership of the 'tall' set, you are either in it or you are not in it. This sharp edged membership functions works nicely for binary operations and mathematics, but it does not work as nicely in describing the real world. The membership function makes no distinction between somebody who is 6'1" and someone who is 7'1", they are both simply tall. Clearly there is a significant difference between the two heights. The other side of this lack of disctinction is the difference between a 5'11" and 6' man. This is only a difference of one inch, however this membership function just says one is tall and the other is not tall. 

The fuzzy set approach to the set of tall men provides a much better representation of the tallness of a person, Figure 5. The set, shown below, is defined by a continuously inclining function. [image: image8.png]1.0| definitely a tall
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 Figure 5: fuzzy set  membership of the 'tall' set

   The membership function defines the fuzzy set for the possible values underneath of it on the horizontal axis. The vertical axis, on a scale of 0 to 1, provides the membership value of the height in the fuzzy set. So for the two people shown above the first person has a membership of 0.3 and so is not very tall. The second person has a membership of 0.95 and so he is definitely tall. He does not, however, belong to the set of tall men in the way that bivalent sets work; he has a high degree of membership in the fuzzy set of tall men. 
2-3 DEFINING FUZZY SETS MATHEMATICALLY

    Fuzzy sets were first proposed by Lofti A. Zadeh in his 1965 paper entitled none other than: Fuzzy Sets. This paper laid the foundation for all fuzzy logic that followed by mathematically defining fuzzy sets and their properties. The definition of a fuzzy set then, from Zadeh's paper is:

	    Let X be a space of points, with a generic element of X denoted by x. Thus X = {x}.

    A fuzzy set A in X is characterized by a membership function fA(x) which associates with each point in X a real number in the interval [0,1], with the values of fA(x) at x representing the "grade of membership" of x in A. Thus, the nearer the value of fA(x) to unity, the higher the grade of membership of x in A.
                                                          from Fuzzy Sets, by Lofti A. Zadeh 


    This definition of a fuzzy set is like a superset of the definition of a set in the ordinary sense of the term. The grades of membership of 0 and 1 correspond to the two possibilities of truth and false in an ordinary set. The ordinary Boolean operators that are used to combine sets will no longer apply; we know that 1 AND 1 is 1, but what is 0.7 AND 0.3? This will be covered in the fuzzy operations section.

    Membership functions for fuzzy sets can be defined in any number of ways as long as they follow the rules of the definition of a fuzzy set. The Shape of the membership function used defines the fuzzy set and so the decision on which type to use is dependant on the purpose. The membership function choice is the subjective aspect of fuzzy logic, it allows the desired values to be interpreted appropriately. The most common membership functions are shown below:  Figure 6
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 Figure 6: most common membership functions 
2-4 DEFINING FUZZY OPERATIONS
    Traditional Bivalent logic uses the boolean operators AND, OR, and NOT to perform the intersect, union and complement operations. These operators work well for bivalent sets and can be essentially defined using the following truth table:

	x
	y
	x AND y
	x OR y
	NOT x 

	0
	0
	0
	0
	1

	0
	1
	0
	1
	1

	1
	0
	0
	1
	0

	1
	1
	1
	1
	0


    The truth table above works fine for bivalent logic but fuzzy logic does not have a finite set of possibilities for each input; this makes for an infinitely large truth table. The operators need to be defined as functions for all possible fuzzy values, that is, all real numbers from 0 to 1 inclusive. Fuzzy logic is actually a superset of bivalent logic since it includes the bivalent options (0,1) as well as all reals in between, so a generalized form of these operators will be usefull. The generalized form for these three operators are:

	x AND y
	min(x,y)

	x OR y
	max(x,y)

	NOT x
	1 - x


    Using these definitions they can be applied to all of the bivalent combinations above as well as some fuzzy number combinations. The truth table for this can be seen below:

	x
	y
	min(x,y)
	max(x,y)
	1 - x

	0
	0
	0
	0
	1

	0
	1
	0
	1
	1

	1
	0
	0
	1
	0

	1
	1
	1
	1
	0

	0.2
	0.5
	0.2
	0.5
	0.8

	0.7
	0.2
	0.2
	0.7
	0.3

	0.6
	0.6
	0.6
	0.6
	0.4


2-5 MAKING FUZZY DECISIONS
    Most decisions that people make are logical decisions, they look at the situation and make a decision based on the situation. The generalized form of such a decision is called a generalized modus ponens, which is in the form:

