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ABSTRACT

Introduction: Inadequate anesthetic, including under or over dosage, may
lead to intraoperative awareness or prolonged recovery. Fuzzy expert
systems can assist anesthesiologist to manage drug dosage in a right
manner. Designing a fuzzy rule-based expert system to determine the
Propofol anesthetic drug dosage was the main objective of this study.

Material and Methods: This is a retrospective study. Fuzzy IF-THEN rules
were defined based on evidences and experts’ linguistic rules for Propofol
dose determination. Fuzzy toolbox in MATLAB software was used to design
the system. Validation of system conducted with calculation of mean
absolute error (MAE) and root mean squared error (RMSE). Also, difference
mean between actual and predicted doses was tested with paired t-test in
SPSS V.26 software. Data from 50 ENT (ears, nose, and throat) surgeries
were used to validate the fuzzy system.

Results: MAE for induction and maintenance doses was 0.128 and 1.95
respectively. RMSE for induction and maintenance doses was 0.228 and
3.383 respectively. Based on paired t-test result, there was no significant
correlation between actual and predicted values (P>0.05).

Conclusion: Obtained value from test and validation of system
demonstrated a high performance and satisfying accuracy of the system.
Therefore, this expert system can be used as a decision support system to
determine initial dosage of anesthetic drugs. It can also be used for
anesthesia students to learn drug administration.
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INTRODUCTION
Anesthesia as a part of the medical profession
ensures that the patient does not respond to pain and
other stimuli during surgery [1]. General anesthesia
affects the brain cells and puts the patient
unconscious, pain free, inactivity and free from
memory [2]. Anesthesiologists have several
definitions of anesthesia state [3]. Many factors
affected on anesthetic drugs dosage. To determine
the appropriate dose of anesthetic drug,
anesthesiologists make decisions about the patient's
level of consciousness based on personal experiences
and measuring physiological parameters such as
cardiac factors, blood pressure [4-8]. It is difficult to
pay attention to all parameters simultaneously and
an anesthesiologists cannot focus on all physiological

factors together [1]. Furthermore, uncertainty in
some factors that represented by linguistic variables,
make it more difficult to calculate the dose of drug [9].
While the patient may be revive in the middle of
surgery due to low level of anesthetic, patient
anesthesia for a long time may lead to mortality [1].
Additionally, human errors in anesthesia account
for more than 80% of the preventable mishaps
[10]. Therefore, accurate and non-invasive
monitoring of the depth of anesthesia is highly
desirable [11]; this is a challenge to determine the
appropriate dose by anesthesiologists [1].
Recently,
along
with
intelligent
systems
development, computational intelligence has been
used to solve many complex problems [12]. There has
been a rapid growth in patient monitoring and
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medical data analysis using intelligent decision
support systems (DSS) based on expert systems,
fuzzy logic, and other techniques. Since the past
decade, it has been proved that fuzzy logic is useful
for intelligent system designing in medicine. In order
to improve the physician's performance by imitating
human thought processes in complicated situations
where humans are inappropriate, it has been shown
that fuzzy logic-based expert systems are appropriate
in medical applications [13].
In determination of anesthetic dose, there are some
uncertain factors. For instance, anesthesiologists
define age of patient in a set of groups such as
pediatric, elderly and adult. This makes it difficult to
calculate drug dose based on age. Hence, in this study
we utilized fuzzy sets for defining the input variables
and an intelligent system based on fuzzy logic can
help anesthesiologist for calculate the dose of
anesthetic [14]. The aim of this study was to design a
fuzzy rule-based expert system for determining the
induction and maintenance doses of Propofol as an
anesthetic drug.
Fuzzy Logic
Fuzzy logic is a soft computing technique which has
developed to recreate human learning and logical
decision in an uncertain environment. This logic
enables users to descript the system’s behavior with
natural language thorough linguistic variables.
However, this tool makes it possible to create a
structure for expert’s behavior representation [15].
In this structure, human’s decisions will be
descripted through collection of IF-THEN rules which
makes association between input factors and final
decisions [16].
Fuzzy inference system consists of four main parts as
follows: 1) Fuzzification which converts the crisp
value of inputs into linguistic values, 2) Inference
engine which includes mechanism of fuzzy inference
to output obtaining, 3) Defuzzification which
converts the output of fuzzy inferences into crisp
values, 4) Knowledge base which contains
membership functions and fuzzy rules that organized
into database and rule based, respectively. However,
choosing the right rules, membership functions and
parameters of fuzzy inference system play crucial
role to achieve the right model [17].
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Induction is a term that refers to the first stage of
anesthesia, prior to reach a depth suitable for
surgery. The speed of induction depends on the time
taken for the drug to reach an effective concentration
in the brain. During this stage, the patient progresses
from analgesia without amnesia to analgesia with
amnesia. Patients can carry on a conversation at this
time. The duration of action of intravenous induction
agents is generally 5 to 10 minutes, after which
spontaneous recovery of consciousness will occur. In
order to prolong unconsciousness for the required
duration of surgery, anesthesia must be maintained.
This is achieved by administering medication like
Propofol. The units of induction and maintenance
doses are calculated based on mg/kg and µg/kg/min,
respectively. The basic dose of each anesthetic drug
is measured by mg (mlg) and it will be changed based
on patient’s weight [19].
Propofol is probably the most frequently
administered anesthetic drug for induction of
anesthesia. In addition, Propofol is used during
maintenance of anesthesia and is a common selection
for sedation in the operating room as well as in
intensive care unit. Advantages of this drug are rapid
induction in general anesthesia, rapid return of
consciousness, minimal effects on the central
nervous system (CNS), and reduction of
postoperative nausea and vomit [18, 20, 21];
therefore, in this study we used Propofol dosage
information.

