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Abstract: In this paper, an efficient system based on the Internet of Things 
(IoT) which allows for remote monitoring and controlling through Raspberry Pi, 
to improve the delivery of anesthetic in clinical settings is presented. This 
method permits real-time monitoring and smooth remote control of anesthetic 
equipment by using the IoT capabilities and the adaptability of Raspberry Pi. 
The Raspberry Pi serves as a hub, communicating with the rest of the 
anesthetic machine and aggregating data from a wide range of sensors. 
Anesthesia parameters, real-time data visualization, and crucial alert 
notifications may all be accessed by medical staff through online or mobile 
apps, thanks to the system's secure cloud interface. The ease of use, 
confidentiality of patient information, and conformity with applicable laws and 
regulations are prioritized to guarantee that only authorized individuals have 
access to medical equipment. Due to its proven dependability and safety, the 
system is a vital tool for today's hospitals, helping to improve both patient 
outcomes and doctors' efficiency. 

Keywords: Anesthesia management system, remote monitoring, raspberry pi, 
cloud integration, real-time data acquisition. 

I. INTRODUCTION 

Over the last several years, medical technology has undergone significant 
breakthroughs, which have revolutionized the method by which healthcare is 
given. This technology is a big step forward in the administration of anesthesia 
since it offers improved patient care, higher efficiency, and remote accessibility 
for medical professionals [1]. 

During surgical operations and other medical interventions, managing the 
patient's anesthesia is essential to providing quality patient care. It requires the 
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exact management and monitoring of anesthetic drugs, gas flow, oxygen content, 
and other parameters to ensure patient safety and comfort throughout the 
procedure. Anesthesiologists and other medical personnel in the operating room 
have historically been the ones who manually run the equipment that provides 
anesthetic. However, this traditional method has certain drawbacks, such as the 
need for a person's attendance in person during the whole process and the 
impossibility of accessing real-time data remotely [2]. 

The combination of technologies based on the IoT and the adaptability of 
Raspberry Pi provides a game-changing approach to solving these restrictions. 
The Internet of Things concept allows items and systems to communicate and 
share data seamlessly. In this setting, the Raspberry Pi functions as a robust 
gateway, connecting the anesthetic machine with the digital world and bridging 
the gap between the two. It is a good platform for connecting with the numerous 
sensors and actuators of the anesthetic equipment because of its tiny form size, 
low power consumption, and GPIO (General Purpose Input/Output) connections 
[3]. 

It has real-time data gathering and remote control at the heart of its 
primary capability. The Raspberry Pi can gather important data by connecting to 
the sensors on the anesthetic machine. This data includes gas flow rates, 
pressure levels, oxygen concentration, and vital signs from the patient. After 
being safely sent to the server, this information is stored in the cloud, where 
authorized medical staff can access it and see it [4]. 

The remote monitoring and control interface is often a web-based or 
mobile application that is appealing to its users. Anesthesiologists and other 
healthcare practitioners can now remotely see real-time data, monitor patient 
reactions, and make well-informed choices about modifications to anesthesia, 
thanks to this program. This remote accessibility makes it possible to make 
better use of available medical resources and makes it easier to consult with 
specialists regardless [5]. 

In medical applications, ensuring patient safety and data security is of the 
utmost significance, particularly when dealing with sensitive health information. 
It contains stringent security protocols, such as encrypted data transfer, secure 
login procedures, and role-based access management, among other safeguards. 
These safeguards ensure that the anesthetic machine may be accessed by and 
controlled by only those who have been granted permission, hence lowering the 
likelihood of any illegal interference or loss of data [6]. 

In addition, the development and deployment of such a system must fully 
conform with the legislation governing medical devices and the standards 
established by the industry. The system satisfies the demanding standards of 
regulatory organizations such as the Food and Drug Administration (FDA) or the 
Conformité Européenne (CE) for medical devices; the implementation conforms 
precisely to applicable criteria. This ensures that the system satisfies the 
stringent requirements [7]. 

The system is a revolutionary solution for the administration of anesthesia 
in contemporary medical environments. This solution improves patient care, 
optimizes medical processes, and offers remote access for medical personnel by 
harnessing the potential of the IoT and Raspberry Pi. This technology has 
tremendous potential to change anesthetic management and enhance patient 
outcomes during surgical and medical procedures. It strongly focuses on data 
privacy, security, and compliance with regulatory requirements [8]. 

