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Abstract: Anesthesia management is crucial during surgeries and in the intensive care unit to keep the
patient unconscious and pain-free. The inaccurate dose may lead the patient to a critical condition and
subsequently to a lifelong unconsciousness. Unlike manual system for anesthesia delivery, the automatic
mechanism of drug administration may reduce the occurrence of human error greatly. Additionally, the
use of vital sign monitoring during drug delivery may serve a crucial role in patient care during certain
medical procedures. The anesthetist delivers the drug in milliliters over a specific time period precisely
and this may lead to human error. Therefore, this work focuses on the design and development of an
automatic anesthesia regularization system using microcontroller allowing vital sign monitoring to control
the infusion speed of the medicine based on the patient's state. Different sensors are used to monitor heart
rate, oxygen saturation, and temperature of the patient continuously and an alarm system is incorporated
to go off in case of emergency. The drug dose must be known beforehand and is used as the predefined
amount to configure and control data. The prototype has 4 pre-defined logics for easy operation and dose
selection. When the logics are applied the device behaves accordingly, the system is driven by the stored
logics and delivers the dose timely and precisely. In case of abnormal vitals, the device stops further
delivery of the drug until the condition of the patient becomes stable again. The prototype successfully
meets the demand of the algorithm by satisfying the conditions whilst the automation is useful in providing
ease to anesthetists and comfort to patients during medical procedures. The result of this prototype
extracted by comparing this model with commercially available MMED portable patient monitor and it
has been observed that the system accuracy is around 95-98% as it’s a prototype that’s why initial findings
are reported in this paper.
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1. Introduction

Anesthesia is a controlled state to keep the patient unconscious and pain-free during certain medical
procedures and its management is crucial during surgeries and in the intensive care unit. The excess
dose may get the patient in a critical condition leading to lifelong unconsciousness. Therefore, there
is a need to develop an automated path of anesthesia based on the patient's clinical condition and
history to reduce potential side effects [1]. Modern medical innovations have given rise to the
possibility of an integrated regularization system for anesthesia accompanied by a module for vital
signs monitoring. One important feature, heart monitoring, remains a problem that modern methods
still need to solve entirely. Anesthesiologists have always kept a close eye on anesthetic distribution.
Their knowledge guarantees that the agents delivered are safe and effective. However, with the fast
advancement of automation in medical sciences, there is a growing interest in automating the
anesthetic delivery process. An automated anesthetic depth control system for isoflurane
concentration was suggested by Mehr et al. in 2022, however, it did not sufficiently solve issues with
heart monitoring [2]. Since anesthetic medications vitally alter heart rate and rhythm, this restriction
may pose dangers. Anesthetist uses manual system for the control of anesthesia drug leading to
potential human error[3] and giving rise to complexities in dosage and administration of the drug
for the duration of the specified period [4]. These errors may lead to possible discomfort disturbance,
getting conscious during procedure and developing undesirable side effects[5].

One of the most challenging aspects of anesthetist’s work is to correctly evaluate the quantity of the
drug to be administered and monitoring the amount of medication given to maintain the required
level of unconsciousness. The automatic mechanism of drug administration reduces may the
occurrence of human error greatly[5] and a microcontroller based system can automatically regulates
the Anesthesia regularization system based on clinical data. It analyzes several clinical characteristics
received through the sensors that are attached to the human body. Vitals monitored according to the
normal ranges as shown in Table 1. The plunger of the syringe moves in and out because of the
rotational direction of the DC motor and the anesthetic is administered into the patient through
syringe[6]. Drug dose and post-operative recovery are anticipated to reduce with closed-loop
monitoring, improving patient safety and reducing the anesthesiologist's burden. Del Vecchio et al.
suggested the possibility of using artificial intelligence and nanotechnology in postoperative patient
care [7]. This paradigm change emphasizes that future research must make use of cutting-edge
technology that can give real-time feedback mechanisms, notably regarding heart monitoring, in
order to establish a genuinely complete anesthetic administration module with vital monitoring.