MATERIAL AND METHODS
System design and development
In this retrospective study, in order to determine
Propofol dosage information, we collected linguistic
rules for Propofol dosage from references such as
anesthesia books [18, 19] and anesthesia dosing
information [22]. In addition, we recorded expert’s
knowledge with interview sessions. The expert's
information is shown in Table 1.
Table 1: Expert's information

No.

Specialty

Age
(year)

Gender

1

Anesthesiologist

45

Male

2

Anesthesiologist

38

Female

3

Nurse
Anesthetist

40

Male

General anesthesia and Propofol
General anesthesia is a medical condition of
unconsciousness with loss of protective reflexes,
resulting from the administration of one or more
general anesthetic agents. It is carried out to allow
medical procedures that would otherwise be
intolerably painful for the patient, or where the
nature of the procedure itself precludes the patient
being awake [18, 19].
Volume 10 | Article 89 | Sep 2021

Workplace
Ghaem
Hospital,
Mashhad
Ghaem
Hospital,
Mashhad
Ghaem
Hospital,
Mashhad

All obtained rules were analyzed to identify input
variables and produce the final rules for fuzzy system.
Age, weight and blood pressure were considered as
input factors. Cardiovascular and neurological
Page 2 of 7
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diseases were considered as comorbidities. Also, we
considered the use of Remifentanil as an anesthetic
drug along with Propofol in input variables. Usage of
this drug leads to lower maintenance doses. Output
variables in this study were induction and
maintenance doses.
Based on the input/output variables and specified
rules, we designed fuzzy model with appropriate
membership functions for each parameters as fuzzy
sets. Afterwards, we defined fuzzy IF-THEN rules.
‘’Mamdani” fuzzy inference system was used for
defining membership functions and rule base
development. Every rule consists of two parts.
Premise part of the rule operates in fuzzy subspace of
inputs while consequent part describes the output
within the fuzzy subspace of output. Defuzzification
was done using ‘Centroid Rule’. A graphical user
interface was designed to provide a comfortable
environment for users. All processes of system
development were conducted using fuzzy logic
toolbox in MATLAB R2010 software.
System test and validation

Fuzzy rule based system was validated via comparing
predicted and actual dose of Propofol using mean
absolute error (MAE) and root mean squared
error (RMSE) calculation. These measurements are
used to assess how close prediction values are to the
actual values and are given by flowing equations
1and 2:
∑𝑛
𝑖 |𝑒𝑖 |

(1)

𝑛

𝑅𝑀𝑆𝐸 = √

2
∑𝑛
𝑖 𝑒𝑖

𝑛

(2)

In these equations, “n” is the number of surgeries that
Propofol was used and “ei” is the difference between
predicted and actual dose for Propofol delivering.
According to the experts` view, the maximum
acceptable error (difference between predicted and
actual value) for induction dose is 0.5 mg/Kg.
Therefore, if MAE is less than 0.5, system’s output will
be acceptable. Also, the maximum acceptable error
for maintenance dose is 5 mg/Kg. t-test was used to
compare mean of actual and predicted values. All
statistical calculations were conducted in statistical
analysis software, SPSS 2015.
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RESULTS
Based on Propofol dosage information, four factors
including age, weight, cardiovascular and
neurological diseases are used in induction and
maintenance
doses
determination.
Experts
determine induction and maintenance doses based
on blood pressure (BP) and Remifentanil usage in
addition to those factors. We extracted the fuzzy IFTHEN rules base on both evidences and experts’
rules. Table 2 shows initial and final rules for dose
determination.
Fuzzy model developed for Propofol dose
determination showed in Fig 1. This fuzzy model has
four input variables including: age, blood pressure,
cardiovascular disease, and neurosurgical disease
and two output variables including: induction and
maintenance. Weight and Remifentanil variables
were used in induction and maintenance dose
calculation for each patient; thus, it not considered as
an input variable in fuzzy model.
Age