IoT has quickly been recognized as a game-changing technology reshaping 
many industries, including the medical field. Several research works have been 
conducted to investigate the viability of IoT applications in the medical field. 
These works have focused on patient monitoring, drug administration, and 
anesthetic control [9]. 
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The integration of wearable and smart health devices with IoT technology 
has been the subject of investigation in the discipline of patient monitoring 
conducted by researchers. This connection makes it possible to continuously 
monitor vital signs. It makes it possible to classify health data using deep neural 
networks, which offers helpful insights into the health state of patients. In 
addition, IoT technologies have been investigated for use in capnography. These 
solutions enable real-time online monitoring of anesthetics in human blood by 
means of an integrated fluidic bioelectronic system [10]. 

The administration of medicine is another area that has benefited from 
developments in the Internet of Things technology. An IoT-based intelligent 
medication dosage calculator for children's use in pharmacies has been 
suggested to improve the accuracy and safety of the medication administration 
process. In addition, the healthcare industry has seen uses of IoT in the 
management of predictive maintenance for medical equipment, which helps 
ensure that the equipment functions at its best and reduces the time it is offline 
[11]. 

The diagnosis, management, and prevention of issues with anesthetic 
machines have also been the subject of many studies. Several researchers have 
looked at how new methods based on the Internet of Things may enhance the 
control of anesthetic machines and protect patients. A non-invasive anesthetic 
control system built on the Internet of Things has also been created. This method 
provides a promising new way to administer anesthetics safely and effectively [12]. 

In geriatric medicine, the technology has shown great potential, allowing 
for remote monitoring and tailored treatment of elderly patients. Similar research 
has been conducted on the Internet of Things' potential usefulness in improving 
cardiac healthcare by monitoring and classifying electrocardiograms [13]. 

The Internet of Things has proven crucial to the development of smart 
drug delivery systems. This extensive overview discusses the problems and 
accomplishments made in IoT-based smart medicine delivery systems, with a 
particular focus on the potential for improving healthcare outcomes [14]. 

In general, the research that has been done on the topic underlines the 
potentially transformative role that IoT might play in the development of 
healthcare systems. Patient monitoring, anesthetic control, drug administration, 
and medical equipment maintenance. As technology grows, the system is 
expected to bring about substantial developments and improvements in patient 
care and medical practices. More research into and use of IoT in healthcare is 
now underway [15]. 

II. PROPOSED SYSTEM 

The Advanced Internet of Things-Based Anesthesia Management System 
relies on a complex working concept that seamlessly merges the capabilities of the 
Raspberry Pi with IoT technologies to improve the administration of anesthesia in 
medical settings. This cutting-edge system is made up of a web of linked 
components, each of which contributes to the system's ability to acquire data in 
real time, interpret that data, and exercise remote control over the anesthetic 
machine. 

The capability of the system to collect vital data from the many sensors 
placed inside the anesthetic machine serves as the primary pillar around which 
the system is built. These sensors comprise flow, pressure, oxygen, and maybe 
additional sensors to monitor patient vital signs. Flow sensors measure gas flow 
rates, pressure sensors monitor pressure levels, and oxygen sensors track oxygen 
content. The Raspberry Pi acts as the central hub, connecting to the various 
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sensors via their GPIO pins or through any other interfaces that are deemed 
appropriate. It performs real-time data collection and aggregation from various 
sensors effectively and efficiently. 

Following the acquisition of data from the sensors by the Raspberry Pi, it 
next goes through the steps of processing and analyzing the data. The raw data 
from the sensors are processed into information that can be interpreted and used. 
Calibration may be used in the data processing algorithms to guarantee accuracy, 
and filtering may be used to eliminate noise or anomalies. In addition, the data 
gathered may be compared with previously established safety thresholds and 
clinical recommendations to identify abnormalities or severe circumstances that 
call for immediate treatment. 

The processed data is sent securely from the Raspberry Pi to a server in 
the cloud via the Internet. The program uses secure channels for communication, 
such as SSL/TLS or HTTPS, to keep user information private and unaltered. 
Cloud computing allows doctors to access patient data from anywhere with only a 
web browser or mobile app. The cloud service is the system's brain, storing 
historical data and facilitating seamless communication between the Raspberry Pi 
and the user interface. 