The primary goal of anesthesia is to keep the patient asleep and pain-free throughout operation.
Therefore, the aim of this work is to provide anesthetist with an aid during procedures and to
eliminate human errors in injecting precise amount of anesthesia drug to the patient. This may allow
them to perform the other tasks more efficiently that includes; controlling the medication infusion
speed contingent to the patient's state and to provide the precise amount of drug in given time span
which will omit the complications during surgery like vital imbalance early awake of patient or over
dosage. This will also reduce the workload of anesthesiologists by leaving them more time to
maintain the hemodynamics of the patient in addition to ventilation[6].
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Table 1 Vital Signs and its Normal ranges

Vital Signs Normal Ranges
Pulse Rate 60-100 beats/ minute
Oxygen Saturation 93-100 %
Temperature 36-38°C

2. Background and Literature Review

Intravenous drug administration is aimed at compensating for unfavorable changes in the patient's
condition and anticipating painful surgical stimuli. Medications administered via IV are typically
given on an as-needed basis. The most essential element that has led to the growing popularity of IV
infusion anesthesia is IV Anesthetic delivery system[8].

In manual Intravenous insertion, there is a possibility of human mistake. There would be a risk in
intravenous medication because of their complications and so many steps are required in the
preparation and administration. When compared to other adverse events, intravenous drug delivery
mistakes had a higher rate of serious patient outcomes. In the United Kingdom, intravenous injections
were involved in 62% of publicly reported occurrences that ended in death or severe patient damage.
Little research has focused exclusively on intravenous drug delivery mistakes. According to research
from the United States, intravenous medication mistakes have a much greater risk of related fatalities
than other pharmaceutical errors [9].

The most common and most likely to be classified as severe mistake was incorrect intravenous rate.
Because IV treatment is an intrusive technique, substantial problems can develop if the improper
quantity of IV fluids or medicine is administered. Almost 70% of all IV medicines provided had at
least one clinical mistake that might have resulted in long-term suffering to patients [9]. The
anesthesia medicines used on the patients have significant adverse effects on their systems, such as
cardiorespiratory suppression. Because anesthesiologists and ICU staff are unaware of the agony,
drugs are provided manually. As a result, closed-loop drug administration systems have acquired
recognition over open loop or manual drug delivery systems. Due to benefits such as appropriate time
and range of administered anesthesia, reduced burden of low-level tasks on anesthesiologists,
enhanced patient safety, and enhanced standard of care for patients by decreasing fluctuations in the
medical use of the drug [10].

There will be rises and reductions in the quantity of medication through manual insertion, which will
result in fatalities, and the patient's vitals, such as blood pressure and oxygen level, will also decline.
Initially in controller pumps, a controller infusion device controls the rate of flow induced by gravity.
The flow rate can be changed by varying the radius of the IV tubing while knowing the volume of
each drop (60 drops/ml for a typical micro drip set) and the drip rate. However, this procedure is
time-consuming and relatively inaccurate, and it provides no feedback on the amount of drug
administered. The feedback report of the clinical effect must be used to continually adjust the
anesthetic medication concentration in order to optimize drug delivery to the user and raise safety
[11].
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Furthermore, the rate of administration of such an infusion apparatus is highly dependent on the flow
rate of the main intravenous line, which is frequently adjusted during the operative course and may
be under pressure at times during rapid fluid administration. This would be especially problematic
when injecting viscous medications like Propofol. As a result, such delivery systems are generally
not thought to be suitable for controlling the infusion rates of powerful intravenous anesthetic drugs.
A safety system for the patient's plasma, target site concentrations, and blood pressure within the
safety limits during closed-loop anesthesia delivery was presented by Yousef M [12]. The works
cited to show that the closed-loop control of anesthesia administration has been an active research
area.

3. Research Methodology

A microcontroller-based embedded system is designed to inject the drug into the patients’ body to
safely regulate the given amount of anesthesia. The dosage of anesthesia that has to be delivered to
the patient must be known earlier, as the predefined amount is configured and set up by the anesthesia
professional. The precise dose of anesthesia is calculated based on blood oxygen saturation, heart
rate and patient body temperature. The microcontroller is programmed using an integrated device to
monitor the dose delivery of the anesthetic drug.

