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Abstract

Using fuzzy sets for reasoning is what we mean when we talk about fuzzy logic. Contradictory natures
are prevalent phenomena in the medical field. Guidelines are used by anesthesiologists when taking care of
patients. After gauging the patient’s vitals, he may make adjustments to the flow of medication and fluids, or
even the ventilator settings. Knowledge about the real world is typically sketchy, inaccurate, and inconsistent.
Due to the inherent representation of subjective human conceptions used in much medical decision making,
fuzzy logic seems well-suited for use in anaesthesia.

We have developed a fuzzy expert system using fuzzy methodology for the aim of fluid management
during general anaesthesia. The desired intravenous fluid rate (IFR) is the defuzzified value that is output by the
fuzzy expert system. Fuzzy inputs serve as antecedent parts of rules for a fuzzy expert system, and some
examples of such inputs are mean arterial pressure (HUO), hourly urine output (HUO), and central venous
pressure (CVP).

It would only cost a little sum to have a human operator sometimes enter MAP, HUO, and CVP values
into a personal computer for this purpose. The study’s overarching goal was to devise a method for approximating
IFR by making use of a linguistic description of MAP and HUO. Fuzzy sets, including decreasing, constant, and
growing MAP and HUO rates of change, would assist to illustrate the trend in a patient’s fluid state. To regulate
fluid levels more precisely would be possible. Expert guidance in addition to the calculated use of fuzzy
methods are essential for achievement of the desired outcome. Patients must be in generally good health before
this mode may be used on them, and they must be undergoing minimally invasive surgery. Moderate to severe
blood loss after surgery need more complex modalities involving more factors.
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1. Introduction

Many fields have benefited from the incorporation of AITs, including healthcare, where they
have been used for things like disease diagnosis and treatment, patient tracking and risk assessment.
Artificial intelligence technologies (AITs) permit the development of systems that enable the construction
of intelligent models for forecasting both the therapeutic response of patients and the danger of illness
in the future. Several academics have developed AITs including fuzzy logic, artificial neural networks,
genetic algorithms, artificial immune systems, and others to help deal with the extremely high levels of
complexity and uncertainty present in these areas. Most areas of medicine have investigated the
AIT's competency capacities. Anesthesiology is the medical specialty concerned with the use of
anaesthetic drugs to render a patient unconscious before, during, and after surgery. Muscle relaxation,
unconsciousness (or depth of anaesthesia), and pain relief are all components of contemporary balanced
general anaesthesia (blocking response to pain). The anesthesiologist controls the first two in the
operating room, while the third is related to recovery. Many investigations towards the use of AI for
anaesthesia regulation and control have been conducted during the past two decades.

Tsutsui and Arita11 developed a closed-loop blood pressure control system for use with fuzzy
logic while the subject was under the influence of enflurane. Bates and Young2 provided an explanation
of the operation of fuzzy logic by demonstrating its application in a condensed version of a model for
the fluid resuscitation of intensive care unit patients. IFR was computed by Rahim et al.8 using a
linguistic description of MAP and HUO. Fuzzy sets of HUO and HUO rate of change values, such as
falling, stable, and increasing, were used to represent the direction of a patient’s fluid status change.
Using the anaesthetic medication isoflurane, Tomar and Dubey10 conceived and constructed a fuzzy
logic controller to regulate the patient’s mean arterial pressure (HUO) while under anaesthesia. In
their study on automatic anaesthetic regulation, Liu et al.5 compared type-1 and type-2 SOFLCs
employing expert initialised and pretrained extracted rule-bases. The anesthesiologist’s predictions
were compared to those derived from fuzzy logic by Samira and Hanane9. In 2018, Mendez et al.
developed and implemented a new fuzzy logic method to automate medicine administration to patients
receiving general anaesthesia. The anaesthetic dosage received by patients during surgery is now
regulated and monitored thanks to the efforts of Kumar et al.4. They created the fuzzy logic controller
to accomplish this goal.  Using machine learning, Miyaguchi et al.7 tackled the issue of anticipating
anesthesiologists’ judgements during surgery. By treating the decision to increase the rate of continuous
remifentanil administration as a supervised binary classification issue, they were able to design a
problem that required them to make decisions at each time point. An artificial intelligence (AI) enabled
internet of things system was presented by Farivar et al.3 to track and modify anaesthetic levels
remotely using IP networks. To better understand the current state of artificial intelligence (AI) in
paediatric anaesthesia and to pinpoint the obstacles that prevent its widespread adoption, Antel et al.1

conducted a comprehensive literature review.

2. Basic terminology of fuzzy inference system:

2.1 Crisp Set: A crisp set is one that is characterized by a characteristic function that gives each
element in the universe a value of 0 or 1, distinguishing between members and non-members of the
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crisp set in question. Crisp sets are typically called “classical” or “ordinary” sets when discussing
them in the context of fuzzy sets theory.

2.2 Fuzzy Set: A fuzzy set is a grouping of things whose inclusion can be qualified on a scale. The
objects in such a set are classified on a membership scale from 0 to 1 by a membership
(characteristic) function.