The principal interface for remote monitoring and administration of the 
anesthesia machine is a user-friendly web or mobile application. The application 
allows doctors to connect securely during surgery or other medical procedure and 
see data visualizations in real time. These images provide information about the 
patient's condition. The patient's gas flow rates, pressure levels, oxygen 
concentration, and vital sign measurements are all shown clearly in the user 
interface, allowing for constant monitoring from anywhere with an internet 
connection. 

The technology monitors and allows medical staff to remotely operate the 
anesthesia machine. The user may adjust the anesthetic's settings using the user 
interface to provide the patient with the best care possible. Depending on the 
patient's reaction and the surgeon's needs, the available choices for adjusting the 
anesthetic can include reducing the pressure levels, changing the oxygen 
concentration, or adjusting the flow rates of the gas. Because the system restricts 
the ability to make modifications to just those individuals who are permitted to do 
so, it assures that patients continue to get the greatest possible degree of safety. 

To conform to the criteria for medical devices, the system places a 
premium on the safety of user data and regulatory compliance. Protecting patient 
information and preventing illegal access are the goals of stringent security 
measures like encrypting data transmissions, requiring secure logins, and 
controlling access based on roles. In addition, the system complies with all 
applicable medical device standards, such as those established by the FDA or the 
requirements of the CE, which guarantees that it is risk-free and appropriate for 
clinical use. 

Real-time data collecting, cloud-based connectivity, and remote control via 
an interface that is appealing to users are the three pillars upon which the 
"Advanced IoT-Based Anesthesia Management System with Remote Monitoring 
and Control using Raspberry Pi" is founded. In a nutshell, this is the operating 
philosophy of the system. This cutting-edge system promises to revolutionize 
anesthesia management by intelligently merging IoT technology with Raspberry Pi. 
By doing so, the system hopes to improve patient safety while providing medical 
practitioners the flexibility the user needs to optimize anesthesia administration in 
contemporary healthcare settings. 

Anesthesia management via the Internet of Things is shown in Figure 1. 
Careful consideration of sensors and components is required to provide reliable 
data collection, processing, and transmission, all essential to a successful 
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deployment. The system examines the optical components and other critical parts 
that combine this cutting-edge setup. 

 

 

Fig. 1  Work model of the system 

A gas passage indicator may be used to determine the speed of flow of the 
anesthetic gas being administered. It is often a part of the anesthetic apparatus's 
gas distribution system. The gas flow sensor provides real-time data, allowing for 
accurate regulation of the anesthetic dose. Measuring gas flow accurately 
improves the anesthetic process and patient safety by ensuring the patient 
receives the intended dose of anesthetic medications. 

Sensors measuring pressure are used to monitor the pressure within 
anesthesia machines. The user keeps tabs on the pressure applied to the 
anesthetic gas supply and notifies any changes to the anesthesiologist. If there are 
any problems or obstructions in the gas supply pipes, doctors will be able to 
detect them early on, thanks to the constant monitoring of pressure levels. 

The oxygen concentration sensor is responsible for monitoring the patient's 
oxygen levels. Ensuring the patient gets the right amount of oxygen for healthy 
breathing while under anesthesia is vital. For patient safety, preventing hypoxia 
and hyperoxia need precise oxygen concentration monitoring. 

Some newer anesthetic devices may include extra sensors for monitoring 
the patient's health. These sensors can detect heart rate, blood pressure, and 
oxygen saturation (pulse oximetry). Integrating these vital sign sensors allows for 
extensive patient monitoring under anesthesia, enabling medical practitioners to 
react to changes in the patient's condition as soon as they occur. 

The Raspberry Pi acts as the system's central processing unit and brain. 
Because of its inexpensive cost, tiny form footprint, and GPIO pins, it is an 
excellent option for interfacing with various sensors and components. The 
Raspberry Pi collects data from the gas flow sensor, pressure sensor, oxygen 
concentration sensor, and perhaps patient vital sign sensors. It analyses the data 
in real-time, does the required calibrations and computations, and securely 
transmits the information to the cloud server. 

The cloud server is the core hub for data storage, processing, and user 
interface. It securely accepts Raspberry Pi data and saves it in an organized 
format for historical analysis and real-time access. The server contains an easy-to-
use online or mobile application that enables medical practitioners to remotely 
monitor anesthetic settings, examine real-time data visualizations, and manage 
the anesthetic machine as required. Only authorized people may access and 
interact with the system, ensuring data privacy and security. 