Data from 50 ENT (ears, nose, and throat) surgeries
at Ghaem hospital in Mashhad, Iran were applied to
validate designed system. Propofol and Remifentanil
were used for patients’ anesthesia. These data were
gathered in two months, from March to April 2020.
We used data from ENT ward because this data was
available at that time.

𝑀𝐴𝐸 =
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propofol
Maintenance
Neurosurgic

(mamdani)

24 rules
Cardiac

Induction
SBP

Fig 1: Fuzzy Model with four inputs and two outputs
variables

Membership functions for each input variable are
shown in Fig 2. Based on linguistic rules, age was
categorized into 4 ranges contains pediatrics (under
16 years), adult (under 60 years), elderly (up to 80
years) and old (more than 80 years). As the same
way, BP categorized into four groups contains low
(under 80), ideal (80-100), pre-high (100-120) and
high (more than 120). The membership functions of
cardiovascular disease and neurosurgical patients
have just two conditions (yes or no) as these
variables are binary. Membership functions for
induction and maintenance doses as output variables
were addressed in Fig 3. Based on linguistic rules,
induction doses raged from 0.5 to 3.5. Therefore,
induction dose divided into 6 groups with a distance
of 0.5. Each membership function named with “In”
that “n” is the membership function’s number. In the
same way, maintenance dose was divided into five
groups and each membership function named with
“Mn”. Weight and Remifentanil usage variables were
used just in final doses calculation; thus, we did not
consider these variables in fuzzy model.
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Table 2: Fuzzy IF-THEN rules based on evidence and experst's linguistic rules for Propofol dosage

Fuzzy If-Then rules*

Expert’s rules

Guideline’s rules

If (Age is Adult) and (BP is Pre-High) then
(Maintenance is M4)(Induction is I6)
If (Age is Adult) and (BP is High) then (Maintenance
is M5)(Induction is I6)
If (Age is Adult) and (BP is Ideal) then
(Maintenance is M4)(Induction is I5)
If (Age is Adult) and (BP is Low) then (Maintenance
is M3)(Induction is I2)
If (Age is Elderly) and (BP is Pre-High) then
(Maintenance is M2)(Induction is I4)
If (Age is Elderly) and (BP is High) then
(Maintenance is M3)(Induction is I4)
If (Age is Elderly) and (BP is Ideal) then
(Maintenance is M2)(Induction is I3)
If (Age is Elderly) and (BP is Low) then
(Maintenance is M1)(Induction is I2)
If (Age is Old) and (BP is Pre-High) then
(Maintenance is M2)(Induction is I3)
If (Age is Old) and (BP is High) then (Maintenance is
M3)(Induction is I3)
If (Age is Old) and (BP is Ideal) then (Maintenance
is M2)(Induction is I2)
If (Age is Low) and (BP is Low) then (Maintenance
is M1)(Induction is I1)
If (Age is Pediatric) and (BP is Pre-High) then
(Maintenance is M4)(Induction is I6)
If (Age is Pediatric) and (BP is High) then
(Maintenance is M5)(Induction is I6)
If (Age is Pediatric) and (BP is Ideal) then
(Maintenance is M4)(Induction is I4)
If (Age is Pediatric) and (BP is Low) then
(Maintenance is M3)(Induction is I3)
If (Cardiac is yes) and (BP is Pre-High) then
(Maintenance is M2)(Induction is I4)
If (Cardiac is yes) and (BP is High) then
(Maintenance is M3)(Induction is I4)
If (Cardiac is yes) and (BP is Ideal) then
(Maintenance is M2)(Induction is I3)
If (Cardiac is yes) and (BP is Low) then
(Maintenance is M1)(Induction is I2)
If (Neurologic is yes) and (BP is Pre-High) then
(Maintenance is M4)(Induction is I5)
If (Neurologic is yes) and (BP is High) then
(Maintenance is M5)(Induction is I5)
If (Neurologic is yes) and (BP is Ideal) then
(Maintenance is M4)(Induction is I4)
If (Neurologic is yes) and (BP is Low) then
(Maintenance is M3)(Induction is I2)