Max30100 Sensor- measurement is used to monitor the blood oxygen saturation and heart rate
[Maxim Integrated] [13] [14] whilst Lm35 is being utilized as a temperature sensor for the
measurement of body temperature [Texas Instruments] [15]. To control the overall operation, Micro-
Controller ATmega 2560/ Uno [Arduino] [16] [17] is used and Stepper Motor Nemal7 [Schneider
Electronics] [18] [19] along with Motor driver - A4988 [Allegro micro systems] [20] is being used
to move the syringe as per command. In order to set the time and dosage of the drug a keypad is used
to enter the data [21] and Liquid Crystal Display is added to the prototype to display the readings of
the sensors [22]

3.1 General Algorithm

This Anesthesia regularization system (ARS) performs the task by getting signals from the
corresponding sensors to display the vitals and conveys these signals to the microcontroller.
Anesthetist sets the dose by selecting any of the four predefined logics, as shown in Figure 1, to
deliver that drug as per the condition of patient;

e Logic 1- 5ml in 1 minute with a delay of 2 minutes

e Logic 2- 5 ml in 5 minutes with a delay of 2 minutes

e Logic 3- 5ml in 2.5 minutes with a delay of 2 minutes

e Logic 4- 5mlin 1.5 minutes with a delay of 2 minutes
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Fig. 1 - Graph showing pre-defined logics

The operator is provided with an option to select any of the given logic with the required delay by
using the push buttons. Furthermore, the real time clock module updates the time with the correct
time zone to maintain the check on the drug dosage with the specified time delay and displays it on
LCD. Microcontroller as a main processor takes signals from multiple sources at a time, integrate
them and send them towards the Arduino Uno to transform these signals into the rotations of the
stepper motor. These rotations cause the plunger of the syringe to move in specified direction and
release the drug from the syringe.

The system checks the vitals initially and allows to proceed forward only in case of vitals being in
normal range. The plunger is controlled and moved to administer the first half of the dose, as shown
in Figure 2. The system then waits for the specified delay time, checks the vitals again and then
release the remaining dose to ensure that the drug dose is not causing any adverse reactions to the
patient.
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Fig. 2 - Process Flow Chart

4. Results and Discussion

The study included 25 participants whose vitals are monitored and compared with the vitals obtained
from MMED portable patient monitor and the accuracy of oxygen saturation, heart rate and
temperature values are found to be 98%, 95% and 96% respectively. The vitals obtained from the
designed prototype are successfully shown on the display LCD as shown in Figure 3.

Fig. 3 - Prototype display showing the results of the vital signs.
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Analysis also revealed no significant differences between the actual values and the measured values
of the dose delivered. The performance of the designed anesthesia machine prototype shows
promising results in terms of accuracy between the actual and measured values as shown in Figure
4,

This anesthesia regularization system delivers the dose as per the defined logics in the specified
period with the delay of 2 minutes; the system checks the vitals within the delay time and then deliver
the remaining dose successfully. The device meets the demand of the algorithm by satisfying the
conditions that is shown in Table 1
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Fig. 4 - Graph of difference between actual values and measured values

These results suggest that the prototype of the anesthesia machine performs well in delivering
anesthetic during the experimental procedures as per predefined logics. However, further research is
needed to confirm these findings and evaluate the performance of the machine in settings other than
the predefined logics. No adverse events related to anesthesia delivery were observed in any of the
experiments. This prototype is effectively work on both domains one is vital monitoring and other is
anesthesia drug delivery with precise calculation of dose according to the data input. The findings of
this prototype shows that this system will provide the accurate and precise delivery of anesthesia
without causing any problem in dose delivery time.

5. Conclusion

This Prototype specifically focuses on the Automation of the anesthesia delivery system and the
motive of this research is to bring changes in the anesthesia delivery systems. The programming
algorithm of this prototype is successfully satisfying the problem statement presented above and it
has achieved the delivery of precise amount of anesthesia along with vital signs monitoring
throughout the procedure. The major focus of existing work is on drug delivery some of them lacking
the real time vital monitoring and dosage delivery as per feedback of vitals. This project focuses on
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the vital monitoring and drug delivery to the patient, with an added emergency stop function in case
of vitals unitability. It has shown to effectively contribute towards a better and precise drug delivery,
which would be very helpful, particularly in deciding the dose of anesthesia using continuous vital
monitoring.
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