IoT sensors 

CPU system 

Cloud server 

UI alerts 
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The system employs strong and secure communication protocols, HTTPS, 
to protect data transfer between the Raspberry Pi and the cloud server. These 
measures safeguard patient information and system security by preventing 
unwanted access and data breaches. 

The work employs a variety of carefully chosen sensors and components to 
collect, analyze, and communicate vital data. The gas flow sensor, pressure sensor, 
oxygen concentration sensor, and optional patient vital sign sensors all work 
together with the Raspberry Pi and cloud server to enable real-time monitoring, 
data analysis, and secure remote management. This sensor and component 
combination enables medical personnel to optimize anesthetic delivery, improve 
patient safety, and modernize anesthesia management in healthcare settings.  

III. RESULTS AND DISCUSSIONS 

The system effectively accomplished real-time data collecting, secure 
communication over the cloud, and the ability to monitor and manage the system 
remotely. The system is accurate, reliable, and compliant with the rules governing 
medical devices via extensive testing and validation. 

Real-time data collecting from the anesthetic machine was made possible 
by integrating gas flow, pressure, and oxygen concentration sensors with the 
Raspberry Pi. As a result of the system's precise measurement and processing of 
data, including gas flow rates, pressure levels, and oxygen content, medical 
personnel were able to get vital insights into the anesthetic process. The gathered 
data were subjected to calibration and filtering before being shown on the user 
interface. This process ensured that the information was accurate and did not 
compromise the system's integrity. 

Incorporating cloud computing into the system allowed for trouble-free and 
secure communication between the Raspberry Pi and the primary cloud server. 
During the data interchange, the confidentiality of sensitive patient information 
was protected via methods for encrypted data transfer, such as HTTPS. The data 
was securely archived on the cloud server, which made it possible to analyze past 
data and create a full record of anesthetic treatments for future study and 
reference purposes. 

Visualizations of anesthetic parameters in an understandable and real-
time format were made available to medical practitioners through a user interface 
that could be accessed via the web or a mobile application. Anesthesiologists and 
other medical professionals might evaluate patient reactions as well as the 
execution of the anesthetic through remote monitoring. This would make it 
possible to make modifications and interventions promptly. Because of this 
remote accessibility, medical workflow, and teamwork have been considerably 
improved, and it is now possible to conduct expert consultations from any location 
with an internet connection. 

Because the device allowed for remote control, authorized medical staff 
could adjust the anesthetic settings as the situation required. The system 
adjusted the flow rates of gas, the concentration of oxygen, and the pressure levels 
in response to changes in the patient's state or the surgeon's needs. Because of 
the system's security mechanisms, only authorized users could access the control 
features, which reduced the likelihood of illegal modifications being made and 
increased the likelihood that patients would remain safe. 

During surgical operations, the real-time monitoring capabilities of the 
system allow continuous evaluation of anesthetic parameters, which ensures that 
patients get optimum and individualized treatment. Medical personnel can take 
rapid action, which improves patient safety and reduces the risk of consequences 
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when irregularities or severe situations are detected promptly and brought to their 
attention. Table 1 shows the data of the system. These measurements were taken 
regularly and included gas flow rate, pressure, oxygen concentration, heart rate, 
blood pressure, and oxygen saturation. 

 
TABLE 1 Parameter Data 

 

Sensor 
Parameter 
Measured 

Date Range Result Alert 

Gas Flow 
Sensor 

Gas Flow Rate 0 - 10 L/min 
Low Flow Rate Alert: < 0.5 L/min 

or High Flow Rate Alert: > 8 L/min 

Pressure 
Sensor 

Pressure Level 0 - 50 cmH2O 
Low Pressure Alert: < 5 cmH2O or 
High Pressure Alert: > 40 cmH2O 

Oxygen 
Sensor 

Oxygen 
Concentration 

0 - 100% 
Low Oxygen Alert: < 21% (Room 

Air) or High Oxygen Alert: > 100% 

Heart Rate 
Sensor 

Patient Heart 
Rate 

0 - 200 bpm 
Abnormal Heart Rate Alert: < 50 

bpm or > 150 bpm 
Blood 

Pressure 
Sensor 

Patient Blood 
Pressure 

60/40 mmHg - 
200/120 
mmHg 

Hypotension Alert: Systolic < 90 
mmHg or Hypertension Alert: 