For Induction doses:
Healthy Adults, Less than 60 years
of age:
40mg every 10 seconds until
induction onset (1.5 to 2 mg/kg).
Elderly, Debilitated, or ASA III/IV
Patients, Between 60 to 70 years
of age:
20mg every 10 seconds until
induction onset (1 to 1.5 mg/kg)
Elderly, Debilitated, or ASA III/IV
Patients, More than 70 years of
age:
20mg every 10 seconds until
induction onset (1 mg/kg)
Cardiovascular Disease:
20mg every 10 seconds until
induction onset (0.5 to 1.5
mg/kg)
Neurologic Disease:
20mg every 10 seconds until
induction onset (1 to 2 mg/kg)
Pediatric Patients - healthy, Less
than 3 years of age:
2.5 to 3.5mg/kg administered
over 20-30 seconds.
For maintenance doses:
Healthy Adults Less than 60 years
of Age:
100 to 200µg/kg/min
Elderly, Debilitated, ASA III/IV
Patients, More than 60 years of
age:
50 to 100µg/kg/min
Cardiovascular Disease:
50 to 100µg/kg/min
Neurologic Disease:
100 to 200µg/kg/min
Pediatric Patients - healthy, Less
than 3 years of age:
100 to 200 µg/kg/min
Decreasing blood pressure need
lower dose.
Remifentanil usage need lower
maintenance dose.

For Induction doses:
Healthy Adults Less Than 55 Years
of Age:
40 mg every 10 seconds until
induction onset (2 to 2.5 mg/kg).
Elderly, Debilitated, or ASA III/IV
Patients:
20 mg every 10 seconds until
induction onset (1 to 1.5 mg/kg)
Cardiovascular Disease:
20 mg every 10 seconds until
induction onset (0.5 to 1.5 mg/kg)
NeurologicDisease:
20 mg every 10 seconds until
induction onset (1 to 2 mg/kg)
Pediatric Patients - healthy, from 3
years to 16 years of age:
2.5 to 3.5 mg/kg administered over
20-30 seconds.
For maintenance doses:
Healthy Adults Less Than 55 Years
of Age:
100 to 200 µg/kg/min (6 to 12
mg/kg/h(
Elderly, Debilitated, ASA III/IV
Patients:
50 to 100 µg/kg/min (3 to 6
mg/kg/h(
Cardiac Anesthesia: Most patients
require:
Primary DIPRIVAN Injectable
Emulsion with Secondary Opioid 100 - 150 µg/kg/min
Low-dose DIPRIVAN Injectable
Emulsion with Primary Opioid - 50 100 µg/kg/min
Neurosurgical Patients: 100 to 200
µg/kg/min (6 to 12 mg/kg/h)
Pediatric Patients- healthy, from 2
months of age to 16 years of age:
125 to 300 µg/kg/min (7.5 to 18
mg/kg/h)
Increasing age, reduced
cardiovascular reserve required
induction dose, whereas children
need larger doses (2.5 to 3.5 mg/kg
IV).

* BP: Blood pressure, M: Maintenance dose, I: Induction dose

The obtained values for MAE and RMSE are
presented in Table 3. MAE for induction and
maintenance doses is 0.128 and 1.95, respectively;
whereas, RMSE for same doses is 0.228 and 3.383,
respectively. Result of paired t-test proved there is no
significant difference between the predicted and
actual outputs (P-value >0.05).

DISCUSSION
In this study, we designed a rule-based expert system
to determine the induction and maintenance dose of
Volume 10 | Article 89 | Sep 2021

Propofol for general anesthesia. The fuzzy model
demonstrates good performance to predict induction
and maintenance doses. The obtained value for MAE
were 0.128(mg/kg) and 1.95(µg/kg/min) for
induction and maintenance doses. These values
present the slight difference between predicted and
actual doses. Based on experts` view, a threshold of
±0.5 mg/Kg is acceptable for induction dose
determination. Also, for maintenance dose, it can be
possible to define dose with ±5 mg/kg/min tolerance.
Therefore, designed fuzzy system in this study works
accurately and is reliable.
Page 4 of 7
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Table 3: The result of system validation using MAE and
RMSE as assessment measurement