If P, then Q.
P.
Therefore, Q.
    This form of logical reasoning is fairly strict, Q can only be if P. Fuzzy logic loosens this strictness by saying that Q can mostly be if P is mostly or:

If P, then Q.
mostly P.
Therefore, mostly Q.
    Where P and Q are now fuzzy numbers. The reasoning above requires a set of rules to be defined. These rules are linguistic rules to relate different fuzzy sets and numbers. The general form of these rules are: "if x is A then y is B," where x and y are fuzzy numbers in the fuzzy sets A and B respectivly. These fuzzy sets are defined by membership functions. There can be any number of input and output membership functions for the same input as well, depending on the number of rules in the system. For example, a system could have membership functions that represent slow, medium, and fast as inputs.

    The linguistic rules are used to define the relation between the input and the output, but how exactly are the output fuzzy values determined? There are several ways to determine the answer based on the inputs, mainly the Mamdani, Larsen, Takagi-Sugeno-Kang, and Tsukamoto inference and aggregation methods. Firstly, we must describe the basic general set of rules, they will bet a set of rules that have one input in a fuzzy set and one output in a fuzzy set:

If x is Ai then y is Bi, i=1,2,...n
    Let us look at a system that has two input membership functions (A1,A2) and two output membership functions (B1, B2). These membership functions, shown below in Figure 7, define the fuzzy sets A and B in the above general inference rule.
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Figure 7: fuzzy sets A and B in the above general inference rule
  A1 and A2 are shown on the left, with A1 in blue and A2 in green. On the right B1 is blue and B2 is green. We will be using the Mamdani inference model to combine the sets and rules. The Mamdani inference model is:

R(x,y) = pg110 in Nguyen

    Using this model will give an aggregate fuzzy set, R, that uses the input values in A1 and A2 to modify and combine B1 and B2. The input membership functions, as well as the output membership functions, are overlapping; this means that an input value can have membership in both membership functions, or in only one. If the input value has membership in a function, than any rule using that membership funciton is said to 'fire' and produce a result. These results are then aggregated using the Mamdani model, or a different model. 

    Let us then pick and input value that has membership function in A1 and A2, 1.25, this will cause both rules to fire. The value 1.25 has a membership of 0.75 in A1 and a membership of 0.25 in A2. Using the Mamdani model and these inputs the resulting aggregate output will be:

[A1(1.25) /\ B1(y)] \/ [A2(1.25) /\ B2(y)]

    When all of these combinations have been made, the aggregate output membership function (red), as well as B1 and B2 (dashed) are shown below: Figure 8
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Figure 8: the aggregate output membership function

This aggregate fuzzy membership function is the result of the rule based inference decision making process. To get a finite number as an output we need to go through the defuzzification process. Defuzzification is a method that produces a number that best represents, and consistenly represents the fuzzy set. There are many ways to do this with most of them being some type of averaging method. The most common is the centroid method, this calculates the center of area of the fuzzy set and uses the value at which this occurs as the defuzzified output. Other methods include the bisector, largest of maximum, smallest of maximum, and middle of maximum. For the above aggregate fuzzy set, the different defuzzification methods produce these finite values shown below. So, if the most common method, centroid, is used, the finite result would be 7.319.

	Defuzz Method
	Result

	Centroid
	7.319

	Bisector
	7.230

	Largets of Max
	9

	Smallest of Max
	6

	Middle of Max
	7.5


2-6 FUZZY CONTROL

    There is more to fuzzy logic than some interesting math, it has some impressive applications in engineering. The main application of fuzzy logic in engineering is in the area of control systems. The definition of a control system, given by Richard Dorf in Modern Control Systems is: "An interconnection of components forming a system configuration that will provide a desired response." This means that a control system needs to know the desired response (input) and it needs to process this input and attempt to achieve it. The general control system can then be summarized with the following diagram: Figure 9
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Figure 9: The general control system
The process is the system that is being controlled and cannot typically be changed. The controller then, must take the input and also take measurements from the process and use this information to generate the appropriate input to the process. A basic example of a controller would be a summing point that will provide the difference between input and output to the process, whereas a more advanced controller would be a PID controller. A fuzzy logic based controller will use fuzzy membership functions and inference rules to determine the appropriate process input. Designing a fuzzy controller is a more intuitive approach to controller design since it uses a comprehendible linguistic rule base. 