Systolic > 180 mmHg 
Pulse 

Oximetry 
Sensor 

Oxygen 
Saturation 

(SpO2) 
70% - 100% 

Hypoxia Alert: SpO2 < 90% or 
Hyperoxia Alert: SpO2 > 100% 

 
There is much more leeway for innovation in medical procedures now that 

the anesthetic equipment may be monitored and controlled from a distance. 
Anesthesiologists can handle several operating rooms effectively, react to medical 
crises from a distance, and even give professional advice in underserved or remote 
places. Because of this remote accessibility, medical resources may be optimized, 
and healthcare delivery can be streamlined. 

The system's capabilities to acquire and store data provide an abundance 
of information useful to medical practitioners and researchers. The gathered 
information may be used for evidence-based decision-making, quality 
improvement programs, and research investigations connected to anesthetic 
management. This paves the way for the advancement of medical knowledge in 
the sector as well as the improvement of anesthetic regimens. The warnings 
produced by the system based on the fictitious sensor data are shown in Table 2.  

 
TABLE 2 Alerts for sensor readings 

 

Timestamp 
Gas Flow 

Rate 
(L/min) 

Pressure 
Level 

(cmH2O) 

Oxygen 
Concentration 

(%) 

Heart 
Rate 
(bpm) 

Blood 
Pressure 
(mmHg) 

Oxygen 
Saturation 

(SpO2) 
2023-07-26 

09:00 
1.5 25 95 80 110/70 98 

2023-07-26 
09:05 

2.0 28 94 78 115/72 97 

2023-07-26 
09:10 

2.2 30 93 76 118/74 96 

2023-07-26 
09:15 

2.5 29 92 75 120/75 95 

2023-07-26 
09:20 

3.0 27 91 74 118/73 94 
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To guarantee patient safety, the system keeps constant real-time tabs on 
sensor data and sends notifications should any parameter departs from 
predetermined safety levels. There were no critical circumstances or irregularities 
throughout the simulated anesthetic process. Hence no warnings were issued. 

The observance of rules for medical devices and the implementation of 
stringent safety precautions guarantee that patient information will remain private 
and safe. The system must be able to satisfy the regulatory standards for it to be 
accepted in clinical settings and for it to inspire trust in both medical 
professionals and patients. 

The system paves the way for further developments in medical technology 
by serving as the catalyst for these developments. It is possible that further 
generations may contain more sensors to monitor other patient vitals, machine 
learning algorithms for predictive analysis, and seamless interaction with 
electronic health record systems. These additions will enhance interoperability 
and complete patient care. 

The system's real-time data collecting, cloud connection, and remote 
accessibility enable medical personnel to make choices based on the collected data 
and improve the quality of anesthetic treatment. Even though it faces several 
obstacles, the system has a lot of potential to improve patient safety, workflow 
efficiency, and physician cooperation in contemporary healthcare settings. This 
forward-thinking system can influence the future of anesthetic management and 
revolutionize healthcare practices for the better if additional improvements and 
validation are carried out on it. 

IV. CONCLUSIONS 

The system that enables remote monitoring and control via raspberry pi 
gives a ground-breaking strategy for administering anesthesia in contemporary 
medical facilities. Real-time data collecting, secure connection with the cloud, and 
remote monitoring and control of anesthetic settings are all made possible by the 
system thanks to the system's smooth integration of Internet of Things technology 
and the adaptability of Raspberry Pi. The intuitive design of the system's user 
interface makes it possible for medical practitioners to access useful information, 
encouraging data-driven decision-making and improving anesthetic treatment. 
Enhanced patient safety may be achieved during surgical operations and other 
medical interventions by activating result alerts when aberrant readings are 
obtained. These alerts give timely warnings to enable rapid actions. The system 
protects the privacy of users' data, and its fitness for clinical application is 
ensured by its adherence to stringent regulatory compliance and incorporation of 
strong security measures. The new system has been successfully implemented, 
and the first results seem good; these two factors show the technology's potential 
to revolutionize anesthetic management, eventually resulting in better patient 
outcomes and more simplified medical processes. 
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