Variables
Induction dose
Maintenance dose

Pediatric

MAE
0.128
1.95

RMSE
0.228
3.383

Adult

P-value
0.429
0.665

Elderly

Old

1

Degree of membership

0.8

0.6

0.4

0.2

0
0

10

20

30

40

50

60

70

80

90

100

110

Age

(a)
Low

Ideal

High

Pre-High

1
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ambiguous and based on linguistic rules. For
example, for Propofol administration, increasing age
and reduced cardiovascular reserve reduces the
required induction dose, whereas children need
larger doses [18]. In these sentences there are some
linguistic variables such as “increasing age” and
“reduced cardiovascular disease”. Due to the human
error, it can be difficult to define and decision about
drug doses base on this linguistic rule. Therefore,
there is a need for intelligent systems that can handle
the unpredictable and imprecise variables [23]. Such
an intelligent systems which use databases of expert
knowledge and linguistic rules to offer advice or
make decisions called expert system [24]. In order to
design expert systems, knowledge engineering and
having a knowledge-base is required. However, an
expert system represents human knowledge engaged
with uncertainty [9].Therefore, the use of expert
systems in medicine is desired due to uncertainty in
various cases like anesthesia.

0.8

I1

0.6

I2

I3

I4

I5

I6

0.8

Degree of membership

Degree of membership

1

0.4

0.2

0.6

0.4

0.2

0

0
20

40

60

80

100

120

140

160

180

200

0

SBP

0.5

1

1.5

2

2.5

3

3.5

4

Induction

(b)

(a)
yes
1

1

M2

M3

M4

M5

0.8

Degree of membership

0.8

Degree of membership

M1

0.6

0.4

0.6

0.4

0.2

0.2

0
40

0

50

60

70

80

90

100

110

120

130

Maintenance
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Neurosurgical

(c)
Fig 2: Membership function for input variables; Age (a),
Blood pressure (b) , Neurological disease (c).

In general anesthesia, inappropriate anesthetic
delivery may cause severe consequences during and
after a surgery. Delivery of anesthetic agent during
surgery is manually controlled by anesthetists
traditionally. The first step involves the selection of
an appropriate drug and dosage level according to
patient weight and age and the type of surgical
operation [23]. However, the human error of
anesthesiologist during a surgical activity related to
excessive or unbalanced amount of drug can be
dangerous or even life-threatening to the patient [7,
23].
Some criteria for decision about drug dose are
Volume 10 | Article 89 | Sep 2021

(b)
Fig 3: Membership function for output variables; Induction
dose (a) and Maintenance dose (b).

One of the challenges in surgery is monitoring the
patients’ depth of general anesthesia. Accurate
assessment of the depth of anesthesia contributes to
tailor drug administration to the individual patient
[7]. Thus, most of the studies designed a system to
determine the depth of anesthesia based on fuzzy
logic [25, 26] or neural network [27]. Yardimic et al.
designed a fuzzy logic controller to control depth of
sevofluorane anethesia, which was taken as a
measure of the systolic blood pressure and heart rate.
They collected data from 40 ASA I-II patients, who
underwent an arthroscopy operation, and who were
administered Sevofluorane [25]. Another study was
conducted to design a fuzzy rule based system which
integrates electroencephalogram (EEG) features to
Page 5 of 7
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quantitatively estimate the depth of anesthesia. In
that study, data from 22 patients was used to
construct subsets of reference data corresponding to
four well-defined anesthetic states: awake, moderate
anesthesia, surgical anesthesia and isoelectric. The
fuzzy rule-base index (FRI) is derived between 0
(isoelectric) to 100 (fully awake) using fuzzy
inference engine and designed output MFs, accuracy
of the model was 96.75% [26]. The number of studies
that provide accurate induction/maintenance dose is
rare. Kumar et al. propose a fuzzy model for deciding
induction dose based on patient data (age, gender,
height and weight) and computes the dose by
defining IF-THEN rules between age and body
surface area [28]. Deviation of predicted initial
anesthetic dose from the actual dose given by the
anesthetist to patients (n=9) was found to be within
± 7%. The validation of our system, demonstrated the
best result from this previous study [28]. Also, we
used more data (n=50) than the other researches [2,
26, 28]. Another advantage of our system is the
maintenance dose calculation in addition to induction
dose. However, we used just six input variables to
design expert system. It is suggested to utilize more
variables such as body surface area, gender and
height in further studies. We used data from only ENT
ward. It can lead to better results if we use more data
from other wards and different patients. Besides, the

expert system can be more useful if provide dose
determination for other anesthetic drugs too.

CONCLUSION
In this study, a fuzzy rule-based expert system to
determine the induction and maintenance dose of
Propofol is proposed. This knowledge-based expert
system can be used as a decision support system for
anesthesiologists to determine drug doses. Moreover,
the proposed system is a good tool for beginners and
anesthesia students to learning anesthetic drug
administration.
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