    A fuzzy controller can be broken down into three main processes. The first of these is the fuzzification, this uses defined membership functions to process the inputs and to fuzzify them. These fuzzified inputs are then used in the second part, the rule-based inference system. This system uses previously defined linguistic rules to generate a fuzzy response. The fuzzy response is then defuzzified in the final process: defuzzification. This process will provide a real number as an output.

    Designing a fuzzy controller can be done with several different computer based tools, the tool we will be using is the Fuzzy Logic Toolbox in MATLAB with Simulink. This toolbox provides a GUI for defining membership functions and inference rules and can be integrated with Simulink. The tutorials below will walk you through the process of designing a fuzzy controller using the Fuzzy Logic Toolbox. These tutorials assume that you are familiar with MATLAB and Simulink. 

Chapter-3
ANFIS: Matlab Fuzzy Logic toolbox

3-1 INTRODUCTION  

You can create and edit fuzzy inference systems with Fuzzy Logic Toolbox software. You can create these systems using graphical tools or command-line functions, or you can generate them automatically using either clustering or adaptive neuro-fuzzy techniques. 

If you have access to Simulink software, you can easily test your fuzzy system in a block diagram simulation environment. 

The toolbox also lets you run your own stand-alone C programs directly. This is made possible by a stand-alone Fuzzy Inference Engine that reads the fuzzy systems saved from a MATLAB session. You can customize the stand-alone engine to build fuzzy inference into your own code. All provided code is ANSI compliant.
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Because of the integrated nature of the MATLAB environment, you can create your own tools to customize the toolbox or harness it with another toolbox, such as the Control System Toolbox™, Neural Network Toolbox™, or Optimization Toolbox™ software. 
3-2 ANFIS Graphical User Interface  
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A-  Fuzzy Inference System (FIS) Editor
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B- Membership Function Editor
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C- Rule Editor
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D- Rule Viewer
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E- Surface Viewer
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Chapter-4
SIMULATION AND RESULTS
In this section the simulation study considered the continuous non-linear system which was represented in MATLAB-SIMULINK. The PID controller and the FLC ANFIS are embedded so that a comparison of the two controllers is compared
4-1 Rule:
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Fig 5:Rule editor for our project from MATLAP
4-2  Fis Editor:
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Fig 6:FIS editor for our project in MATLAB
4-3  Membership function 
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4-4  Rule Viewer
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4-5  surface viewer
show result(optimal drug)at any point depend on Erorr and RATE
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In this viewer show how the system response to any change of error and rate of error 

In this example about our work we select error equal 0.318 and rate is -0.28 and the our system design to give optimal amount of drug  in this case give -0.105.
4-6  The output of the system 
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Figure 7: system response of FLC system
In this section the simulation study considered the continuous non-linear system which was represented in MATLAB-SIMULINK. The PID controller and the FLC ANFIS are embedded so that a comparison of the two controllers is compared, Figure 9.
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Figure 8: Fuzzy logic controller system simulation with disturbance
In this figure  we will not  see any change with disturbance like the change in  PID control  
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Figure 9: Fuzzy controller with and without disturbances
In the first experiment the output of PID give good response but the main problem if disturbance increase that will produce change in behavior of  curve  and late in resonance.

This work  that we try to improve this problem we build new system to improve this problem.