2.3 Fuzzy Numbers: Fuzzy numbers are a more generalized form of real numbers; instead of
referring to a single value, they refer to a connected set of values, where each value is assigned
a weight between zero and one. The membership function is the name given to this relative
importance. Several ambiguous numerical values are out there. But, only trapezoidal fuzzy
numbers will do for our purposes.

2.4 Trapezoidal fuzzy number: Let’s make the assumption that there is a fuzzy trapezoidal number
ܶ (ܽ, ܾ, ܿ, is the membership function of T, and it is defined as  (ݔ)ܶߤ .(݀

(ݔ)ܶߤ =

⎩
⎪
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3. Medical terminology :

 General Anesthesia: The goal of administering general anaesthesia is to induce a deep sleep
state in the patient. Anesthetics are drugs that numb pain and make surgery or other medical
operations more tolerable for patients. In most cases, both intravenous drugs and breathed
anaesthetic gas are used to induce a deep sleep during general anaesthesia.

 Mean arterial pressure (MAP): The average pressure of the blood vessels during systole and
diastole of a single cardiac cycle is known as mean arterial  pressure (HUO).  There  are  many
factors that affect HUO, including cardiac output and systemic vascular resistance.

ܲܣܯ = ܲܦ + 1
3

(ܵܲ − (ܲܦ = ܲܦ + 1
3
ܲܲ 

Where DP = Diastolic blood pressure, Systolic blood pressure and
PP =Pulse pressure
MAP values between 70 and 100 mmHg are considered normal.

 Hourly urine output (HUO): In a healthy person, the rate of urine production should be between
50 and 150 ml/h.

 Central venous pressure (CVP): As a proxy for preload and right atrial pressure, central venous
pressure (CVP) is a measure of pressure in the vena cava. While evaluating a patient’s hemodynamic
condition, central venous pressure is frequently measured. This is especially true in the critical
care unit. CVP is typically measured in a range from 3 to 8 mmHg.

4. The Meaning of Input and Output variables :



5. Membership plot function of input variables :

The input and output variables’ range of possible values are established before the fuzzy
control’s finer processing details are carried out. These are the membership functions that convert
precise values into fuzzy ones for use in calculations. Input and output variables, as well as their
corresponding membership functions, are depicted in figures 2–4.

ܲܣܯܮߤ = ቄ 1 0 ≤ ݔ ≤ 50
ݔ0.1− + 6 50 ≤ ݔ ≤ 60ቅ 

ܲܣܯܰߤ = ൝
ݔ0.05 − 2.5 50 ≤ ݔ ≤ 70

1 70 ≤ ݔ ≤ 100
ݔ0.05− + 6 100 ≤ ݔ ≤ 120

ൡ 

ܲܣܯܪߤ = ቄ0.05ݔ − 5 100 ≤ ݔ ≤ 120
1 120 ≤ ݔ ≤ 200ቅ 
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ܱܷܪܮߤ = ቄ 1 0 ≤ ݔ ≤ 30
ݔ0.1− + 4 30 ≤ ݔ ≤ 40ቅ 

ܱܷܪܰߤ = ൝
ݔ0.05 − 2.5 30 ≤ ݔ ≤ 50

1 50 ≤ ݔ ≤ 150
ݔ0.05− + 8.5 150 ≤ ݔ ≤ 170

ൡ 

ܱܷܪܪߤ = ቄ0.05ݔ − 7.5 150 ≤ ݔ ≤ 170
1 170 ≤ ݔ ≤ 200ቅ 

ܸܲܥܮߤ = ቄ 1 0 ≤ ݔ ≤ 1
ݔ− + 2 1 ≤ ݔ ≤ 2ቅ 

ܸܲܥܰߤ = ൝
ݔ0.05 − 2.5 1.75 ≤ ݔ ≤ 3

1 3 ≤ ݔ ≤ 8
ݔ4− + 3 8 ≤ ݔ ≤ 8.25

ൡ 

ܸܲܥܪߤ = ቄݔ − 8 8 ≤ ݔ ≤ 9
1 9 ≤ ݔ ≤ 12ቅ 
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6. Membership plot function of output variable:

ܴܨܫܮߤ = ቄ 1 0 ≤ ݔ ≤ 60
ݔ− + 2 60 ≤ ݔ ≤ 70ቅ  

ܴܨܫܣܯߤ = ൝
ݔ0.025 − 1.5 60 ≤ ݔ ≤ 100

1 100 ≤ ݔ ≤ 200
ݔ0.01− + 3 200 ≤ ݔ ≤ 300

ൡ  

ܴܨܫܱܯߤ = ൝
ݔ0.01 − 3 300 ≤ ݔ ≤ 400

1 400 ≤ ݔ ≤ 600
ݔ0.005− + 4 600 ≤ ݔ ≤ 800

ൡ  

ܴܨܫܪߤ = ൝
ݔ0.01 − 7 700 ≤ ݔ ≤ 800

1 800 ≤ ݔ ≤ 1000
ݔ0.002− + 3 1000 ≤ ݔ ≤ 1500

ൡ 

ܴܨܫܪߤ = ቄ0.002ݔ − 2 1000 ≤ ݔ ≤ 1500
1 1500 ≤ ݔ ≤ 2000ቅ  

7. Fuzzy Rule Base :

Fuzzy inference systems rely on the rule base for their operations, and the quality of their
output is determined by the fuzziness of the rules they use. All together, there are 27 guidelines in our
system. All rules have a single paragraph that serves as an antecedent. The expert’s conclusion and
the laboratory findings are supported by the outcomes using the 27 rules.