Wy try to use fuzzy logic control  to solve this problem    
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Figure10: PID and Fuzzy logic system responses
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fig 11:PID and FL control
This [fig-11] shows different between two systems FLC and PID
In FLC we can see how the system have response time faster than PID and have less noise and more stability.
4-7  The Complete system and all results:
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CONCLUSION

In this project we applied a new algorithm using fuzzy logic controller for the control of unconsciousness via blood pressure measurements.
A simulation platform was built around a non-linear recirculatory physiological model which was modified to include a more efficient way of delivering the anesthetic.
The simulation results showed that the fuzzy-based algorithm was effective in terms of set-point tracking and drug consumption.
A comparison with the PID controlled is carried out and the performances of the FLC over the PID are shown.
Appendices 
1- THE ANESTHESIA: AN OVERVIEW
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Anesthesia allows patients to undergo surgery and other procedures without the distress and pain they would otherwise experience. The word was coined by Oliver Wendell Holmes, Sr. in 1846. Another definition is a "reversible lack of awareness", whether this is a total lack of awareness (e.g. a general anesthetic) or a lack of awareness of a part of the body such as a spinal anesthetic or another nerve block would cause. Anesthesia differs from analgesia in blocking all sensation, not only pain. 

The term anesthesia in its most general form can include: 

Analgesia: blocking the conscious sensation of pain 

Hypnosis: produces analgesia, even while wide awake 

Amnesia: preventing memory formation 

Relaxation: preventing unwanted movement or muscle tone 

2- PRESSURE

Pressure is an effect which occurs when a force is applied on a surface. The symbol of pressure is p (lower case). The upper case P is reserved for power.
Blood pressure (BP) is the force exerted by circulating blood on the walls of blood vessels, and constitutes one of the principal vital signs. The pressure of the circulating blood decreases as blood moves through arteries, arterioles, capillaries, and veins; the term blood pressure generally refers to arterial pressure, i.e., the pressure in the larger arteries, the blood vessels that take blood away from the heart. Arterial pressure is most commonly measured via a sphygmomanometer, which historically used the height of a column of mercury to reflect the circulating pressure (see Noninvasive measurement). Today blood pressure values are still reported in millimetres of mercury (mmHg), though aneroid and electronic devices do not use mercury.

	Classification of blood pressure for adults

	Category
	systolic, mmHg
	diastolic, mmHg

	Hypotension
	< 90
	or < 60   

	Normal
	 90 – 119
	and 60 – 79   

	Prehypertension
	120 – 139
	or 80 – 89

	Stage 1 Hypertension
	140 – 159
	or 90 – 99

	Stage 2 Hypertension
	≥ 160
	or ≥ 100 


3- PRESSURE AND ANESTHESIA 

Although high pressure is often viewed as a nonspecific stimulus counteracting anesthesia, pressure can either ex-ate or inhibit biological activity depending on the temperature at application. Temperature and pressure are two independent variables that determine equilibrium quantity, e.g., the state of organisms in terms of activity and anesthesia depth. We used the light intensity of luminous bacteria (Vibrio fischeri) as an activity parameter, and studied the effects of pressure and anesthetics on the bacteria's light intensity at various temperatures. The light intensity was greatest at about 30°C at ambient pressure. When the system was, pressurized up to 204 atm, the temperature for maximum light intensity was shifted to higher temperatures. Above the optimal temperature for the maximal light intensity, high pressure increased the light intensity. Below the optimal temperature, pressure decreased light intensity. Pressure only shifts the reaction equilibrium to the lower volume state (Le Chatelier's principle). When the volume of the excited state is larger than the resting state, high pressure inhibits excitation, and vice verso. 
Halothane 0.008 atm and isoflurane 0.022 atm inhibited the light intensity both above and below the optimal temperature. When pressurized, the light intensity increased in the high temperature range hit decreased in the low temperature range, as in the control. Thus, high pressure seemingly potentiated the anesthetic action at low temperatures. When the ratio of the light intensity in bacteria exposed to anesthesia and those not exposed to anesthesia was plotted against the pressure, however, the value approached unity in proportion to the pressure increase. Because the light intensity under anesthesia approaches the control value at higher pressures regardless of the temperature range, pressure antagonizes anesthesia despite the apparent decrease in the intensity. 
We conclude that

 (i) Pressure is not simply an excitatory stimuli but can be inhibitory too, depending upon the temperature; also, that

 (ii) Despite this dual effect, pressures up to 204 atm reverse anesthesia in this model over the temperature range 15 to 40° C. 
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