Using the Mamdani method, we made the following predictions based on fuzzy rules:
Total fuzzy rules= 3 × 3 × 3 = 27 
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8. Estimated values of output variable IFR for different input variables MAP, HUO and CVP:

The input values of a variety of variables utilized in a medical expert system to manage
general anesthesia are depicted in Figures 5 and 6 respectively. These figures also display the output
that corresponds to the given inputs using fuzzy inference system toolbox through MATLAB.

40 Hemlata Sahay, et al., JUSPS-A  Vol. 35(4), (2023).
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Intravenous fluid rate (IFR) has been computed in table (3) using a variety of inputs including
mean arterial pressure (MAP), hourly urine output (HUO), and central venous pressure (CVP). The
results show that the IFR is low at 146 mmHg MAP, 160 ml/hr HUO, and 9.32 mmHg CVP, and high
at 19.1 mmHg MAP, 28.9 ml/hr HUO, and 544 mmHg CVP (1620 ml/kg).

9. Graphical Results using Fuzzy inference system (FIS) :

42 Hemlata Sahay, et al., JUSPS-A  Vol. 35(4), (2023).
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The primary objective behind the creation of this expert system is so that medical professionals
would have an easier time injecting intravenous fluid into their patients. This medical expert system is
able to detect the ailment and can assist specialists in developing a treatment that is appropriate and
appropriate for the disease.

The response surface is a tool that is utilized to depict the behavior of two provided variables
on a surface that is three-dimensional. This analysis will focus on three different storylines. The first
thing to look at in graph 1 is the plot between the HUO functionality and the MAP functionality.
Analyses are performed on the response surface plots of the variables HUO and MAP functionality.
The value of HUO is determined to be 28.9, while the value of MAP functionality is determined to be
19.1. It is possible to get at a reasonable approximation, based on the plot, that the IFR is exceptionally
high at these values.

In addition to this, the result can be approximated using graphs2 by taking into consideration
CVP with MAP functionality. The response surface plot of the variables CVP and MAP functionality
is investigated, and the value of CVP is found to be 9.32, while the value of MAP functionality comes
in at 146. It is possible to draw a reasonable conclusion from the figure that the IFR is low at these
values.

When looking at graphs3, one can estimate the output by considering CVP in conjunction with
HUO functionality. Analyses are performed on the response surface plots of the variables HUO and
CVP functionality. The value of HUO is determined to be 68.9, and the value of CVP functionality is
determined to be 10.6. It is possible to make a rough estimate from the plot that the IFR will be
maintained at these numbers.

The influence that MAP, HUO, and CVP have on IFR is depicted graphically in graphs 4, 5,
and 6, respectively. Graph 4 shows that the IFR is constant between MAP values of 0 and 100
mmHg, rises progressively between MAP values of 100 and 130 mmHg, and then drops back to its
original value between MAP values of 130 and 200 mmHg. Graph 5 shows that the IFR is 500 over
the whole range of HUO from 0 to 145 ml/hr, gradually rises from 145 to 170 ml/hr, and then returns
to 500 for HUO from 170 to 200 ml/hr. Looking at graph 6, we can observe that the IFR is constant
between 0 and 0.7 mmHg of CVP, rises steadily between 0.7 and 2 mmHg, falls between 2 and 3.75
mmHg, and then rises again between 3.75 and 7.75 mmHg. For some values of CVP, the IFR exhibits
a periodic feature.
10. Concluding Remarks:

Using fuzzy logic, we can codify our fuzzily-defined decision-making process into a computer-
friendly method. Thus, it seems to be very useful for some types of medical decision making. Moreover,
fuzzy logic is simple in principle and easy to apply in software. Yet, there aren’t many examples of
how this fuzzy logic can be used in the medical field. Our view is that more medical professionals
should be introduced to fuzzy logic. To even begin to fathom the possible uses of fuzzy logic in
medicine, more study is required. This study will need to be carried out in stages, starting with the
creation of a fuzzy logic algorithm tailored to a specific application, then moving on to the validation of
the algorithm in actual patients. Although this process can be lengthy and difficult, it could lead to
standardized protocols for medical decision making, which would help eliminate unnecessary variations
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in patient care. In addition, some medical equipment utilized in the provision of healthcare may benefit
from automation that is made possible by the application of fuzzy logic.

Future scope of the work: Fuzzy logic may find future application in situations when a fully
qualified anesthesiologist is not immediately available, such as in the management of patients. Even in
a huge medical facility, a single anesthetist could potentially move from operating room to operating
room, overseeing many procedures and handling unforeseen complications, all while fuzzy logic systems
made automatic adjustments based on predetermined protocols. Fuzzy logic could be used in any
number of creative ways.
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